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= Hohe Komplexitat und Dynamik
- neue Herausforderungen fur die Verlasslichkeit

= Systeme miussen zur Laufzeit immer haufiger rekonfiguriert werden
= Skalieren durch Replikation von Komponenten / virtuellen Maschinen
» Anpassung der Ressourcenzuteilungen / Systemkonfiguration
» Neustarten von Diensten / Komponenten
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Motivation

Verkehrsliberwahungssystem Warenwirtschaftssystem
i ol
}}Laufzeit-Fehler /AbstUrze\ Laufzeit-Fehler / Abstirze \\
* Software-Komponenten  Software-Komponenten
* Betriebssystem/Middleware | * Betriebssystem/Middleware
* Hardware * Hardware

R
_r @)

= Hohe Komplexitat und Dynamik

- neue Herausforderungen fur die Verlasslichkeit

= Systeme mussen zur Laufzeit immer haufiger rekonfiguriert werden
= Skalieren durch Replikation von Komponenten / virtuellen Maschinen
» Anpassung der Ressourcenzuteilungen / Systemkonfiguration
» Neustarten von Diensten / Komponenten
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Zunehmender Druck zur Steigerung der Effizienz

* Verschiedene Ansatze zur Teilung der IT-Ressourcen
» Netzwerk-, Storage-, und Recheninfrastruktur
= Software-Schichten

Isolation Anwendung Anwendung Anwendung Dedizierte
Betriebssystem Betriebssystem Betriebssystem Ressourcen
Hardware Hardware Hardware
Virtualisierung
Anwendung Anwendung Anwendung _
Virtuelle Maschine Virtuelle Maschine Virtuelle Maschine Teilung der
: Hardware
Hypervisor
Hardware
Multi-Tenancy
Multi-Tenant Anwendung (MTA) Komplette
Betriebssystem Teilung der
Effizienz Hardware Software
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Verfugbarkeit & Performance

Last-Spitze
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Verfugbarkeit & Performance

Application 2

App"cat'“” 1 Application N
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Elastische Skalierung der Ressourcen zur Laufzeit

= Wie kann man die Last-Spitze vorhersagen?

= \Wann genau eine Rekonfiguration (Skalierung) auslosen?

= Welche konkreten Ressourcen skalieren? In welcher Granularitat?

Last-Spltze
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Zuverlassigkeit

Fehler / Ausfall
(Hardware/Software)
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Zuverlassigkeit

o &Applicatinn 2
&Apphcatlﬂn 1 e Application N

) -__*f’..-f._' el .
e
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Fehler / Ausfall
(Hardware/Software)

/

= Wie kann man Fehler/Abstlrze vorhersagen und vermeiden?
= Wann genau eine Rekonfiguration auslésen?
= Welche Dienste sollen neu gestartet werden?

{ i
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Semantic-Gap-Problem

Verlasslichkeit und
Effizienz auf
Anwendungsebene

Verfugbarkeit & Performance

» Dienste funktionsbereit 99.99% der Zeit
Antwortzeit einer Anfrage < 20 ms
Durchsatz: Auftrage pro Sekunde > 1000
Server-Auslastung > 60%

= Zuverlassigkeit
= Dienste funktionieren korrekt
= Time to recover after a failure“ < 1 min

EINFUHRUNG §> Forschungsfragen >>  Wissenschaftlicher Ansatz
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Konfiguration des
Systems auf
technischer Ebene

BEISPIELE

= Wie viele vCPUs / wie viel Hauptspeicher
sollen einer VM zugewiesen werden?

Wann genau soll eine Rekonfiguration
ausgelost werden?

Welche Ressourcen sollen dabei skaliert /
repliziert / migriert werden?

Wie schnell und in welcher Granularitat?

Welche Dienste sollen neu gestartet
werden?

