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® Software systems increasingly complex and dynamic

® Must be reconfigured at run-time more and more frequently
® Component instances, application configuration

® Deployment topology, resource allocations

® Two issues:

B Determine WHEN exactly reconfigurations are necessary?
B Determine WHAT exactly each reconfiguration should do?

MOTIVATION >

© S. Kounev
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Expand / shrink resources on-the-fly

« When exactly should a reconfiguration be triggered?
« Which particular resources should be scaled?
 How quickly and at what granularity?
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® Hard to predict the effect of dynamic changes on the system
performance and resource demands

® Rely on simple trigger-based “best effort” adaptation mechanisms
OR
® Avoid need for adaptation by over-provisioning resources

® Consequences: Poor resource efficiency (&),
® Rising energy costs for IT systems
B 1600% increase by 2025 [Gartner]
® Rising global CO2 emissions of ICT sector S Vi
B Today: ca 3%, Increase to 10% expected in 10 years [EU] ( ¥

MOTIVATION > Goals & Approach > Case Studies > Outlook
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® Modeling methods for predicting at run-time the effect of
dynamic changes on the system Quality-of-Service (QoS)

® Current focus: availability and performance
(response time, throughput and resource/energy efficiency)

Descartes Research Group

® Model-based algorithms and techniques for autonomic
system adaptation during operation

® Goal:
® End-to-end QoS guarantees

® High resource/energy efficiency
® Low operating costs

Goals & Approach §> Case Studies §> Outlook

MOTIVATION >
Online Model-Based Performance and Resource Management in Virtualized Application Environments
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Self-Aware Software Systems @@Ce@ggg

B Self-Reflective

B Aware of their software architecture, execution environment and hardware
infrastructure, as well as of their operational goals (e.g., QoS and efficiency)

B Self-Predictive

® Able to anticipate and predict the effect of dynamic changes in the environment, as
well as the effect of possible adaptation actions

B Self-Adaptive

® Proactively adapting as the environment evolves to ensure that their operational
goals are continuously met

“I think,therefore  am...”
-- René Descartes

MOTIVATION > Goals & Approach > Case Studies > Outlook
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Self-Aware Software Systems @ﬁscg@rt 2

B Self-Reflective

B Aware of their software architecture, execution environment and hardware
infrastructure, as well as of their operational goals (e.g., QoS and efficiency)

B Self-Predictive

® Able to anticipate and predict the effect of dynamic changes in the environment, as
well as the effect of possible adaptation actions

B Self-Adaptive

® Proactively adapting as the environment evolves to ensure that their operational
goals are continuously met

“Model-driven Algorithms and Architectures for Self-Aware Computing Systems” Dagstuhl Seminar scheduled to take place in
October 2014 organized by Samuel Kounev, Jeff Kephart, Marta Kwiatkowska and Xiaoyun Zhu.

S. Kounev. Engineering of Self-Aware IT Systems and Services: State-of-the-Art and Research Challenges. In Proc. of the 8"
European Performance Engineering Workshop (EPEW'11), Borrowdale, The English Lake District, October 12-13. 2011.

(Keynote Talk). [ bib | .pdf]
S. Kounev. Self-Aware Software and Systems Engineering: A Vision and Research Roadmap. In Gl Softwaretechnik-Trends,
31(4), November 2011, ISSN 0720-8928, Karlsruhe, Germany, 2011. [ bib | .htm! | .pdf]

S. Kouneyv, F. Brosig, and N. Huber. Towards self-aware performance and resource managementin modern service-oriented
systems. In Proc. of the 7th IEEE Intl. Conference on Services Computing (SCC 2010), July 5-10, Miami, Florida, USA.

