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Common idiom: One-to-one mapping of applications to nodes
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Solution: Virtual data center

{ E-mall
= . Server
: Linux

E-maill Web Database
server server server

Linux  Linux Linux
Virtualization

Fee——2 Server ==y

Linux _
Consolidate

(Xen OpenVZ VMware)

I Database
F=——- " Server

LINnuXx

Improved utilization using consolidation
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Provisioning for dynamic workloads is hard!
Solution: Adaptive controller 25
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Related work

A Existing research
I Cluster management
I Load balancing
I Resource allocation & scheduling
I QoS differentiation

A Our contribution: Adaptive resource control
I Quantitative model of system behavior

I Fine-grained, adaptive control
ANo wastage of resources
AHigh throughput, low response time
A QoS differentiation
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Modeling two multi-tiered systems
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56



A Design
A Evaluation
A Conclusion

Outline

57



Utilization controller: an example

58



Utilization controller: an example

Utilization
goal = 80%

— Controller

59



Utilization controller: an example

Utilization
goal = 80%

— Controller

Set to 40%

60



Utilization controller: an example

Utilization
goal = 80%

— Controller

Set to 40%

© Using 20%

61



Utilization controller: an example

Utilization
goal = 80%

— Controller

Set to 40%

© Using 20%
Utilization 20/40*100 = 50%

62



Utilization controller: an example

Utilization
goal = 80%

— Controller

Set to 40%

© Using 20%
Utilization 20/40*100 = 50%

63



Utilization controller: an example

Utilization
goal = 80%

Set t025% |

— Controller VM

© Using 20%

New Utilization 20/25*100 =

80%

64



Utilization controller: an example

o Set t025% |
Utilization | ~ontroller VM
oal = 80% “
J ¥ Using 20%
New Utilization 20/25*100 = 80%
A Problems

I Utilization is variable
I Delays and errors in sensing & setting
I Stablility concerns

65



Utilization controller: an example

o Set t025% |
Utilization | ~ontroller VM
oal = 80% “
J ¥ Using 20%
New Utilization 20/25*100 = 80%
A Problems

I Utilization is variable
I Delays and errors in sensing & setting
I Stablility concerns

Solution: Self-tuning integral controller .
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Utilization controller

u(k) = u(k—1) — K. (k)e(k —1)
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Utilization controller
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A Adjusts to varying demand
A Maintains goal utilization

A Knobs to control aggression (Kp)

A Proven stable[ Wang DSOM605] .
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Problem: All controllers
Independent

Solution: Arbiter controller
enforcing QoS differentiation
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Evaluation

A Multi-tiered systems
I 2 HP Proliant servers
I Apache + MySQL
I Xen 3.0 with SEDF scheduler

A Clients

I RUBIS: auction client
12 RUBI'S cl i1 ent s:

A Can we maintain 70% QoS ratio ?

500
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Varying load 7 QoS ratio
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Conclusion

A Adaptive control of virtual data center

I Good application performance
AHigh throughput
ALow response time

I Good utilization
AMaintain goal CPU utilization

I QoS differentiation
AMaintain goal QoS ratio
A Project page:
nttp://kabru.eecs.umich.edu/twiki/bin/view/Main/
DynamicControl

A E-mail: ppadala@eecs.umich.edu
A Questions ?
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Backup and old slides
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Enterprise data centers

~ )

A Large data centers

I 100s/1000s of nodes

i Shared infrastructure .l

I Run critical applications

I Should meet service levels
A Problems

i Power costs

I Management costs
I Poor utilization

I Unmet service levels

T

T,




Solution: Consolidate |
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Hosting two multi-tiered systems
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Modeling results - throughput

C)

Throughput (reqs/se

250

N
o
o

e
a o u
©O O O

o

20 30 40 50 60 70
Web share

—— Offered

load (500)

-=- Real

throughput

(500)
—— Offered

load (1100)

—— Real

throughput

(1100)

113



Modeling results - throughput

250 —o— Offered
load (500
o200 el el
g // \ -=- Real
2] 150 - — throughput
D (500)
— 100 - -— —— Offered
= — .- = load (1100)
S, 50 -
cja —— Real
= throughput
= 0 (1100)
20 30 40 50 60 70
Web share
Web shareﬁ > Throughputﬁ

114



Modeling results - throughput

250 —— Offered
load (500
o 200 - || e
g // T - Real
o 150 - — throughput
D (500)
— 100 - - -— —— Offered
a — = load (1100)
S, 50 A
8 —— Real
= throughput
= 0 (1100)
20 30 40 50 60 70
Web share
Web shareﬁ > Throughputﬁ

Saturation causes Real throughput < Offered throughput

115



Modeling results - throughput
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Arbiter controller features

A Is an integral controller

A Decides final shares based on QoS
differentiation goals

A Integral gain: knobs for aggression
A Stable i gain value based on model
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Modeling a multi-tiered system
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A Stress the system in various scenarios

A Observe all variables 191
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