>>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Gliederung
1. EinfUhrung

2. Forschungsfragen

3. Wissenschaftlicher Ansatz
4. Ausgewahlte Fallstudie

5. Vision & Ausblick
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DFG Emmy Noether Projekt ,,Descartes”

= Modellierungs-Ansatze zur Vorhersage zur Laufzeit von
der Auswirkung dynamischer Anderungen auf die
Dienstgute (engl. Quality-of-Service) des Systems

» Urspringlicher Fokus: Performance und Verfligbarkeit

= Spater: Zuverlassigkeit

= Modell-basierte Algorithmen und Techniken zur
autonomen System-Adaption wahrend Betrieb

Emmy

Noether- \
Programm  « R | é €5Ca rteS
Foriehifgas emenrechofe \ research

VFG
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Beispiel: Vorhersage zur Laufzeit

/ R / A
= 4 Dienstgute-Vereinbarung = A Dienstgute-Vereinbarung
n (SLA) N (SLA)
o o
E 2
C C

Vorhersage von der
Verletzung der SLA . >
® b Zeit

\ / \ /

Vorhersage von der
Auswirkung maoglicher
Rekonfigurationen

9 Self'Aware Comput|ng (mehr dazu spater)
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Ubergeordnete Forschungsfragen

= Was sind angemessene Abstraktionen zur Modellierung der
Systemarchitektur um eine Vorhersage der Auswirkung
dynamischer Anderungen zur Laufzeit zu ermdglichen?

= Wie kann der grol3e Zustandsraum madglicher Rekonfigurationen in
den Griff bekommen werden?

= Welche Modell-Analyseverfahren und Optimierungsmethoden
ermdglichen eine schnelle und effiziente Rekonfiguration?

Einfihrung ~ >> FORSCHUNGSFRAGEN >  Wissenschaftlicher Ansatz ~ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Nutzungsprofil, z.B:

Beispiel-Einflussfaktoren der System-Architektur
= Menge und Art der Dienstnehmer

.%(Service AH Service B H Service C }3/9
= Eingabeparameter & Eingabedaten / \ \

= Benutzte Datenformate s / ...........................................................................
= Arbeitsablauf (engl. Workflow) 5

Service
Workflow

v
v 3
=
39
. £
Software-Architektur, z.B: 835 —
= Verbindungen zw. Komponenten : <
= Kontrollfluss und Datenfluss SR— -
= Komponenten-Nutzungsprofil ro— | N
1
v v 2 v
s N [ :\\ /’r’ A
: Components |Components Components Components
AUSfﬁhru ngSU ngbu ng, Z-B: - App Server | App Server App Server App Server Database
= Anzahl der Komponenten-Instanzen - E N — o server
= Server-Ausfihrungsfaden 3¢
- Hauptspelcher (Java Heap) Q= Guest 0S Guest 0S Guest 0S Guest OS
. . Iﬁ E Virtual Virtual Virtual Virtual
= GroRe der DB-Connection-Pools CowW L mahine ) | machine (_ Machine ) | Machine )
1 Hypervisor Hypervisor
. . . . y
Virtualisierungsschicht, z.B: \_ Physical Machine // \ Physical Machine |

= Zuweisung physikalischer Ressourcen D msm———sessse s s———— ;
— Anzahl Prozessoren
— Hauptspeicher

— Sekundérer Speicher Netzwerkbandbreite zw. Server
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Gliederung
1. EinfUhrung

2. Forschungsfragen

3. Wissenschaftlicher Ansatz

4. Ausgewanhlte Fallstudie

5. Vision & Ausblick
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Descartes Modeling Language (DML)

= Modellierungssprache zur Modellierung der Architektur von
verteilten Software-Systemen und IT-Infrastrukturen

» Basierend auf OMG's Meta-Object Facility (MOF) meta-models

= Deskriptive Modelle als Basis flr
= Vorhersage der Auswirkung dynamischer Anderungen zur Laufzeit
= Autonome System-Adaption

http://descartes.tools/dmli

Einfihrung  >»>  Forschungsfragen >>  WISSENSCHAFTLICHER ANSATZ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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DML Sub-Modelle

