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A Cloud Storage Supporting both Read-
Intensive and Write-Intensive Workloads

SHUNSUKE NAKAMURA' and KAZUYUKI SHUDO*

A cloud storage with persistence shows solid performance only with a read-heavy or write-
heavy workload. There is a trade-off between read-optimized and write-optimized design of
a cloud storage. It is dominated by the storage engine, which is a software component man-
aging stored data on memory and disk. A storage engine is an independent component and
it can be pluggable with an adequate software design though today’s cloud storages are not
always modular. We have developed a modular cloud storage MyCassandra to demonstrate
that a cloud storage can be read-optimized and write-optimized by a modular design. Various
types of storage engines can be introduced into MyCassandra and they determine with what
workload the cloud storage performs well. MyCassandra proved that such a modular design
enables a cloud storage to adapt to workloads.

In this paper, we present a method to build a cloud storage performing well with both read-
heavy and write-heavy workloads. A MyCassandra Cluster consists of MyCassandra nodes
with different types of storage engines, read-optimized, write-optimized and on-memory (read-
and-write-optimized). A query is routed to nodes which process the query efficiently. A cluster
maintains consistency between data replicas with a quorum protocol. A MyCassandra Cluster
showed comparable performance with the original Cassandra with write-heavy workloads, and
it showed considerably better performance with read-heavy workloads. In comparison with
Cassandra, its read latency was 11.6% and its read throughput was 6.53 times.

OO0 RDBMSOOOOOOOOOOOOOOOO
gooooooooooooobooooooooo
RDBMSOOOOOOOOOOOOOOOOOOO gooobooooooooobooooooboobooo

1. 0 O0O0nO

000000 NoSQLO key-value storell document- gobooooooooooobooooooo
oriented database® 0 GraphDB? 000 00D0O0 goooooooooobbooooooooboo
00o0oo0o0ooo0ooo0oooooooooooo 0000o000o0o0o0o0ooooooOoooooo

key-value 0000000000000 O0OOOO0O
toooooo 00 master/worker 00 000000000000
Tokyo Institute of Technology goooooooobooooooooooooooa

171 (© 2011 Information Processing Society of Japan



SACSIS 2011

Symposium on Advanced Computing Systems and Infrastructures

00o0o00oo0oO0oUoOoUoOooDoOoOo/o0o
gooo0oooobooobobooboboooooo
Oo00Oo00OO0000O0bOoODoDOoOoOoooooo
gooo0o0D0o00oOooobbbooooooooooo
0 O Apache Cassandra®® O Apache HBase® OO
00000000000 0000 Yahoo Sherpa® O
sharded MySQL™ (MySQL O sharding 00) OO
goboodbooboooobooboobobooo
gobododbooboboboobuoobooboo
gooodbooobooooboooooboboooo
gooodboboooboobooobooboooono
0oo0o0ooooooboooboooooboooooo
MyCassandra® 0000000000000000
gooodbOooobooboobooboooono
goooooooooooood
O000OMyCassandra0 00000000000
goobobobobobooooobooboobobon
gboooboobooboobooboobooobooo
0000000000 OMyCassandra Cluster O O
goooooooooooobooobooOobog My-
Cassandra0 000 00000O0O0OOOOOOCOO
0goooooooooboooboooooboooooo
0o0o0o0ooo0ooobOooboooobooobooo
0000ooO0D00bOOo0bOOoobOoOobOoooon
gooooooooooooooooon
goboodobooboboboboboooboobo
0000000000 Apache Cassandra 00 00O
0 MyCassandra 000000000 MyCassandra
Cluster 000000000000 ODOOOOOOO
0ooodoo yCSBOOOOODOOOoOOoOooOOooOO
goooobOoobooooboooboobobooono
0oo0odoobooboooboooboobooonoo
gooo0oooobooooboooooda

2. 0000

goodooooooooooobobbobooooood
gobobooooooboooooooooooooa
goboboobooooooooobooooooobooo
oo0ooO0oo0ooOooUooOooooooooo1I/0
0000ooO0o0ooUooooooooooo I/o0d
Oo0o0ooooooooooOooooI/ooooo
0000000000000000Y 0000000
goooooobooooobO ooooooobooon
goooooooboooooooboooooooDooo
goooboooooobbooooboooooooobbo
gooobooooooooooooooooobood

172

SACSIS2011
2011/5/26

A - Z: hash value
Num of replica = 3

7\ A

Node ID space

secondary 2

hash(key1) = Q

0 1 Consistent hashing

primary

Fig.1 Consistent hashing

goooooooooo

goobooooobooobouobooboooobooo
oo0o0oooooOoo0ooOo/oooooooon
doodoodooooooooooobobooooooad
gboobooobooobobooobobobooboboogo
gooobogoogooooooooooo

goooboooobooboobooboobooobooo
gboooobooboobobooobooboboogoo
gobooooboobooobobooboooooobooo
gbooooooobooboooboooobogoo
000 MyCassandra 00O 0O0O00000O0OOO
0 MyCassandra 000000000000 /0000
00000000 MyCassandra Cluster 00O 000

000000000000 000 Apache Cassan-
drald MyCassandra 0 0 OO 0.