IEEE, 2010. [ bib | .pdf]
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I
|

.
-

Inefficient
| Online prediction’ resource

usage

=
11111

Time [mins, hours, days, weeks, mnnths:]

PHASE 1
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Vision: Self-Aware Computing Systems @ﬁ“artes

Online reconfiguration impact prediction

for trade-off analysis
Scaling up/

) i
Service A VM replication/ Serwce*A Improving dependability
clonin N
J ad | Online prediction
> | IS
CIA0
X
S Dependability/

Responsiveness
OK

™\ .
Dynamic server
consolidation

| Online predictiw

J Efficiency
OK

LiveVM
migration

PHASE 2
Online QoS Prediction for Reconfiguration Impact Analysis
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Vision: Self-Aware Computing Systems @@C?@EQ@%%

Responsiveness
-

SLA OK

Time [mins, hours, days, weeks, months]

. A
il "
L Vi
E 2 _Optimal
% -é resource
oL usage
@
>
Time [mins, hours, days, weeks, months]
. A
PHASE 3
Autonomic System Adaptation
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Vision: Self-Aware Computing Systems @QC?@Q@%

Autonomic system
adaptation

Online QoS prediction for

Online QoS prediction foy
reconfiguration impact analysis

problem anticipation

Online reconfiguration impact prediction

. \é//\ for trade-off analysis
— . S Scaling up/
__,a____———\_ELA Service A

WM replication! Service A Impraving dependability

" clonin 1‘@\

Y op—— jg\ Online prediction
. n “‘\\: £j
[

Dependability’

I~ .
Responsiveness
P i

I/erce A |Service B Sarwcs- c '| Dynarmic server V

SLA OK

Responsivenes
I
I
|
|
|

Responsiveness

ours, days, weeks, months]

<

Time [mins, hours, days, weeks, mo
Workload change

Ve

3 _§ ; & cansolidati on %
E E = ; _‘:l | | Onlina Eradlctmn LE' ______ _Optlmal
iy B-g———----- . 5 [j Lo "i S g ‘ resource
é’ é "H\\.r—’\v ~ S <A | migration - % O usage
© i | -____:“":'_---'J‘ = S Eﬁlcleno_.r
Time [mins, hours, days, weeks, months) = mins, hours, days, weeks, months]
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Examples of Performance-Influencing Factors

* Descartes
.é(Se rvice A HService B H\Service [o Q%/./
\

System workload and usage profile
* Number and type of clients

» [nput parameters and input data
= Data formats used

= Service workflow

Service
Workflow

Software architecture

= Connections between components
* Flow of control and data

= Component resource demands

Software
Architecture

: | V4
. i 1 Z
= Component usage profiles = vV »’\\ .4 ¥
: ﬁ' N (7 \ e
Components |Components Components Components
Execution environment _ ‘E App Server |App Server App Server App Server D;t:;s:fe
. 1]
* Number of component instances - Javay, | Java v, Java VM, Java ¥
. 3C
= Server execution threads g2 Guest 0S Guest 0 Guest 0s Guest 05
*®
= Amount of Java heap memory w ::: virtual virtual Virtual virtual
B . Machi Machi Machine Machine
= Size of database connection pools \ S N \ /N J
Hypervisor Hypervisor
é i i J} Physical Machi
. . . H Ph | Machine ysical Machine
Virtualization layer N e e '\ J
 Physical resources allocated to VIVIS | |
— number of physical CPUs
— amount of physical memor .
Phy . y Network bandwidth between system nodes
— secondary storage devices
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Descartes Meta-Model (DMM) Descartes

® Architecture-level modeling language for modeling QoS and resource
management related aspects of IT systems

® Prediction of the impact of dynamic changes at run-time
® Current version focused on performance (incl. capacity and efficiency)

[Springer SOCA 2013] ST P
[IEEE ICEBE 2012]
[Elsevier SciCo 2013] % -
[ACM CBSE 2012] <
[IEEE/ACM ASE 2011] Q Technical
N
> Report
3 +
[ACM Qo0SA 2012] 5 IEEE TSE
[CLOSER 2011] - Article
[DOA 2010] | ] Under Review
Motivation > GOALS & APPROACH > Case Studies > Outlook
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reseaircin

