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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
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(32 3) AS B-E2| 7= % 2 &Y

1: Procedure: Insert(K, NodelD)

2 Input: inserted key K, NodelD

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

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

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

6:

7: LA € MapThl[NodelD];

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

9:

10: InsertKey( K , Node);

11:

12: LA € get the end position of the file; // allocate a new logical address.
13: MapThl[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;
190 NodeKEYS[i] € K;

20:




0

AS B-EC|: SSDE AtETt B-ECIOIM & 85 gaol

e

ot A+ 161

0!

32 27| w{mH(Write Buffer) Arke) el glo] AEE = Fao Aol Hol A F

B-E¢ FRelA Aol dojy o ¥ w=g 2y AL 9% & Ak %9 Axwo] BUFFEREDIOE AM&
flal 2 B-Ee] 9] Eol(height)tHE ==& ¢jolof ). uh S Ao 2o WMHS 29 AL QAS Aake sl
A shte] 77 AgE A Eolvh 3% B-EgdAe 3 aob 9] mWEe B owRe AgdAn me
FERE 97] > Fhet 7] - 9wt 9y] > @ DIRECTIOE AHgshsitt.
Wit 2o)'sl Qo] ool Atk & 27 QAWE Allel  (FIAF DE £ wES AR TT B LAY §
Al el ¢7] Aitel FaE ) dolE o]t HH A A »7) wye] ARs= WAT Tz & Awsia 9
E AT o, 274 9ol Y x=&Ut Wy AE Af- th 2] WEE 2hE Lo ouw a7wE 4gen 9l
(hit)oll = AR t)xazo] s 2l7] L 7] AAxte] =3 sy AFEE we= WBA(Write Buffer Address)Sh
A etk SR 244 glo] 5 mE7F Wi gl WBD(Write Buffer Data)2 o]F0]x 724 d4oz A
ASmiss)ol= AN @A AAe] ofa) ¢/ Ei 27 @ FHCh WBAE A3 w9l NodelDE ©|vlekn WBDi:
Ahe 23E wEg AR RE oA A vFld A AR we2 oudt. 27 AN QA vl 2
Aok o AT AR wEE AN WEel A A Wsel onl &l Aek vxel dold WBDE Az
£ A AN mAE F =2 WA g Kok § sAR woz WA W Gkl 11719). whebA
oh mebd] v AAE ARgEE AR sk 2 o] A% 27 wislE AAG ge 98 s w27
7k 947] Qatge] maHle] AZ zHie] wEh SSD Mol EASA ek A9 27 wsl AT F1e
el Ade a2 A3k 227] Ak ¢)7] dibol whed g W WBASH WBD®| @4 oz A3eh(Ehel 21736).
A% SSDE A4S HAIE AT RAT 4 AAk B Wok 29] vk W 29 A H9 2] v 9
H =Fo| % SSDoA e o]# s EAHL A gt} © mE Lrzo WBDE z7be] WBAG AAskhEiel
[5]. Wb £AE o2 P ALs kg Fie AFS 98°%5).
SolgtE 1 Aloldl] ¢17] <¢lito] WIEETIH %S ZEo] (8= 33} go] 7] A Aow ulAAAD 3
AL 47b gek oled BAE AAe) A 2] @ sk AA 2] o) A o A o o
WSS AN (19 93 Lol $4F mEE wE 5 W wssh 2] wslel Sl A% wE vzl g 2]
Aol A3t Aol ofyzt W RE(RAM)O] Sl 227] ¥ WA A wEE ool Selvk(zkel 12720). 2] ¥
o AdAZ AFsGT A7) W7 B ZAA HE A o Sl Ao Za mal Ho|Re Alesled NodeDZ
oe wESS ol 47 A Qi LAdl AFE s LAR WAdL % LAZ e A2®elA k=g gl

7]

WAt OB gozM Zze FAH wEEe

o

< M7 B>

G|B A G|L D

e %F i G I H%l Il K I{ L

20 =co
M e 27 That =2 A

MHE
e

<B-EZ0M =C =7t

(O3 4) B-E2|oM $YE =EE A7] HI{o| METH,



162 JEMEStel=&X D M18-DT HM3=(2011. 6)

AW N

S

11:
12:
13:
14:

16:
17:
18:
19:
20
21
22:
23:
24:
25
26:
2T
28:
29:
30
31:
32
33:
34:
35
36:
3T

Procedure: WriteNode(NodeID, Node)
Input: NodelD, address of modified node Node

//'MS = the maximum size of ‘write buffer

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

// WBAIi] = the NodelD of the node stored in the 'write buffer’
// WBDL] = the data of the node stored in the 'write buffer’

bFound = FALSE;
i=0;
// check if there is a previous version of the modified node in ‘write buffer’.
for i < WBN do

if(WBA[] = NodelD ) then

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

copy Node to WBDIil;

bFound = TRUE;
endif
i++

endfor

if(bFound = FALSE) then
if (WBN < MS) then
// if a ‘write buffer’ is not full, the modified node is written to ‘write buffer’.
i € get an index of the empty buffer in the ‘write buffer’
WBAL[i] € NodelD;
copy Node to WBDIi]
WBN++;

else // if a ‘write buffer’ is full, all nodes in ‘write buffer’ are written to disk.

i=0;
for i <MS do
LA € MapThl[ WBAI] 1;
write WBD[i] to LA of the disk;
i++;
endfor
endif
endif
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1: Procedure: ReadNode(NodelD)
2 Input: NodelD
3 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’
T // WBAL] = 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;
11: i=0;
12: // check if there is a node to be read in ‘write buffer’.
13: for i < WBN do
14: if(WBA[i] = NodelD) 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:
22: // if the node is not found in ‘write buffer’, the node is read from the disk.
23: if(bFound = FALSE) then
24: LA € MapThl[NodeID];
25: Node € read the node from LA of the disk;
26: endif
217 return (Node);
28:
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