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Abstract: New Product Development Processes (NPDP)
involve a series of functional teams who work in a
complex information communication network. Agent-
Based Simulation (ABS) comprises a set of autonomous
agents that act and interact complying with simulation
specifications within a simulation world. This paper
analyzes key features of both new product development
processes and agent-based simulation. A simulation
mapping isintroduced to highlight mirror relationships
between key elements of new product development
processes and key concepts that underpin agent-based
simulation. We introduce a new product development
process case study arising from a large UK-based
manufacturing company, and an agent-based simulation
model to represent the new product development
process. Simulation results show that agent-based
simulation is a promising method to study and explore
complex socio-technical systems such as new product
development processes.

Keywords: New Product Development Processes, Agent-

Based Simulation, M odeling and Simulation, Simulation
Mapping

1. INTRODUCTION

involve both technical issgeand organizational concerns

2) new product development processes takeng time
(often years) to complete to full scale design and delivery to
market and 3) it would prohibitively expensive to operate a
new product development process in the real-world and
observe its operation in situ. In addition, socio-technical
features of new product development proessnd new
product development performance indicators are emerging
research fields.

Modeling and simulation techniques are being widely
applied in complex societal and scientific systefso
common process modeling and simulation methods applied
in operational research are discrete-event simulation (DES)
[2] and agent-based simulation (ABS).[4he application

of modeling and simulation methods to understand
performance of organizational systems is becoming
promising research approach [5, 6]. To some extent,
modeling and simulation technology is being considered as
the third science research methodology, in addition to the
traditional deductive and inductive reasonjg7].

The agent-based simulation (ABS) method has a number of
advantages in investigating complex operational systems,
such as new product development processes. Firstly, it takes
less time to model and simulate such complex systems, and
then observe their operation situations and performance
Secondly, it costs nothing to mimic a new product
development process in a simulation model. And findtly,
enables researchers to conduct series of simulation

New product development processes (NPDP) are compley,neriments with different inputs and observe the impact of
engineering systems that are used to design, develop, affese jnputs on distinct outputs, in order to explore
deliver new products and services to market. The nevwharacieristics and performance impacting factors in new
product development process comprises a series of. q,ct development processes.

functional work teams that work on their design This paper introdugs new product development processes
commissions  within a  complicated ~ information g their key characteristics (Section@)d modeling and
communication networkl, 2]. Complex design systems, gimyjation techniques (Section 3). an agent-based
Sl_Jch as new product .deve_lopment processes, are_ass_omatg%mation mappindo new product development processes
with not only technical issues but also organizationalig hresented in Section 4 and used in Section 5 to inform a

aspects which significantly increase systém complexity.gimyiation case study. Conclusions and future work are
Research and practice show that many challenges withig,,,ymarized in Section 6.

such complex systems do not come from technical

perspectives, but from social-related _issues. For e_xa_mpl?_ NEW PRODUCT DEVEL OPMENT PROCESS

Farrell and Hooker argue that a typical characteristic o

many design systems is that the design process is itself Bhis section introduces new product development presess
wicked problem, associated with and caused bydifferent new product development process models, new
complexities of the design system [3]. product development performance indicatorand

This further increases the difficulty of studying new product concludes with key characteristicef new product
development processes and their nature. Three challengégvelopment processes a conceptual model that can be used
for researchers in this area are: 1) new product developmef@ inform the design of agent-based simulation modéls
processes are complex socio-technical systems (STS) thaew product development process
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The processes used to design and develop new products apobducts being developed in less than one year and many
then support them through their life-cycles are referred to imequiring three to five years, and some as long as ten years
a number of ways: for example, product development8]. For this reason, time-related performaiea primary
process[8, 9, 10], new product developmertl], new  consideration from both business strategy and shareholders
product process [12], new product introduction process [13berspectivesTo reduce time to markett is essential to
product service system [2], enterprise engineering systernonsider ~ work  teams behaviors information

