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ABSTRACT 

The development of a multidisciplinary product (having a strong software component) is a complex task 

with multiple constraints, especially during the design phase. The mastery of the design phase is a 

necessary condition for the product development success and therefore assuring its competitiveness on the 

market. To contribute to this mastery, the formalization and modeling of the process design is imperative. 

We aim in this article, the formalization of multidisciplinary product’s design methodology with an 

organizational character, throughout the modeling of the product design process’s different aspects: 

structural, behavioral ..., which can be exploited by business stakeholders or software analysts. We used 

two modeling standards: UML and BPMN and we made a comparative study between models obtained by 

these two standards 
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1. INTRODUCTION  

 

The design phase is one of the crucial steps in the 

development of any product. Several researches 

focus on solving conceptual technical problems; 

others target the organizational aspect depending on 

the human factor and the profiles of the design 

process and product development participant. 

In order to standardize these processes and for 

the different profiles (business, software) to be able 

to work with them, several modeling standards 

have been implemented, each focusing on a specific 

aspect among which we find UML [1, 2] and 

BPMN [3,4] two of the most widely used standard 

for modeling software projects and business 

processes. 

In this paper, we will first locate the design phase 

in the life cycle of a product, introduce afterwards 

the design methodology which we are going to 

model in the third section, then compare in the 

fourth section, the models of the two modeling 

standards, in order to deduce the formalization of a 

final model that can be used for similar processes. 

vice have been considered. The multi-layer feed-

forward ANN toolbox of MATLAB 6.5 with the 

error back-propagation training method is 

employed. 

2. MULTI TRADE PRODUCT DESIGN  

 

Before we begin presenting or modeling our 

multi-trade product’s design methodology, we have 

to relocate it, in a more global and general 

framework of the life cycle of the project to which 

it belongs. 

1.1. Product Design Phase  

In the case of this study, we consider the design 

phase in its general aspect: which concerns every 

process related to the need's specification, 

feasibility study, preliminary and detailed design, 

prototype realization and even the test, integration 

and validation steps. The product lifecycle on the 

other hand contains, in addition to the different 

steps mentioned earlier, the production, 

commercialization and other market or product 

related steps. 

The particularity of our study lays in the fact that 

the products considered are multidisciplinary 

products, requiring the collaboration and 

cooperation of many disciplines in order to pass a 

successful design phase. 

Figure 1 represents an example of the design 

phases’ different steps and its different input and 

output documents. 
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1.2. Organizational aspects of multi trades 

product’s design process 

 
Several methods and theories deal with the issues 

related to product design. These techniques can be 

grouped into three major approaches: Classic [5, 6], 

systemic [7, 8] and innovative [9, 10]. 

These methods are mainly interested in the 

technical aspects related to the design of a new 

product. The organizational aspect, which 

influences strongly the design phase’s success 

especially for multidisciplinary products, is still 

rarely addressed by these techniques. In this study, 

we develop a modeling methodology [11, 12] that 

considers mainly the organizational side related to 

the design phase of these products, particularly 

through development project framework. 

This method was based on a company 

specializing in multidisciplinary products’ design, 

incorporating three main components: electronic, 

mechanical and software. This methodology relies 

on the setting of a product Marketing department 

MKTP, in order to have a better control over the 

product's specification step, the use of a project 

organization as to improve different trades and 

businesses coordination, and the establishment of a 

project committee responsible for the control, 

review and supervision of all product design steps. 

Indeed, the existence of a product Marketing 

entity becomes crucial as it helps achieving a better 

definition and specification of the market's needs 

(and therefor client's needs and specifications), as 

well as it intervenes during the new products 

feasibility study. Further, it plays an important role 

in the supervision and overall project control. 

The adoption of a cooperative project 

organization on the other hand, allows a good 

communication between the several intervening 

departments during the design and product 

implementation steps. It also reduces / decreases 

the potential for errors during the integration of the 

different product components. Thus, for each new 

product's design and development stages an 

independent project team is assigned. Team 

members come from all product related business 

department (ensuring thereby a good business 

coordination), and are supervised by a project 

manager. 

The project team adopts a per part development, 

as each product is composed of several articles 

(each one of them related to a specific business or 

trade), and each article is composed of several 

interfaces. The design implementation of each 

article is assigned to a responsible team member 

"Article Development Responsible" who will be in 

charge of the accomplishment of the different 

design steps related to all interfaces of his assigned 

article. 

A project committee is assigned to each new 

product as well. This committee is in charge of the 

control and supervision of the project team's work. 

