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Semantic Gap Problem

High-level Application

Goals (e.g., SLOs)

Configuration of System 

Components, Layers & Tiers?

 Availability & Performance

 # requests that can be processed per 

sec > 1000

 Response time of service x < 20 ms

 Server utilization > 60% on average

 ...

 Efficiency

 Allocate only as much resources as

are actually needed

 ...

 How many vCPUs to allocate to

virtual machine (VM) n?

 How much memory to allocate to

VM n?

 When exactly should a 

reconfiguration be triggered?

 Which particular resources to

scale / replicate / migrate?

 How quickly and at what

granularity?
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Self-Aware Performance & Resource Management

Example of Self-Aware Computing

See http://www.dagstuhl.de/15041

Dagstuhl Seminar 15041, January 18-23, 2015
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Descartes Modeling Language (DML)

 Problem: How to model the performance and resource management 

related aspects of an IT system to enable self-aware performance 

and resource management?

http://descartes.tools/dml
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Big Picture
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Tailored Model Solution

F. Brosig, P. Meier, S. Becker, A. Koziolek, H. Koziolek, and S. Kounev. Quantitative Evaluation of

Model-Driven Performance Analysis and Simulation of Component-based Architectures. 

IEEE Transactions on Software Engineering (TSE), 2014, IEEE, Preprint. [ DOI | .pdf ]

Analysis Results

Analytical Analysis

Analysis Results

Simulative Analysis

serviceBehavior=servBehav1

key=mv1, value=randomVar1

key=mv2, value=randomVar2

externalCall=extCall1

externalCall=extCall2

serviceBehavior=servBehav2

key=mv3, value=randomVar3

externalCall=extCall3

serviceBehavior=servBehav3

successors

valueMap

. . .

nextStackFrame

<<ValueMapEntry>>

parent

<<Successor>>

<<StackFrame>>

   1}{1}max{
0




 NKDavg

N
X

NKD

N

ii









 



K

i

ii DDNR
1

},max{max















 

K

i ii D

N

D
X

1

0 ,
}max{

1
min

IntroductionS. Kounev Tool Chain SummaryDML

http://dx.doi.org/10.1109/TSE.2014.2362755
http://se2.informatik.uni-wuerzburg.de/pa/uploads/papers/paper-754.pdf


14
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Descartes Tool Chain

http://descartes.tools
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Current Tools

 DML – Descartes Modeling Language (homepage, publications)

 DML Bench (homepage, publications)

 DQL – Declarative performance query language (homepage, publications)

 LibReDE - Library for resource demand estimation (homepage, publications)

 LIMBO – Load intensity modeling tool (homepage, publications)

 WCF – Workload classification & forecasting tool (homepage, publications)

 BUNGEE – Elasticity benchmarking framework (homepage, publications)

 hInjector – Security benchmarking tool (homepage, publications)

 Further relevant research

 http://descartes-research.net/research/research_areas/

 Self Aware Computing (publications)

IntroductionS. Kounev Tool Chain SummaryDML
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http://descartes.tools/wcf
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DML Bench

 Editors

 Textual and graphical editors for DML models

 Solvers

 Solvers for conducting performance prediction

 S/T/A Adaptation Framework

 Execution of adaptation process on the model level

http://descartes.tools/dml_bench
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Performance 

Query

Model 

Parameterization

Model 

Analysis

Query 

Results

Example of a

performance query specified with DQL

SELECT s.avgResponseTime,

app.utilization, 

dbs.utilization

CONSTRAINED AS FAST

FOR RESOURCE 

‘ApplicationServer’ AS app, 

RESOURCE ‘DBServer’ AS dbs, 

SERVICE ‘processOrder’ AS s;

DQL (Descartes Query Language)

http://descartes.tools/dql
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DNI - Descartes Network 

Infrastructure Modeling

 Language for perf. modeling of data center networks

 network topology, switches, routers, virtual machines, 

network protocols, routes, flow-based configuration,...