Adaptionsprozess

Strategien Taktiken Aktionen
T A -
OLd g

Adaptionsstellen
Anwendungsarchitektur
q
|
Jﬂ %Y‘/qﬂ\}w_
Nutzungs-
Profil
Freiheitsgrade
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DML Implementierung mit EMF

* Implementierung mit Ecore (Eclipse Modeling Framework)

= Beispiel Meta-Model: Ressourcenlandschaft

DistributedDataCenter

belongsTo 0.1

consistsOf | 1..* partOf

1.*

ConfigurationSpecification

ContainerTemplate

configSpec

*

template 0.1

DataCenter |‘

1

contains

JAN

1..* contains

¢

ofContainer ‘O"l

Hardwarelnfrastucture

containedIn

Container

/\

CompositeHardwarelnfrastucture

20 S. Kounev

Computinglnfrastructure

1

contains
£ 3

RuntimeEnvironment

Ingenieurméssige Entwicklung verlasslicher und effizienter Softwaresysteme



Beispiel:

Database

ORACLE
DATABASE

WebLogic Server Cluster

Supolier Benchmark
PP Driver Master

Emulatorl I I

Balancer

GBit LAN

ORACLE
WebLogic Server® 11g

Appllcatlon Server Nodes

ST

Benchmark Drrver Agents

Einfuhrung
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Forschungsfragen
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Beispiel: DML Model Instance

<<ActiveResourceSpecification>>

nraocessinaResolirceTvne = CPLI
‘ <<ActiveResourceSpecification>>

. processingResourceType = CPU
<<ComputingInfrastructure>> |1 Ll processingRate = 2.66 GHz
ComputeNodel oL Ll-1}-H{- schedulingPolicy = PROCESSOR_SHARING
numberOfCores = 4

<<RuntimeEnvironment>>
XenServerl

<<Computinglnfrastructure>>

<<RuntimeEnvironment>> DatabaseServgr it —
VM, o O, Aot D G A~
P <<ActiveResourceSpecification>>

T processingResourceType = CPU

- h processingRate = 2.66 GHz

<<ActiveResourceSpecification>> schedulingPolicy = PROCESSOR_SHARING

processingResourceType = vCPU numberOfCores = 4

processingRate = 2.66 GHz

schedulingPolicy = PROCESSOR_SHARING

numberOfCores = 20

Einfihrung  >»>  Forschungsfragen >>  WISSENSCHAFTLICHER ANSATZ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Beispiel: DML Model Instance

<<ActiveResourceSpecification>>

nraocessinaResolirceTvne = CPLI
‘ <<ActiveResourceSpecification>>

processingResourceType = CPU

|l [l processingRate = 2.66 GHz
o111+ schedulingPolicy = PROCESSOR_SHARING
numberOfCores = 4

<<Computinglnfrastructure>>
ComputeNodel

<<ModelEntityConfigurationRange>> VmHost
variationType = SetOfConfigurations @
possibleValues = "XenServerl, XenServerz, ..."

<<RuntimeEnvironment>>
XenServerl

<<Computinglnfrastructure>>

<<RuntimeEnvironment>> DatabaseServgr it —
VM, o O, D et Cnn A~
/ P <<ActiveResourceSpecification>>
T processingResourceType = CPU
- processingRate = 2.66 GHz
<<ActiveResourceSpeciﬁcation>> \\\\\ schedulingPoIicy = PROCESSOR_SHARING
processingResourceType = vCPU " LnumberOiCores = 4
processingRate = 2.66 GHz -
schedulingPolicy = PROCESSOR_SHARING
numberOfCores = 20

<<ModelEntityConfigurationRange>> VmInstances
variationType = PropertyRange

minValueConstraint = "minVmIinstances" @
maxValueConstraint = "maxVminstances"

<<ModeIVariabIeConfigurationRange>> NrOfVcpus
minValue = 2
maxValue =4

Einfihrung  >»>  Forschungsfragen >>  WISSENSCHAFTLICHER ANSATZ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Beispiel: DML Model Instance

