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SPIIRAS Research Directions

Fundamentals of the Informatization of the Society and 
Regions, Regional Information and Computer Networks 
and Systems, Information Security
Theoretic Fundamentals of Developing Hardware and 
Software Complexes aimed at Real Time Information 
Processing
Fundamentals, Models and Methods of Information 
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Control, Manufacturing and Research, including the 
applicability to nanotechnologies
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History with USA DoD

Ontology-Driven Information Integration from Heterogeneous 
Sources for Operational Decision Making Support (US ONR and US 
AFRL, 2005-2006 – CRDF’ project RUM2-1554-ST-05): 
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Infosphere (US AFRL, 2000-2003 – ISTC’ project 1993P): 

Case Study – Mobile Hospital Configuration



SPIIRASCAIS Laboratory: 
Innovation Management Models

Open Innovation is a paradigm that assumes that firms can and should 
use external ideas as well as internal ideas, and internal and external 
paths to market, as the firms look to advance their technology. 

[Chesbrough H., Open Business Models: How to Thrive in the New 
Innovation Landscape, Boston, Harvard Business Scholl Press, 2006.], 

Democratizing Innovation means that users of products and services –
both firms and individual consumers – are increasingly able to innovate 
for themselves.

[Von Hippel E., Democratizing Innovation, Boston, MIT Press, 2006. ], 
Triple Helix Model shows that competition leadership is achieved by 
those who use the partnership between government (state), business 
and science (academia) 

[Etzkowitz H., L. Leydesdorff., The Dynamics of Innovation: from National 
Systems and “Mode 2” to a Triple Helix of University-Industry-Government 
Relations, In: Research Policy, 2006, 29. ].
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Introduction: Who is Industrial Engineer?

“An Industrial & System Engineer is one who is concerned 
with design, installation, and improvement of integrated 
systems of people, material, information, equipment, 
and energy by drawing upon specialized knowledge and 
skills in the mathematical, physical, and social sciences, 
together with the principles and methods of engineering 
analysis and design to specify, predict, and evaluate the 
results to be obtained from such systems”

Source: Womack J. and D. Jones, Lean Thinking. NY: Simon & 
Schuster, 1996
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Mathematics Statistics

Accounting Psychology

Economics

Organizational Behavior

Introduction: Current Portrayal of Industrial & 
System Engineering

Source: Salvendy G. Handbook of Industrial Engineering: Technology and 
Operational Management. Wiley-IEEE, 2001. 2796 pages



SPIIRASIntroduction: Forces Shaping the 21st Century 
Manufacturing Environment

Widespread
Availability& Distribution

of Information

Rapidly Expanding
Technology Access

Increasing Customer
Expectation

Environmental
Replenishing &

Resource Limitations

Accelerating
Technological

Change

Globalization of Markets & 
Competition

Increasing Knowledge
Intensity in Products,

Technology, Workforce

21st Century
Manufacturing
Environment

Source: Integrated Manufacturing Technology Roadmapping Project // imtr.ornl.gov

Increasing
Workforce
Diversity

Accelerating 
Technological Changes



SPIIRASIntroduction: Using Cyberspace to link Physical 
World Information to Communities

Semantic
Integration Knowledge

Physical World Cyberspace Communities

Source: Internet of Things: an early reality of the Future Internet. 
Workshop report. Prague, May 10, 2009 
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Manual Work Characteristics Knowledge Work
Materials-based Work Base Information-based

Overt Behaviors Working Covert Behaviors

High Visibility Low

Direct & Immediate Linkages to Results Indirect & Delayed

Concentrated Knowledge Distributed

Position & Politics Balance of Power Politics & Profession

Linear-Sequential Nature of Work Non-Linear-Parallel

Prefigured Responses Configured

Others Source of Standards Worker

Worker Focus of Control Work

Management Locus of control Worker

Compliance Measure of Performance Contribution

Instrument Role of the Worker Agent

Introduction: Characteristics of Manual and
Knowledge Work  (by Drucker)

Source: Nikols F. The Shift to Knowledge Work. www.nikols.us
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Introduction:
Core Message

