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ABSTRACT 

Requirements definition, which determines a project baseline, has a strong impact on the success of a project. How-
ever, since in-depth requirements are gradually revealed through the requirements definition process, the requirements 
definition is not a straight forward process and often falls into disorder. Thus project management standpoints are 
critical for the success of the requirements definition. In this paper, we present a framework and mechanisms of com-
munication-centered project management, which controls the requirements definition process based on the situation of 
communication-oriented activities among stakeholders. In addition, we present a communication-centered project plan 
with a planning method. The project plan, which represents a time schedule of requirements definition activities, is 
made by a simulation-optimization algorithm using a stakeholder matrix showing the relations of requirements do-
mains and relevant stakeholders. The effectiveness and the significance of communication-centered project manage-
ment at the requirements definition phase are demonstrated by numerical examples. 
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1.  INTRODUCTION 

It is no doubt that the requirements definition is the 
most critical phase for the success of a project (Browne 
and Rogich, 2001; Robertson et al., 2005; Berenbach et 
al., 2009). Both practitioners and researchers have rec-
ognized that the decisions made in this phase strongly 
affect the following phases in the project and even the 
life cycle of the product, service, or results created by 
the project. For example, Blanchard (2004) argues that 
the greatest opportunity for influencing life cycle cost is 
during the early phases of system development.  

Many researchers have studied the requirements 
definition phase. Requirements engineering, for example, 
is an active research community in this field. Most of 
the researches in requirements engineering has focused 
on a requirements definition process or elemental tech-
nologies for requirements definition activities in the pro-

cess. These research studies deal with the assessment and 
improvement of the requirements process. The require-
ment process improvement models, however, provide 
almost no methodologies or tools to manage the require-
ment definition process as a project. However, each pro-
ject has its own QCD (Quality, Cost, and Delivery) goals, 
and the requirements definition phase should also be 
managed to attain the goals as a part of a project. 

For managing a project, project management (Pro-
ject Management Institute, 2008) has been widely im-
plemented in practice. However, most of the tools and 
techniques of regular project management are applicable 
after defining WBS (Work Breakdown Structure) (Pro-
ject Management Institute, 2008). WBS is a hierarchical 
decomposition of the work to be executed by a project 
team to accomplish the project objectives. Thus, WBS 
cannot be made without determining deliverables and 
the associated works of the project. Since the require-
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ments definition is the process to determine these deliv-
erables, WBS cannot be fully determined in advance. In 
addition, the works would be significantly changed by 
stakeholders’ requirements according to the progress of 
the phase. Thus, regular project management processes 
and techniques cannot be applied to the requirements 
definition phase as it is.  

Based on these circumstances, a “drifting manage-
ment” or a “wait-and-see management,” which manages 
the process unsystematically based on the experience of 
a project manager, is often applied to the requirements 
definition phase. It is obvious that poor management at 
the requirements definition phase results in poor quality, 
cost overrun, or late delivery of the requirements defini-
tion, and therefore in project failures. Nevertheless, stu-
dies on management of the requirements definition phase 
have been limited. Nguyen and Swatman (2003), for 
example, studied management of requirements process 
from the view point of complexity of a system. However, 
they proposed no management framework and mecha-
nisms for the requirements definition phase. Ishii (2006) 
proposed a project management framework for the re-
quirements definition phase, although detailed manage-
ment mechanisms of the framework were not presented. 

Accordingly, in this paper, we present a framework 
and mechanisms of communication-centered project 
management (CCPM) to manage the requirements defi-
nition process based on the situation of communication-
oriented activities among stakeholders. In addition, we 
present a communication-centered project plan (CCPP) 
with a planning method.  

2.  PROCESS AND ACTIVITIES OF THE 
REQUIREMENTS DEFINITION PHASE 

In this paper, we define requirements as document-
ted specifications which are developed as mutually ac-
ceptable agreements among stakeholders as products or 
services to be implemented. A stakeholder is defined as 
a group, an organization, or an individual who affects or 
is affected by the project. Namely, the primary goal of 
the requirements definition phase is to develop docu-
mented specifications, which describe the logical design 
to fulfill stakeholders’ requirements for the following 
phases of the project. 