%<OveraIIGoaI>>

"Maintain SLAs of all |
<<Specification>> services using resources |
hasObjectives

<<Specification>> ﬁ

i n _ he;;Ob'ectives
< 500ms o efficiently” R > 60%
<<MetricType>> | . | <<Objective>> <<Objective>> | <<MetricType>>
90%_Quantile_of rt, | MaintainSLAs OptimizeResourceEfficiency OverallUtilization
T I
objective objective
| |
<<Strategy>> <<Event>> <<Strategy>> <<Event>>
ResolveBottleneck SlaViolated ReduceResources Scheduled

Optimization

/////////
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Beispiel: DML Model Instance

%<OveraIIGoaI>>

"Maintain SLAs of all
<<Specification>> services using resources |
hasObjectives

I Specification>>
i i n _ hasObjectives <<
<500ms \ efficiently” y > 60%
<<MetricType>> em <<Objective>> <<Objective>> | <<MetricType>>
90%_Quantile_of rt, | MaintainSLAs OptimizeResourceEfficiency OverallUtilization
T l
objective objective
| |
<<Strategy>> <<Event>> <<Strategy>> <<Event>>
ResolveBottleneck SlaViolated ReduceResources Scheduled
Optimization

<<uses>>

[ ¢ y
<<WeightedTactic>>
<<InputParameter>>
AddResources name = "iterations" . ‘
weight = 1.0 type = Integer <<WeightedT.
RemoveReso!
<<Adaptation PIan>>) weight = 1.0
4 <<Loop>> <<Adaptatio
iterationCount = iterations -
allServersAtMaxCap % —~ : ~ 7I
. E N FALSEH\/ <<Action>> \\’ serverAtMinCaptk
. AddVCPU N
/7 <<Action>> \;\/'T/
TRUE— )
o AddVMM 4 y

Einfihrung  >»>  Forschungsfragen >>  WISSENSCHAFTLICHER ANSATZ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Beispiel: DML Model Instance

<500ms

<<Specification>>

ﬁ hasObjectives

%<OveraIIGoaI>>

<<MetricType>>
90%_Quantile_of_rt,

<<Objective>>
MaintainSLAs

I
objective
|

"Maintain SLAs of all
services using resources |

- " _ he;gobjectives
o efficiently” > 60%

<<Strategy>>
ResolveBottleneck

<<Event>>
SlaViolated

<<uses>>

<<Specification>> ﬁ

<<Objective>> | <<MetricType>>

OptimizeResourceEfficiency OverallUtilization
l
objective
|

<<Strategy>> <<Event>>
ReduceResources Scheduled
Optimization

26
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L6 J <<uses>> \\\
<<WeightedTactic>> : / <<uses>>
<<InputParameter>> | .
AddResources name = "iterations" . . L
weight = 1.0 type = Integer <<WeightedTactic>> : —
RemoveResources <<WeightedTactic>>
<<Adaptation PIan>>) weight = 1.0 MigrateVM
Va weight =0.5
<<Loop>> <<Adaptation PIan>>) a
iterationCount = iterations FALSESS <<Adaptation PIan>>)
allServersAtMaxCap % ~ - ~ " /e . . - -
o ’ atse o <<Action>> | serveratmincapeists % U o 4 <<Action>> \H/.\‘
\ AddVCPU / — \ MigrateVM N
/~ <<Action>> \;\/'T/ J
TRUE—— ;
\_ AddVM o

>>  WISSENSCHAFTLICHER ANSATZ >>  Ausgewdhlte Fallstudie >>  Vision & Ausblick
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Performance-Vorhersage zur Laufzeit durch
Modell-zu-Modell Transformationen

Schranken- Analytische Los. E jEEeees
Analyse E .-|I||II|I||_|. |
DML
Madell- Stochastische Analytische L06s. i
Instanz Prozessalgebra _ _,._||||__|_.|l|L |

