
 

 

 

Abstract—Recently, as the price per bit is decreasing at a fast rate, 

flash memory has been considered to be an alternative storage of 

large-scale data-centric systems. Although flash shows off its high 

speeds of page reads, it also have performance concerns about pool 

performance of random writes. Therefore, it is crucial to get a way to 

efficiently update a B+-tree in flash storage. In this light, we propose a 

new flash B+-tree that stores updated versions of leaf nodes in 

sibling-leaf blocks (SLBs)  so that garbage collection is efficiently 

performed in the unit of SLB. Since the versions of leaf nodes can be 

directly accessed from their virtual parent nodes, the search speeds 

does not deteriorate, differently from other earlier B+-trees. To verify 

the performance advantages, we use a cost model fitted to usual 

operations performed in the B+-tree. 

 

Keywords—B+-tree index, buffer pool, database, flash memory, 

solid-state drive.  

I. INTRODUCTION 

URING the past decades, we have seen drastic advances in 

the technology of digital storage systems. Especially, the 

NAND-type flash memory has drawn much attention thanks to 

its salient advantages over the traditional hard disk drives 

(HDDs) [1, 5, 8, 12]. Since flash memory provides desirable 

H/W features such as robust shock resistance as well as low 

power consumption, it has gradually superseded HDDs in the 

case of low-end computing devices, namely, lab tops and smart 

phones [1, 2]. Moreover, as the price per bit is recently 

decreasing at a very fast rate, there is a growing demand for 

flash-based DBMSs that are able to successfully process harsh 

workloads of enterprise-scale transaction processing system [3, 

5, 9]. In this light, many researches have been conducted to 

develop a flash-aware B+-tree that can index efficiently a large 

volume of records on flash storage such as the solid state drive 

(SSD) [4, 11-16].  

Because the B-tree index was invented for its use in HDDs, 

there is a concern that the B-tree index may suffer from poor 

stability or performance degradation because of any different 

I/O feature of flash memory from HDDs [11-16]. As a matter of 

fact, the absence of in-place updating in flash’s functionalities 

has been regarded as a major technical disadvantage to be 

tackled [1, 12, 13].  

 

 
     Sungchae Lim is with Dept. of Computer Science, Dongduk Women’s 

University, Seoul, South Korea 

 
 

The NAND-type flash storage usually partitions its memory 

space into equal-size blocks. Each block contains 64 or 128 

pages of size 0.5KB within it, and a page is used as the smallest 

unit of data writes [1, 5]. If bit cells in a page P have been 

electronically charged for a data write on P, then they should be 

cleaned before page P can be updated with new data. In the case 

of flash SSD, such a block erase has its smallest unit of a block. 

Unfortunately, the different unit sizes of data writing and a 

block erase operation significantly enlarge the cost for an 

in-place update of a page. This is because an in-place update of 

a page can be done with a single block erase and a number of 

page copies that are required to retain other neighboring pages 

residing in the erased block [4, 10]. Because of the enormous 

overhead for the in-place update, the in-place updates are not 

implemented in flash storage. Rather than, an update request on 

page P is processed through a write to any other clean page X 

and changing of physical address of P to that of X. To solve 

those problems, we proposed a new flash B+-tree.  

The rest of this paper is organized as follows. In Section 2, we 

give some background knowledge about the flash memory. 

Next, we present our flash B+-tree in Section 3 and conclude 

this paper in Section 4.  

II. BACKGROUNDS 

The B+-tree has been one of the most popular index schemes 

in disk-based DBMSs over fast decades. Since the B+-tree has a 

majority of updates within its leaf level and the leaf nodes seems 

to be scattered across storage, a flash B+-tree seems to 

inevitably suffer from frequent full merges in the presence of  

very frequent key updates. To solve such an inherent problem of 

the B+-tree stored in flash, some ideas are proposed to decrease 

full merges during the garbage collection time [4, 12, 13, 15]. 

The flash B+-trees proposed in [13, 15] take the same approach 

in that key updates are not reflected in real-time on the data of 

leaf nodes. Instead, the corresponding log data is recorded in 

other tree levels above leaf level. When the amount of such log 

data of update operations is estimated to be large enough, the 

data are actually flushed into leaf nodes in storage through 

sequent writes, which are cheaper than random updates. 