[14], product life-cycle [15], design iteration process [16] communication and decision-making in the sub-praegss
Stage-Gate system [17], product launch system, phasedd orderto examine overall time-related performance of new
review process, and many others. In this research, thproduct development process

terminology of new product development processIRP

was used to refer to these kind of process and system. 2.3. New Product Development Process Features

i As introduced above, new product development presess

2.1. Different New Product Development Process includes a series of functional work teams and a complex
Models information communication netwoark Their key
New product development processes include a series afharacteristics can be decomposed into the following:
functional work teamsfor example, preliminary design,
detail design, manufacturing, distribution, after-sale service,
and others [8]Cooper established a Stage-Gate system that
involves four stages (work teams): preliminary investigation, ® An information communication network that links
business case, development, and test & validate [12]. each work team;
Functional work teams at each stage carry out specifiede Decisions made by each team influence other teams
design commissions and deliver work packages to the next  and overall system performance;
stage to defined deadlines. Review processes occur at each
gate where a decision is made on whether the product can’
proceed to the next stagestops or requires rework in an
earlier stagefig. 1 gives the skeleton of Stage-Gate system. Fig. 2 illustrates these key features of new product
development processes in the form of a conceptual model
@ Stage ! %‘k—; @‘ Different nodes in the diagram represent work teams in

Pralirn ca” ot new product development process, and two-way arrows

Gate s represent information communication channels between

all work teams. New product development process

performance is determined by work teams’ activities,

New product development processinvolve complex  pehaviors, the quality of communications, and decision
technical and organizational considerations. In additional to ynade by individual work teams.

technical design capacity, new product development
processsare sensitiveto socio-related impacting factors,

A series of functional work teams with specific design
commissions

Macro-level performance is determined by micro-level
work teams behaviors and performance.

Fig. 1 Stage-gate system [12]

e.g. organizational behavior, enterprise culture, employee G
education, policy, market and finance, geography, and @
others [18] This increases complexity and so difficulty for @ i

information communication with such design and

development systems. *

New product development processare typical complex
engineering systems, which include a series of functional

work teams and an extrelye complex information S
communication network. Each work team requests )

information from other teams, and at the same time prsvide
informationin responséo otherteam’s requests. Therefore

macro-level performance of new product development
processs is influenced and determined by the quality of
micro-level information communication and decision

Fig. 2 New product development process conceptual model

makings between functional work teams. 3.AGENT-BASED SIMULATION
2.2. New Product Development Process Perfor mance This section introduces modeling and simulation concepts
Indicators and applications, two distinct modeling and simulation

fields, and two popular modeling and simulation methods,
i.e. discrete-event simulation (DES) and agent-based
simulation (ABS). This section concludes with key

(éharacteristics of agent-based simulation.

Traditional performance indicators for new product .
development processes are often refémo as the Iron
Triangle: TCQ, i.e. Time, Cost and Quality. Companies try
to increase product development system performance an
efficiency in order to shorten product research and3.1. Modeling and Simulation

development (R&D) duration and tinte-market [19].New et us begin with two definitions of modeling and
product development processes typically take in the order 0iimulation. Modeling and simulatiomeadefined as driving

months or years to develop a new produsith few 5 qqel of a system with suitable inputs and observing the
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correspondingly outputs [20]. Another definition takes the3.3. Two Modeling and Simulation M ethods

view thatitis a process of designing a model of a real-worldy, 4qgition to simulation methods such as Monte Carlo and
system (or a to-be system), that is used to conduchyathematical simulations, two popular simulation methods
experiments for the purpose of either understanding thgyypjied in operational research communities are discrete-

performance of the system and/qr_evalua’ging varioussyent simulation (DES) [2] and agent-based simulation
management strategies and decision-making througreABS) [4].

simulation results [21, 22]

The purpose of modeling and simulation includes prediction}) Discrete-Event Simulation (DES)

performance assessment, training, entertainment, educatiopjscrete-event simulation is a mature simulation methad [4]

proof and discovery [6]. The application of simulation pjscrete-event simulation is one way of building up models

techniques is widespread, spanning areas applicatios a top-down structure to observe time-based behavior

domains such as computer systems, manufacturingithin a system. Formal methods have been developed to
processes, business organizations, government systemsyild simulation models and ensure the models are credible
ecology environment systems, social systems, and othqu]. Arena and Witness are two examples of discrete-event

complex systems [21, 22] _ . simulation tools [36, 37].
Modeling and simulation methedare widely applied to