K DN Warteschlangen- AnabtischeLos, - |
. Netz Simulation : .-|l|||!|ll|, |
Warteschlangen- Anabtische Los |
Petrinetz Simulation : .-ll|||l|||_|. ]
Simulations- > |
Modell Simulation : .-|l|||!|ll|, |
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Beispiel-Transformationen

Schranken-Analyse

K . 1 N
R>max| N xmax{D,}, » D, | X,<min ,
{ |} ; 0 maX{DI} ZiK:lDi

N N
<X, <
max{D}K +N -1]~ " ° " avg{D }{K + N -1]

Warteschlangen-Petri-Netz (Queueing-Petri-Net)

Token colors

Bib = Browse Plp = Purchase 1). H{b} = Gb}
M/m = Manage Wiw = WorkOrder i 2).H{p} ¥ CB}
D =BFoM I = LargeOrder | 3).Hip} > Gig}

d =bporm

o =dlorw | 4).Hip} > C{P}

| 5).Hip} > Cy{P}+Ef}
| 6).H{m} > G{m}

| T H{m} > C,M}
|OELH 2 {}

i 11 Hiw} = P}
2} Hiw}  C0n

Do,

t Y 10
| 5 B, 7 s\IF' |

Database Server |

|I }III.'
/ | /
—.:.7‘—-_____,__

\ _ AppServer Cluster

—
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Warteschlangennetz

Production Line Stations
p; Application Server Cluster

1N
[L/N
[L/N

Database Server

C

Client I“ @
N
IS

Geschachteltes Warteschlangennetz (LQN)

Task + activities
representing
Customer PCM ™~ -~ _ _

Task + activities

usage model T representing
~ Marketing PCM
Task + activities usage model

representing
RDSEFF IUser.
ProvideService Task + activities

~ =~ representing

Activity L fobpent
representing -7 e
InternalAction // S ISales.Query
. S
Handlz(;zztcmer s ~ _External Call
// " Action to
Branch * IDBStats.Get
’
P

External Call ,~
Action to
IDBUser.Query /
’

Task + activities
representing

"~ RDSEFF
IDBStat.Get

3,

Network

resource demand / Task + activities

representing loop
””””” inside RDSEFF

7’
AppServer1 / IDBQuery.Update

resource demand

DataWarehouse -~ Processor
resource ______ representing
demands DataServer CPU
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Fallstudie: Prozess-Kontroll-System (ABB)

1
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rnalCallAction- ExE
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Descartes-Tool-Chain

http://descartes.tools
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http://descartes.tools

HINEANN Chair of Computer Science Il

UN__lVéRSlTAT Software Engineering
WURZBURG

eeneecanes Descartes Tools
Informatik
Below you see a list of the tools we develop. Please click on

& Institut fur Informatik the tool name to get more information:

« Lehrstuhl firr Informatik 11 Descartes Modeling Language:
News DML Specification
People > Implementation in EMF (Eclipse Modeling Framework)
DML Bench
Research
DNI - Descartes Network Infrastructures Modeling
Publications . . .
Workload Characterization & Model Extraction:
Projects L

LIMBO Load Intensity Modeling Tool

I

Tools WCF (Workload Classification and Forecasting Tool)
DML Bench 4 LibReDE (Library for Resource Demand Estimation)
DNI SPA (Storage Performance Analyzer)
LIMBO , Declarative Performance Engineering:
DQL (Descartes Query Language
WCF ( ry guage)
Benchmarking:
LibReDE
BUNGEE Cloud Elasticity Benchmark
el hinjector Hypercall Attack Injector
DOE Stochastic Modeling:
BUNGEE QPME (Queueing Petri net Modeling Environment)
hinjector

Imprint + Privacy Policy Sitemap

o-.