In [13, 15], those update log is incrementally stored in the 

region of a sub-tree that is composed of the root of a B+-tree and 

its internal nodes. Since the higher-level sub-tree is emptied at 

the initial time, it can keep many of update operations until they 

are reflected actually on leaf nodes. As a result, the use of such 

emptied sub-tree region can reduce the number of updates at the 
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level of leaf nodes. When the nodes of the update-absorbing 

sub-tree becomes full because of key inserts and delete in the 

tree, the update log stored in it are flushed to the B+-tree index 

by restructuring the whole leaf nodes in batch mode. At that 

time, the sub-tree region is initialized again to record new 

update operations. Unlike that, [13] does not initially allocate 

any separated sub-tree used for logging updates in the tree. 

Instead, [13] they can dynamically adjust the sizes of internal 

nodes based on a simple cost model, which is utilized to decide 

when the log update operation should be written to shrink its 

node size. Note that that the increase size of internal nodes 

slows key searches and leads to more consumptions of the 

buffer pool space. Those previous schemes with update log on 

internal nodes can replace many of out-of-place updates with 

writes to clean pages, although the key search can be slowed due 

to extra overhead time taken to look up update log in internal 

node encountered.  Besides somewhat poor search times, the 

schemes [13, 15] above have a problem regarding the 

concurrency control of the B+-tree. Under the traditional 

B+-tree concurrency control, the locking protocol called 

lock-coupling is applied to guarantee a consistent B+-tree state 

among concurrent B+-tree processes including searchers and 

updaters.  

To avoid problems above, other algorithms [17] adopt an 

approach such as the conventional redo mechanism. In these 

algorithms, when a page (i.e., a node) is updated, the redo log 

record for that update operation is saved within a log area that is 

reserved in every flash block. The log area for saving redo 

records is composed of a portion of pages located at the tail of 

the block. The pages preceding the log area save the original 

images of nodes stored in the block. To update a node N in a 

block X, an associated redo log record is written to the log area 

of X. Corresponding, to get the latest version of node N 

correctly, [17] read both a node saving the original image of N 

and the whole redo log records in block X. If any redo record(s) 

of N is found, the latest version of nod is made through an 

appropriate redo action on the original image of node. Then, the 

latest version of N is cached in the buffer pool. By caching 

nodes in the buffer pool, we can prevent the excessive 

overheads for reading redo records and conducting redo actions. 

When the log area of block X is filled with redo records, block X 

is initiated to save the latest versions of pages and reclaim the 

log area.  

III. PROPOSED METHOD 

When it comes to update operations in a B+-tree, most of 

them seem to arise at the leaf level [17]. Note that nodes at other 

different levels, i.e., internal nodes, are updated only when tree 

reconstruction is needed for dealing with overflow or underflow 

in any leaf node. Since a populated B+-tree has a huge number 

of leaf nodes that are widely scattered across storage space, it is 

the case that updates in the B+-tree are usually random page 

updates. Therefore, a B+-tree with frequent update operations 

may give birth to undesirable hiccupped I/O throughput of its 

flash storage because of frequent full merges in FTL. For this 

reason, the B+-tree needs to be redesigned to efficiently reduce 

the amount of leaf node updates being performed by FTL, 

thereby preventing drastic deterioration of flash performance 

caused by full-merge overheads.  

To this end, we enable the B+-tree to conduct out-of-place 

updates for leaf nodes without the help of FTL. If the B+-tree is 

responsible for activities of out-of-place updates, then it can 

easily suffer from excessive I/O overheads paid for keeping the 

mapping information between the original page ID of any 

updated node and page IDs of its new versions. To eliminate the 

need of bookkeeping varying page IDs of an individual node 

with updates, our B+-tree stores sibling nodes pertaining to the 

same parent in the boundary of the sibling-leaf block (SLB). 

Here, a single SLB has a size of one flash block, and part of it is 

managed as clean pages for saving new versions of leaf nodes in 

SLB. The clean pages are located at the tail of SLB and a 

leftmost one among them is allocated to save a new version of 

an updated leaf node.  