Its members come from: quality, production and 

product marketing departments, they ensure the 

validation of the design phase's steps (particularly 

the articles design steps).Thus, the transit from a 

design step to another will not be possible unless 

the previous step is thoroughly verified and 

validated. 

3.  MODELING OF MULTI BUSINESS 

PRODUCT’S DESIGN PHASE 

 

In this section, we propose a modeling for the 

design methodology described in the previous 

section. We’ve opted for the UML and BPMN 

standards modeling languages, to ensure that we 

describe all the aspects of the methodology and 

obtain comprehensible and standards models that 

can be easily interpreted and reused. 

3.1. UML Modeling  

Unified Modeling Language UML, is a visual 

and graphical language for the modeling, 

specification design and documentation of object 

oriented systems [1,2,13] which became 

increasingly the design  standard for software 

engineering and development area, throughout the 

last decade. 

Created and standardized by the Object 

Management Group OMG, UML can also be used 

for non-software development and information 

system design purposes. Indeed, UML can be used 

in processes requirement gathering, and it is 

considered as a major tool of business process 

management [14] as it is used during the process 

definition and analysis phase [13,14]. 

One of the strong characteristics of UML is that 

it is a methodology independent modeling standard: 

regardless of the analysis and design processes, we 

can express our results using UML diagrams. 

In this paper we opted for UML 2.0, which 

defines thirteen types of diagrams within three 

major categories: 

Structure diagrams: representing the static 

structure of the systems 
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Behavior diagrams: describing the general types 

of system behavior 

Interaction diagrams: representing different 

aspects of system’s interactions. 

We will focus in this section on the behavior 

aspect of our design phase: described in the use 

case diagram as well as the activity diagram, and on 

the structural or static aspect described in the class 

diagram. 

3.1.1. Modeling the behavior aspect with use 

case diagram 

 
The use case diagrams describe aspects of 

software systems’ behavior, or in our case, the 

process being modeled, focusing on the roles 

assigned to its participants called "actors" and their 

respective functions known use cases [1,2,13]. 

Figure 2 shows the use case diagram 

corresponding to our new product’s design 

methodology. The diagram shows the various 

actors involved in our design phase and specifies 

their functions, which vary as described in the 

presentation of the methodology section. We can 

group all our players in three main categories: 

 Departments of the company: such as MKTP 

department, responsible for the proposal of new 

products for which it expresses the need of the 

market, considering the competition and defining 

the potential product to offer. This department is 

also responsible for making product changes when 

needed in collaboration with the project manager. 

The Direction department: is responsible for the 

validation or discontinuation of the product. 

The Production department: it collaborates 

during the article prototype manufacturing as well 

as during the mass production of the final product. 

The teams: such as the project development team 

responsible for product’s items’ development and 

assembly. 

The project committee: responsible for the 

validation of each article in collaboration with the 

member in charge of the article, and works with the 

production in the mass production of the product. It 

oversees the project and must approve the 

specifications of each article, its interfaces, as well 

as its design specifications in order to approve the 

article and therefore the assembled product. 

Members of teams such as the project team 

leaders cooperating with MKTP department in the 

change of the product proposal when in need. They 

are also responsible for product development 

planning which includes product’s feasibility and 

cost study, planning and scheduling tasks as well as 

the validation of product’s items. 

Product’s items’ development responsible is in 

charge of the different phases of design and 

development of an article, since the definition of its 

specifications and its interfaces till the 

manufacturing of the article in collaboration with 

the production, as well as the product testing and 

validation under the supervision of the project 

committee. 

3.1.2. Modeling the behavioral aspect with the 

activity diagram 

 
The activity diagram describes the behavior of 

systems and processes by presenting their flow at 

system level as well as at business level by 

describing the actions’ succession of a system 

[1,2,13] (or in our case of a process) known as 

activities while taking the triggers, inputs and 

outputs of these activities into consideration. 

Figure 3 shows the generic activity diagram of 

our design methodology for new multi-business 

products. The diagram indicates that the design 

process starts with the activity of the expression of 

market needs conducted by the MKTP Department, 

and ends with the mass production of the final 

product. Between these two activities comes a set 

of activities composing the design process of a new 

product as previously defined in the use case 

diagram (Figure 1), rules conditioning the 

activities’ succession are pointed out if necessary. 

For example, we can’t move on to defining the 

specifications of the product unless the proposed 

product development project is validated and 

approved by management. Otherwise, we proceed 

to the validation of the proposed product itself in 

order to clarify whether there would be a change in 

its definition, or the product design project will be 

abandoned. 

