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AS B-tree: A study on the enhancement of
the insertion performance of B-tree on SSD
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Sungho Kim' - Hongchan Roh™ - Daewook Lee™ - Sanghyun Park

ABSTRACT

Recently flash memory has been being utilized as a main storage device in mobile devices, and flashSSDs are getting popularity as a
major storage device in laptop and desktop computers, and even in enterprise-level server machines. Unlike HDDs, on flash memory, the
overwrite operation is not able to be performed unless it is preceded by the erase operation to the same block. To address this,
FTL(Flash memory Translation Layer) is employed on flash memory. Even though the modified data block is overwritten to the same
logical address, FTL writes the updated data block to the different physical address from the previous one, mapping the logical address to
the new physical address. This enables flash memory to avoid the high block-erase cost. A flashSSD has an array of NAND flash
memory packages so it can access one or more flash memory packages in parallel at once. To take advantage of the internal parallelism
of flashSSDs, it is beneficial for DBMSs to request I/O operations on sequential logical addresses. However, the B-tree structure, which is
a representative index scheme of current relational DBMSs, produces excessive I/O operations in random order when its node structures
are updated. Therefore, the original b-tree is not favorable to SSD. In this paper, we propose AS(Always Sequential) B-tree that writes
the updated node contiguously to the previously written node in the logical address for every update operation. In the experiments, AS
B-tree enhanced 21% of B-tree’s insertion performance.

Keywords : Lash Memory, B-Tree, FTL, SSD, Parallelism

o] =EE 20119E AR (&A1& Adez d=xdFA e
71 ZATANY A Y-S wo} 3 14?4(2011 0004382). T FAs A At e AFE et wg(mA AL
& 3 d:AMgstn AFe Aeta AAgA E=EHSE 20119 1€ 18Y

3 A dAdEn AFE ety dapaA F A 41 20119 29 249

F 3 d:AZgstE ARty dFue AR (20119 39 149



168 FEME|E=FX D M18-DT H3=(2011. 6)

.M B

HT ZYA w2y 9 SSD7F =EXo|Y PCo A
Az AHEHE AR ol 7198 AW A A
A2 FE gy gty SSDE o2 NAND Z#A] wEe7t
2A%% Y2 HolA GE YU 277t o]FAqAE
NAND E#A] wEeet b2 Fefis2axy d&5d ¢
719} 2717} 7bsdte s WE H WA (parallelism) ¥ Q1E
™ (interleaving) 59 7]5+s AYgr) AR SSDeY A
HE J2 S MR fEiA e dEAY = F A
M= HolAES A 84st= Ao] fE sl
EA WEzE dodAe stEd2ag gy Hoj2]
(overwrite) A4HE FAr] A= WA WG EF
(block)oll skl FejA] w9 A4t & 71 n|&o] §
o] 875 AMAl(erase) AAHE 3 sjopyt @} ol s
TARE FHs7] A8 FA e Alold fAse F
A W3 A Z(Flash memory Translation Layer)o] gk Al
28 AZEJAE AMESh EFHA W3 AFS OY

i

N oE o ol

E£207 A re-mapping) 2N Z A v
E9] =rsase} o] AMEE = JEF 3 Fo2].

g oz dolgHola A2dE A53LS 93 B-
E4d, dJA] H¢]E(hash table) 5ol 7]5HsE A<l
st doh. B+EZE X33 B-EF Q429
= ARl AlRE 7] e T o[ake] s
b ol Hl2 YA L Y ALEHZA o
Hojzy] AstE FYEE Q43 A it
< =EFa g goj2r] AL SSDYA
WA o]dE ALY F FEE 3t AYHLR =2 U/
H3HA Hrt

& B-Eg 9 #AAES Azt 93,
SDY WE HIZ A9 ojHE ALEE
o dis] F A&E =g Fao 27
dE M2 B-Ef T%9 AS B-

flo 4
o
o
o
T
©
N
TR RO

i)
@)

9,

=R [T
N

]