. escartes
Example: Resource Environment \

belongsTo consistsOf

!DDC : Distri butedDataCewter!‘ !Loc:aIDC . DataCenter| ‘Mvtontainerﬁenositorv: ContainerRepository
_______l________?____________tem_plateEnfE___Eenﬁesoﬁesﬁcifﬁion_
!a | - ‘ ClusterNode : ActiveResourceSpecification
AcamarClustar : CompositeHardwarelnfrastructure
=
3] [
; |Cn6 . Computinghf[astructure‘ templates XeonES5430 : ProcessingResourceSpecification
L
o | | ~ schedulingPolicy = PROCESSOR_SHARING
2 [cni : computinginfrastructure| ] b CnTemplate : Computinginfrastructure processingRate = 2.66GHz
=]
= ¢ template ﬁ
T |C12:Com utin Infrastructure|
’ Cores : NumberOfParallelProcessingUnits ‘CPU : Processi ngesourcenge‘
‘MMW' ,_ number =4 / i
e templateConfig
) template ) - ; .
—~ |Xe11 : RuntimeEwirmment‘ i Xenserver : RuntimeEnvironment @ ‘XewSewerS.S : CustomConfiguratimSgeciﬁcatim‘
-
ofClass = HYPERVISOR - -
= ¢ !Ken2 : RuntimeEn\.rironmewtr non-functionalProperties
p=
- ¢ |)<E'13 : RuntimeEnvironment| |Kquewer5.5perfMDde||
S T templete . 1 " templateConfig
‘VMl : RuntimeEnvironmewt| i I VirtualMachine : RuntimeEnvironment VMConfig : Acti\.reResourceSgecificatim|
o I ofClass = 05_VM
= ‘VM2 : RuntimeEwironmeth‘
o
s |VM3 : RuntimeEnvironment Cores : NumberOfParallelProcessingUnits —@» VCPU : ProcessingResourceSpecification |-
S : number =8 schedulingPolicy = PROCESSOR_SHARING

processingRate = 2.66GHz

N. Huber, F. Brosig, and S. Kounev. Modeling Dynamic Virtualized Resource Landscapes. In
Proceedings of the 8th ACM SIGSOFT International Conference on the Quality of Software Architectures

(QoSA 2012), Bertinoro, Italy, June 25-28, 2012. [ bib| .pdf ]

Motivation > GOALS & APPROACH > Case Studies > Outlook

25 © S. Kounev Online Model-Based Performance and Resource Management in Virtualized Application Environments



http://sdqweb.ipd.kit.edu/publications/descartes_2012_bib.html
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/HuBrKo2012-QoSA-ModelingVirtResLandscapes.pdf
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/HuBrKo2012-QoSA-ModelingVirtResLandscapes.pdf

Example: Resource Environment @ﬁscaftes
Influence Factors of the Virtualization Layer

‘ Virtualization Platform Legend

<> exclusive OR
_4&_ inclusive OR

‘ Workload Profile ‘

Virtualization Type ‘

‘ VMM Architecture ‘

Domo Resource.Mana}gement
Configuration
Monolitic

‘ Binary Translation ‘

Full Virtualization ‘

‘ Para-Virtualization ‘

‘ CPU Scheduling ‘ ‘ Number ofVMs‘ ‘ Disk ‘
Network
R
; Overce;rﬁlrjr:ﬁ?nent
‘OCPUAIIocatlon ‘
: ‘ CPU Priority QJ ‘ Memory Allocation ‘

legvopu=t D\ *

‘ e.g. mask=1,2 ‘

-0 Core Affinity

‘ e.g.\cap:SO M

N. Huber, M. von Quast, M. Hauck, and S. Kounev. Evaluating and Modeling Virtualization Performance
Overhead for Cloud Environments. In Proceedings of the International Conference on Cloud Computing
and Services Science (CLOSER 2011), Noordwijkerhout, The Netherlands, pages 563 - 573. SciTePress.
May 7-9, 2011. Best Paper Award. [ bib | hitp | .pdf ]

Motivation > GOALS & APPROACH > Case Studies > Outlook

26 © S. Kounev Online Model-Based Performance and Resource Management in Virtualized Application Environments



http://sdqweb.ipd.kit.edu/publications/kounev_bib.html
http://closer.scitevents.org/
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/HuQuHaKo2011-CLOSER-ModelVirtOverhead.pdf
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/HuQuHaKo2011-CLOSER-ModelVirtOverhead.pdf

Example: Application Architecture @pcaj@}%

® Control flow and data flow, service resource demands
B Parameter and context dependencies

