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Personal Background

Studied Wirtschaftsinformatik in Darmstadt
= Meta-Modelling Focus
= Component Meta-Models and Marketplaces

= Research Assistant in Oldenburg
= Palladio Component (Meta-)Model
= Model-Driven Architecture-Based Quality Prediction

= Research Assistant in Karlsruhe
= Department Manager at FZI

= Disputation in Oldenburg to become
Dr.-Ing. in a performance engineering context

= Since April 2010 Juniorprofessor at U Paderborn
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Example: SAP Business By Desgin
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lelf'_d‘\et“ aﬁ'ét;bar noch unter Kinderkrankheiten. Die Wirtschaftszeitung Euro am Sonntag berichtet in threr aktuellen
Ausgabe von Performance-Problemen sowie einer drohenden Verschiebung des Starttermins und beruft sich dabei auf
Insider. So laufe die Software derzeit noch deutlich langsamer als die Standardanwendung R/3 und verkrafte noch nicht
einmal 10 gleichzeitige Nutzer. Von der Zielvorgabe, 1000 parallele Nutzer zu bedienen, sei das Produkt noch "Lichtjahre

entfernt”. Hauptproblem sei das Design des Systems, das Servern den Zugniff auf brachliegende Kapazititen anderer
Rechner nicht ermégliche. Dem Insider zufolge werde das zu einer Verzdgerung fithren, das Produkt sei frithestens in einem

Jahr marktreff.
News gnterwegs v~ esentlichen Beﬁridazu leisten den Anteil [gm an SAPs [ansatz bis 2010 von jetzt 30 auf 45 Prozent zu

Newsl e V e @S-Un ghmens spiilen.
English News .
News @gien T'chermagm Fen nwaxswa&dﬁmatl-l o) st
Telefontai leidet offenbar noch unter Kinderkr. eiten. Die Wirtschaftszeitung Euro am Sonnta
Inten‘l):ttt adfz Ausgabe von Performance-Problemen sowie einer drohenden Verschiebung des Startt
Internetsts Insider. So laufe die Software derzeit noch deuthch lan samer als d16 Standardanv» en
«“Hafid|es: 10-users-instea
Soﬁware'Download entfernt” Haup roblem sei das Design des Systems, das Servern den Zugnﬂ' auf brac ®
aﬁ a n n e‘;aglmerkug @che. Dem Insider zufolge werde das zu einer Verzégerung fiihren, das Produkt sei frithestens in einem
mar .

hase
Leserforum SAP will von Verzégerungen und Problemen indes nichts wissen. "Alles im griinen Bereich", gab eine
e LMAMLISSUE TS INE. SYSI e S HESIgn,. WHTEh

K nachsten Wochen wolle der Kgnzern Server im Wert von ingemesamt 220 \/ﬁ]honen Euro bestellen_ berichtet d1e Euro
ontagellsa”‘ fz f ther

Media DW.S:. SNV Bl QradCeaeS Sl LEE.La 1ess:0N O
4m_a_ch | I\}]"ittesclgﬁszen\mg unter Berufung auf eine mit den Vorgéngen vertraute Person
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Context?

—L System Type

» Web-based system
* Three-tier business information system

—L Characteristics

» Request-Response communication, often blocking
* Open world assumptions, users come whenever they like

( HEINZ NIXDORF INSTITUT

B\

—L Metrics of Interest

» Response time for requests, Utilization, Throughput
« PROFOD
» Costs
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What might have happened?

( HEINZ NIXDORF INSTITUT

Requirements Acceptance
Engineering Test
System System
Design Test

v i)

Implementation |:> Unit
Testing
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= Capture non-functional

U ¢

What might have happened?

( HEINZ NIXDORF INSTITUT

ol
= Typical issues 3 .
= Imprecise rmemerien | | 4

“The system has to be scalable,
reliable, performant, ... and should not cost anything”

= |gnore context
“The system should be unavailable only 3 min / year”

= QOverly strict
“The system should always react in 1sec” Q
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Examples: HowTo do it better

( HEINZ NIXDORF INSTITUT

N\

Response time of service bookFlightis
1ms

Service fails 1h per year in the mean

Development of the system cost 10.000€

rsitat Paderborn

Average utilisation of server CPU is 80%

Nixdorf Institut, Unive

Mean repair time of the server is 1h

Throughput must at least be 5M A
transactions per hour
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What might have happened?

( HEINZ NIXDORF INSTITUT

= Design architecture,
classes, components, ...
= Typical issues m ;
= Ignore non-functional properties [mm }c>

“We can fix anything later...”

= Reason on them
Informal (SAAM, ATAM), based on experience

= Document non-functional rationales for decisions
Implicit in patterns or class designs

No context again
“A cache in front of a data access
is always good...”
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What might have happened?

( HEINZ NIXDORF INSTITUT

= Test single entities

= Typical issues " .

= |gnore non-functional properties [ e }c>
“We can fix anything later...”

= No context
“I do not know the context of my module, and here it

performs fine!”

= No explicit non-functional tests
Mainly test of module functionality

3
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What might have happened?

( HEINZ NIXDORF INSTITUT

= Test drive composed -
o
= Typical issues s

Y

= For the first time we consider implementation }:>

non-functional properties explicitly

= Create context
“Target is one million users, can we test that in our lab?