2.1 Apache Cassandra

Apache Cassandra 0O O Facebook 0 OO O OO
Apache Project 00000000000 OODOCOO
gbooooooobbooboooooboooooo
gbooooooobooboobooboboobooooo
gobooobobooooboboooobboooobooog

2.1.1 Consistent Hashing

Cassandra O consistent hashingO O OO OOO0O
gboooobooobooboobbbobobobobooo
ooibooooldoooooooooooooo
IDOOD0OD0O0O0D0O0UDUOUOOOO0O0 (keyl)
0000000 QOO0o0ooooIboo0Og QOO
gooooboooooIbboooooovoobooo
gboooooboobooboobobboobooo
gbooobooooobooboobooooboooooo
gobooboooooooooboobobo

consistent hashing 0000 O000O0O0ODO0O
goododoooooooboooobooobooood
gboobooooobboobooooboooaob

(© 2011 Information Processing Society of Japan



SACSIS 2011
Symposium on Advanced Computing Systems and Infrastructures

<k, cf1+cf2> Cassandra node

map: <key,ColumnFamily>

async flush

r I
SSTable m

02 Cassandra00000000O

Fig.2 Write process in a Cassandra node
1e+6

Memtable

Memory
Disk ’|‘

<k1, cf1>
<k1, cf2>

Commit Log

le+b

letd

YOI
P
8

wl |\
| H
e

"y

““\ Ll MWMH I

100
Latency (ms)

0 10 1,000

0 3 Cassandra 000000
Fig.3 Write/Read performance for Cassandra

0000oo00oo0o0ooo0oooooooooooo
00000000000 0000000000 gossip
00o0oo0o0ooo0ooOoO0oOoooooooOoooo
gIboOIpPO00O0ODOODOOODODOODODOODOO
ooo0ooooo0ooooooooooooooon
2.1.2 BigtableODOOOOOOOOOO
Cassandra0 0000000000 Log Structured
Merge Tree’® 00000 Google Bigtableu>DDD
0000000 Commit Logh MemTabled SSTable
oooooooo
00oo0oooo (o 2)0oooooo
(1) DOODODODO0ODO0O0O00O000 Commit Log
000ooo0ooooooooooooooog
gobooboboboobobooboobon
00 MemTable 00000000 O0O0O0O0O
ooo
MemTable 000000000000 OOCOO
o0oooooooooOoooooooooog
O0000O0oOoooOo SSTableDO OO OO
0 (0oooooo)oooooooooooo
000 Commit LogD 00000
00000o0oo0o0oooooooooooooog
0000o0o00o0o0oo0oooUooooooooo
ggbooboobooboobooobobboo
oo00oo0ooo0ooo0oooooooooooog

(2)

(3)

173

SACSIS2011
2011/5/26

Query Single Node Qulery

M
/ Receipt of | « instance initialize
Qufry * put/get

Receipt of
Query

Storage Engine Interface

v
or or | or
W,

Mlycassandra

3
Bigtable
N

5 cassandra

0 4 MyCassandra O Storage Engine Interface
Fig.4 Storage Engine Interface of MyCassandra

0000000000 000oooooooooooon
00 keyOODOOOOOOOO SSTableOOOODO
gooodooboboobooooooooooooad
0/jo0oo0ooo0ooooooooooon
000000000000 Commit Log O SSTable
0000oooooooooooooooo

030 Cassandra 6 0000000000000
00000ooooooo s00o0o00oooooog
ooooooooOooooooooooooooon
0000000oooooooooooooooon

2.1.3 00000O0OOO

Cassandra 0000000000 IDOODOOOO
ooooopoooooooooo N—-100000
ooooooooo100obo0oooog 300
0000000 QUUoooooocoooooood
OvVOOOOoooooooooroNDOOODODOO
00000ooooooooDoooooooooooo
oooooog