/ <<UsageScenario>> \

DealerDriver.Manage

<<SystemcCallAction>> <<SystemcCallAction>> <<BranchAction>> x
showlnventory showlnventory
<<BranchTransition>> <<BranchTranS|t|on>> \
Probability: 0.4 Probability: 0.6
<<BranchAction>> \ L J
.ﬂ <<LoopAction>>
— — Fop Iteration Numbeq
<<BranchTransition>> <<BranchTransition>>
Probability: 0.6 ( Probability: 0.4 W

[ (1;0.55) (2;0.11)... ]
<<SystemcCallAction>>
.ﬂ <<SystemCallAction>> selllnventory
cancelOrder \ //

<<SystemcCallAction>>
home

N /

-

F. Brosig, N. Huber, and S. Kounev. Architecture-Level Software Performance Abstractions for Online Performance
Prediction. Elsevier Science of Computer Programming Journal (SciCo), 2013. [ bib | DO! | hitp | .pdf ]

F. Brosig, N. Huber, and S. Kounev. Modeling Parameter and Context Dependencies in Online Architecture-Level
Performance Models. 15th ACM SIGSOFT Intl. Symposium on Component Based Software Engineering (CBSE 2012),
June 26-28, 2012. [ bib | http | .pdf | Abstract ]
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http://sdqweb.ipd.kit.edu/publications/descartes_2013_bib.html
http://dx.doi.org/10.1016/j.scico.2013.06.004
http://authors.elsevier.com/sd/article/S0167642313001421
http://sdqweb.ipd.kit.edu/publications/pdfs/BrHuKo2013-SciCo-SoftwarePerformanceAbstractions.pdf
http://sdqweb.ipd.kit.edu/publications/pdfs/BrHuKo2013-SciCo-SoftwarePerformanceAbstractions.pdf
http://sdqweb.ipd.kit.edu/publications/descartes_2012_bib.html
http://cbse-conferences.org/2012/
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/BrHuKo2012-CBSE-ParamDep.pdf
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/BrHuKo2012-CBSE-ParamDep.pdf

Impact Prediction through Automatic Generation of @ﬁsc@ﬂ&é
Tailored Predictive Models at Run-Time o

Usage R—
Sub-model %? Operational ~ Analytical Sol.
o Dynamically Analysis .||I|||||I||_|. |
Soft. Arch. Composed &
o)
S
e

Sub-model Model R
X : i
Instance < - Queueing gir;sllﬁggilnsm) f ||
. Network Models -l

Middleware = Part of
Sub-model | —> o
rb(\o’\ K N Quel_Jeing é_nalxgtic_aISol.> I |
— /r . Petri Nets Imulation -E ..|_||,|I_|I|_1.___
Virtualization
Sub-model «
()
Q {§, o
i Analytical Sol.
Stochastic > - i ||
Infrastructure Process Alg. » "
Sub-model
Full-Blown > |
Simulation Simulation : .-|_I|||_lg||_|.___
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Case Study: Process Control System (ABB) pescartes

ik &

by - e UD"4 Ed}mf_gfl{-#H

M Hy RFA_LO

iternal AEtitmaL
:rnaICaIIAcht.ly
E -

nchTestermn R et Gﬁ_

Intefresiamioers
) ExternalCa

P. Meier, S. Kounev, and H. Koziolek. Automated Transformation of Component-based Software
Architecture Models to Queueing Petri Nets. In 19th IEEE/ACM Intl. Symp. on Modeling, Analysis and
Simulation of Computer and Telecommunication Systems (MASCOTS), Singapore, July 2011. [ | ]
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http://sdqweb.ipd.kit.edu/publications/descartes_2011_bib.html
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/MeKoKo2011-MASCOTS-PCMtoQPN.pdf
http://sdqweb.ipd.kit.edu/publications/descartes-pdfs/MeKoKo2011-MASCOTS-PCMtoQPN.pdf

