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The Vision

Self-Aware Computing
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Inspiration vs. Perspiration

ÁĂWhoever has visions should go to the doctorñ

Helmut Schmidt
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Definition

S. Kounev, P. Lewis, K. Bellman, N. Bencomo, J. Camara, A. Diaconescu, L. 

Esterle, K. Geihs, H. Giese, S. Goetz, P. Inverardi, J. Kephart and A. Zisman. 

The Notion of Self-Aware Computing. In Self-Aware Computing Systems, 

S. Kounev, J. O. Kephart, A. Milenkoski, and X. Zhu, editors. Springer Verlag, 

Berlin Heidelberg, Germany, 2017. 

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. 
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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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Self-Aware Learning & Reasoning Loop
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Models in Software Engineering

ÅCapture relevant knowledge about the system and
the environment in which it is running

ÅDescribe selected aspects that have influence on 
the goal fulfilment

Descriptive Models

ÅAllow to reason about the system behavior

ÅPredict the impact of changes on the goal fulfilment

(Predictive) Analysis Models
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Examples of Models

<<DataCenter>>

BYDC
<<ComputingInfrastructure>>

desc2

<<FineGrainedBehavior>>

IGateway.predict()

<<implements>>

<<ComputingInfrastructure>>

desc1

<<ComputingInfrastructure>>

desc4
Database

Gateway

Server

<<ComputingInfrastructure>>

desc3
Prediction 

ServerA

Prediction 

ServerB

IGateway

   train()

   predict()

   results()

IDatabase

   write()

   query()

IPredictionServer

   train()

   predict()

<<ConfigurationSpecification>>

ResourceType="CPU"

ProcessingRate=2.7GHz

Cores=2

<ConfigurationSpecification>>

ResourceType="CPU"

ProcessingRate=2.7GHz

Cores=8

<<UsageProfile>>

UserPopulation=10

ThinkTime=0.0

Service="train"

RecordSize=500,000

<<BranchAction>>

doLoadBalancing

Probability: 0.5

<<ExternalCallAction>>

PredictionServerA.predict

Probability: 0.5

<<ExternalCallAction>>

PredictionServerB.predict

<<InternalAction>>

parsePredictionJobs

<<InternalAction>>

schedulePredictionJobs

<<ParametricResourceDemand>>

ResourceType="CPU"

Unit="CpuCycles"

Specfication="(0.5506 + (7.943 * 10^(-8) 

* recordsize)) * 2700"

<<ModelEntity

ConfigRange>>

minInstances=1

maxInstances=16

1 Gbit Ethernet
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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>>
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Database Server

Application Server Cluster

Client

Production Line Stations

Descriptive MOF-based models

Load forecasting models

Analytical analysis models

Simulation models

Queueing network models Markov models
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ÁĂSelf-Aware Computing Systemsñ

Samuel Kounev (University of Würzburg, DE)

Jeffrey O. Kephart (IBM T.J. Watson, USA)

Aleksandar Milenkoski (University of Würzburg, DE)

Xiaoyun Zhu (Futurewei Technologies, Huawei, USA)

Á 27 chapters, ca 700 pages, ca. 50 authors involved

S. Kounev, J. O. Kephart, A. Milenkoski, and X. Zhu. (eds.)

Self-Aware Computing Systems. Springer Verlag, Berlin Heidelberg,

Germany, 2017. http://www.springer.com/de/book/9783319474724

New Book
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Main References 
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Traffic Monitoring System

Motivating Example

GPS 

Sensors

Traffic Light 

Status

http://www.cl.cam.ac.uk/research/time/

Induction 

Loops

Traffic 

Cameras
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Ex 1: Traffic Monitoring System 

Event Bus

Bus 

Sensors

Traffic

Control

License

Plate

Recognition
CamCam

Speeding

Toll

Location

Bus

Proximity
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Ex 2: Inventory Management System

Event Bus

Logging
Service    

Sink
UpdateStockData

Source
UpdateStockData

RFID

Scanner

Source
UpdateStockData

Cashdesk
Service

Sink
UpdateStockData

Prov . Interface
CreateOrder

Order 

Managment
Service

Req Interface
CreateOrder

Inventory

Management

Service
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Traffic Monitoring System                    Inventory Management System

Increasing Complexity & Dynamics