2.2 MyCassandra

MyCassandra 0 0 Cassandra 000000000
000o0ooO0ooOooooO0oOooooooooooon
godddooodooooooooobooooa
oo0ooooogooooooo

0 4 0 0Cassandra 0 MyCassandraO0 00000
O0o0oo0ooDoOO0o00o0o0oo0oo0ooooOMy-
Cassandra 0 OCassandra 000000000000
000000000000 0000 Storage Engine
Interface 0000000000 O0OOOOOOODOO
0000 (connect, put, get) 00000000 My-
Cassandra 0 0000000000000 OOOCOO

0 0 O MyCassandra [0 Bigtabled MySQLO Redis
0ooodoooooooooboooooooon
ood

(© 2011 Information Processing Society of Japan



SACSIS 2011

Symposium on Advanced Computing Systems and Infrastructures

Avg. Write-Latency [ Bigtable
2 B MysQL
1.5
1
0.5
0 c
(ms) Write-Only Write-Heavy Read-Heavy

Write Heavy |

Read Heavy

<

05 O00000000O0DO0OOOOOO0DOO

Fig.5 Write latency for each storage engine

05, 06000000000000000000
000000000000 O00D0000O00O0onOn
00000 YCSB (4.1000)000000000
000000000000 600000000000

Bigtable 10000 O00D00OMySQLODOOOOO
00000000 D000ORedis 000000000
000000000000000000000000
000000000000000000000

2.2.1 000000000

MyCassandra 0000 000000000000
ooooooo

Bigtable 10 0000000002.1.200000
Cassandra 0 000000000000000000
ooooooo

MySQL OOOOODOO0ODOODOODOOOOO
JDBCOODOOODOOOODOOMySQLODODODOO
00000000 InmeDBOOODOOOOOOOODO
0000000000000 00000000000
00000 sSQLOIOOOOOOOOOOOO

Redis'? 0000000000 memcached 000
O key/value 0000000000 00000000O
00 key-valuestore 00000000000 OCOO
000000000000000000000000
00000000000000000. 0000000
000000000000000000000000
000000000000000000000 Redis
000 APIOODODOO

3. JDhooogo

0000000000 /00000000ooooa
000000000 MyCassandra Cluster 0 0 00O
goobobO0o0oO000O0bO0bOob0O0ooDOoDOMy-
Cassandra Cluster 000000000000 OCCOO

174

SACSIS2011
2011/5/26
Avg. Read-Latency  [Bigtable
3 B MysQL
2.5
2
1.5
1
0.5
0 <
(ms) Write-Heavy Read-Heavy Read-Only

Write Heavy | Read Heavy

06 ODOO0OO0OO0OO0O0O0OO0OOOOOOOOO

Fig.6 Read latency for each storage engine

(a) Basic idea (b) Satisfy quorum protocol ( W+ R> N)

write

* W: Write-Optimized
* R: Read-Optimized
* RW: Memory-based

0O 7 MyCassandra Cluster 000
Fig.7 Basic idea of MyCassandra Cluster

gooooooobooooooboooobooboono
Oo0o00o00oo0oobDobOobOoboobooboooono
g0o0o0dbOOo0obOooDoOobOo0obooOobooo
Jdo0o00o0ooOoooobOOoobOoooobooooon
godooooooooooooboobooooood
0000000000000 7-(2)00000ooon
gobooobobooobooboobobobooboo
goboooboobobboboobuooboobono
gobooobooboooboobuooboboboo
gooooooobooooobg
J0000000DO0Ob0O00D00O0 Cassandra 00O
0goo0o0oooooobooobooooboooooo
0000000000 0quorum (O000) protocol O
00000000 Cassandra00000000O0O0O
MyCassandra Cluster 1 0300000000000
goooooo NO30DOUODOoDOoDOoDOoOO
0000 N=30000000000D000O ROOO
gooooowg20000000quorum OO0
0000000000 O0MyCassandra Cluster 0 0O 0O
goboo0oboobooobooboobooboboobooo
gooodoobooboboobooboobooo
ooono222100000000000000000O
0000000000000 0000000 7-(b) O
00o0ooO0Do0o0bOo0obOOoobOoobobooon
gooooooooooboooooooooooa
goboodboodbboobobobbobboboobo

(© 2011 Information Processing Society of Japan



SACSIS 2011

Symposium on Advanced Computing Systems and Infrastructures

node / host
1 storage / node

$gé

08 ODOOoOoOoO0OoooOOO0O0O0ooooOoOoO0OOO0OooboooOoO

Fig.8 Host, node and storage engine placement on the

k nodes / host
1 storage / node

1 node / host
k storages / node

2 &)