>
%0, rfe

P

> Mo
o Jf r-{kg

(rt

4

o2
My W
—-IN e r
Y

>
we o e

[

2 o
“ B
oo I
A O A [ Ol
O o¥ it o b~
o

Moox ol (1 SL oo o X
o
B oox i
2@ N
e N
°
c
|m
o
=2
>
>
%o
ol

o L C
et R P
)

fo ot
[
>
i3
T
}Oll
il
re
iih)
o
i
=,

B o

O
0
3
tlo

o 2ol 0% B oo )y 2
2
o
)
ox
s
g
w
n
=]
1o

2 oE

.o E %
B2

fr % i)
:
.
s 2
2
y
i
-
=
5o
far b
P

i)
lo
w
BN
o
off
ny
9,
=)
=)
i
ol

2. 39 J|ls

2.1 NAND ZehA| ol 22| £4

el NAND Z#iA wWimy He 98 A9 %
(block)2.2 FA=o] iz, 1 EEL2 o /¢ HoA=
TA 5] 9t} 7} ¥ o] A= main data area$} spare area®
TA=e] ¢glem spare areat HE 27 AH IZE(ECC)
2 a9 B FREC] AAE grh

NAND ZejA] wzege #HolA 9= ¢r|eh 227]7}
7besty BEE G2 A7 Jbesith e A2 b
o[E|7} 22 FHolA o A7 fME dA P EFo
ALA| = ojof Ftrt.

NAND E#A WEe S AF AR A&7 AsiA e
Z A W3 AZF(Flash Translation Layer)gls AZES o
AZEL AHEET Zg4A HE AZFL g3 7oz A
A® 7Y Al2doly DBMS7F HE9] 44 ¢lo]NAND =
PAS AT £ Y2 =9ET3]

2.2 B-iree
B-EflE f&%9 HolHE g8z fEstey 2
g AREE AQ F& F U (¥ DI 2o
B-EfldA & == 3 Ho d Ay 7] &K, Ky, -,
Ko& 7H & SlaL d+l A4S EQE(Py, Py, -+ Pa)E 714
F 9lon o] 7] EL BT AHEHY Qi
A AAZE SR wuig Y BE =

In

Asa ek, webd B-

5
@ AN AW ol

{r
o)
£ o

o == gk
K %€ 71 718 49shein ¢ o), $Ex=RE o
=R 7] g vaEate) AT AAE 2

E2 Z I Jesd Ed(splive] TAIT diFHo
d+l 748 7159 A+, &l sle A9 7 =
age F31 e 715 A w=d ARV 2Y ¥

I
rlo
et
=5
br

3 3t}

Kgtg 714 718 AAsgn & o, sBisix 2 &3 7
#2 7 e 71 e Fo 2 718 MR Qe =
EoA 2 715 AAR o] W =29 719 AFTt d2 B
o AW xzd IS DF7] 3 AEw
(redistribution) % ¢17 (concatenation)o] % owHr}3].

d 789 718 72 Qo AA dZE $7F n 2 B-EF
o AF HA A Ex A = H|80] logd/2nel H]
3o WA d 7t 55, 5 == 9 A7} 55 4]

&0] EoE4 ddh



AEjooloEjon

(E=) B Ee| =

2.3 Sspelital

(29 2)= SSDY =¥ FxE Yeiz glth. NAND
EeAl viEe H7A= 42 AgE o H(F 40MB/sec)
< 71 QlEH, SSDE WE FH=E d4E oy FHA
HEg HEd 4538 =8 HoAE FAHFES AL o
olZo] thal WA HE(parallel access)E st © W&
25 ZEE & Aog{l]l Aldd /O W2t ZdA
2 712 E SSD HEE Y dZAANA Fo. SSD A
He ZZAMZEH 93§ word dZd JdHF o)~
%’5}"4 ZYA] H7IAZTE vlolHE ¢o] eAY E
717 vlo]EHE A Ftt.