Important Links

SPEC Research Group

b

Relate FP7 ITN

=

Descartes Modeling
Language (DML)

D

Queueing Petrinet Modeling
Environment (QPME)

QME

Interval Standard Working
Group P1788

Upcoming Events

Int. Conference on
Performance Engineering

(ICPE)

Dagstuhl Seminar on
Self-Aware Computing

Int. Conference on Autonomic
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research

Ausgewahlte Tools (Descartes

» DML — Descartes Modeling Language (nomepage, publications)

= DML Bench (homepage, publications)

» DQL — Declarative performance query language (nomepage, publications)

» LibReDE - Library for resource demand estimation (nomepage, publications)

= LIMBO - Load intensity modeling tool (nomepage, publications)

» WCF — Workload classification & forecasting tool (nomepage, publications)

» BUNGEE - Elasticity benchmarking framework (omepage, publications)

» hinjector — Dependability benchmarking tool (nomepage, publications)

= Queueing Petri Net Modeling Environment (QPME)
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http://descartes.tools/dml
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=DML&title=1&navbar=1
http://descartes.tools/dml_bench
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=DML&title=1&navbar=1
http://descartes.tools/dql
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=DQL&title=1&navbar=1
http://descartes.tools/librede
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=LibReDE&title=1&navbar=1
http://descartes.tools/limbo
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=LIMBO&title=1&navbar=1
http://descartes.tools/wcf
http://se2.informatik.uni-wuerzburg.de/pa/l/p?permalink=B4&title=1
http://descartes.tools/bungee
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=BUNGEE&title=1&navbar=1
http://descartes.tools/hinjector
http://se2.informatik.uni-wuerzburg.de/pa/ly/p?team=SE-WUERZBURG&tag=HInjector&title=1&navbar=1
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Beispiel-Tool: LIMBO

» Workload Classification & Forecasting (WCF)

» Use of multiple alternative forecasting methods in parallel

= Selection of method based on its accuracy in the past

workload intensity

Workload
Classification & Forecasting

http://descartes.tools/libmo
http://descartes.tools/wcf

I
history now near future

PROGRAMME
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Beispiel-Tool: LibReDE

= Problem: How to estimate the total service time of a
given type of request/job at a given resource?

= Library for Resource Demand Estimation
» Ready-to-use implementations of estimation approaches
= Selection of a suitable approach for a given scenario

Google

Research
. Award

LibReDE

http://descartes.tools/librede

S. Spinner, G. Casale, F. Brosig, and S. Kounev. Evaluating Approaches to Resource Demand
Estimation. Performance Evaluation, 92:51 - 71, October 2015, Elsevier B.V. [ DOI | htip | .pdf ]



http://dx.doi.org/10.1016/j.peva.2015.07.005
http://www.sciencedirect.com/science/article/pii/S0166531615000711
http://se2.informatik.uni-wuerzburg.de/pa/uploads/papers/paper-890.pdf

Verwendete Methoden

Descriptive
mal Architecture-level Models —

« OMG Meta Object Facility (MOF)
« MOF-based meta-models

* (UML MARTE)

* (UML SPT)

- AR()MA

Bl Predictive Models

* Bounding techniques
Operational analysis

Statistical regression models
Stochastic process algebras
(Extended) queueing networks
Layered queueing networks
Queueing Petri nets
Reinforcement learning models
Detailed simulation models

— exp.

— tBATS

— smoothing

— network-
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Workload

Forecasting

! Extended |

smoothing

Croston’s
method

Cubic

splines

Neural

based
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Resource
Demand
Estimation

Regression
Analysis

Regression-

— based

techniques

MARS

Kalman
filter

CART

Nonlinear
optimization

M5 trees

Maximum

— likelihood

estimation

Cubist
forests

Independent

— component

analysis

Quantile
regression
forests

§> WISSENSCHAFTLICHER ANSATZ §> Ausgewahlte Fallstudie

Support
vector
machines
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Fallstudie: Proaktive Speicher-Skalierung

=  Zimbra collaboration server

» |dee: “Leverage memory hot-add mechanisms of modern hypervisors
to avoid service unavailability due to memory bottlenecks”

VM 1: Mailbox Server VM 2: Mail Transfer Agent (MTA)

I

Outgoing Mall

)

Incoming Mail

Send emai

SOAP

Deliver
email

OpenLDAP

<---- Async
<—> 3Sync
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Fallstudie: Proaktive Speicher-Skalierung