What will it cost?”
= |f issues arise
= Re-Implement, Re-Design, Re-Negotiate
= Project failures are likely
= Most kinds of architecture rework is very costly
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Compared to: What is Engineering?

/“[..] creative application of scientific principles to design or develop B
structures, machines, apparatus, [..] to forecast their behavior under
specific operating conditions; all as respects an intended function,
economics of operation and safety to life and property.”

N /

Systematic System model
design of Environment model
system

Requirements model

Forecast Requirement fulfilment

of quality

Economic operation

aspects
Safety properties

Model Transformations in Non-Functional Analysis. S. Becker 22.06.12
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Engineering history

Engineering \

Optimized Quality
of products and

\ processes

Industrial

\development /\ /\ /

based on [Shaw&Garlan95]

Model Transformations in Non-Functional Analysis. S. Becker 22.06.12 14

production requires
§ * Work division « Scientific
: _ *Specialised foundations /
- Craftsmanship \ education theory
: *Tools *Guidelines to
: *Customer and developed by / thod
2 developer j ] ool world
: per third-parties to real world
E often identical
% problems
£ » Talent and
g experience
g guide
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Development Cycles

( HEINZ NIXDORF INSTITUT

@ Model-based

_ _ Software Engineering
Testing Requirements

- Analysis

Model

\
\
/ \
/ \
/
|
|
|
|

Implementation Architecture
Prediction

Feedback
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Civil Engineering Analogy

( HEINZ NIXDORF INSTITUT

L
S 'iil“‘mvxs\m19
{ N

I\ N

Analysis
Results

3.7 Spannungsnachweis

I, = 025
w = 080
n = 20
Qu. = 0,7178 MN - 0,8 - 0,5
= 0,287 MN
= 287kN
N = 797+1,302-1,30-25
= 1346 kN
Viax= N = 1346 kN < Q,u = 287kN

Die vertikale Tragfahigkeit ist gewéhrleistet /

[hitp://de.wikipedia.org/wiki/Baustatik]
22.06.12 16
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An Instance is Model-Driven ( HEINZ NIXDORF INSTITUT
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8@ Design? s ms; | Performance
< | LS RO

— SIS

Transformation

Implementation

0 Analysis /

Simulation

Response Time,
Throughput,
Utilisation

ixecution Time (PMF)
= -IIIIIIIIIIII- ]
- Tims (ms] 3 .

[Koziolek et al., 2006] Tool Supported

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Different alternative designs...

( HEINZ NIXDORF INSTITUT

[ Requirements J

= Software Architect / Designer
Alternati\% Alternative 2 Alternative 3

Assume: Same
functionality, @7 Which alternative do we
different QoS s implement?
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Example...

( HEINZ NIXDORF INSTITUT

22 20.000 €

O— Service 2

0,01% 1 1

=

FEETRRRRRRRANE

Legacy Application

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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What is evaluated?

( HEINZ NIXDORF INSTITUT

Examples
= Encryption component: Length of the key
= Security vs. performance
= Message formats: priority of message processing

= EXxpressiveness / transmission security vs. performance (of the
whole system)

= After such design alternatives are identified, they can be
evaluated:
= Detailed design
= Application of analysis methods
= Prototyping
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Further examples?

( HEINZ NIXDORF INSTITUT

= On site assignment:
= Collect some alternative design or architectural patterns
= List their variants?
= What is their expected impact wrt. quality properties?

= Examples

= MVC vs. its variants?
MVC vs PAC?
Cache
= Pooling
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Outline

( HEINZ NIXDORF INSTITUT

N
Motivation
N
Conclusions Process
& Outlook
c by
5 Trade-off Input Models
2 Analysis & Annotations
: Model
s Completions
5
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p ( HEINZ NIXDORF INSTITUT
rocess
(LN

Model, e.g.,
using UML2

Interpretation

& Feedback

Transform
into analysis
model

Solve “

|
|

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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( HEINZ NIXDORF INSTITUT

—L Software Architects create a model of the SuS

5/

« SW Models primarily focus on software & hardware —
not QoS issues

o Software architects create and maintain models
» Can they do this?
» A question for empirical Software Engineering

\v

—L Many languages exist, e.g.,

« UML2 + MARTE
» PalladioCM

« PUMA

* ProgressCM
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Annotations

( HEINZ NIXDORF INSTITUT

—L Models need QoS annotations, e.g.,

 Resource demands
* Failure rates

—L Requirements?

» Easy to specify
» Tool support to prevent mistakes
« Easy access from model transformations

—L State of the Art?