SSD"ﬂ"i dolEHE gojev AL, U4 YA HEe
o HolAREE deolHE HojoA T F#Alplane)d]
Az Agst 1 F AYE H2E F39 dHolE7t
ZAEEYZE o)Fdrh HolEHE 25 AL ¢ojore HA
3 w2 W EY. o] WA O ESSDE oy HA] |
g HEo] WEHHE F2E o]F1 JOWA SSD 7E
EY 2 stojm HE HS WS B8t @ ) o]y %
¥ =g o)A E S 242 2 leHAL

E)
;,;m“’

Bl

T

> e |m

(22l2) sSh =8| F=[4]

<% 1>2 Linux 0OS, 8 Core CPU, 16GB RAM,
IOMeter ¥|A2= A A AES St 42 4
FZSSDY  d¥rAel AHTE el Atk ®elA
SR(Sequential Read)= &% #HojAE HE ZA$E
SW(Sequential Write)= &%E  #Ho|AE& 2=
RR(Random Read)t A&HA F2 #HojAE e
RW(Random Write)+ A&HA ¥ Hox&E e

S Uit <E 2>0A /027t 8KBY 445 R
SW7} 188Mbps©] 2 RW7F 22Mbps® theF 9 =) w=

5¢ Bolm 98e % & Uuh

oy o o
%% b e

ox

AS B-Ez2|: SSDE AtETt B-EE|0iIA

oY ds gdol

=]
ot

AT 159

(E 1) SSD 2471/447] A4=( Linux 0S, Intel 8 Core CPU, 16GB

RAM, IOMeter $/F2E, SSD AKR)

(&2]: Mbps)

i B

3. AS B-Eg|

AS B-EdE (O¥ 3)3 o] ZA #HAA B-EZ, 4%
»7] A (Sequential writer), 2~7] ¥ ¥ (Write Buffer), =
2> W38 Ho|E(Mapping table), €20l Y=$ U A of
2 3/ vre A #@AA B-EE 7€ B-Ef 7%
oA Td 7] A4tz ¢j7] dAbS AL FEoE AA
3 A2 At

31 A% MT| Ex|(Sequential Writer)

SSDe| Wd H HAE AMEs7] AsiAe £4E
=7b g3 A&3 =8 Fio] Ago] Hojof gttt wikA
M2 717F AYEAY AFdE 717 FAHRE o 449
EE Qoj7)(overwrite) & 3l Aol ofye A Y
o] EXEd AFAS I} o]FA FozH FAHHE =TE
2 B ERE =9 A7|WUE o] F3HA A&
g Fao Aol Hrt A FA W2 ofF (¥
D3 2o 39 =

l-l‘

=
=7k SR G A" xEE ¢
a

# Aol HAR = F2ol thA 11”51—‘5 Aol ofy
N2L =8 F2E dof 2uk(Ee 12) S Hde 5
o] Feee Qo] 2Tk ASIB- EﬂOﬂ/ﬂ“ Sz o) 7t
=27 AR =8 Fa2E A JIdE Aol ol
O xE9 3Hd = AW HEE X a HES o)
Z} =29 == Ad HITE NodelD(o], 0x00, 0x01, 0x02,

c)gha st AAR A AlxEe] HIEy] §s ALE-st
= F LA(Logical  Address)(¢ll,  0x10000000,
0x10016000, 0x10036000, ---)&kal & ufj, o] & A2 A4
AAFE HeolEe] HQasghy oE F& B3I HolE
(Mapping Table)o]g}al str}, mepA #AA B-Eg oA =
BE »=2 717 F4E NodelDS Abgatn AAR
BdSg 2AY 98 dols F42 M HolES AFEEY
8F NodelD$} AAHLAE AMESHCHERQ] 1314). o2 A
gozM FAH =t HAA B-EFA A}%o}L
NodelDE 9% gtoz FA3 A 4 A&5%
FIHLA)Y AFe] =o SSDe #HE H W2
& QA ®t}h o}&# NodelD, LA Zg]x F
ES 283t A =28 ARE o 34 A

2 LAE W4 xE &8t NodelDE 4A38HA
22 I =29 NodelDE 7HA3 & FREREE A §

Aol HA 4.