To be successful in the future we have to go 

“from Basic Research

through Technology Transition
(Innovative Technologies and Organizational Concepts)

to Consumer Needs
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Innovation-Based 
Corporate Strategy

Introduction:
Advanced Model for Competition

Manufacturing

Market

Product

e.g. flexible supply chain,
virtual production network, etc.

e.g. customer-oriented 
management,  etc.

e.g. modular products,
mass customization, etc.
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Introduction: Next Generation Factories 

2828
Source: the Graduate School for Advanced Manufacturing Engineering, GSaME.
http://moly.gsame.eu/info/gsame
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Introduction: Current Needs

Axel Weber, Bundesbank Presedent
(interview to FT, April 22, 2009):

Compared with the UK Germany was probably “too 
focused on industrial production”
Modern manufacturing was “not very labour intensive 
process… A more balanced composition between 
services and manufacturing is desirable”

Cottbus, 2009 2929
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Introduction: Several New Industrial 
Engineering & Management Directions

User-centered innovation processes offer great advantages 
over the manufacturer-centric innovation development 
systems that have been the mainstay of commerce for last 
years (Open Innovation & Democratizing Innovation & 
Triple Helix Model )

Modern global companies have to build a supply chain 
network strategy that provides maximum flexibility and can 
optimally respond to changes in external costs (Flexible 
Supply Chain Management) *

Self-organisation is autonomous organization of services 
into a service network to be accessible and retrievable
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Introduction: Flexible & Self-Organizing Supply 
Networks and Enabling Technologies

Flexible & Self-Organizing Supply Networks exploit information and 
network technologies to integrate widely dispersed human decision-
makers, networking sensors, and resources into a highly adaptive, 
comprehensive network-centric environment to achieve shared situation
awareness and unprecedented mission effectiveness by efficient linking 
knowledgeable components & services in the business environment.
Knowledge is critical core competency for future. Only 20% of a firm’s 
knowledge is effectively used by today’s organizations.
Different consumers (decision makers)  of information look at it from 
different contexts (aspects)

New Technologies in Digital Business Environment
Sensor Networks (Data Gathering) 
RFID (Identification)
GPS (Localisation)
Wi-Fi & Mobile Phones (Communication)
Portable & Embedded Devices (Data Processing)



SPIIRASFlexible Supply Network Self-Configuration:
Scenario

Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1Assembly Process
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Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1

Flexible Supply Network Self-Configuration:
Scenario

Request:
I need a blue sedan with 

1.7l engine with the 
price up to $15000

Customer

Request:
I need a blue sedan with 

1.7l engine with the 
price up to $15000

User Context:
- Time
-Location
-…

Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1

Ontology
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Request:
I need a blue sedan with 

1.7l engine with the 
price up to $15000

Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1

Flexible Supply Network Self-Configuration:
Scenario

Customer

Ontology

User Context:
- Time
-Location
-…

Abstract Context

Information, Data,
Constraints

Operational Context
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Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1

Flexible Supply Network Self-Configuration:
Scenario

Customer

Operational Context

Information, Data,
Constraints

Request:
I need a blue sedan with 

1.7l engine with the 
price up to $15000

Constraint
Solver

Solution 1
Solution 2
Solution 3
Solution 4

Decision Maker

Solution 2

Orders
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Engine Production

Transmission Production

Final Assembly 1

Final Assembly 2

Dealer 2

Dealer 1

Flexible Supply Network Self-Configuration:
Scenario

Customer



SPIIRASService-Oriented Business Network: 
Supply Networks and Knowledge Logistics

Distribution Channel (Supply Network):
A Channel describes how a company gets in touch with its 
customers. Its purpose is to make the right quantities of the 
right products or services available at the right place, at the 
right time to the right people (Pitt et.al., 1999)

Knowledge Logistics Aim:
Acquisition, integration, and transfer of the right knowledge
from right sources in the right context to the right person in 
the right time for the right purpose (Smirnov et al., 2003)

Resource: 
Pitt. L., Berthon P., and J.-P. Berthon (1999). Changing Channels: The Impact of the Internet on 
Distribution Strategy. Business Horizons, March-April.
Smirnov A., Pashkin M., Chilov N., Levashova T. Haritatos F. (2003) Knowledge Source Network 
Configuration Approach to Knowledge Logistics. International Journal of General Systems, 2003, 
32 (3), pp. 251—269.