Overview of Applied Modeling Techniques

Descriptive
ma Architecture-level Models —

@ﬁsca rtes
N research

RESOUIEE Regression

Demand
Estimation

Workload

Forecasting Analysis

« OMG Meta Object Facility (MOF) _
« MOF-based meta-models | AROMA Re%;féon' MARS
* EBMt g/llﬁ‘_l;\))TE) techniques
" Extended CART
| exp. Kalman
Bl Predictive Performance Models smoothing filter
M5 trees
« Bounding techniques —  tBATS Nt‘?”'.i”et?“
» Operational analysis OPHmIzation Cubist
* Statistical regression models Croston’s — forests
« Stochastic process algebras method lkemfibo
« (Extended) queueing networks estimation Quantile
- Layered queueing networks Cubic heihaanal
« Queueing Petri nets B 5'2&?;229 Independent
« Machine learning-based models C%waplogém Support
« Detailed simulation models Neural Y vector
Ll network- machines
based
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Case Study 1: Workload Forecasting Pescartes

>
(O]
k= ?
= ’
S 4 ® Use multiple alternative forecasting
S ? methods in parallel
2 B Select which method to trust based on its
| accuracy in recent time horizons
history now near future

N. R. Herbst, N. Huber, S. Kouney, and E. Amrehn. Self-Adaptive Workload Classification
and Forecasting for Proactive Resource Provisioning. In Proceedings of the

4th ACM/SPEC International Conference on Performance Engineering (ICPE 2013),

Prague, Czech Republic, April 21-24. 2013. [ bib | slides | .pdf ]
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http://sdqweb.ipd.kit.edu/publications/descartes_2013_bib.html
http://sdqweb.ipd.kit.edu/publications/pdfs/HeHuKoAm2013-ICPE-WorkloadClassificationAndForecasting_Slides.pdf
http://sdqweb.ipd.kit.edu/publications/pdfs/HeHuKoAm2013-ICPE-WorkloadClassificationAndForecasting.pdf
http://sdqweb.ipd.kit.edu/publications/pdfs/HeHuKoAm2013-ICPE-WorkloadClassificationAndForecasting.pdf

Time Series Analysis @ﬁsca“es

© _
©
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© | |
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| | ] =

P
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Time -
[BFAST]
Motivation > Goals & Approach > CASE STUDIES > Outlook

33 © S. Kounev Online Model-Based Performance and Resource Management in Virtualized Application Environments



34

Forecasting Methods Used

(Descartes

Basic Methods (initial)
Naive, Moving Averages, Random Walk
Trend Interpolation (fast)
Simple Exponential Smoothing (SES) [HyndO8]
Cubic Smoothing Splines [Hynd02]
Croston‘s method for intermittent time series [Shen05]
Autoregressive Moving Averages (ARMA11) [Box08]
Estimation and Modelling of Seasonal Pattern (complex)
Extended Exponential Smoothing (ETS) [Hynd08, Hyn08]
ARIMA framework with automatic model selection [Box08, Hynd08]
tBATS for complex seasonal patterns [Livell]
Motivation > Goals & Approach > CASE STUDIES > Outlook
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WCF Technique @Qcartes
Self-Adaptive Workload Classification & Forecasting I

7 ﬁ\\l - \
Overhead Forecast Workload
Constraint Frequency ) \ Intensity

— -\ I/ I‘I
Forecast :
Objectives
_/ Accuracy
Forecast Confidence Feedback
Horizon Level

(Il) Forecast
| & Evaluate
Accuracy

INITIAL
Naive,
Smagthing,

Forecast Methods
Overhead Groups
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Workload Intensity Characterization

“Descartes

High level data analysis to gain information on:
* Noise level & occurrences of unpredictable bursts

* Influence of trends and seasonal patterns

Workload Intensity Trace:
Time Series of Request Arrival Rates

Data

Length Positivity { Frequency Attributes
: Mono- : Quartile : -
Gradient tonicity Variance Dispersion Burstiness = Metrics
Motivation > Goals & Approach > CASE STUDIES > Outlook
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Decision Tree for Classification

[

MASE

[

Mo

Croston’s
Method

Motivation

>

© S. Kounev

Naive & MA g-short

=Y o5

Length of
Time Series

Short,
Medium,
Long

Overhead
=2

Long

Medium

Overhead No

=1

Yes
sk

Positivity of
Time Series

Burstiness &
MNoj Monotonicity &
QD & Ccov

> X%
Zero

Smoothing
MA(3)

Goals & Approach

escartes

MASE
Yes m
l ETS &
Positivity of tB#TS MASE
Time Series No m
> Burstiness & sl
$ No4| Monotonicity & Overhead S-yesd IBAIS+
apv & Ccov >3 ARIMA
Yes No
S
Croston’s
i Smoothing
MA(3)
—J Legend:
Yes
Burstiness & MASE o W:B L
Gradient aracteristic
Forecasting
Method
No 5 SES +
ARIMAL101
Emp.
Yes ..
b Decicion
cs MASE Param.

