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VEE 2011 paper available at:
http://lass.cs.umass.edu/papers.html
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Internet
Frontend/
Load balancer

Databases

Provisioning 
logic

App.
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DB1
new 

replica
DB2

Client SQL requests

Replication middleware

Transactional 
log

Load balancer

Management 
console

1
add 

replica

snapshot
backup

2

4

resynchronize 

restore3
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DB1 DB2

Client SQL requests

Replication middleware

Transactional 
log

Load balancer

Management 
console

1
add 

replica

VM1

OS
VM2

OS

clone

2

DB2

VM3

OS

clone3 DB2

VM3

OS

4

resynchronize 

3
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Database
DB size 
on disk

DB 
Backup 
Restore

Dolly 
4GB VM 
cloning

Dolly 
16GB VM 

cloning
RUBiS –c–i 1022MB 843s 281s 899s
RUBiS +c+bi 1.4GB 5761s 282s 900s
RUBiS +c+fi 1.5GB 6017s 280s 900s
TPC-W 684MB 288s 275s 905s
TPC-H 1GB 1.8GB 1477s 271s 918s
TPC-H 10GB 12GB 5573s n/a 911s

� /����-���" ���*����)#�*-	��	�'	� �����#

� ���-	��*����	��	�2	����
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timebackup restore replay

bi ri

updates

( )
max max max

. . .t t t
i i

w w w
b r

w w w

� �� �
+� �� �� �� �� �

replica spawning time



N
E

D
B

 S
um

m
it 

–
Ja

n 
28

, 2
01

1 
–

ce
cc

he
t@

cs
.u

m
as

s.
ed

u

10

$���	
�	��&����
(

� 
�"�	��	�*�+�	,��"	�	����	��*��#�

� 
�"�	��	�*�+�	,��"	��	�3����� 	���*����

� /�����	��	����	�	��+	���*����	8	��	�*�+�	�	
��+	��*��#�	����	���� 	���	���*����	�	�,1

�����	 
������ 
������ � ��	��� �

( ) max
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i i
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w
s b r

w w
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( ) max

max
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w
s r replay

w w
= +

-
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� �#������	�,	���*�����
� �#������	�,	��*��#�	

�*�+��� 
� ��"������	#������	�,	

������ Predictors

Capacity Provisioning

Spawning options

Admission Control Management API

Scheduler

start/stop
clone/ snapshot

Monitoring

write throttling/ read 
throttling

Dolly

Snapshot scheduler

write predictions
capacity predictions

Paused pool 
cleaner

Free pool 
Manager

delete VM/ 
snapshot

HA adjuster

Write throttling

reclaim
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Workload
prediction

Capacity
prediction

Write
prediction
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Cost function name Definition

pause_cost(VM, t) cost of pausing VM at time t

spawn_cost(s, t, d) cost to spawn a replica from snapshot s at time t to
meet deadline d

spawn_cost(VM, t, d) cost to spawn a replica from a paused VM at time t to
meet deadline d

running_cost(VM,t1,t2) cost to run a VM from time t1 to time t2

pause_resume_cost(VM, t1, t2) cost to pause a VM at time t1 and resume it at time t2

backup_paused_cost(VM) cost to backup a paused VM

backup_live_cost(VM, t) cost to backup an active VM at time t
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OpenNebula

TPC-W 
load injector

Scheduler

Recovery Log
Log 
table

Dump 
table

JMX Management API

Backupers

Dolly 
OpenNebula

DB1 DB2 DB3

SQL requests
add/remove replica 
snapshot/pause/…

VM 1

OS
VM 2

OS
VM 3

OS

New 
replica

VM 5

OS

DB3
snapshot

VM clone

OS

Load
balancer

New 
replica

VM 4

OS

Sequoia controller

predictions

Sequoia driver

admission control

Backup server
or NAS

start/stop/ 
clone/…

clone
clone

Dolly
Private EC2

write throttling
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Cost function name Private Cloud EC2
pause_cost(VM, t) return 1/VM->machine->temp return 60-((t-VM->start)%60)

spawn_cost(s, t, d) return d-t comp$=(d-t)/60*hour$
io$=EBS_storage$*s->size +

EBS_io$*
(s->restore_io+s->replay_io)

return comp$+io$

spawn_cost(VM, t, d) return d-t comp$=(d-t)/60*hour$
io$= EBS_io$*

(s->resume_io+s->replay_io)
return comp$+io$

running_cost(VM,t1,t2) return 1 (t2-t1)/60*hour$

pause_resume_cost(VM, 
t1, t2)

if (t2-t1 >
VM->pause + VM->resume)

return 0
else return 2

io$= EBS_io$*
(VM->pause_io+VM->resume_io)

comp$=(60-(VM->stop-VM->start)
%60)/60*hour$

return io$+ comp$

backup_paused_cost(VM) return backup_time return S3_storage$*s->size

backup_live_cost(VM, t) return VM->pause + 
backup_time + VM->resume

return pause_cost(VM, t)$+
S3_storage$*s->size + 
(VM->stop_io+VM->start_io)*

EBS_io$



N
E

D
B

 S
um

m
it 

–
Ja

n 
28

, 2
01

1 
–

ce
cc

he
t@

cs
.u

m
as

s.
ed

u

19

$��6��&�	������
���

� 
�4$	������	!��������	�4#�""��#�	!��#�"���

� ���*����	� : ������!��	��	� :



N
E

D
B

 S
um

m
it 

–
Ja

n 
28

, 2
01

1 
–

ce
cc

he
t@

cs
.u

m
as

s.
ed

u

20

����*���������� 	+���	C	��*��#��	B D�	���*����

���
 )")