« MARTE
» Extensive & complex standard
 Parsers not well standardized
» Specialised languages
« Commonly have precise syntax & semantics
« Some accessible by model-transformations
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& Edit stochastic expression _ 0| x|

Edit a stochastic expression

Entered stochastic expression is invalid. Cause given: no viable
alternative at input '<EOF ='

@ IntPME[(2:0.2)¢7:0.4)¢10;0.4)] * 3 + _AJ\

DoublePDF - Creates a double random variable (Boxe
IntPMF - Creates an integer random variable
DoublePMF - Creates a double random variable
BoolPMF - Creates a boolean random variable
EnumPMF - Creates a enum random variable

(<)

(0] 4 I Canc
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—[ Generates analysis model
B/
. (L)QN

 Markov Chain

—L Requirements? |

« Should be fully automated and easily accessible by software
architects

« Again, a question for empirical software engineering
* In practice experiments not done often enough!
 Full automation implies all information is in the model

—[ Development? |

» Needs expert both for software models and analysis theory
« Additionally, expertise in MDD technologies required

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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—[ Automated step to generate analysis results
* Throughput
« PROFOD
—[ Usually done by running external solvers like
J
* PRISM

 Java Modelling Tools (QN tool)
« SIMQPN (Petri Net based)
« CSP Checker (Process algebra)

—[ Issues?

 Typical issue: Models and tools do not scale for arbitrary inputs
« - Transformations often need to abstract!

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Model Transformations in Non-Functional Analysis, S. Becker

—

SimuCom Simulation
Componer M2T —®  Code
Repository
/ - /
000
ProtoCom Prototype
Component O‘Fly‘_‘ :(j-o M2T —®|  Code
Assembly > 8 EL‘ 43 8 < — W
§ 000
z PCM2LQNS L ON
2 Resources & M2M
=) Allocation ) e —— /
= Palladio Component
£ — Model Instance
% PCM2QPNs | aPN
z Resources & M2M
= Allocation e —— /
g
> PCM2DTMCs N DTMG
g M2M
§’ T ——
°

22.06.12
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( HEINZ NIXDORF INSTITUT

Why so many solvers...?

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Disclaimer: This is joint work

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Presentation of the results of a series of experiments
= Performed over 1 year duration

= Submitted to Transactions of Software Engineering (TSE),
currently under review

= Results of joint work
= Karlsruhe Institute of Technology
= University of Zurich
= University of Paderborn
= Gameforge
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Experiment Design: Research Questions

( HEINZ NIXDORF INSTITUT

R2: What is the runtime of each solver?

— Simulation

e O

p
: Fi_:(:_— [[ ) LayeredC;)N

mo 1

AL’_H_T_ o

J
000
4 _ N\
Queued PetriNets
Palladio Component -> @ I O
Model Instance q -
o %
_ Prototype
Components/Services
0011
Hardware Ressources 0101
System Usage —

00
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Experiment: Test Models

( HEINZ NIXDORF INSTITUT

% Media Store
T

1 user in closed workload %
/

g Application Server MySQL
o o] Database
WebGUI ~— - © | MediaStore Server
Digital ] Database® || ~ || _ Media =]
Watermarking Cache —C T Database
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Experiment: Analysis Models . _ Universitat Paderborn

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker
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Experiment: Results excerpt

( HEINZ NIXDORF INSTITUT

Business Reporting System

48 reques
sec Server 1 Server 3

~ >0 Tomeat €] Data\balsegI —O<—~< -~
Webserver NN
0 L
Server 2 ?< __________ / ! !
2] = |
£] Graphicat] Core =-—C kij
&]

Scheduler —0O— Reporting HC [T+ -201 GErapI_1|cs >@;
ngine

A?\ \© Core £]

User £]| | Online&l| || o+ Online ’
Management Reporting Engine —G--—---

|
(LV 48 reques
3 CPU cores 1 <. \%Isec

~ e 4 -

Mean RT pred. Diffin % Solver RT

SimQPN 592s 13,3% 74,5s

Prototype 6,53 s 25,0% 9729 s

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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( HEINZ NIXDORF INSTITUT

Experiment: Results excerpt

% Media Store
T

1 user in closed workload %
/
L

g Application Server MySQL
o o Database
WebGUI — |-G MediaStore Server
Digital £] Database® || _ || Media ]
Watermarking Cache —C T Database

Solver Mean RT pred. Diff in % Solver RT
SimQPN 1,33 s 0% 6,4 s
Prototype 1,02 s -22,8% 1034,7 s
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Interpretation

( HEINZ NIXDORF INSTITUT

—L Performing role: Skilled analysts, ...

» Take analysis model results
» Translate them into statements about the SuS
« Suggest improved designs

—L Example: |

» Analysis model: Service failure probability > 10%

« Software model: Analyse single failure probabilities
« Countermeasures

Introduce redundancy

Replication

Voting algorithms
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Outline

( HEINZ NIXDORF INSTITUT

A\
Motivation
N N
Conclusions i
& Outlook
) Y Y
5 Trade-off Input Models
2 Analysis & Annotations
)
: Model
2 Completions
5
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Intro and Static Viewpoint

= Dynamic web server example

= Dynamic web service for querying the weather forecast of
the next 7 days “Sunshine2Go”

= Reports weather conditions of next 7 days
for given location in the world

Universitat Paderborn

( HEINZ NIXDORF INSTITUT

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

<<System>>
Sunshine2Go

T

Webserver |——(O—

i

DBServer

Model Transformations in Non-Functional Analysis, S. Becker

<
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Allocation of “Sunshine2Go”

( HEINZ NIXDORF INSTITUT

= Deployment is on local servers per component
= Web server runs the web server component, e.g., Apache
= Database server runs the DB, e.g., MySQL

Webserver Node DB Server Node
O Webserver O— DBServer

&

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 40
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Main usage scenario

( HEINZ NIXDORF INSTITUT

= Users query for the weather of a certain location and the
amount of days in the future

% ws:Webserver db:Database

I
|
|
|
getWeather(loc,days) > 1
|
|
|
|

loop (0, days) ./

getDay(loc,d)

weather=getDay(loc,d)

!

