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Abstract
The development of a concept for a system is a key step toward creating the system’s
architecture. Most previous concept development approaches focus on the procedures
for the conceptual design activity—the sequence of activities and tasks. Our work is

Correspondence
Yaroslav Menshenin, Space Center, Skolkovo
Institute of Science and Technology, Bolshoy
Boulevard 30, bld. 1, Moscow 121205, Russia.
Email: y.menshenin@skoltech.ru

motivated by the desire to elaborate in details the notional content of a system concept and to provide the means of encoding and analyzing it in a digital environment. The
objective of this work is to develop a system concept representation framework that can
systematically represent the concept’s constituents, their definitions, and interconnections. In order to demonstrate the utility of this framework, we have conducted three
studies: mapped eight selected US patents, nine selected urban architectural patterns,
and three selected software patterns to the framework. Patents, urban architectural
patterns, and software patterns each contain a rich body of knowledge about the system they describe, and therefore they must logically contain a description of the concepts underlying them. We show that the main features of proposed framework can be
found in patents, urban architectural patterns, and software patterns. The major utility
of the framework is that it provides the means to encode existing system concepts and
to inform the conceptual design of new systems, contributing to the INCOSE ModelBased Conceptual Design initiative.
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INTRODUCTION

includes the key constituents of concept, and can be represented digitally, facilitating the conceptual design process. Such a model is repre-

Conceptual design is one of the most challenging and crucial stages

sentative of the concept and has potential utility. But like any model, is

of the product development process. The importance of this phase

not “complete” in that there is always a next layer of information that

has been widely highlighted in literature. For example, Kroll et al

can be added. However, we believe there is clear interconnections of

mentioned that the conceptual design “significantly affects the prod-

the information specified at conceptual design phase with information

uct novelty, performance, robustness, development time, value, and

required at later stages of design process, thus the concept knowledge

cost.”1 Farid and Suh mention that in the conceptual design stage

is not lost, but reused during the architecture development.
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In this paper, we describe the framework and map eight patents,

“. . . design decisions have the greatest impact on the project outcomes with respect to functionality, performance, appearance, costs

nine urban architectural patterns, and three software patterns, rep-

and sustainability.”2 The objective of our work is to develop a system

resenting a broad spectrum of engineering and urban problems, to

concept representation framework that represents the concept’s con-

the framework. Patents have been chosen as the unit of knowledge,

stituents, their definitions, and interconnections. Such a framework

as these are internationally recognized ways to protect an invention.
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