Several researchers have studied the characteristics 
of the requirements definition process. Sommerville and 
Sawyer (1997), for example, indicate the process as a 
spiral model, which iterates elicitation, analysis, and 
negotiation cycle until the requirements definition meets 
an acceptable level of completeness. Nguyen and Swat-
man (2003) state that the requirements definition proc-
ess involves both the incremental building and the occa-
sional radical reorganization of the requirements. Hickey 
and Davis (2004) describe a requirements definition pro-
cess as a parallel model where requirements definition 
activities are performed interactively and in parallel thro-

ugh a series of requirements elicitation technique selec-
tion. Based on these observations, we assume that the 
requirements are defined through interactive processes 
between documentation-oriented activities and commu-
nication-oriented activities as shown in Figure 1. 
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Figure 1. Process and Activities of the Requirements 

Definition Phase.  
 
Documentation-oriented activities consist of requi-

rements elicitation, analysis, producing specifications and 
documentations, and validation (Wiegers, 2006). These 
activities also include communications among stake-
holders to confirm detailed agreements requiring no ne-
gotiation. Although these activities are not simple, they 
can be formalized to some extent, and are primarily te-
chnical in nature.  

Communication-oriented activities, in contrast, are 
basically ill-structured activities related to the require-
ments’ conflicts among stakeholders, i.e., setting objec-
tives, coordinating activities of each stakeholder, con-
flict recognition and resolution, and change management.  

In the setting objectives, stakeholders agree to com-
mon objectives of the project. In the coordinating activi-
ties, each stakeholder is assigned to some requirements 
definition activities. The process of conflict recognition, 
negotiation, and resolution, called the negotiation cycle, 
are activities to identify requirements conflicts by both 
formal and informal communications among stakehol-
ders, and these activities resolve conflicts through the 
negotiation process (Grünbacher and Seyff, 2005). Re-
garding conflict, we define it as an undesirable state in 
which incompatible or discrepant requirements among 
stakeholders arise. It arises inevitably in most projects. 
These are basically clarified, and mutually acceptable 
documented specifications are gained through commu-
nication-oriented activities. In change management, the 
project plan, such as assignment of stakeholders’ activi-
ties, time schedule, is revised to reflect the changes of 
requirements.  

In the negotiation cycle shown in Figure 1, stake-
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holders try to reveal more detailed and in-depth require-
ments, and find solutions to resolve conflicts by ex-
changing offers and counteroffers, or proposing alterna-
tives for mutual gain. Regarding topics of negotiation 
and resolution, KAOS goal models (van Lamsweerde, 
2001) and Win-Win model (Boehm et al., 1994) provide 
typical conflict management models.  

In any case, these activities basically depend on 
communications among stakeholders, thus they are dif-
ficult to plan and control from the standpoint of project 
management. For instance, termination conditions of the 
cycles cannot be clearly defined in advance. In practice, 
the number of documented specifications, man-hours 
(MH) spent, and the length of the phase are usually used 
as conditions to close the phase. However, such condi-
tions are not reasonable because they gradually become 
clear according to the progress of negotiation cycles. 

In these circumstances, we can say that managing 
communication-oriented activities is a critical factor for 
the success of the requirements definition phase and the 
project. 

3.  A FRAMEWORK OF COMMUNICATION- 
CENTERED PROJECT MANAGEMENT 
(CCPM) 

3.1 An Overview 

At the requirements definition phase, we assume 
that the documented specifications are obtained as a 
result of interactions of documentation-oriented activi-
ties and communication-oriented activities among stake-
holders. Moreover, communication-oriented activities play 
an important role within the interactions because in-
depth requirements can be clarified through conflict re-
cognition and resolution by these activities. Thus regular 
project management, which mostly focuses on the re-
sults and time spent by the documentation-oriented ac-
tivities without considering the progress associated with 
the communication-oriented activities, cannot be appli-
cable for the requirements definition phase as it is.  

In this paper, we present the framework and me-
chanisms of CCPM for the requirements definition phase. 
The CCPM focuses on communication-oriented activi-
ties, which play a role in setting the common objectives 
of the project, coordinating works, resolving the require-
ments conflicts through negotiation cycles, and manag-
ing the changes of stakeholders’ requirements throughout 
the phase. 