SPIIRASService-Oriented Business Network: 
Services of Members

38

Business network 
member

Services provided by a business 
network member
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Service-Based Business Environment

Service-Oriented Business Network:
Reference Model and Information Technologies

39

Participant 1

Participant 2

Participant k

Participant i

Participant j
Production

material flow

Social networks: Who knows whom? => Virtual Communities
Knowledge networks: Who knows what? =>Human & Knowledge Management
Information networks: Who informs what? => Semantic-Driven Interoperability
Work networks: Who works where? => Services Network Self-Organization
Competency networks: What is where? => Competence Management & Profiles
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Service-Oriented Business Network:
Resources and Services

Physical 
Resource

Sensors
Decision 
Makers

Computational 
Resources

Information 
Resources

Mobile 
Devices Servers

Decision Support 
System

Mobile 
Services

Permanent 
Services

“IS-A“ Relationship Interaction Location

Experts Participants
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Lifecycle Phases of Self-Configuring Network

41

Lifecycle phase Tasks
Community creation (once, 
however companies can join 
and leave on a continuous 
basis in the created network)

Application Ontology
Information resource 
representation

Network configuration 
(continuous, initiated by 
orders)

Solution search

Integration Knowledge acquisition and 
organization

Operation Information acquisition and 
organization
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Service-Oriented Business Network: Example of 
the Solution Presented to Logistics Manager

42
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Context-Driven Knowledge Management:  
Motivation

Information 
Volume

Decision 
Quality

No All
Right Context

Theorem 1: 50% of the problems in the world result from people using 
the same words with different meanings.
Theorem 2: the other 50% of the problems results from people using 
different words with the same meaning.

Source: Kaplan S. The Words of Risk Analysis, Risk Analysis, Vol.17, N 4, August 1997
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Context-Driven Knowledge Management:
Levels of  Integration

Domain level
Integration of heterogeneous knowledge describing the domain knowledge

Task level
Integration and formalization of tasks and problem-solving methods

Context level
Integration of information and knowledge relevant to the problem or situation

Decision level
Comparison of decisions  and solutions by roles

Ontology

Current SituationApplication 
Domain

Problem

Problem Model
(Abstract Context)

Operational 
Context

Solutions
Decision

Roles 
Preferences
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Context-Driven Knowledge Management:
Platform Architecture

45

Participant jParticipant j UserUser

Knowledge Sources

…

Participant 1Participant 1

Company Information 
Database

Company Information 
Database

KnowledgeKnowledge CompetenceCompetence

User ProfileUser Profile

Participant 2Participant 2

Company Information 
Database

Company Information 
Database

KnowledgeKnowledge CompetenceCompetence

Participant NParticipant N

Company Information 
Database

Company Information 
Database

KnowledgeKnowledge CompetenceCompetence

Competence 
Profile

Competence 
Profile

Domain OntologyDomain Ontology

Current 
situation
Current 
situation

Knowledge Map

Competence 
Profile

Competence 
Profile

Databases

Request
ContextContext

Request

Request
Information Flow

Competence 
Profile

Competence 
Profile

ContextContext

Competence 
Profile

Competence 
Profile

(1)

(2)
(3)

(4)
(4)(4)

(4)

(4)

(3)
(2)

(1)

(5)

(5)(5)(5)
(5)

(5) (5)

(5)(5)
(2) (2)

(2)(2)

Electronic 
Documents
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Conclusion

In the future an Industrial Engineer would be 
a Knowledge Worker with high competence in the new 
areas:

Innovation Management,
Service-Oriented Business Network Engineering & 
Management,
Semantic Technologies (Knowledge Management, 
Enterprise Knowledge Modeling, Ontology 
Management…)
etc.

Cottbus, 2009 46
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Thank you!
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Contact information:
Prof. Alexander Smirnov

E-mail:
smir@iias.spb.su

Phone:
+7 812 328 8071
+7 812 328 2073

Fax:
+7 812 328 0685


