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Outline

• Motivation 
Performance is:
– Important?
– Challenging?
– Holonic?

• What is Performance? 
• Performance Management and Problem Solving
• Performance Ontology
• Performance Measurement and Management 

Methodology – if time allows
• Conclusions and Outlook

No universal Silver Bullets – Engineering Design 
in Microelectronics and Integrated Circuits

Mainly the results which are not in the paper
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Motivation
Is Performance Assessment and Management 
Important? Challenging? Holonic?
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Performance is Important

• Performance is everywhere and in everything one does 
- cradle-to-grave …

• Search for word combinations with Performance:

Cradle

high-performance
baby wipes

Grave

grave performance•…
• Performance kindergarten
• Performance school 
• Performance university
• Performance poetry 
• Performance car 
• Performance objectives 
• Performance appraisal 
• …
• Computer performance 
• Environmental performance
• Network performance
•…

~9,000
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Performance is Important

• Different aspects of performance in Pi-HolS papers:
– Performance analysis in engineering design systems
– Factory Performance in die-casting industry
– Team Performance in collaborative manufacturing
– Subpopulation Performance in disaster response 
– Manufacturing process monitoring Performance

• Not mentioned – even more:
– Grid Performance
– Chip Performance
– Software Performance
– Network Performance
– …
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Performance is Challenging

• A growing multi-billion market
• Everybody is exited – esp. BA
• Extensive research activities – pointing to dissatisfaction in industry
• Formalizing Performance using engineering approaches is hard:

– Highly interdisciplinary

• Managing Performance:
– In manufacturing – relatively easy: 

• E.g., produce MB SLK-class spending € 1,000 less is better performance
• Goals are fixed: MB SLK is always SLK

– In innovative business (e.g., design) – challenging:
• E.g., design McLaren aiming to be No1 in F1 …
• Goals are changing, requirements are vague and contradictory
• Solutions may not exist …
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Faster!      Cheaper!      Smaller!

Engineering Design or Another
World of “Death March Projects”*

* Coined by Edward Yourdon, Death March, Prentice Hall, 2003
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Performance is Well Modeled by Holons

• Koestler: A holon is a … structure that is stable, coherent and 
that consists of several holons as sub-structures and is 
itself a part of a greater whole

• Performance is very adequately modeled by holons in 
any domain – cradle to grave

• In Engineering Design a Design System (a holon): 
– Performs designs, supports design processes, manages design 

performance
– Coordinates its processes
– Comprises Design Teams (holons), Design Tools (holons), 

Resources (holons), Design Technologies (holons)
– Produces (hopefully) Design Artifacts (holons)
– Is stable (as a mess could be)
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Definition
What is Performance?
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Literature Study: the Notion of Performance

• Analysis of existing definitions in PSI project:
– Many definitions exist and new ones are continuously added 
– Lack of rigor and consensus:

• Donell & Duffy: “the research in performance has been hindered by a lack of 
clarity on its meaning”

• Different Authors hint about different desired features of 
Performance:
– Tightly linked to carrying out tasks in an optimal way

• An organization requires that tasks (job duties or beyond) are well-
performed to optimize its own performance

– Various sorts of Performance aspects, e.g.: 
• A Level of Skill characterizes the performance of an actor 
• Productivity - an integral performance characteristic of a process. 

– A methodology of performance assessment needs to be based on a 
sort of a problem solving methodology

– …
– Activities directed towards the (desired) outcome
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Literature Study: the Features of Performance

• Denoted “EXPLICITLY”:
– Cordero: Effectiveness
– Dwight: The level to which a GOAL is attained (effectiveness 

again)
– Neely: Efficiency and Effectiveness of purposeful action

• Denoted in terms of its key dimensions (metrics) 
primarily in the areas of:
– Time, Cost, Quality 
– Rolstadas: A complex interrelationship between SEVEN criteria: 

Effectiveness, Efficiency, Quality, Productivity, 
Quality of Work Life, Innovation, Profitability/Budgetability
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What is Performance? an Action vs a Characteristic

• A Characteristic of a 
Purposeful Action
– Integral
– Influenced by …
– Factors and Indicators

(lagging and leading)

• Descriptive vs Prescriptive
• Process vs Artifact

• ٧An Intentional Action

• Tangible characteristics 
to be denoted 

Performance
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What is Performance?

Notes
– Action: intentional vs. accidental/unintentional
– Performance of something is always context based
– All Performance-related concepts have to be defined as 

specializations of the above root-concept
– Goals pursued by different Actors may be coherent or conflicting

The parties: (i) to reach agreements on their goals
(ii) to coordinate their actions for improving           

Performance

Definition: intentional coordinated action targeted to pro-actively reaching the goals

hunting researchingconstructing acting fightingwritingfarmingbathing

flyingfalling

falling
(unintentional)
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Management
What is Performance Management? 
Problem Solving?
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Performance Management

• How to assess and improve 
the implementation 
of intentions?

• Perform a parallel action
• Coordinated with 

Performance

• Performance Management 

Director

Actor

Performance

manages

in
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Performance to be Managed …

Design Process

Design Management Process

Efficiency

Effectiveness

im
pr

ov
e

Design MANAGEMENT actions should be properly accounted for 
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Performance Management in Innovation 
to be Non-Linear – managing the mess

Problem Solution… ordinary way of thinking …

Optimal
Solution

… creative consciousness …

(see Ubbesen: http://www.aaa.dk/aaa/ledelse-og_organisationsudvikling.eng.pdf)

Metaphor to describe difference between 
linear and non-linear management
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The Shortest Path may NOT Lead 
to the Best Performance

 

Initial State 

Target State  

Si 

S2 
St 

S3 

S4 

S5 

A2 

A1 

Initial State 

Target State  

Si

St 

S3 
A2 

A1 

a) PLANNING 

b) EXECUTION

S4 A3 

A4 

A5 

A3 

A4 

A5 

Initial State 

Target State  

Si

St 

S3 
A2 

A1 

c) FORCED STATE TRANSITION 

S4 A6 

A5 

E4
S7 

Plan-pushed doesn’t work:
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Goals to be Aligned – “Shaker” Planning

 Available Input 

Overall Goal 

I 

G2 
Gt 

G3 

G4 

G5 

A2 

A1 

a) PLANNING

A3 

A4 

A5 

Whose goal 
is that?