In the CCPM, we propose evaluation of the state of 
communication-oriented activities based on communica-
tion density, which means the time spent among stake-
holders for the activities during a certain period. We 
assume that the more requirements are agreed on among 
stakeholders according to the progress of the require-
ments definition, the smaller communication density is 

thus necessary. In addition, we propose evaluation of the 
state of the documentation-oriented activities by the 
total MH spent for the activities. We assume that the 
adequate total MH to be spent can be determined in ad-
vance based on the characteristics of the project and the 
past project records.  

Figure 2 shows a framework of CCPM. The goals 
consist of indexes which reflect the states of both the 
communication-oriented activities and the documenta-
tion-oriented activities. In the project plan, each com-
munication density between a pair of stakeholders is 
assumed throughout the requirements definition process, 
and is used to control requirement definition activities. 
For example, several requirements definition activities 
are delayed when the high communication density is 
observed to avoid the excess communication-oriented 
activities among stakeholders beyond their capability. 

A plan of total time spent for the documentation-
oriented activities is also made. For example, MH spent 
for documentation-oriented activities of each stakehol-
der is monitored, and the project team formation, such 
as the number of project staff, is changed to perform 
documentation-oriented activities effectively. Namely, the 
number of project staff is increased when the total MH 
spent is not sufficient to satisfy the goals. In addition, 
the goals would be modified when the current goals 
cannot be attained by corrective actions. 
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Figure 2. A Framework of Communication-Centered 

Project Management (CCPM).  

3.2 Mechanisms of Communication-Centered 
Project Management (CCPM)  

The CCPM uses certain kinds of information, i.e., 
performance measures, a project plan, and corrective 
actions, all of which function to control a requirements 
definition process at each planning period. Namely, the 
deviations of performance measures from a project plan 
are analyzed, and corrective actions are taken at each 
planning period if necessary.  

As the performance measures, we use the rate of 
structured requirements (index S), which is assumed to 
reflect the communication density of each stakeholder, 
for communication-oriented activities, and the cumula-
tive MH spent (CMH) for documentation-oriented ac-
tivities. If index S is equal to zero, it means all the time 
in a planning period is spent for communication-orien-
ted activities, and no system specifications are formally 
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documented. In contrast, if index S is equal to one, it 
means all requirements conflicts are resolved, and all the 
time can be spent for documentation-oriented activities 
without negotiation cycles. 

As a project plan, we developed a CCPP consisting 
of an S-CMH plan and an RDA plan. An S-CMH plan 
indicates progress made on index S and CMH of each 
stakeholder at each planning period. An RDA plan indi-
cates when and which stakeholders start requirements 
definition activities on each requirements domain, which 
is a set of similar requirements areas where any of the 
stakeholders would have requirements. Modification of 
the plan, such as change of project team formation, 
shifting the period to start requirements definition activi-
ties of each requirements domain, is considered as a can-
didate of corrective actions when the progress of re-
quirements definition activities deviates from the plan 
significantly. 

Regarding index S, Ishii (2006) defines it as a ratio 
of total MH spent for communication-oriented activities 
against the total MH stakeholders hold in a planning 
period, based on the assumption that all the stakeholders 
spend all their working hours doing these tasks. How-
ever, stakeholders do not always spend all their working 
hours for the requirements definition activities. Each 
stakeholder takes a different amount of time for these 
activities. In this paper, therefore, we define index S for 
each stakeholder. In addition, we define slack time in 
order to consider MH spent except for requirement defi-
nition activities. Namely, we define Eq. (1) as index S of 
stakeholder j at the i-th period.  

 
( _ ) / _j j j j

i i i iS Base MH MMH Base HM= −   
    if _ ,j j

i iBase MH MMH>  
0j

iS =  if _ .j j
i iBase MH MMH≤      (1)  

 
where j

iMMH  denotes MH spent for the communication-
oriented activities of stakeholder j at the i-th period, 

_ j
iBase MH  denotes total MH of stakeholder j at the i-th 

period.  
j

iMMH  is obtained by adding up the communication 
density between stakeholder j and other stakeholders at 
the i-th period as denoted in Eq. (2).  

