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Motivation <
Centro
ARy Informatica
* Among the major reasons
mentioned for adoption of cloud

i W Scalability
computing are: ® Access 10 resources
.y on-demand
Scalablllty Cost savings
* Access to resources on-demand  Reliability

B Other resources

* Cost savings e,
* Reliability Source: rightscale.com
* Problems in large cloud providers
ShOW the |mp0rtance Of proper Home / Reviews / Software / Security / Amazon Cloud Outage Hits Netflix, Foursquare
availability and performance Amazon Cloud Outage Hits Netflix,
planning for cloud infrastructures Foursquare
. . BY CHLOE ALBANESIUS ~ AUGUST 9,2011 11:14AM EST 8 6 COMMENTS
and thelr hosted SerVICeS_ Fn_thesame week fhat_ a lightning strike in Dublin knocketd out service for some European users of A
Microsoft's cloud services, Amazon also suffered a stateside cloud outage that affected popular serv
Foursquare, Reddit, and Netfiix.
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* How to evaluate the performance and availability of cloud computing
systems, and detect bottlenecks to propose improvements?

* Cloud computing systems have great complexity
* Many hardware and software components

* Interdependence between components

* Solution: Hierarchical modeling
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Motivation -
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U F-F-E.

* How to evaluate the performance and availability of cloud computing
systems, and detect bottlenecks to propose improvements?

* How to identify what will bring the biggest gain in quality of service?
* More powerful and reliable hardware ?
* More advanced architecture ?
* A software that provides flexibility, autonomy, resilience ?
* Solution: Sensitivity analysis, adapted for hierarchical models
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Objectives o

de Informatica

The main objective of this thesis is to propose methods

for detection of performance and availability bottlenecks
In cloud computing systems.
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Supporting methodology

System
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Supporting methodology

System
description
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[ Create top-level model ] PR

'

Create sub-models for
specific components

v

p
Identify measures
of interest

v

[ ]

r

Solve hierarchical
model

. G Lenvo -
S oios ol s o
swbsysens’ § pppcosing

e . et —
3 a Specific software ) - Spec1ahzed )
1 hard functi
L 2mponen s 7 Nbar lare unctions

—

N\

.
aet Availability

Utlhzatlon\ Ve Response \ Throughput\

e \ofVMs/ \ tlme/ _4

L

Numerical ~~ y-

analytical
. solution_

Simulation
4

Satisfactory

Evaluate measures

: Not satisfactory

Perform sensitivity analysis
on sub-models and

top-level model

Bottlenecks are the targets | | - ° {
for potential improvements, | | - (
transforming it in an
iterative methodology s

Compose sensitivity indices
from all models

v

-
Build and analyze “global”

sensitivity ranking

List of

é — bottlenecks
= UNIVERSIDADE :
FEDERAL ; S e e :

\w) DE PERNAMBUCO =,
S,

R
e . |lescaadessse £ Perform improvements &

e~
(=3

[

goees
Teaege

v

[

Finalize process. Wait for
structural or demand changes

]

Sensitivity

« analysis of
« hierarchical
. models

-~ ~ ——
Pamal elatlve ) DoE (Importance\
%rlvauves) dlfference \ANOVA) index
— B

7124
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* How to evaluate the performance and availability of cloud computing
systems, and detect bottlenecks to propose improvements?

* How to identify what will bring the biggest gain in quality of service?
* More powerful and reliable hardware ?
* More advanced architecture ?
* A software that provides flexibility, autonomy, resilience ?
* Solution: Sensitivity analysis, adapted for hierarchical models
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Composition of sensitivity indiges
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U-F:-PF-E
B f m

o A { :|' D @
C

Parameter  §(B) Parameter S(Avail) Parameter S(C)
q 0.9 A 0.7 f 0.7
s 0.8 D 0.6 m 0.2
r 04 c 0.4
P 0.2 B 0.4

Composition of sensitivity indices ]

Parameter S(Avail)

q 0.8 Unified ranking
A 0.8 of parameters
s 0.7
m 0.3
44y = p 0.1 —
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Proposed composition techniques:
RBD + CTMCs = canee
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Begin ._A[ ]_[ ]_[ ]_. End