A1’s? A3’s?

If that one is of 
Actor 2, is it coherent 

to G3 of Actor 1?

… Reaching Agreements …

Is G3 always 
the same?
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Goal Achievement 
to be Monitored and Managed

 Initial State 

Overall Goal  

Si 

Gt 

S3 
A2 

A1 

c) FORCED STATE TRANSITION

G4 A6 

A5 

E G7 

To make sure that the work done is still “useful”

Is Gt still the same 
after E?
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Performance Ontology
A Formal Descriptive Theory of Performance.
Engineering Design. 
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Ontology Engineering Methodology
METHONTOLOGY (Gomez Perez & Co) + DILIGENT (SEKT)

• Bottom-Up used to prove the completeness of the Top-Down
– Linguistic research result used 

at the requirements analysis phase (bottom-up)
– Terminology thesaurus and a draft theory are built (top-down)

• Competency questions collected
– Where to take the questions? – Interviews, brainstorming, questionnaire
– Answers to be systematically analysed

• Design Rationale – agreed upon
• Further METHONTOLOGY steps result in: 

– Draft Conceptual Model (UML, v.1.0)
– Its implementation in OWL-DL ontology 

• …
• Initial Build Phase of DILIGENT – done
• Now giving partners and letting them use and adapt …

– They do – e.g., Bosch
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Bottom-Up: Linguistic Research

• A Linguistic Context for Performance is defined
– Performance co-locations: word combinations with Performance 
– Selected: ~9,000 (Internet search)
– Filtered by Subject Experts (Engineering Design): ~600
– Definitions found and recorded
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Top-Down: Ontology Engineering

• The Glossary 
of Terms 

• Competency 
Questions

• Performance 
Questionnaire

• Design 
Rationale

• PSI @ 
PRODUKTIV+ 
Onto as a core

• Concept Map 
(UML)
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Relationship to PSI and PRODUKTIV+ 
Ontology Suites

Resource 

DA Complexity 

DA Quality 

Ability 

Negotiation 

PSI Core 

Project 

Task-Activity 

Actor 

 
 

Design 
Artifact 

 

PSI Ontologies 
PSI Extensions 

PRODUKTIV+ Ontologies 

Design Flow 

Design Process 
Character 

Developed by:                  – Cadence,      – Cadence and FSU-metheval,          – IMS,            – OFFIS (DADpecific) 

Developed by/used in:            – PRODUKTIV+ project,      – PSI project 

Organization ST Evaluation 

Performance 

PSI Meta-Ontology
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High-Level: Performance and Performance Management
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Performance Management Process 

• Knowledge Transformation 
• Hard to Assess
• Assessed to be improved
• Iterative

Assessment Analysis

Decision

Action

Metrics

Design System

Measurement

Prediction
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More Details: Performance Management Process

executed using

applied to improve

applies to
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More Details: Performance Measurement and Analysis
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More Details: Performance Management System
BA viewpoint 
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Methodology (PMЗ)
How to access and manage Performance?
In Engineering Design practice …
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How to Access and Manage Performance?
 

S e tu p  
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Concluding Remarks
• Performance ontology – Formal Descriptive 

Framework
– Based on Holonic principles
– Integrates available Performance Management Systems
– Applies to Engineering Design Systems
– Needs to be specialized for particular cases

• To be used and specialized in PSI and 
PRODUKTIV+

• Software Tool for Performance Management 
in Engineering Design
– To be presented later today
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Questions Please



IN
V

E
N

T
IV

E

CONFIDENTIAL

Supporting Slides
Anticipating your questions on the following …
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Efficiency Measures …

• Efficiency: ratio of “useful” work performed to the total 
“energy” expended (Oxford Dict.)

• Useful work?
– Knowledge gain …

• Energy expended?
– Resources consumed + …

• Time-based, cost-based … => UTILITY-based

• Domain-dependent Details are required to make things 
tangible 
– List???
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Effectiveness Measures …

• Being Effective: possess a Desired Effect (to some 
extent)
– The EXTENT is of interest 

• Design (activity, task, process) Goal

• Design (activity, task, process) Output

• 100% meeting the Goal means 100% EFFECTIVE
– UTILITY-based again …

• Domain-dependent Details are required to make things 
tangible 
– List???

Compare
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Beyond E2?

• What is the performance of a Design Endeavour which:
– Spent 100MY
– Ended in total FAILURE
– BUT, proved that the approach taken is wrong

• Can performance be fully accessed by:
– Efficiency and 
– (positive) Effectiveness

• Other topical factors to account for?
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Action and Artifact Performance

• Action Performance – e.g., E2+

• Artifact Performance – different:
– Does the result of a Design Process meets the requirements?
– Similar to Action Effectiveness 

• Effectiveness of the Design Process -> Artifact 
Performance 
– May be used for predictions …
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Performance: Objective vs Subjective …

• Performing very well subjectively is not always good 
– May cause under-performance of the related peers in the 

context

• Best achievable performance – means GOALS 
COHERENCE
– Trade-offs should be rationally reached (SUPER-additivity) 
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