>

"

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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( HEINZ NIXDORF INSTITUT

Requirements

= |nitial use case

= At the main business hours, users arrive with an mean
interarrival time of 3 sec and exponential distribution
(Poisson arrival process)

= The mean response time of each call should not exceed
1sec

= The utilisation of all resources should be below 80%

= Additional use cases are interesting, but skipped here for
time reasons

/q
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Measurements...

HEINZ NIXDORF INSTITUT
Universitat Paderborn

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

Service time at webserver CPU is exponentially distributed
with mean of 1WU

At the database for each request the CPU has to perform
2WU and the HDD has to execute 1Read

1WU of Webserver CPU = 0.01 sec

1WU of DB Server CPU = 0.01 sec

1TWU of DB HDD = 0.03 sec

All CPU act approx. with processor sharing
All HDDs approx. with FCFS scheduling

Measurements indicate each step can fail with a
probability of failure of 0.001

22.06.12
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( HEINZ NIXDORF INSTITUT

Enhancing the model using
UML MARTE

Using UML MARTE

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Process

( HEINZ NIXDORF INSTITUT

~_

A

Model using |
UML2

Interpretation
& Feedback

Add quality
annotations

Transform
into analysis
model

Solve “

|
|

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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UML MARTE

( HEINZ NIXDORF INSTITUT

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= UML Profile for MARTE
Modelling and Analysis of RT Embedded Systems

= Current Version: 1.0

= Released in 2009

= Maintained by OMG

Successor of UML SPT which it is supposed to replace

= Uses UML QoS & FT to define quality characteristics

= Slight overlap with SysML, supposed to be aligned

= Extensive Standard, >700 pages

= Defines several profile packages U L @

rsitat Paderborn
[ |

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Unive
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MARTE Layout

HEINZ NIXDORF INSTITUT

Universitat Paderborn
L Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

MARTE foundations

<<profile>> <<profile>> <<profile>> <<profile>> <<profile>>

NFPs Time GRM GCM Alloc

MARTE design model MARTE analysis model
<<profile>> <<profile>> <<profile>> <<profile>> <<profile>> <<profile>>
RTEMoCC SRM HRM GQAM SAM PAM
MARTE annexes

<<profile>> <<profile>> <<profile>>

VSL RSM MARTE_ModelLibrary

Model Transformations in Non-Functional Analysis, S. Becker

[http://www.omg.org/omgmarte/]
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Main Usecase

( HEINZ NIXDORF INSTITUT

<<GaPerformanceContext>>
{contextParams=in $days}

ws:Webserver db:Database
<<PaRunTInstance>> <<PARunTInstance>>
User {instance=ws} {instance=db}

|
|

/) getWeather(loc,days) >
|

/

<<GaWorkloadEvent>>
{open(IntArrTime= _.~[loop (0, $days) 4)
exp(0.3333,sec))} -7 I
rd < I
| - getDay(loc,d) .i
<<PaStep>> < - Vve_a?hgr;g_et_Dzly-(kEo,_fi)‘ T ‘\‘
{hostDemand=exp(1,WU)} y )
7/ \
7/ \

|
|
|
|
|
Ié ————————————— 7 ! \
: return | L7 : \
| [} Ve | \
| [} // | \
I ! L7 ! ‘\
: : 7 : \‘
|
! <<PaStep>> <<PaStep>>
{hostDemand=exp(2,WU), {hostDemand=exp(1,WU),
servHost=CPU} servHost=HDD}

c
£
o
o]
2
(4]
©
©
o
o
Hyl
=
@
(9]
2
=
]
-—
=)
2
=
2]
£
T
o
©
X
Z
N
£
(0]
I
4
c
£
[8]
Q
Qo
(0]
o
©
H
=
o]
N
o
o
Q0
(0]
(®)]
e
[}
©
L
©

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 48



HEINZ NIXDORF INSTITUT
Universitat Paderborn
Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

Annotated Deployment

d

<<GaPerformanceContext>>

Model Transformations in Non-Functional Analysis, S. Becker

Webserver Node DB Server Node
O Webserver E

§ O— DBServer
£ CPU CPU HDD
5 ,/ e \‘
% II /// \\
% <<GaExecHost>> <<GaExecHost>> <<GaExecHost>>
£ {processingRate=(100WU/ {processingRate=(100 WU/ {processingRate=(100/3
g sec)} sec)} WU/sec)}
g
3
d
()
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( HEINZ NIXDORF INSTITUT

niversitat Paderborn

Analysis Model

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut,
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Process

( HEINZ NIXDORF INSTITUT

~_

A

Model using |
UML2

Interpretation Add quality
& Feedback annotations |

Transform
into analysis
model

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Queuing systems

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Mature analysis model for computer system performance
* |dea: Represent active resources as waiting queues
= Graphical notation:

A ©_>
— “

E.g. queues for
= CPUs
= Disks
= Network
= Reflects waiting times due to contention