interdisciplinary research fields, for example, design2)Agent-Based Simulation (ABS)
process decision-making mechanisms [23, 24], integratedgent-based simulation is a relatively new but fast
product development team management [25], new produadeveloping simulation method [38, 39, 40, 41]. It is used to
introduction systems [26, 27, 28hnd organizational model and simulate complex industrial proesssind
management [5] scientific systems [42, 43Agent-based simulation method
. . ! . . build up models as a bottoap architecture [7, 38JAgent-
3.2. Two Distinct Modeling and Simulation Fields based simulatiois becoming an important problem-solving
Modeling and simulation techniques are broadly appliedapproach for many existing and conceptual systemsipi1
into two distinct areas: mechanism simulation and procesg].
simulation. Mechanism simulation relates to the SimU|ati0nAgent-based simulation tools include, but are not limited to:
of physical mechanical systems, through which mOVGmel’lNetLogo [45], Spread sheet, Repast, Starlogo, Swarm,
and velocity of mechanical components can be simulategiiatiab, Mathematica, Anylogic [4, 5, 38, 41, 42], and others.
and analyzed for whole machine optimization, e.qg. . i
kinematic simulation of 3D CAD models [29]. An example 3-4. Key Features of Agent-Based Simulation
is shown in Fig3. Agent-based simulation builds up models as bottom-up
infrastructures Agent-based simulation model involves a
series of autonomous agents, which represent independent
entities in a real-world system. Each agent has its own
nature and characteristitisat govern agents’ behaviors and
interactions within a simulation world. Simulation
specifications implemented by programing code determine
the primary nature and characteristics of the agents.
Agent-based simulation models possess typical patterns of
Fig. 3 Mechanism simulation30] modeling and simulation, i.e“input — model- output”.
dnput parameters are defined according to specific research
terests, and displayed in an input section in NetLogo
imulation outcomes are shown as outpoysthe means of

On the other hand, process simulation relates to th
simulation of process-based systems and their operation

performance, including industrial production proesss *. : ; .
business service proces§6], manufacturing systems [31] either graphlcal curves or on a NetLogo |nf0rm§1t|on board.
The operational scenario of the whole systerdisplayed

organizations [32], human systems [33], complex problem- Ul ld that s th | Id
solving process [34Jand automotive assembly lines [35] In-a simulation wor at represents (he real-wor

One examplesishownin Fig. 4. operational env_ironm_ent. .
P 9 Agent-based simulation models are comprised of three

primary components [27, 38]

e A set of autonomous agents with independent
characteristics and behaviors;

(AN -E-E-N- N B N ; ] o o

e © . e A set of simulation specifications determining how and
= with whom agents act and interact; and

e A simulation world where agents act and interact with

Fig. 4 Process simulation [31] each other.

In this research, the terminology of simulation is exclusivelyWithin agent-based simulation model, autonomous agents

used to represent process simulation. act and interact with each other complying with specified
simulation rules. Through micro-level individual agénts
actions, behaviors and interactions, macro-level system
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performanceis displayed in a simulation world, and work teams in a real-world operatalrenvironment can be
observed and analyzed by the model operator [38]. implemented by actions and interactions of autonomous
agents in a simulation model complying with specified
simulation specifications. Finally, the simulation world,

SIMULATION AND NEW PRODUCT where autonomous agents act and interact with each other
can be used to mimic new product development process

DEVELOPMENT PROCESSCONCEPTS X g X
operations in a real-world environment.

As discussed in Section 2, new product develogmen
processes have three primary characteriskastly, they Table 3 Simulation mapping
are comprised of a series of independent but interactiv: S Bt ror |

functional work teams [8]. Secondly, the functional teams Development Process  \(&ationship
work in a complex information communication system [2] 5 ;

4. MAPPING BETWEEN AGENT-BASED

Agent-Based
Simulation

And finally, new product development processperate in who deperslant Blotorml | i Inepentien Sufonomons

. . work teams ' i agents
real world operational environment [46Macro-level | | . N S A
system performance of new prOdUCt development process communicating product design 1 i sharing, communicating and

and development information
and data with each other 1

influenced and determined by the micro-level work teams| "hat sipimaliti G i
activities, behaviors and performan@éese three essential

aspecs underpinning new product development proesss !

a simulation world in
simulation model

i h where a real world operation 1
are listed in Table 1.

environment

Table 1 New product development process characteristics

NPDP Characterigtics 5.SIMULATION CASE STUDY

who | A series of independent but interactive work This research used a new product development process case
teams — , study in a large UK-based manufacturing compéamyhis

what | Sharing, communicating and transforming section, e case study new product development process is
product design and development data and demonstrated, and an agent-based simulation misdel
information with each other P -

where | A real world operational environment developed to mimids operation.