The input and output documents of each activity 

(if there is any) are also represented on the chart. 

For example, as an entry / input to the definition of 

product specifications step, we find the 

specifications document and product definition 

document produced by the MKTP and the product 

development plan created by the project manager in 

collaboration with the MKTP. And as an output we 

find the detailed product specification document. 

The activity diagram in figure 4 describes in detail 

the design process of items making up the product, 

it breaks down specification activities and design 
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for each product item. It also details the work of the 

project team, including the tasks given to the 

members in charge of each article, the manager and 

the project committee as well as the contribution of 

the production department while specifying the 

input and the output documents for each step. 

3.1.3. Modeling of the static structure with the 

class diagram 

 
The class diagram describes the static structure 

focusing on entities (called classes) regardless of 

the time component. It also outlines the 

relationships between entities ranging from 

composition, inheritance or simple associations 

[1,2,13]. 

Figure 5 presents the class diagram 

corresponding to our design phase process. The 

diagram shows us that the team members who 

consists the project team can be employees of the 

company’s business services or employees of an 

external collaborating firm. This is not the case of 

the project committee members, since the 

committee is consisted strictly from employees of 

the different company’s departments. And despite 

the fact that committee members may belong to 

several project committees (and hence may be 

involved in several product development projects) 

at a time, each Project Committee can oversee the 

development of a single product. This is also the 

case of project teams and their members; they can 

only be in charge of a single product development 

project at a time. 

The product is composed of numerous articles or 

items and each article itself is composed of several 

interfaces developed strictly by a specific member 

of the team "item development responsible". Each 

interface, and therefore each item and product, has 

a set of specification, design, testing and validation 

documents. 

4.  BPM MODELING 

 

Business process modeling notation: BPMN is 

one of the latest standards for graphical modeling 

of business processes. Developed and published by 

the BPMI in 2004; BPMN has gained wide 

acceptance among the business and IT analysts, as 

one of its main objectives was to bridge the gap 

between process modeling and software 

implementation [4.15]. 

Another primary goal of BPMN is to provide an 

understandable notation to all professional users: 

including business analysts responsible for the 

initial process drafting, technical and IT developers 

in charge of the software process implementation, 

as well as managers and professional end-users 

[3,4,14]. 

BPMN modeling is based on the flow charting 

technique [16,17], it graphically represents the 

business process models “BPM” using business 

process diagrams “BPD”. 

A BPD is a set of graphical objects 

[3,4,14,17,18,19]: activities and tasks (representing 

the shares of the business process) ordered by flow 

controllers (interactions and associations between 

the paths leading to the activities that have to be 

followed throughout the process cycle) ,the 

decisions are represented by gateways. Activities 

are organized in pools (graphical representation of 

the process’s organizational entities) that can be s 

into multiple sub parted into multiple swimlanes, if 

a pool (therefor an organizational entity) includes 

more than one participant or role. [3,4,14], . 

There are two basic types of patterns that can be 

created by a BPD. Collaboration Models (or public) 

representing the interactions between one or more 

other organizational entities. And internal models 

(or private) focusing on the interactions and internal 

activities of a single organizational entity [3,4,14]. 

In our study, we focus on the product design 

process in one company, without having to handle 

interactions with other external entities, which 

makes our BPD represents an internal BPM which 

details the design process of a new company’s 

product. 

Figure 6 shows the BPD representing the new 

product design process of our methodology. This 

diagram shows the same process described by the 

activity diagram in Figure 4 with more business 

oriented notations and BPMN specifications. The 

diagram uses a single pool to represent the 

company contains as many swimlanes as the 

number of actors’ functions and roles involved in 

the process and already listed in the previous 

sections. Activities are organized in each swimlane 

according to the role responsible role for the 

fulfillment of each one of them. 

The process begins with the expression of market 

needs (directed by MKTP department). Several 

successive actions follow, and many decisions have 

to be made to select the next sequence flow to be 

taken in order to reach the end of the process and 

make the final product. Thus, before moving to the 

article’s integration step (or validation step) to the 

following steps, we must check that the condition 
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of article’s integration’s approval is verified (or 

validation’s approval). 