 

1, 1,

( , )j d
i i

d l k ns

MMH CT j k
= =

= ∑ ∑     (2)  

 
where ( , )d

iCT j k  denotes the communication density of 
stakeholders j and k on the requirements domain d at the 
i-th period. Namely, it is defined as ( , )d

iCT j k = (j’s MH 
for the communication-oriented activities to communi-
cate with k at the i-th period)/ _ .j

iBase MH  In addition, l 
and ns denote the number of requirements domains and 
the number of stakeholders associated with a require-
ments definition, respectively. 

_ j
iBase MH  consists of , ,j j

i iMMH TMH  and j
iSlack  of sta-

keholder j at the i-th period as denoted in Eq. (3).  

 _ j j j j
i i i iBase MH MMH TMH Slack= + +   (3)  

 
where j

iTMH  denotes MH spent for documentation-ori-
ented activities of stakeholder j at the i-th period, j

iSlack  
denotes MH which is used for other activities except for 
the requirements definition of stakeholder j at the i-th 
period. Because _ j

iBase MH  is a fixed positive value, and 
j

iMMH  and j
iTMH  are greater than or equal to 0.0 in a 

period, j
iSlack  takes a negative value when requirements 

definition activities in a planning period request the 
more activity time than each stakeholder has. The nega-
tive Slack indicates an unsound situation of the require-
ments definition phase because overtime activities are 
demanded in a period. 

On the other hand, j
iCMH  is defined as cumulative 

MH spent for stakeholder j until the i-th period as de-
noted in Eq. (4). It indicates the progress of producing 
documented specifications through documentation-ori-
ented activities.  

 

1,

j j
i k

k i

CMH TMH
=

= ∑     (4) 

4.  A COMMUNICATION-CENTERED PRO-
JECT PLANNING (CCPP) METHOD 

The CCPP method makes a project plan (CCPP) 
consisting of an S-CMH plan and an RDA plan through 
the following two stages.  

In stage one, a set of requirements domains and 
stakeholders are identified. Moreover, the dependency 
of requirements domains and the initial communication 
density between stakeholders of each requirements do-
main are determined. As a result, a stakeholder matrix is 
created. In stage two, a CCPP, which satisfies the goals 
of index S and CMH of each stakeholder within the 
shortest project term, is made based on the stakeholder 
matrix. In this paper, we use a simulation-optimization 
method (Boesel et al., 2003) to find a project plan.  

4.1 Making a Stakeholder Matrix (Stage one)  

The stakeholder matrix, shown in Table 1, indicates 
the relations of requirements domains and stakeholders 
on requirements definition. In Table 1, the requirements 
domain column indicates areas where any of the stake-
holders would have requirements. The mark “+” indi-
cates the corresponding stakeholder who would have 
requirements on the requirements domain. For example, 
Table 1 shows that stakeholder A has requirements on 
Business rule and Process domains. Dependency indi-
cates the sequence to start requirements definition ac-
tivities of each requirements domain. Table 1, for exam-
ple, shows that requirements definition activities on the 
Process domain can be started after having started re-
quirements definition activities on the Business rule do-
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main. Initial communication density indicates the time 
spent for communication-oriented activities between sta-
keholders of each requirements domain at the first plan-
ning period.  

 
Table 1. An Example of Stakeholder Matrix.  

Stakeholder 
RD 

A B C D E F G H 
DY ICD

1 Business 
rule + + +  + +  - 0.02

2 Database  + + + +   + 1, 3, 4 0.03
3 Interface  + + +  + + 1, 4 0.03
4 Process + + +  + +  1 0.02

Note) RD: requirements domain; DY: dependency;  
ICD: initial communication density. 

 
Figure 3 shows brief steps for making a stakeholder 

matrix. The step of “Identify requirements domains and 
corresponding stakeholders” identifies requirements do-
mains and stakeholders concerning the requirements de-
finition as well as determines dependency among re-
quirements domains.  

 

Identify requirements domains 
and corresponding stakeholders

Problem domain,
Constraints

Stakeholder matrix

Determine initial 
communication density of each 

requirements domain 

Generate a stakeholder matrix

Requirements 
domains

 
Figure 3. Steps for Making a Stakeholder Matrix. 
 