5000 |

4000

Last-Intensitat

3000

2000

Anzahl Nutzer
1

1000

0

o] 5 10 15 20 25 40

\g Tage

m——

Memory scaling
2 GB memory

8 GB memory
VM Hauptspeicher Allokation:
= Zu wenig = schlechte Performance, Verflgbarkeit / Zuverlassigkeit
= Zu viel = Ineffizienz, hohe Kosten
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Ansatz

= Vorhersage der Last-Intensitat (workload)
* Proaktive Rekonfiguration der Hauptspeicher-Zuweisung

\
VApp / \
| Resource | -
vM | | vM™ VM | t Predictor R’”eqU"_ed |
orecast. _ allocation:
1 2 A i A a't+1 - h(At+1) _l 3 i
1 t+1 t+1 !
! I
fm=m=mmmmmmmmmm—mmm—me 1| Observed | Workload Sizing |
- App Sensor = arrival rate (A e |
b S ] | arrival rate (A, Forecaster Controller !
1
1

—>
/’_--
U4
I
\\
~

——————————————————————————————

New VM memory size (S;,;) and limit (I.,,)

Einfihrung D>  Forschungsfragen ~ >>  Wissenschaftlicher Ansatz ~ »> AUSGEWAHLTE FALLSTUDIE ~ »»  Vision & Ausblick

39 S. Kounev Model-based approach to designing self-aware IT systems and infrastructures



Beispiel Szenario

No control
108 | Reduced availability
D
£
(¢D)
£10}
Q
wn
] [
—  Antwortzeit §
$ 102
schlechte
Verfligbarkeit
10° ' ' ‘ ‘
0 200 400 600 800
Time mins

- 176 Minuten schlechte Verfligbarkeit (timeouts)
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Evaluation: ,,Proactive Controller*

107t 11000
C

= .
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Evaluation: ,,Reactive Controller*

71 1000

c
O
© 0
5 =
2 k=
- S =
— |_ast-Intensitat 3 o
0'd 1500 o
o
—  Antwortzeit =2
=
schlechte <
Verfligbarkeit

0 200 400 600 800

- 33 Minuten schlechte Verfugbarkeit (timeouts)
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Evaluation: Zusammenfassung

No control Reactive |Proactive
Mean Resp. Time [ms] 1,211 52
Timeouts 285 0
Errors 1485 337
Time of reduced availability 33 4
[min]
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LIMBO Tool

= Modellierung und Vorhersage von Last-Intensitat
= z.B. Anfragen / Auftrage pro Sekunde

2
D ?
C [
2
= ?
_O L]
c
o
=<
o
=
|
history now near future

http://descartes.tools/limbo
http://descartes.tools/wcf
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LIMBO: Zeitreihen-Analyse
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LIMBO: Verwendete Methoden

Basic Methods (initial)
Naive, Moving Averages, Random Walk

Trend Interpolation (fast)

Simple Exponential Smoothing (SES) [Hynd08]
Cubic Smoothing Splines [Hynd02]
Croston’s method for intermittent time series [Shen05]
Autoregressive Moving Averages (ARMA11) [Box08]
Estimation and Modeling of Seasonal Patterns (complex)
Extended Exponential Smoothing (ETS) [Hynd08, HynO8]
ARIMA framework with automatic model selection [Box08, Hynd08]
tBATS for complex seasonal patterns [Livell]
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LIMBO: Auswahl der Methode
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Dagstuhl Seminar ,,Self-Aware Computing*

Model-driven Algorithms and Architectures for Self-Aware
Computing Systems, Jan 18-23, 2015, Dagstuhl Seminar 15041

Organizers
Samuel Kounev (Universitat Wirzburg, DE)
Jeffrey O. Kephart (IBM TJ Watson Research Center, US)
Marta Kwiatkowska (University of Oxford, GB)
Xiaoyun Zhu (VMware, Inc., US)

Community:
http://descartes.tools/self-aware
Dagstuhl Report:
http://drops.dagstuhl.de/opus/volltexte/2015/5038/
Seminar Page:
http://www.dagstuhl.de/15041

SchlossDagstuhl

s

ere Computer Scientists Meet




Definition

Self-aware Computing Systems are computing systems that:

1. learn models capturing knowledge about themselves and
their environment on an ongoing basis and

2. reason using the models enabling them to act based on
their knowledge and reasoning

In accordance with higher-level goals, which may also be
subject to change.