Let us assume that the original PID (page ID) of the updated 

leaf node (say N) is X, and the PID of the new version of N is X’, 

respectively. Since the proposed B+-tree does not rely on FTL, 

the parent node of N needs to be updated to correctly point to the 

new version with PID X’. Note that if node N is updated in the 

help of FTL, then there is no need to update the parent of N 

because the PID for node N is not changed. This is because FTL 

records address mapping information between logical PID and 

its actual location so that out-of-updates of a page can be 

hidden. Since we cannot hide the change of physical locations of 

node N,   it is need to modify the associated pointer field so that 

it points to the new version of N.  

To solve that problem of burden to trace the varying 

up-to-date PIDs of leaf nodes with updates, we do not save 

physically the parent of N on flash storage. Instead, we use a 

way to dynamically build the up-to-date index entries of that 

parent from its child nodes in SLB. That is possible by using the 

maximum fields of sibling leaf nodes as the key fields of their 

parent as in [6, 7]. More specifically, we retrieve the whole data 

of SLB and uses keys of N’s parent node using the values of the 

maximum fields of N and its in-SLB sibling nodes. Therefore, if 

a search process is about to access a certain level-2 node P and 

that node is not currently cached in the buffer pool, our buffer 

pool manager reads the whole SLB containing P’s child nodes 

and cache node P made from its child nodes. From that time, the 

key search process can successfully find its search path from P 

to the target leaf node. Of course, the index entries of P have 

been already created and cached in the buffer pool, such a 

building of P is not necessary. 

In the meanwhile, if a certain leaf node L is updated and 

written to any clean page, then the changed address of L is saved 

only on the buffer-cached image of P. If the cached image is 

evicted from the buffer pool according to the buffer replacement 

algorithm, then our buffer pool manager never flushes 

physically the data of P into flash storage. Since the correct data 

of node P can be regenerated later, if needed, the buffer manage 

just remove the node P from its buffer pool without any write for 
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it. We call the level-2 node such as node P the virtual node, 

because it does not exist physically on storage.  

Since the creation of a virtual node inevitably requires the 

whole read of sibling leaf nodes of SLB, the I/O cost for 

accessing a virtual node becomes bigger than the I/O cost for 

accessing an ordinary internal node stored on storage. If our 

B+-tree pays too much I/O costs for creating virtual nodes 

during the time of key searches, therefore, such overhead may 

outweigh the I/O benefits obtainable from reduced full merges 

on the side of FTL. However, since the buffer pool of the DBMS 

can cache internal nodes of a B+-tree and the read speed of a 

block is so fast in flash, the overhead from the use of virtual 

nodes is negligibly small.  Instead, we can achieve more 

performance gains from the reduction of full merges during 

garbage collection in flash storage.  

To demonstrate the performance advantages of the proposed 

flash B+-tree, we develop a cost model based on SSDs in the 

market. With the cost model, we compared the average search 

times between our B+-tree and others. From the simulation 

results, it is testified that the proposed B+-tree can achieve good 

I/O throughput of flash storage as well as fast search times. As 

expected prior to the simulations, our performance benefits are 

mainly originated from the very low update costs in the 

proposed flash B+-tree. If we can cache the whole internal 

nodes including virtual nodes, more performance advances can 

be maximized in our B+-tree. Detail about that will be presented 

at the conference site  

IV. CONCLUSIONS 

For the disk based B+-tree, a node update can be cheaply 

done by modifying its associated disk page in place. However, 

once the B+-tree should be stored on flash memory, the 

traditional algorithms of the B+-tree seem to be useless due to 

the prohibitive cost of in-place updates on flash memory. For 

this reason, the earlier schemes for flash memory B+-trees 

usually take an approach that saves data of real-time updates 

into extra temporary storages. Although that approach can 

easily evade frequent in-place updates in the B+-tree, it can 

suffer from a waste of storage space and prolonged search times. 

Particularly, it is not possible to process range searches by using 

a link connection chaining leaf nodes. To resolve such 

problems, we devise a new scheme using the sibling-leaf blocks 

(SLBs). Then, we also design some algorithms that are used to 

perform the node update in the unit of a SLB and preserve tree 

consistency. From this, our scheme can improve the storage 

utilization and the efficiency of key search operations.  
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