 Model solvers based on simulation (OMNeT)

http://descartes.tools/dni
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LibReDE Tool

 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

 Comparison of the accuracy of different approaches

 Selection of a suitable approach for a given scenario

http://descartes.tools/librede

S. Spinner, G. Casale, X. Zhu, and S. Kounev. LibReDE: A Library for Resource Demand Estimation

(Demo Paper). In 5th ACM/SPEC Intl. Conf. on Performance Engineering (ICPE 2014), Dublin, Ireland, 

March 22-26, 2014, pages 227-228. ACM Press, New York, NY, USA. March 2014. [ http | .pdf ]
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Estimation Approaches

IntroductionS. Kounev Tool Chain SummaryDML

S. Spinner, G. Casale, F. Brosig, S. Kounev. Evaluating Approaches to Resource Demand Estimation. Elsevier Performance 

Evaluation Journal. Under publication. Available on request.
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LIMBO Tool

 Problem: 

 How to capture the load intensity variations (e.g. requests per sec) 

in a compact mathematical model?

 How to forecast the load intensity (requests per sec) in future time 

horizons?

 Load Intensity Modeling & Forecasting Tool

http://descartes.tools/limbo
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Example: Wikipedia Workload
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Time Series Analysis

[BFAST]
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LIMBO Tool

http://descartes.tools/limbo

J. von Kistowski, N. Herbst, and S. Kounev. LIMBO: A Tool For Modeling Variable Load

Intensities (Demo Paper). In 5th ACM/SPEC International Conference on Performance 

Engineering (ICPE 2014), Dublin, Ireland, March 22-26, 2014, ICPE '14, pages 225-226. 

ACM, New York, NY, USA. March 2014. [ DOI | slides | http | .pdf ] 

J. von Kistowski, N. Herbst, and S. Kounev. Modeling Variations in Load Intensity over

Time. In 3rd Intl. Workshop on Large-Scale Testing (LT 2014), Dublin, Ireland, March 22, 

2014, pages 1-4. ACM, New York, NY, USA. March 2014. [ DOI | slides | http | .pdf ] 
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LIMBO Tool

 Workload Classification & Forecasting (WCF)

 Use of multiple alternative forecasting methods in parallel 

 Selection of method based on its accuracy in the past

http://descartes.tools/wcf

history now     near future
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Systems Benchmarking

Metrics and benchmarks for quantitative evaluation of

1. Resource elasticity

2. Performance isolation

3. Intrusion detection (and prevention)

4. ...

[geek & poke]

S. Kounev. Quantitative Evaluation of Service 

Dependability in Shared Execution Environments

(Keynote Talk). In 11th Intl. Conf. on Quantitative 

Evaluation of SysTems (QEST 2014), Florence, Italy, 

September 8-12, 2014. [ slides | extended abstract ] 
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Elasticity

Def: The degree to which a system is able to adapt to

workload changes by provisioning and deprovisioning

resources in an autonomic manner, such that at each point 

in time the available resources match the current demand

as closely as possible.

http://en.wikipedia.org/wiki/Elasticity_(cloud_computing)

N. Herbst, S. Kounev and R. Reussner

Elasticity in Cloud Computing: What it is, and What it is Not. 

in Proceedings of the 10th International Conference on Autonomic 

Computing (ICAC 2013), San Jose, CA, June 24-28, 2013.

[ slides | http | .pdf ]
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BUNGEE

 Problem: How to measure system elasticity (i.e., ability to

automatically provision and deprovision resources to match

the actual demand)?

 Framework for benchmarking elasticity

 Current focus: IaaS cloud platforms

http://descartes.tools/bungee
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Links for Further Information

 DML – Descartes Modeling Language (homepage, publications)

 DML Bench (homepage, publications)

 DQL – Declarative query language (homepage, publications)

 DNI – Descartes network infrastructure modeling (homepage, publications)

 LibReDE - Library for resource demand estimation (homepage, publications)

 LIMBO – Load intensity modeling tool (homepage, publications)

 WCF – Workload classification & forecasting tool (homepage, publications)

 BUNGEE – Elasticity benchmarking framework (homepage, publications)

 hInjector – Security benchmarking tool (homepage, publications)

 Further relevant research

 http://descartes-research.net/research/research_areas/

 Self Aware Computing (publications)
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Coming Soon

Springer Book on 
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