S. Kouney, X. Zhu, J. O. Kephart and M. Kwiatkowska, editors. Model-driven Algorithms and
Architectures for Self-Aware Computing Systems (Dagstuhl Seminar 15041). Dagstuhl Reports, vol. 5,
No. 1. pp. 164-196, Dagstuhl, Germany, 2015. http://drops.dagstuhl.de/opus/volltexte/2015/5038

Community page: http://descartes.tools/self-aware
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Extended Definition

Self-aware Computing Systems are computing systems that:

1. learn models capturing knowledge about themselves and
their environment (such as their structure, design, state,
possible actions, and run-time behavior)
on an ongoing basis and

2. reason using the models (for example predict, analyze,
consider, plan) enabling them to act based on their
knowledge and reasoning (for example explore, explain,
report, suggest, self-adapt, or impact their environment)

In accordance with higher-level goals, which may also be
subject to change.
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Examples of Models

o 15
" " - @ .
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Descriptive MOF-based models o

Queueing network models Markov models
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nextStackFrame

oo {
<<StackFrame>> 5 <<Va\ueMapEntry>>5

1 N
maX{Di},ziKlei

B> key=mv1, value=randomVarl o __
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Self-Aware Learning & Reasoning Loop
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Goals
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(self, environment, goals,...
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b

Empirical Observations

SELF -
F \ v
Phenomena Actions
(environment, other systems, humans,...)
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The Vision

Self-Aware Computing



Laufende Initiativen

Springer-Buch ,,Self-Aware Computing Systems*
Samuel Kounev (Universitat Wurzburg, DE)
Jeffrey O. Kephart (IBM TJ Watson, US) @ Springer
Marta Kwiatkowska (University of Oxford, GB)

Xiaoyun Zhu (VMWare, Inc. — Palo Alto, US)
Aleksandar Milenkoski (Universitat Wirzburg, DE)

Antrag DFG-Schwerpunktprogramm in Arbeit
Samuel Kounev, Universitat Wirzburg (Coordinator)
Kurt Geihs, Universitat Kassel DFG
Lars Grunske, Humboldt-Universitat Berlin
Sabina Jeschke, RWTH Aachen
Gisela Lanza, Karlsruhe Institute of Technology
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uly 19-22, 2016 — Wiirzburg —

2016

The 13" IEEE International Conference on Autonomic Computing

AAAAAAAAAAA

ulius-Maximilians-
VERSITA usenix
@;{;gﬁgg @ IEEE ¢ P VDE

http://icac2016.uni-wuerzburg.de

13" IEEE International Conference on Autonomic Computing (ICAC 2016)
Wiirzburg, Germany, July 19-22, 2016

w &2 nuawel HewettPackard m= Microsoft  Google

Enterprise




ICAC 2016 Workshops

1. 4th Self-loT: Self-Aware Internet of Things

2nd DAS: Distributed Adaptive Systems

SISSY: Workshop on Self-Improving System Integration
International Workshop on Models@run.time

Feedback Computing 2016

Self-Organizing Self-Managing Clouds Workshop (SOSeMC 2016)
International Workshop on “Spacecraft Autonomy”

Workshop on Self-Adaptivity and Security

© ©o N o O k~ w0 b

Annual Meeting of SPEC RG DevOps Performance Working Group

57 S. Kounev Model-based approach to designing self-aware IT systems and infrastructures



Vielen Dank!

research

t
LA
A
-
¥
>
‘l
¢
¥
[,
‘
s
Y
[,
‘

\ r
L \esca tes

http:/www.descartes-research.net
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