A large number of studies have been performed in 

the field of stakeholder identification. Sharp et al. (1999) 
proposed a network-based stakeholder identification ap-
proach to discover all relevant stakeholders of a specific 
system. Woolridge et al. (2007) recognized stakeholders 
as a source of software project risk, and proposed an 
outcome-based stakeholder risk assessment model. Mo-
reover, Pacheco and Tovar (2007) provided a review of 
stakeholder identification literature and an overview of 
the state-of-the-art methods in the field of stakeholder 
identification. In this paper, we assume that those meth-
ods can be applied to the step of “Identify requirements 
domains and corresponding stakeholders.” 

The step of “Determine initial communication den-
sity of each requirements domain” shown in Figure 3 
determines the initial communication density correspond-
ing to each requirement domain. We assume this is de-
termined based on difficulties of defining the require-
ments as well as experience, skill, and knowledge of 
stakeholders regarding the domain. For example, high 
communication density will be assumed if the require-

ments domain is complex, and if creating documented spe-
cifications is difficult. 

4.2 Making a Project Plan (Stage two)  

In stage two, CCPP consisting of an S-CMH plan 
and an RDA plan is made by using a simulation-opti-
mization method based on the stakeholder matrix pre-
pared in stage one. Figure 4 shows an overview of the 
simulation-optimization method consisting of a simula-
tion mechanism and an optimization algorithm.  

In the method, the simulation mechanism evaluates 
index S and CMH of each stakeholder in each planning 
period. The optimization algorithm searches a CCPP which 
achieves the goals of index S and CMH of each stake-
holder at the shorter project term by changing the plan-
ning period where requirements definition activities of 
each requirements domain start. 

 

Simulation
mechanism

Stakeholder matrix

Goals of the index S and 
CMH of each stakeholder

- Initial convergence rate
- Initial RDA plan

Simulation 
parameters

Simulated
S-CMH

A communication-oriented project plan 
(S-CMH plan and RDA plan)

Optimization
algorithm

 
Figure 4. An Overview of the Simulation-Optimization 

Method for Making a Communication-Centered 
Project Plan (CCPP).  

 
4.2.1 Simulation Mechanism 

The simulation mechanism evaluates index S and 
CMH of each stakeholder in each period based on the 
simulation parameters, i.e., the initial communication 
density between stakeholders in each requirements do-
main; and an RDA plan indicating periods to start re-
quirements definition activities of each requirements 
domain under dependency constraints. 

Based on the above parameters, the simulation me-
chanism evaluates j

iMMH  by Eq. (2) and Eq. (5) as well 
as j

iCMH  by Eq. (6), which is derived from Eq. (3) and 
Eq. (4). 

j
iS  is evaluated by Eq. (1) using the j

iMMH  ob-
tained by Eq. (2).  

In the simulation mechanism, j
iS  and j

iCMH  are eva-
luated based on these equations in the order from i 
equals 1 until both 

j
iS  and j

iCMH  satisfy their own goal.  
 

1 1( , ) ( , ) (1 )d d d
i i iCT j k CT j k r− −= ⋅ −   (5)  

 where 1i ≥ , 10 1d
ir−≤ < , 0 0dr =   

 

1,

j j
i k

k i

CMH TMH
=

= ∑   

  
1,

( _ )j j j
k k k

k i

Base MH MMH Slack
=

= − −∑        (6) 

 
In Eq. (5), 1

d
ir−  denotes the convergence rate of the 

communication density on the requirements domain d at 
the i-1 th period. Namely, the communication density in 
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each period is sequentially determined by the communi-
cation density and the convergence rate at the previous 
period. The convergence rate can be determined in sev-
eral ways depending on the characteristics of the re-
quirements domain, relevant stakeholders, and commu-
nication modes (Ocker et al., 1998) employed. An ex-
ample of the convergence rate definition is introduced in 
the next chapter. 

 
4.2.2 Optimization Algorithm 

As a simulation-optimization method, a large num-
ber of approaches can be applied. For example, meta-
heuristic optimization algorithms (Morton and Pentico, 
1993), such as a generic algorithm, a simulated anneal-
ing method, and so on, are potential candidates. In this 
paper, we use a simple evolutional search algorithm which 
improves an initial plan on a step-by-step basis under a 
fixed project formation throughout the planning periods. 
The algorithm, consisting of the following four steps, is 
used for demonstrating the effectiveness of CCPP and 
the significance of CCPM at the requirements definition 
phase, and thus it is not intend to achieve the global op-
timum plan.  