B
fu ® o r}r
rlot
=,
o

;*
>



160 F=EXe|=tzl=2XID X18-D& H3=(2011. 6)

o @ N
aages
H l |

i a en] e | e

NodelD: 0x110 4 ! NodelD; 0x110 /
—————

0x10018000
| 0x10020000

NodelD, LA S &

0x10022000

0x105 0x10026000

0x107 0x10030000

| = = me | LA: 0x10036000

7 mY A AE

.IW)( 10020000 \

<FAHEEHOIE >

oY B2

., /

—————> M2 &2 FAE U0 2 £X
--------- > oitt=a| Fo0| kERSEEY

[
o
&
=
w
%
u
o
4
o

g
O
1A
o=
i3

1k Procedure: Insert(K, NodelD)

2 Input: inserted key K, NodelD

3 //NodeID: node identifier used for B-tree;

4: // LA logical address used for file system;

5 // MapThl[]: table that maps NodelD to LA;

6:

76 LA € MapTbl[NodeID];

8 Node € read the node from LA of the disk;

9:

10: InsertKey( K , Node);

11:

112 LA € get the end position of the file; // allocate a new logical address.
18: MapThbl[NodeID] € LA;

14: write Node to LA of the disk;

15:

16: Function InsertKey(K, Node)

17: //Node.KEYS: the array of the inserted keys in Node

18: i € search a location that should be inserted in Node.KEYS;
19: Node KEYS[i] ¢ K;

20:
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iz Procedure: WriteNode(NodelD, Node)

2 Input: NodelD, address of modified node Node

a

4 // MS = the maximum size of ‘write buffer’

5. // WBN = the number of keys in the 'write buffer’

6: // WBAL[i] = the NodelD of the node stored in the 'write buffer’
T: // WBDIi] = the data of the node stored in the 'write buffer'

8:

9: bFound = FALSE;

10: 1=0;

il // check if there is a previous version of the modified node in ‘write buffer’.
12: for i < WBN do

13! if(WBA[i] = NodeID ) then

14: // the node in the ‘write buffer’ is replaced with Node.

15: copy Node to WBDIiJ;

16: bFound = TRUE;

17: endif

18: bk

19: endfor

20:

21 if(bFound = FALSE) then

22 if (WBN < MS) then

23: // if a ‘write buffer’ is not full, the modified node is written to ‘write buffer’.
24: 1 € get an index of the empty buffer in the ‘write buffer

25i WBAIi] ¢ NodelD;

26: copy Node to WBDIi]

27 WBN++;

28 else // if a ‘write buffer’ is full, all nodes in ‘write buffer’ are written to disk.
29: i=0;

30: for i <MS do

31: LA ¢ MapThl[ WBAIi] 1

32 write WBDIi] to LA of the disk;

33: i++;

34: endfor

35 endif

36: endif
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1: Procedure: ReadNode(NodeID)

2: Input: NodelD

3t Output: address of selected node Node

4:

5: // MS = the maximum size of ‘write buffer’

6: // WBN = the number of keys in the 'write buffer’

7 // WBAL[i] = the NodelD of the node stored in the 'write buffer’

8 // WBDIi] = the data of the node stored in the 'write buffer’

9:

10: bFound = FALSE;

ililh i=0;

12: // check if there is a node to be read in ‘write buffer’.

18 for 1 < WBN do

14: if(WBA[i] = NodeID) then

15: // the node in the ‘write buffer’ is read.

16: copy WBDIi] to Node;

17: bFound = TRUE;

18: endif

19: i++

20: endfor

21

20 // if the node is not found in ‘write buffer’, the node is read from the disk.

23: if(bFound = FALSE) then

24: LA ¢ MapThl[NodelD];

25: Node € read the node from LA of the disk;

26: endif

27 return (Node);

28:
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