Y+ U Aoz = )
P+ U MHB(MM) In some cases,
R EEEEEEEEEEEEEED . .- CTMC sub-models
Structural equation: IR s ~ . can be solved
1 ’ ~
i A=Ac1XAcaXAcs ; Ry, . - through closed-
e e . ° G form equations.
' Derivative structural equation: | Their partial
: : § - F .
+ Sy(A) =S,(Ac1) X Aca X Ac3 + M derivatives will
' Ac1 X Sy(Ac2) x Acg+ : provide the
' Acq X Aco X S,(A . Ce . . .
e o1 X ficz X Sulfica) | sensitivity indices.
Y o B2 A
S u(Ac1) = (Ac2) = S 4(Ac3) =
T e w? SR e B i )2
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Proposed composition techniques:
SPN (simulation) + CTMCs  consro
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U-F:-P-E
i oS e ean When the_SPN can only be _solved
PO rerm— through simulation, the indices
—%:n‘;’ o from CTMC sub-models are
A=A2 multiplied by indices of
y T e corresponding SPN transitions.
SO sensitivity to T1 through Therefore, we follow the chain
percentage difference ru | e
To=X,T1=2 '
Availability= A3
P1 To=X,T1=W
Availability=A4
CTMC sub-model for TO Stq(A) = (Ad-A3)/A4 dE dz d‘v‘
A — i . —
Combining indices d.,r d}r‘ d.,r '
e-e SA(A) = $,(MTTA) x Syo(A)
M Su(A) = S,(MTTA) x Syy(A) :
3 z is the measure from SPN model
e @ X is a parameter from CTMC sub-
_____________ Unified sensitivity mOdeI ..
" T0=MTTA ! ranidng y is a transition from SPN model
Sa(A i i
S P—— : S::A; which has the delay as a function of
| 9T0/3y=S,(MTTA) ! St1(A) the parameter x
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Implementation on Mercury togl
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Sensitivity analysis of RBD ' = 23 |

Type of sensitivity index

bl b2

Type of ranking

& Ordered Unordered
Parameters under analysis

Av: P{50} H ! Component's availability ™ Component's MTTF and MTTR

A 1/8760 |
W 1/20 Partial derivative of Availability with respect to

MTTFbl: $b3[lambda, mul*(MTTREL+MTTFb1)*(-1)-MTTFb1*5b3[lambda,mu]*(MTTRb1
MTTRb1: -MTTFbl*Sb3[lambda, mu]*(MTTRb1+MTTFb1)"(-2)

lambda: MTTFb1*D[5b3[lambda,mu],lambda]*(MTTRE1+MTTFb1)"(-1]

mu: MTTFE1*D[5b3[lambda, mul, mu]*(MTTRbL+MTTFb1)*(-1)

ol Parameter Sensitivity value
50 H MTTRbL -0.007936507936511874
0.007936507936511784
2.2644684226190475E-4
-2.264468134920635E-4
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Case study: Composite web services on private

cloud with autoscaling Fewo
~:‘“f°'u"?f'."!'.’?
* Composite web services for s
musical events recommendation
* This mashup runs on a private l l
cloud, with elasticity resources: ‘”’“E';J;{;’:“““] okt Araci ]
automatic creation and 3 y
termination of VMs according to l
the workload IE"*“‘T‘“‘“ ]
v v
l MapE‘Iamh ] I SnngSeLamh ]
|

Presentation to
!_,‘ User
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Composite web services on private cloud with
autoscaling
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U-F:P-E
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Composite web services on private cloud with
autoscaling Vv

ﬁlnfarma‘itica

* 3 models: 1 SPN + 2 CTMCs:
* Workload / autoscaling
* VM instantiation
* Web service execution
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Composite web services on private cloud with

autoscaling (Step 1) %

entro "
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U-F-P-E
TNoScale
TWindow TCWLatency TCheckThreshold TScaleUp
®‘__)l_)O >|:|| . I )I ‘ PInstantiation
PMonitor PCollectMetrics PCheckMetrics

ScaleDgcision

O am

PoolVMs

TScaleDown

@ IdleVMs
TReq TSend TAccept TLB

TService TRep
PReq PSend JobAdrhission Queue BusyVMsU PReply PComplete
NL
TReject Buffer_LB
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Composite web services on private cloud with

autoscaling (Step 2) e

de [nformatica

U=-F:-F-E
1

@ VM instantiation

4 bw
vmiSize

4 bw
vmiSize

4 bw
vmiSize

System representation
Begin
1/mrt_ES
TNoScale
Events Analysis
TWindow TCWLatency TCheckThreshold TScaleUp
Plnstantiation T/mrt_V§ 1/mrt_SA
PMonitor PCollectMetrics PCheckMetrics ScaleDpcision
—Jrinst