* Underlying formalism is Continuous Time
Markov Chains (CTMCs)

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 52
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Queuing network

( HEINZ NIXDORF INSTITUT

= Queuing network
= Directed graph
= Nodes are service centre
= Edges represent potential paths of jobs
= Multiple job classes
- Each having homogeneous service demands

 Homogeneous routing probabilities
 |.e., jobs in a class cannot be distinguished

= Widely used
= Offer decent performance prediction accuracy
= Good modelling paradigm and usability
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Open network

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

o e e e e — — — — — — — — — — — — — — — — — e ——— -

= Jobs enter net 4 ks

at source nodes > - @—

= Jobs leave net
at sink nodes

= |.e., number of jobs >
not defined upfront -

= Arrival process e g
characterised by inter-arrival time

= Each queue is characterised in Kendall notation
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Closed network

( HEINZ NIXDORF INSTITUT

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Network of a fixed

number of jobs <§>.

= Contains a set of terminals
= Jobs circulate in network
= Jobs delay in terminals

for a given think-time , ( >
interval

= Sometimes also modelled by
IN and OUT ports which are connected in a loop
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Routing in QNs

( HEINZ NIXDORF INSTITUT

= Jobs take probabilistic routes
= Route specified via transitions probabilities
= Given per class of jobs for multiclass networks

Disk 1
S 0.25

2 — >
5

(]

o CPU

Hyl

:‘é

[0}

>

2 Disk 2
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( HEINZ NIXDORF INSTITUT

QN for our example...

Highlighting the core ideas of the transformation step

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn
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Pe rfo rmance: ( HEINZ NIXDORF INSTITUT
. Universitat Paderborn
Derive QN (LN

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

Source
Arrival Rate=1/3 Arrivals/s
Exponential distribution

—

) >

Sink

-

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 58
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Derive QN

Universitat Paderborn
Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

( HEINZ NIXDORF INSTITUT

Add a queue per GaExecHost
and their parameters

CPUWS HDD DB

) () () 2
A\ QJ

rsitat Paderborn

H | M/M/1/PS ?/M/1/FCFS
5 | u=1/100 Jobs/s p = 3/100 Jobs/s
= CPU DV\—

?/M/1/PS

M = 2/100 Jobs/s
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Derive QN

( HEINZ NIXDORF INSTITUT

Add routes and their
probabilities

CPUWS HDD DB

CPU DB

—

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 60
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Put it in a Solver

( HEINZ NIXDORF INSTITUT

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

[ JSimGraph Model }

< | >
5] L
Normal Users Arrival CPU_WS Normal Users Departure

= Results (according to jMVA)
= Mean System RT = 0.5502 sec
= Util CPU_WS = 0.33%
= Util CPU_DB = 2.33 %
= Util HDD DB =6.99 %

—

pi—
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Process

( HEINZ NIXDORF INSTITUT

e

A

Model using |
UML2

Interpretation Add quality
& Feedback annotations |

Transform
into analysis
model

|
|
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( HEINZ NIXDORF INSTITUT

What-if analysis for arrival rate

o | < Atarrival rate 4.5 the DB
07 ! HDD (cyan) becomes the
§06 1 bottleneck
5. | * The HDD queue starts to
03 | overload
0.2 .
0.1 i
0.0 . . i ; ; ! ! i

0.5 1.0 1.5 20 25 3.0 35 40 4.5
Arrival rate Ai for Normal User [job/s]

* RT constraint from our ast
requirements is violated at Esof
arrival rate of > 3.5 job/s g2

- Starting from a rate of 2.5 &1
jobs/s the system shows ol
overload effects 05

0.5 1.0 1.5 20 25 3.0 35 4.0 45
Arrival rate Ai for Normal User [job/s]
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Reliability
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( HEINZ NIXDORF INSTITUT

= Common method is to create a Discrete Time Markov
Chain (DTMC), i.e., disregard time

= Each step of the system becomes a state of the DTMC

= |n each state, system can fail according to a failure
probability. It reaches an absorbing failure state in case of
failure

= Loop can be either unrolled or approximated by a
geometric distribution

= PROFOD is probability of reaching the success state, i.e.,
the state after the last system action

V- -('
§ 4=
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Reliability: ( HEINZ NIXDORF INSTITUT
- Universitat Paderborn
Derive DTMC L

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Create a DTMC for our SuS. Here approx. of loop counts
= PROFOD approx. 1,48% according to PRISM

{DBHDD}

{DBCPU}

start —>

{W5}
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What if analysis

( HEINZ NIXDORF INSTITUT

0,65 -
0,60 -
0,55 -
0,50 -
0,45 -
0,40 -
0,35 -
0,30 1 — FailureProb
0,25 -
0,20 -
0,15 -
0,10 -
0,05 -

0,00 -, : : : : : : : . : :
0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10
FailureProb

Probability
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Architectural Model

Client E (- =) Facade E

[Becker, WOSP, 2008]

c
£
o
o]
2
(4]
©
©
o
o
Hyl
=
@
(9]
2
=
]
-—
=)
2
=
2]
£
T
o
©
X
Z
N
£
(0]
I
4
c
£
[8]
Q
Qo
(0]
o
©
H
=
o]
N
o
o
Q0
(0]
(®)]
e
[}
©
L
©