>

CASE STUDIES

>

Outlook
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classification:
() select strategies

classification:
(I) evaluate selection

| forecast
execution &
result output

forecast
execution &
result output

Process of Classification & Forecasting

Descartes

new classification:
() select strategies

forecast
execution &
result output

forecast
execution &
result output

forecast horizon/
frequency

(need not to be equal)

\

new forecast
horizon
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!

classification frequency (# forecast executions)

>

Motivation
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>
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Forecast Accuracy Improvement Descartes

« Real-world workload intensity trace: IBM CICS transactions on System z
« Comparison of WCF approach to ETS forecast

500

n I |
*Q;J Monday : Tuesday Wednesday | Thursday Friday
C
g i : -> overhead group 2, horizon 2 : -> overhead group 4, horizon 12
5 "
5 1 [ "
g 400 AR ; i
w 1 [ \ I
: ] i ;
S I : : 'I' n |
3 1y 1 N |
c | 1 TN Il.l ’ ;
Ha. [ ] 1 -
52 ' / J : I ~
S 7 N\ I
S 1 | | ~ 1
o | A -
< RV /\ e
200 WCF
. BA 4\
I ! -Il ] Y= =—=Qbhservation
l Y AR
1 - i AN
Pl i 1
100 I ’ H _\v
[ 1 - ‘ (]
a | | " ll
) 1 A .
TN i
0 \ N f -
classification
by WCF
# forecast
-100 -IBSETIHEEDRI P26 2 84 85 86 87 88 89 90 91
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Forecast Accuracy Improvement @ﬁsc?@%@%

Cumulative Percentage Error Distribution
Comparison of WCF to Naive and ETS strategy
CICS transactions (5 days, 48 frequency, 240 forecast values)
o 100% C
= : i
= 0% .
s - /
L / !
8 [
5 80% .
E C / AT
o - L-1-1
g 0% [ WCF =
: / —t— >' -
50% -
. / ETS -
50% | / / Naive
0% |- - o
r (]
L / i 2
L - ©
30% | < z
20% —_
r L w
10% : | percentage error
U% : 1 1 1 1 1 1 1 1 1 1 \ 1 1 1 1 1 1 1 1 1 1 V 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
5% 109 15% 20% 25% 30% 35% 409% 435% 0% 55% 60% 65% T0% 73% 80% 85% 90% 95% 100% B
percentage error class [0%; x%]
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Case Study: @@ca@g@%
Example for Using Forecast Results \\

e Scenario: Additional server instances at certain thresholds, 3 weeks
« Real-world workload intensity trace (Wikipedia DE page requests per hour)

4 -

-

Day 8 i ! payis
Monday Thursday

35 1 -= overhead group 4, horizon 12

1
]

-» owerhead group 2, horizon 3
1

1 R T

Kiilon Wiki pedia Page Requests per hours

lower
confidence

— forecasted
value

— phservation

= = upper
threshold

— e lower
threshold

] [k
5|5 | classification
(1) = 1 | by woF

# forecast
execution
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upper threshold |lower threshold

Proactive Resource Provisioning

Resource provisioning:

(1) Without forecasting (solely reactive):
Resource provisioning actions triggered by
76 SLA violations

(1) Using WCF approach (proactive):
Reduction to 34 or less SLA violations

- No significant change in resource usage observed
(server instances per hour)

8x correct forecast: server instance not needed
correct forecast: server instance needed at time t
15 x nearly correct forecast: time t slightly too early or too late
incorrect forecast: need not detected or false positive
Motivation > Goals & Approach > CASE STUDIES > Outlook
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Case Study 2: Automated Derivation of @ﬁscarte%
Statistical Regression Models e