Venue Stats
Finished

Search for
Similar Artists
Finished

TScaleDown

1/mrt_SA l/mrt_VS§
Top Event
Selection
TReq TAccept l/mrt_TE
®_> "Additional info
Vmrt M segrch 1/mrt_SS
PReq BusyVMs PComplete
Map Search Song Search
Finished Finished
TReject Buffer_LB
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Web service execution
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Composite web services on private cloud with

autoscaling (Step 2) e

ﬁlnfarm atic
U-F:P-
Event Search
Begin

limrt_ES

Events Analysis
Begin

l/mrt_SA

pCache

1
tRi

'mrt_VS
( 1- P(‘.ache)

: Search for
Venue Stats e P
Finished Similar Artists
Si Finished
tRI vmisSize
4 bw 4 bw 4 bw Top Event
e PRV e Selection
vmiSize vmiSize vmiSize
l/mrt_TE
Additional info
lmrt_M search l/mrt_S8
Map Search Song Search
Finished Finished
m

|
UNIVERSIDADE
FEDERAL

l'mrt_SS
DE PERNAMBUCO

Presentation to
User

&

limrt_MS

8/24

LN



Composite web services on private cloud with

autoscaling (Step 3, 4, and 5) T

ﬁlnfarméﬂta

Performance measures

Measure Expression Value
Utilization of VMs (%) E{#BusyVMs})/(E{#ldleVMs | +E{#BusyVMs}) | 38.3 %
Average number of busy VMs E{#BusyVMs} 1.716
Average number of idle VMs E{#IdleVMs} 2773
i s) E{#Queue} 043
I Mean response time - Rsp - (s) NRequests/(P{#PReply=>0} x(1/TReply)) Q.UZQSL‘
1

This is the metric of most
interest for the user and it is
not is a satisfactory level.
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Composite web services on private cloud with
autoscaling (Steps 6 and 7)

SpCache(Rsp)

Tlnst( RS p) X
(Tinst)

pCache

Sensitivity ranking for the main model

TRep
TSend
TReq
TWindow

0.45763

.. ol
0.11303
0.11466
-0.05808
0.00617

mrt es(Rsp) =
(Rsp) x

TSerwce

SS, , s(TService)

Sensitivity ranking for the VM instantiation submodel

Sensitivity ranking for the mashup sub-model

Parameter | SS(TInst)
pCache -4.52843
vmiSize 0.52363
bw -0.52363
t PV 0.28465
t CI 0.18421
t RI 0.00752

Parameter | SS(TService)

mrt ES 0.33906

mrt SA 0.32711
mrt_SS 0.26727

mrt TS 0.03284

mrt MS 0.0227
mrt_VS 0.0109 0/24




Composite web services on private cloud with

\L#) e Pernamsuco
LN

[ J
autoscaling (Step 8) ®Teenvo
e Informatica
Unified sensitivity ranking for the general model and MoF-F-E
submodels
Parameter S(Rsp) - Response time of following web
mrt_ES 0.15517 services:
TE 013977 * Event Search
mrt SS 0.12231 * Similar Artists
TSend 0.11466 * Song Search
TRep 0.11303
TReq -0.05808 Execution time of Load Balancer
mrt_TS 0.01503
pCache -0.01162 -
mrt MS 5.01041 Network Iatency. f_or sending
TWindai 0.00617 request and receiving reply
mrt_VS 0.00502 _
TCWLatency 0.00489 * The most important parameter of
TCheckThreshold | 0.00176 VM instantiation process (pCache)
vmiSize 0.00134 is only intermediate when the
ltj‘flm;v 'g-ggé% concern is the total response time of
e 0.00047 the application
t_RI 0.00002
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Composite web services on private cloud with
autoscaling
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Final remarks: Achieved results <
Centro
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U-F:P-E

* Methods for building unified sensitivity rankings, considering
composition of RBD with CTMC sub-models, and also SPN with
CTMC sub-models.

* Supporting methodology for identification of performance and
availability bottlenecks in cloud computing systems. Efficacy
demonstrated in case studies.

* Hierarchical availability models that enable evaluating private cloud
and mobile cloud architectures.
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Final remarks: Achieved results <
Centro

de Informatica

U-F:P-E

* Hierarchical performance models that enable planning composite
web services hosted on clouds with elasticity and load balancing
mechanisms.

* Automated sensitivity analysis features for hierarchical models in
Mercury tool

* Sensitive GRASP algorithm, for optimizing performance and
availability metrics of cloud-hosted services.
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