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 68



Universitat Paderborn
Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

Motivation

( HEINZ NIXDORF INSTITUT

Architectural Model

Client E (- =0, Facade E

Prediction
Transformation

Prediction Model
i@

Prediction

=
O
\

Predicted
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[Becker, WOSP, 2008]
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k —

Needed:

@ @@ %Dependen.cy— @ @{:}‘

[Becker, WOSP, 2008]

| Implementation Prediction Model
O

j Execution/ Prediction

<4 Measurement

H Measured Wanted: Prec;hcted

‘é Times correspondence Time

2 1,9 sec 2 sec

-

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 74



HEINZ NIXDORF INSTITUT
Motivation ( Universitat Paderborn
L Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker
Palladio
Architectural Model Component
Model (PCM)
Client 2 C =) Facade 2
PCM2EJB
@ %@% E Dependency JOA %é:?
L NGO
@ Coupled ) {:}
Implementation Transformations Prediction Model

........ 1O~

| SimuCom
Execution/ .
Prediction
Measurement
Measured Wanted: Pref:IIcted
Times correspondence Time
1,9 sec 2 sec [Becker, WOSP, 2008]

[Becker et al., JSS, 2008]
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Connector Completion
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Connector Completion
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Connector Completion

( HEINZ NIXDORF INSTITUT

<<ConnectorCompletion>> E
A Con1
E IA’ Con1' IA’ E
= A O Marshal —C Demarshal —C _______ IA =
Comp1 %}— A\ A\ >%% Comp2
4 Y
IMiddleware-Sender (J\ (J\ IMiddleware-Receiver

c
£
o
o]
2
(4]
©
©
o
o
Hyl
=
@
(9]
2
=
]
-—
=)
2
=
2]
£
T
o
©
X
Z
N
£
(0]
I
4
c
£
[8]
Q
Qo
(0]
o
©
H
=
o]
N
o
o
Q0
(0]
(®)]
e
[}
©
L
©

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 82



Universitat Paderborn
Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

Connector Completion
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Deployed Completion
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Model-Driven Completions:
Evaluation

© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 91



© Fachgebiet Softwaretechnik, Heinz Nixdorf Institut, Universitat Paderborn

Measurement Setting
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Results 'l
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Applied at Legend Best
...... . : Evolution
ERICSSON "' P  Tool-supported manual action Alternative
“ .. l. - ——»  Tool-supported automatic action Implementation
" .. l' Ericsson Nikola Tesla Development iterations
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Analytic Hierarchy Process

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Decision support method developed by the mathematician
Thomas Saaty in the 1970s

= General method for multi-criteria decision making (not only
software, but, e.g., also politics)
= Works quantitatively with qualitative inputs

= Goals
= Make decisions rationally
= Make decision preferences explicit and understandable
= Support group/team decisions
= Discover inconsistent decisions/preferences
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Process Overview |L(‘
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1st Step: Gather Data

( HEINZ NIXDORF INSTITUT

Softwaretechnik
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= Goal (here): ,Which architectural alternative offers the best
trade-off among the quantitative properties?”

= Criteria

= Quantitative measurements/predictions on architecture
metrics

= We can also include non-quantitative criteria if we like
= E.g., response time, PROFOD, etc.
= Exclude direct alternative costs, they are normally included
In step 3
= Alternatives
= Alternative architectures
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. . . HEINZ NIXDORF INSTITUT
Alternatives and criteria 'l

Avg. Job /s 1 - PROFOD Ease of impl.
=1/Avg. RT [5 = easy, 1 = hard]

Alternative 1

Alternative 3

1/3s 0.9999 1
Values e.g. Values e.g. Manual
from a QN from a DTMC || input
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Dominance & Pareto front
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Softwaretechnik
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= |f an alternative A is better in all criteria values than an
alternative B, A is said to dominate B =2 B can be removed
from the list of alternatives

= E.g. Alternative 1 dominates Alternative 2
= The set of alternative which are not dominated by any

other alternative is called the Pareto-optimal set or
(if shown in figures) the Pareto-front
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1st Step: Create a Hierarchy

Best
Architecture
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( HEINZ NIXDORF INSTITUT

Performance  Dependability ~ Maintainability
Response time Reliabilit Ease of
’ Y implementation
Throughput Availability Ease of
changes
Utilisation
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2nd Step: Priorities

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= How to formalise priorities?
= Naive approach: Let stakeholders assign direct weights

= Problem

= Decision theory research shows stakeholders give bad
weights when asked to do it directly

= Test yourself: Which weight is your preference for
performance vs. reliability?

= Solution
= AHP uses pair-comparisons

= Compare two sub-goals of a given parent goal
= Judge it quantitatively

c
£
o
o]
2
(4]
©
©
o
o
G
g
@
(9]
2
=
]
-—
=)
2
=
2]
£
T
o
©
X
Z
N
£
(0]
I
4
c
£
[8]
Q
Qo
e
©
H
=
o]
N
o
o
Q0
(0]
(®)]
e
[}
©
L
©

Model Transformations in Non-Functional Analysis, S. Becker 22.06.12 103



Universitat Paderborn
Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

( HEINZ NIXDORF INSTITUT

Priorities (cont.)