Figure 7 shows the details of the product 

development sub-process [3, 4, 14, 16, 17, 18, 19] 

(which is one of BPD actions of Figure 8), the 

diagram also uses a single pool to represent the 

company and partitions activities in swimlanes 

representing their respective roles. In this diagram, 

we use two types of gateways: 

Parallel Gateway: which in our case divides the 

input sequence flow into two output sequence 

flows, thus the definition of item’s specifications 

(for example) creates two parallel actions leaded by 

two different actors: the verification of Article’s 

specifications leaded by the project team and the 

validation of specifications leaded by the project 

committee. 

The second type, inclusive gateway help gather 

multiple input streams in order to choose only one 

sequence flow (output) that will be followed 

according to a condition. For example, in our case 

after the end of the two stages of interface’s 

specifications validation and verification, we do not 

carry on to the item’s design step unless the 

interface is approved. If this condition is not 

verified we go back to the interface’s definition 

step: our process can only follow one of these two 

paths depending on the result of the condition of the 

gateway. 

5. COMPARING UML AND BPMN 

MODELING 

 

In order to formalize the steps of a multi-

disciplinary product design process, we studied two 

graphical representations: UML and BPM. These 

two representations are currently the two most used 

graphical for process modeling. These models show 

that UML AD (activity diagram) presents a set of 

advantages: It supports sending and receiving 

signals at a conceptual level, it supports call waiting 

and the statements and provides treatment a 

transparent mechanism to decompose a multiple 

active in activities. The work of Dumas, Hofstede 

and Russel [20,21] confirms these assets. However, 

although the activity diagram provides full flow 

control support, it is limited in terms of modeling 

resources related to a process and to its 

organizational aspects [21,22]. Indeed, business 

analysts cannot express, using this diagram, the 

different levels of granularity of a business process 

and its interactions in its operating environment. 

This is mainly due to the fact that the diagram 

originally targeted software development despite its 

updated UML 2.0 updates. On the other hand, the 

use of activity diagram for business process 

modeling by business analysts is not always 

obvious, a technical knowledge of UML and in 

particular UML AD is required. In addition, the 

activity diagram also lacks precision in syntax and 

semantics. It is present, for example, in modeling 

decision branches [21,22]: the rules connecting its 

branches with their corresponding flows are not 

fully determined and the types of synchronization 

such as discriminators are not fully taken into 

account. 

As for the BPM modeling, we can say that one of 

the main strengths of this representation is it being 

compatible with most flowcharting notations while 

providing more flow controllers. It can model 

different types of processes [4,14,15]: private or 

internal, public or abstract, global or collaboration 

with different  levels of granularity [4,14,23]: roles 

can be defined at different business process levels 

through pools and swimlanes unlike the UML AD 

[4,14,15,19,22,23] This is due to the fact that 

BPMN was essentially made for business analysts, 

and contains only one diagram properly detailed 

and dedicated to business process modeling only. 

Another advantage of BPMN is its ability to be 

mapped into the execution code, which may not 

seem very interesting in our case of study, but will 

have a great impact in the adaptation and 

automation of a business process within an 

enterprise [4,19,24]. 

6.  CONCLUSION 

 

The design methodology modeled in this article 

is the standardization of the design process of multi 

trade product’s having a strong software 

component. UML modeling therefore may seem 

more appropriate for the study of the design and 

development of this component. However, the 

multidisciplinary aspect of the product as well as 

UML AD gaps in term of business process 

modeling, described in the paragraph comparing 

UML and BPMN modeling, favors, when it comes 

to business process modeling, the adoption of 

BPMN models which detail business processes 

with a high level of granularity, and addresses at 

the same time the different profiles involved in the 

design process studied. 

On the other hand, UML use case and class 

diagrams played a key role in defining the final 

process to model. The use cases diagram helped 

identify participants and clarify each of their tasks. 

The class diagrams meanwhile, clarified the 
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organizational hierarchy of the participants as well 

as product decomposition. 

We believe that the models developed in the 

context of this article can be a formal framework 

that can be exploited for the design of multi trade 

products. 
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Figure 1: examples of product’s design steps 
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Figure 2: The UML Model Of Multi-Disciplinary Products( Use Case Diagram) 

  

 



Journal of Theoretical and Applied Information Technology 
 20

th
 September 2015. Vol.79. No.2 

© 2005 - 2015 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
287 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: the UML Model of multi-disciplinary products(:activity diagram) 
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Figure 4: the UML Model of multi-disciplinary product: specific activity diagram for product’s articles design 
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Figure 5: the UML Model of multi-disciplinary product : class diagram 

 
Figure 6: multidisciplinary product design process’s PBD 
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Figure 7: multi-disciplinary products’ articles design sub process process’s PBD 

 


