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AS B-tree: A study on the enhancement of
the insertion performance of B-tree on SSD

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 /O operations on sequential logical addresses. However, the B-tree structure, which is
a representative index scheme of current relational DBMSs, produces excessive /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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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 NodelD to LA;
6:
T LA € MapTbi[NodeID];
8 Node € read the node from LA of the disk;
9:
10: InsertKey( K , Node);
11:
122 LA € get the end position of the file; // allocate a new logical address.
13 MapTbl[NodeID] € LA;
140 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;
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Procedure: WriteNode(NodelD, Node)
Input: NodelD, address of modified node Node

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

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

// WBA[i] = the NodelD of the node stored in the ‘write buffer’
// WBDIi] = 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[i] = NodeID ) then

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

copy Node to WBDIiJ;

bFound = TRUE;
endif

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’
WBA[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 € MapTbll WBAL] ;
write WBD[] 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: // WBALi] = the NodelD of the node stored in the 'write buffer’
8 // WBDI[i] = 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(WBAIi]l = 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

21t

22: // if the node is not found in ‘write buffer’, the node is read from the disk.
23 if(bFound = FALSE) then

24 LA € MapThbl[NodelD];

2 Node € read the node from LA of the disk:

26: endif

27 return (Node);

28
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