= Use Scale from 1 to 9 (1-5 or 1-15 also used)
= 1 = equally important
= 3 = a bit more important
= 5 = more important
* 7/ = much more important
= 9 = extremely more important
2,4,6,8 = intermediate values
Use 1/5 for ,less important® and so on
= Advantages
= Easier to judge and express
= Pairwise comparison limits scope of comparison
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. mgs HEINZ NIXDORF INSTITUT
Priorities example 'l

Derive a matrix
from answers

Performance Reliability Ease of Impl.

Performance

N TS B BT

Ease of Impl.

Matrix has “symmetry” if answers are
consistent, AHP can also deal with
some inconsistency
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Consistency

Softwaretechnik
Jun.-Prof. Dr.-Ing. Steffen Becker

= Can be used to check consistency in the answers of the
decision makers

= Let vhij denote matrix entry ij in @ matrix
of the parent goal h

= The comparison matrix is consistent if
v = v?j -’U?k Vi,j, k € U(h)

holds.
(with U(h) contains the indices of the criteria or
alternatives)

= For consistent matrices it is sufficient to determine the first
row, i.e., we have to determine |U (h)| — 1 pair
comparisons
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Determining weights

Softwaretechnik
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= Let «" denote the weights of subgoals used to determine
the value of the parent goal

= " should reflect the preferences of the decision maker as
given in the matrix

= Thatis
o Wi
1] UJj
l.e. the weights should reflect the relative preferences

= To ensure comparability with other goals normalise "
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Determining weights cont.
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= |f matrix is consistent, take arbitrary column vector and

normalise
U’ij
w; =
¢ U (h)] .
k=1 k1

= Example: 2nd column = (3,1,9), i.e., it follows
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W=

Otherwise find a solution with as little deviation as possible
- Heuristics exists
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Heuristic Solutions

( HEINZ NIXDORF INSTITUT

= Determine eigenvector belonging to the maximum
eigenvalue showed to be a good heuristic

= Process

= Solve characteristic equation det(V — Iu) =0
= Pick maximum eigenvalue bmax
= Determine the matching eigenvector by solving

(V — /Lmaxl)x(:“max) =0

= Let W = 2(tmaz)
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Quantify inconsistency

( HEINZ NIXDORF INSTITUT

= There is a inconsistency index telling us the inconsistency
of the matrix

IK(V) = (ftmae — [U(R))/(|U(R)] = 1)

= Problem IK(V) depends on the size of V

= The larger V the more likely are violations of the
consistency constraint

= Solution: Use randomly generated V's as reference to
normalise the metric. This is called ZI(|U(h)|)

= Heuristic for too inconsistent matrices: If
IK(V)

> 0.1 then redo pair comparisons
ZI(|U(h)|)
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( HEINZ NIXDORF INSTITUT

Determine utility values

= Numeric values (1/RT, 1 — PROFQOD)
= Normalise values
= Multiply normalised vector with weight
= Ensure larger values correspond to more utility

= Qualitative values (e.g. ease of implementation)
= Again use pair comparisons
= Determine utility in the same way as weights
= Use normalised vector as utility
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aps . HEINZ NIXDORF INSTITUT
Utility of our alternatives 'l

Avg. Job /s 1 - PROFOD Ease of impl.
=1/Avg. RT [5 = easy, 1 = hard]

Alternative 1

Alternative 4

Maybe a better
scaling is needed
here??

\ %
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= Solve (for Alternatives 1,3,4, i.e., removing the dominated)

0.9 0.34 0.333 0.23 0.372
0.333 0.311 0.555 0.076 | = | 0.485
0.166 0.345 0.111 0.694 0.141

rsitat Paderborn

= Select Alternative with maximum weighted value
= |n this case, it is Alternative 3 with a value of 0.485
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Discussion

( HEINZ NIXDORF INSTITUT

= Rank inversion

= Adding alternatives may alter alternative ranking

= Even for irrelevant alternatives

= One reason is normalisation over the range of values
= Number of pair comparisons

= Min |U(h)|-1, Max [U(h)|(JU(h)|-1)/2

= More comparisons allow to judge inconsistency

= However, people get tired answering pair comparisons
= Scale

* Good scale for AHP determined in practice

= However, no rationale for the scales used

= Nevertheless, helpful in practice for small numbers of
alternatives
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( HEINZ NIXDORF INSTITUT

Automated Quantitative Approach

Using Meta-Heuristics
[Slides with kind permission from Anne Koziolek]
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( HEINZ NIXDORF INSTITUT

QmE{ :> ()~ O:> 3 sec

Transform Solve

ag @ Change component and deployment

o Tl =2 5

-
—
Transform O-» O Solve

[MKB10]
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( HEINZ NIXDORF INSTITUT

> MMO-TO =) 3 sec

s ]

A Transform Solve p(fall) 0.01%
$ 5700

Qg @ Change component and deployment

g :>*O

— 2.5 sec
Transform O* O Solve p(fa|l) 0.02%®
$ 12000 ]

=» Optimise multiple criteria at once

ol Hlic
A

[MKB10]
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Multi-criteria optimisation

( HEINZ NIXDORF INSTITUT

Architectural Candidate

[MKB10]
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Multi-criteria optimisation

