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B+ Tree and Computational Storage Drives: A Perfect Match
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B+ Tree m
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O Powers (almost) all the relational database systems in the world

ORACLE
IBM Dh2

PostgreSQL ~ %th%

I\/Il__jSQL MariaDB

Amazon Aurora

0 Competition from log-structured merge tree (LSM-tree)

RocksDB 7 cassandra  HBASE SCYLLA

Lower storage cost Lower write amplification
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B+ Tree: Storage Cost & Write Amplification M
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4KB LBA 4KB LBA

ﬂ»Wa sted

5 KB
Page Store _

Comp

B+ tree stores pages uncompressed despite high data compressibility == High storage cost vlf)

Host DRAM

One page I

—_————
One page | | nvim

Always flush the entire page to SSD ====p High write amplification g‘f)

—
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B+ Tree: Storage Cost M
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/ o e
/ "1 \ / : I e CD] Computational

k1\k2 Ky K kg ke o ko Ky Ky K Storage Drive

~
~ -
~ -

In-Storage Transparent compression
NaNDFlash | - - - T

Close the storage cost gap between B+ tree and LSM-tree @‘4
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B+ Tree: Write Amplification M
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4KB 4KB
r A \ / A .
\‘ O’S ‘/’ \\ O’S ,//
\ // \\\ ///
. il o Virtually variable-length
In-storage compression In-storage compression
\ - . . block I/O

4
7

\
_:|A/

N
Q " Per-page modification logging
4|§B

4 \

8KB Page 0

Lte
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B+ Tree: Write Amplification M
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O Write-ahead logging (WAL)

» Universally used by data management systems to achieve atomicity and durability

commit @ t1 commit @ t2 commit @ t3

|

In-memory WAL 0’s TRXSE  TRX-2 TRX1| TRx-2 [NTRX3
buffer
fsync @ t1 fsync @ t2 ||- fsync @ t3
On-storage WAL 0’s TRXT TRX-2 FIRXS I
'LBA x0001 S0 LBAxo001 LBAX0001 "

~ N /7 4
S \ \ /

NAND Flash memory e o o @
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B+ Tree: Write Amplification M
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O Sparse WAL: Allocate a new 4KB sector per transaction commit

v' Waste logical storage space = reduce WAL-induced write amplification

commit @ t1 commit @ t2 commit @ t3

| | l
In-memory WAL 0's 0's 0's
buffer

fsync @ t1 HH|:> fsync @ t2 HH|:> fsync @ t3

\ 4 A 4 \ 4

On-storage WAL | 0’s TRX-2 0’s / B 0’s

'LBA x0001 .\ LBAx0002 . LBA x0003

-
-

\
\
/
S > \ 4 g

Transparent compression

\ //
~ VA4
So \ \ -
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B+ Tree: Storage Cost & Write Amplification M
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150GB dataset & 1GB cache

[ |RocksDB[  |B -tree [ |MongoDB

: 150
80 |
70 - 120 —
60 - ]
50 90 -
< < |
= 40 - =
30 60 _ .
10 - — — — — — ]
O | ! | ! | ! | ! [ ' O | ! I T [ ' [ T I
1 2 4 8 16 1 2 4 8 16
Thread Number Thread Number
(a) 128B record. 8KB page (b) 128B record, 16KB page
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Lower storage cost

" / ‘\rcz\

K, [ & Hk k K, d b 72 ] o ]
// I & Computational Lower write ampl|f|cat|on
K, k, K ky K k k Ky Ky Ky Ky Ky Ky kg K, kg Storage Drive

Make B+ tree the perfect indexing data structure!
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