From Section 3, agent-based simulation comprises a set 6f1- New Product Development Process Case Study
independent and autonomous agents that act and interathe case study new product development process includes
with each other [27, 38] complying with simulation rules in four stages (work teams): preliminary design, detail design,
a simulation world. When interacting with each other, manufacturing and service. Fig. 5 illustrates the case study
agents share, communicate and transform availabl@ew product development process.

information in the simulation world Macro-level system
performance is influenced and determined by micro-level
individual agents’ behaviors and performance. These three
characteristics of agent-based simulation are summarized
Table 2.

Table 2 Agent-based simulation characteristics

Work Team 1 Work Team 3
(Manufactur-

ing)

Work Team 2
(Detail design)

Work Team 4
(Service)

(Preliminary
Design)

Fig. 5 Case studyew product development process

The four work teams” design commissions are explained as
follows. Preliminary design is responsible for customer

ABS Characteristics requirements surveys, technical analysis, product concept
who | A set of autonomous agents with independent generation, and so forth; it delivers selected design concepts
- Zaturebehawors, and dec'sd'qn'mak'”g_ e to the detail design team. Detail design develops one or
what | Autonomous agents act and interact with eac more selected concepts, to produce designs that comply with
other complying with simulation specificatig to technical standard d ificati facturi
share communicate and transform information echnical standards —and - specifications, - manutacturing
and data capability, and other requirements. A final design is
where | A simulation world within simulation model approved and passed to the manufacturing team which

. ] . makes, assembles and tests the product. The manufactured
It can be seen that, with this perspective on new produchroduct is supplied to customers; the service team launches
development processes, both new product developmerﬂroductS and provides through-life support

process and agent-based simulation have similapt the beginning of the development process, the
architectures. This research investigated the application gfyeliminary design team requests information support from
agent-based simulation method to better understand th@e detail design team, and the detail design team provides
nature and performance of a case study new produGiesponses to such requests; this forms an information loop
development proces3he mapping between key concepts of requests and responses. However, the detail design team
from the two that is shown in Table 3 was established as pagten does not have the resources to prioritize responses
of the research. . . uickly enough for the preliminary design team to deliver
Table 3 shows mirror relationships between agent-baseflesign concepts to schedule. Under these circumstances, the
simulation and new product development procesagth information loop is broken which results in uncertainties
respectto the established simulation mapping, functional gnq risks within the system. The same pattern also occurs
work teams involved in new product development pra&®ss petween other stages. In the case study new product

can be represented by individual autonomous agents iRjeyelopment process, each work team uses information and
agent-based simulation models. Activities and behaviors of
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data from other teams, and at the same time providesomplex socio-technical systems such as new product
information to other teams, which forms a complex development processes.
information intensive engineering operation system. A case study new product development process was
The research focuseh understanding design information introduced towards the end tife paper. An agent-based
communication and transformation in the process. Thissimulation model was developed to represent the real-world
involved examining design iterations caused by brokenneration systenResults showed agent-based simulation to
information Ioops,_ and quant|fy|n'g the time resource used,q 4 promising approach to study product new product
for rework due to incomplete design information within the .

: : ) evelopment process, and examisg@erformance.
processThe research aim was to investigate key features o N K includes th s 1 lori ¢
new product development processes, with a view to uture work includes three aspects: 1) exploring agent-

identifying management intervention strategies that could®@S€d simulation - capabilities to support operaiion
shorten product development cycles and increase produffanagementn new product development processes)
development efficiency and effectiveness. applying artificial intelligence technology in agent-based

i . simulation models to optimize decision-making processes in
5.2. Agent-Based Simulation Model P ap

_ _ _ . _ _ new product development processes; grapplying agent-
With respect to the simulation mapping established inpaseqd simulation to investigating organizational features,
Section 4, an agent-based simulation model was develop&ghqision-making mechanisms, and factors that influence the
using Fhe Net!_ogo platform. A.scr.eenshot qf the Slmulatlonperformance of new product development processes. The
world in the simulation model is displayedHig. 6. . . s

ultimate goal of the research is to present an atrtificial
intelligence agent-based simulation management tool for
industrial operations management in new product
development processes in order to cost-effectively organize
enterprise resources, such as time, financial budgets and
human resources.

Fig. 6 Agent-based simulation model interface
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