( HEINZ NIXDORF INSTITUT

Generated & Evaluated

Costs
[MKB10]
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Pareto front

( HEINZ NIXDORF INSTITUT

$20K $33K  $40K

Costs
[MKB10]
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Process

Initial candidate ;
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( HEINZ NIXDORF INSTITUT

r Generic degrees of freedom

1. Search problem instantiation

Model Transformations in Non-Functional Analysis, S. Becker

[MKB10]
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( HEINZ NIXDORF INSTITUT

Degrees of Freedom

Component selection

Middleware selection

Component replication

Software configuration

Deployment

Allocation

Processing Rate

Number of Servers

[MKB10]
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Case Study
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/ Processing Rate = 10E+9 Instr./Second \
MTTF = 175.200 hours ReportingServer e ———_ £] B
g e ot S| | I ===
- B Engine —O— 7N = base
— = .o Cache _( 9
. Cost = /LS A
E’os%ulatlon 12 Units /N L
Think time N ReportingServer —_— // \ g%sn:; l
= 10.0 Cost = Cost = - T~ 2] / \ '
5 7 Units 4 Units " "‘P__ g ] —(~ a ~ \;_C, \
¢
‘Il ," :‘ { / / “‘
',' ! / —_— Processing Rate =
°g] é g 10E+9 Instr./Second
— PO webserver [GF1O| Dispatcher ReportingServer £ hMTTF =219.000
e ——— ours
,9 ? X \q\o__ Reportingg | —C’ y T~ \é"C MTTR = 6 hours
/ o Engine g2 ]~ 71| | Cost=10 Units
Processing Rate = 10E+0 Instr/Second - \ Cache \\ /
MTTF = 292.000 hours i \ — g G
MTTR = 6 hours ;' i \(3
Cost = 10 Units i ReportingServer == _ £ Data § ]
Processing Rate = T0E+9 Instr./Second \ Reporting$ | _C/ - S~ - base
MTTF = 438.000 hours ot Engine al =G
MTTR = 8 hours O cache [T
\ Cost = 10 Units j

[MKB10]
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Results

( HEINZ NIXDORF INSTITUT

4 g o = T e .
e ® Component allocation
e ® Processing rates

® Component selection

K el et
Web Server [
[ w3y

7
Processing Raie = T0E+0 [nstr /Sewndlj

MTTF = 282,000 hours
MTTR = 6 hours
Cost = 10 Units

Processing Rate = T0E+0 Tnstr/Second
MTTF = 438.000 hours
MTTR = 8 hours

K Cost = 10 Units

-
N

-
o

(23]

.

Response Time

= 1235 candidates
= 58 Pareto optimal :
= 8h running time

N

0.00055

0.00045

0.0004 Q
0.00035 QO
120

[MKB10]
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20 b LXK o
18 2 S| &L ¢ & All candidates
Q @
Q 0 olg 00009 B Pareto-optimal candidates
=, ° o Ogo @ _@Alnitial Candidate
B — . 2 a0 8o9% o/ 0
c 0 " 8 o
Q C o8 o ® o o
n O R 4 P
4} POFOL ‘ M ° ¢ RT:2.2 s
o2 ost: 69.8 N %@ POFOD: 6E-4
< Only four, but faste N\ 2 Cost: 98
B inenconer MRS g
< HE ey
2 o > -

0 20 40 60 80 100 120 140 160

Costs (K$)

[MKB10]
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Other Approaches
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{ ArcheOpteryx ‘
* E.g., Allocation of Embedded
C Components
» Reliability and Cost

{ Deep Compass

* Robocop Component
» Schedulability and costs
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Outline
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A\
Motivation
N
Conclusions
& Outlook Process
c V
5 Trade-off Input Models
2 Analysis & Annotations
v |
)
: Model
: Completions
5
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( HEINZ NIXDORF INSTITUT

Lessons Learned

—L L essons Learned

>/

« Motivation for Model-Driven QoS analysis
* Process for model-driven analysis

« Transformations & Refinements

» Trade-off Analysis

—{ Outlook |

* New input models and system types
* Mechatronic systems
« Self-adaptive systems
« Automated selection of right abstraction level
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Questions, Comments, Feedback?
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SFB9OI

NN
ON - THE - FLY COMPUTING

Palladio
Component Model

Jun.-Prof. Dr.-Ing. Steffen Becker
Heinz-Nixdorf-Institute, University of Paderborn, s-lab
Zukunftsmeile 1
33102 Paderborn, Germany
steffen.becker@upb.de
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Further Reading
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Model-Based Software Performance Analysis, Vittorio
Cortellessa, Antinisca Di Marco, Paola Inverardi

= Performance Solutions: A Practical Guide to Creating
Responsive, Scalable Software, Connie Smith, Lloyd G.
Williams

= The Art of Computer Systems Performance Analysis:
Techniques for Experimental Design, Measurement,
Simulation, and Modelling: Techniques for Experimental
Design, Measurement, Simulation and Modelling, Raj Jain

= Queuing Networks and Markov Chains: Modeling and
Performance Evaluation with Computer Science
Applications, Gunter Bolch, Stefan Greiner, Hermann de
Meer
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