[~

node

T

host )
\_ _/

ring

oooooooooooOoooooooooooog
O00o0000o0ooo0ooooooooOs0000
ooo

3.1 JO0oOoOoOooooo

MyCassandra O O Cassandra 0O O O consistent
hashing0 O OOO0OO0O0OOOO0OODOOOO (2.1.10
213)0000000000000000DO0000OO0
o0ooooo IbO0o00O0O0ooOooO0ooooooo
ooooooooooIboooooooooooog
ooo0o0oooo NOODOOOOOoooooooo
O000oooooOoooOoooo30o0oooo
oo0O0oooooooooNDOOOOODOOOO

oo0ooo0oooOo0oooOoooooooOoooo
00o0ooo0ooOoo0oooUooOoooooooo
0000000 8000000 OOOoOoODOooOg
oooooOo83)uoooooooooooooo
oo0ooo0ooo0oo0oooooooooooo
000000000 300 MyCassandraOO OO0
o00oooOooooooOooOooooooooooo
oo0ooo0ooooooooooooooooooo
00000000 2000000000000000
00oooUoOoos-(1)ooooolooooooo
000000000000y 0oooooooooo
000000000000000 2)0000000
00000000000 000. 1)Dooooooo
ggboooboobooboboobobobboo
00000oooO0o0o0oo0o0oooooooo2)0on
ooooOoooo0oOoooooooooboooog
ooooUooooooooos-(2)ooooo1oo
ooooo0ooooooooooooooooooo
000000 IDO0DODOOOO® oooooo
0o0ooo0ooooooO0ooOoooooooooo
O00ooo0o0oooooOo0ooooooooooo
OooOooooooooo

100000000000 00oO0ooooooooo
gooboboboboboooooboobooboboon
oo0ooooooOooo0oooooooooooo

175

SACSIS2011
2011/5/26

* W: Write-Optimized
(e.g. Bigtable)

* R: Read-Optimized
(e.g. MysQL)

* RW: Memory-based
(e.g. Redis)

BEMEFIVILT
HRERT

2/—FDBEAFHACKE
WL TRER T

dataif ./ —F

09 0000DO0OO00ODOO (N=300D0)
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Read-Heavy | Photo Tagging 95% 5%
Read-Only Cache 100% 0%

gooooogooooooooooo

g200000o0oooob 3ooooboobooo
000 N=30000OMyCassandra Cluster 0 00 O
gbobo10b0 30000000000 3x 6=1800
O0OCassandra0 0000 600000001000
gednoonoonodg

4.2 OJO0O0O0O0OO

0100011 000000000000000O0
oo s00000000000000000D0D0O00O
gbooboobooboboboooboooobogo
00000MyCassandra Cluster 00000000
O00000O000Ooo Cassandra00OOOOODODO
0000000000 OMyCassanra Cluster 0 Cas-
sandra0000000ORead-Heavy OO0 O 00000
0 Cassandra 0 14.8%0Read-Only 0000000
00 11.5%00000000000000

012000000000 40000000000
o0oooo0o0o0oooooooobooooo
00000000040 MyCassandra Cluster 0 Write-
Only OO0D0OOO0OOOQO CassandraO0O0O000O0O
gbooboooboobobobooobooboooobooob
000000000000 MyCassandra Cluster O
Cassandra0 0 00O 0ORead-Heavy OO0 OO0 OO
00 14900Read-Only 0O 0OOO0OOOO 6.530
goooooooooooo

0000 OWrite-Heavy (read:write=50:50) O O O

02 0000000

Table 2 Experiment parameters

ooo Ooo00Ox 60
oooooo gooox 10
ooooooooo 1,000 OO

quorum
key 00O
value 00O

(N,W,R)=(3,2,2)
goooo 100000
100Byte x 10000 O 1KB

03 0000

Table 3 Machine configurations

OS Linux 2.6.35.6-48.fc14.x86_64
CPU 2.40 GHz Xeon E5620 x 2
Memory 32GB RAM
Disk 1TB SATA HDD x 2 (0 4.2000)
JVM Java SE 6 Update 21
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HDD SSD
vender ‘Western Digital Crucial
model WDC WD1002FBYS CTFDDAC128MAG

capacity 1TB 128GB
seq. write 86,277 qps 96,401 gps
seq. read 108,914 gps 216,099 gps
rand. write 2,485 qps 29,045 gps
rand. read 926 qps 21,751 gps
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