�	���
������ *+,� ,

-��������+ ./012 ,



N
E

D
B

 S
um

m
it 

–
Ja

n 
28

, 2
01

1 
–

ce
cc

he
t@

cs
.u

m
as

s.
ed

u

21

���#����	*���������� 	B A�	���*����
���
 )")

�	���
������ 34,� 3+04

-��������+ .3054 3406

��������	��
�����
�������������

�������	�
����������



N
E

D
B

 S
um

m
it 

–
Ja

n 
28

, 2
01

1 
–

ce
cc

he
t@

cs
.u

m
as

s.
ed

u

22

����-	B E:"	�����#����	$����+

���
 )")

�	���
������ 16+� ,

-��������+ .10*1 ,

Private Cloud Amazon EC2
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VEE 2011 paper available at:
http://lass.cs.umass.edu/papers.html
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Private Cloud Amazon EC2
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DB1

Vol1

OS

DB1

Vol1

OS

stop snapshot DB2

Vol2

OS
register

DB2

Vol2

OSrestart
DB1

Vol1

OS

DB2

Vol3

OS

DB2

Vol4

OS

start
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�&
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Benchmark DB size Snapshot size VM size

RUBiS

MyISAM no constraint 836MB

844MB 4.1GB

MyISAM w/ constraints 1.1GB

MyISAM w/ constraint & 
index

1.2GB

InnoDB no constraint 1022MB

InnoDB w/ constraints 1.4GB

InnoDB w/ constraint & 
index

1.5GB

TPC-W
PostgreSQL binary dump

684MB
210MB

2.1GB
PostgreSQL sql dump 314MB

TPC-H 
scale 
1(GB)

PostgreSQL binary dump

1.8GB

307MB 1.1GB 
(OS) + 
2.1GB 
(data)

PostgreSQL sql dump 1.2GB

TPC-H 
scale 

10(GB)

PostgreSQL binary dump
12GB

2.0GB
16GB

PostgreSQL sql dump 7.3GB
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290

826 843

292

899

5761

293

1141

6017

0

1000

2000

3000
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5000
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7000

VM
cloning

MySQL
MyISAM

MySQL
InnoDB

VM
cloning

MySQL
MyISAM

MySQL
InnoDB

VM
cloning

MySQL
MyISAM

MySQL
InnoDB

RUBiS no constraint RUBiS w/ constraints & basic
index

RUBiS w/ constraints & full text
index

T
im

e 
in

 s
ec
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ds

VM shutdown
VM copy
VM cloning
VM boot
MySQL backup
MySQL restore
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65

126

177

288
275

0

50

100
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200

250

300

350

File copy VM cloning direct VM cloning & copy PG bin PG sql

TPC-W

T
im

e 
in

 s
ec

on
ds

VM shutdown
VM/File copy
VM cloning
VM boot
PostgreSQL stop/start
PG bin backup
PG bin restore
PG sql backup
PG sql restore
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147 189 273

1477 1468
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File copy VM
cloning
direct

VM
cloning
& copy

PG bin PG sql File copy VM
cloning
direct

VM
cloning
& copy

PG bin PG sql

TPC-H 1GB TPC-H 10GB

T
im

e 
in

 s
ec

on
ds

VM shutdown
VM/File copy
VM cloning
VM boot
PostgreSQL stop/start
PG bin backup
PG bin restore
PG sql backup
PG sql restore
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'&6��)���
���	��22&�%

Feature
DB Backup/

Restore
Filesystem 

Copy
VM 

Cloning

Database specific 
knowledge

Medium Very high None

Performance Slow Fastest Fast

Snapshot size Small DB size VM size

Spawning time 
predictability

Hard Moderate Easy

Database installation Moderate Moderate None

Database configuration Hard Hard None

Missing data in transfer Possible Unlikely No

Spawning atomicity No No Yes

Resynchronization 
limitations

Yes Yes Yes
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if (predictor.capacity_changes ||
predictor.write_workload_changes) {

do {
schedule = capacity_provisioning(predictions)
snapshot_schedule = snapshot_scheduling(predictions)

} while (snapshot_schedule schedules new snapshots)
scheduler.schedule(snapshot_schedule)
scheduler.schedule(capacity_schedule)

}
if (time since last operation > threshold) {
paused_pool_cleaner.release_old_paused_vms();
paused_pool_cleaner.delete_old_snapshots();

}
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Operation Private Cloud Public Cloud (EC2)

start VM 42s 220s

pause VM 26s 30s

resume VM 42s 30s

backup (stop/clone) 150s 320s

restore (clone/start) 165s 220s

wmax 149 writes/sec 197 writes/sec

Avg IOs per write 15 13
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Deadline Private Cloud EC2

d1 Pause v4
d2 Pause v3

d3

Resume v3 @ d3-7min
Resume v4 @ d4-9min

Spawn v5 from s0 @ d3-13min

d4 Pause v1,v2,v3 -

d5

Resume v1,v2,v3 @ d5-6min -

Spawn v6 from s0 @ d5-18min
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Deadline Private Cloud EC2

d3 Spawn replica v5 at d3-18m + snapshot s1 -

d5 Snapshot s2 from paused v1@ d4+1min -
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Deadline Private Cloud

d1 Pause v4
d2 Pause v3

d3
Resume v5 @ d3-1min
Spawn v6,v7 from s1 @ d3-3min

d4 Pause v1,v2,v5

d5
Resume v1,v2,v5@ d5-6min
Spawn v8 from s2 @ d5-3min
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