: Information Flow
Action >

1. Systematic
Experiments

Measurement Points

_ 2. Regression
Measurement Points

Optimization

Optimal Parameters of
Techniques

3. Regression
Model Derivation

Q. Noorshams, D. Bruhn, S. Kounev, and R. Reussner. Predictive Performance Modeling of Virtualized
Storage Systems using Optimized Statistical Regression Techniques. In Proc. of the 4" ACM/SPEC
International Conference on Performance Engineering, Prague, Czech Republic, ICPE '13, pages 283-
294. ACM. 2013. [ bib | DOI | http | .pdf ]
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h
)

researc

Example Statistical Regression Models

escartes

G XX TC X TG X, *C,

interaction term

T (3, %)

9 —
Response Time ()

n =

—
Response Time (M)

0
=

S
Response Time (MS)

Parameters: # of nodes, ...

CART

Tree sructure
S ep function

Parameters: # of terms, ...

E B
Response Time (ms)

LRM - Linear Regression Models

MARS - Multivariate Adaptive Regression Splines
CART - Classification and Regression Trees

Parameters: # of trees,

Parameters: # of nodes, ...

# of nodes, ...

Outlook

>

Online Model-Based Performance and Resource Management in Virtualized Application Environments

Goals & Approach > CASE STUDIES

>

Motivation
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Case Study 3: Automated Extraction of Architecture-level Models

Experimental environment at KIT High-level architecture model overview

N N N N S Ny N5 N N
. . . . Y 3 . 3
S
sl Bl Bl Bl Tl sl s Tl Tl T
SAT AT SN ORACLE - SEAS SELS: SIS .\
. ® : " 5
| WebLogic Server® 11g ! H DI | argeOrderSender -
. [SessionBean

“"Composite
= Component E

S~ SPECjEnterprise
............... - P - T
! J
System Model / |{
SJE I,
D_ Instance 1! _(
I II 1O Database
Sy -
L O“ Tond ] SIE ' _(
{ e ) oa "
ji,EA 1 GBit ORACLE 11g O galancer _( 'Q_ Instance N X0 Emulator
I—= % 1 — 2 DATABASE I} \
nozdoes j ﬂ;}_“_l- -' . \ . - 4X1 GBit "“"“-'T"“ A Sy ““A \ ----------- *\-
i—=1 Gigabit Switch pp>€rver
Each node has: _—— ApgServer N
2x Intel Xeon E5430 | 1—— = =
QuadCore CPUs = 7%;
A o 8
42.66 GHz, = Dell PowerEdge R904 Se ver 1 Ser er 2

32 GB RAM /=" "  4xAMD Opteron 8431
SixCore CPUs, 2.4 GHz,
128 GB RAM

® 28 software components
® 63 behavior specifications

® 20 AppServer nodes (20 x 8 core)
B Database server: 24 CPU cores

F. Brosig, N. Huber, and S. Kounev. Automated Extraction of Architecture-Level Performance Models
of Distributed Component-Based Systems. In 26th IEEE/ACM International Conference On Automated

Software Engineering (ASE 2011), Oread, Lawrence, Kansas. November 2011. [ bib | .pdf ]
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Project with VMware @ﬁsca“es

® [ntegration of online performance models into virtualization
platforms and virtual appliances

® Model-based performance and resource management

Performance Model Performance Model
(Candidate Allocations) (Current Allocation)

___________________

e

viabric — ;
Applnsight Monitoring ! Maodel
Data Fusion : Inference

IS R
Apache Tomcat + MySQL
VA Spring VA VA

vFabric

Model Reconfiguration
Analysis Derivation

Extension
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Case Study 4: End-to-End Proof-of-Concept
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S/IT/A Meta-Model (Descartes

® Actions refer to configuration points
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Further Topics Pescartes
® Modeling virtualization performance overhead (CLOSER'11,
MASCOTS'13)

B Performance isolation in shared execution environments with
focus on multi-tenant SaaS (QoSA’'12, SciCo’13)

® Modeling of virtualized storage systems using optimized
statistical regression techniques (ICPE'13, MASCOTS' 13)

® Cloud usage patterns: A formalism for description of cloud
usage scenarios (SPEC Research Group)

® [ntrusion detection and prevention in virtualized environments
(SPEC Research Group)
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