 
<Steps of the proposed optimization algorithm> 
Step 1: Set requirements definition activities as forward 

planning basis under the dependency constraints 
of each requirements domain. Make an initial 
plan by the simulation mechanism. Set the ini-
tial plan as the current S-CMH plan and RDA 
plan.  

Step 2: Based on the current RDA plan, shift one plan-
ning period later for starting requirements defi-
nition activities of each requirements domain 
one-by-one, and make project plans by the simu-
lation mechanism.  

Step 3: If any improved plan compared to the current 
plan is found in Step 2, go to Step 4. Otherwise, 
set the current plan as the final plan, and termi-
nate the algorithm.  

Step 4: Set the most improved plan in Step 2 as the cur-
rent S-CMH plan and RDA plan. Go to Step 2.  

 
In Step 3, the plan which satisfies goals of index S 

and CMH of each stakeholder in the shorter project term 
is recognized as a better plan. If the project term is the 
same, the plan which satisfies the goals of index S in the 
smaller CMH is recognized as the better plan.  

5.  NUMERICAL EXAMPLES 

5.1 Problem Descriptions 

We apply the CCPP method to an information sys-
tem development project, which implements a produc-
tion planning system in a company. The system consists 

of functions of production planning, purchasing, and 
distribution planning. Organizations related to the ex-
ample project are corporate management, distribution, 
sales, production and purchasing, and information sys-
tems. Stakeholders are managers or staff who belong to 
these organizations. 

Requirements domains to be defined in this project 
are business rules, business processes, business func-
tions, business cycles, interfaces, materials, code struc-
tures, and information systems infrastructure, feasibility 
studies, pre-requirements studies, and general require-
ments reviews. The dependency of these requirements 
domains is shown in Figure 5. For example, the depend-
ency indicates that requirements definition activities for 
the Pre-requirements studies domain should start first 
among all the activities. On the other hand, the General 
requirements reviews should start last. 

 

Pre-
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Business 
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Materials

Business 
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Business 
cycles

Interface

Code
structure

Information
infrastructure
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General 
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Figure 5. Dependency of Requirements Domains. 

5.2 Goals and Conditions 

In this numerical example, goals, simulation condi-
tions, and parameter values are assumed as follows: 

 
5.2.1 Goals 

- Index S of each stakeholder: 0.8 or more,  
- CMH of each stakeholder: 10.0 unit time or more.  
 

5.2.2 Conditions 
- Dependency of requirements domains: defined as 

shown in Figure 5,  
- Time in a planning period: 1.0 unit time for all pe-

riods,  
- Initial communication density between stakehol-

ders ( 0 ( , )dCT j k ): 0.04 unit time for all requirements 
domains d,  

- _ j
iBase MH : 1.0 unit time for all j and i,  

- Slack: less than or equal to 0.0 unit time for all 
stakeholders.  

 
The value of 0 ( , )dCT j k  is set so that j

iMMH  at the 1st 
period is more or equal to 1.0, if stakeholders start all 
the requirements definition activities simultaneously. 

 
5.2.3 Convergence rate 

In this numerical example, the convergence rate in 
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Eq. (5) is defined as Eq. (7) applying the logistic curve 
under the assumptions, i.e., the convergence rate will 
change within a range at each planning period; the con-
vergence rate will increase with an increase in index S 
corresponding to the requirements domain; and the ratio 
of the convergence rate increase will decrease with an 
increase of index S.  

min1/{1 (1/ 1) }
d d

iC Sd d
ir r e− ⋅= + − ⋅   (7)  

In Eq. (7), min
dr  (0 < min

dr  < 1) denotes the minimum 
convergence rate of the requirements domain d. d

iS  de-
notes the minimum index S within the stakeholders as-
sociated with the requirements domain d at the i-th pe-
riod. dC  is a parameter to control the convergence rate 
of d between the range of the minimum and the maxi-
mum rates, and is obtained by Eq. (8).  

min max max minln[{ (1 )}/{ (1 )}]d d d d dC r r r r=− ⋅ − ⋅ −   (8) 

In Eq. (8), max
dr  (0 < min

dr  < max
dr  < 1) denotes the ma-

ximum convergence rate of the requirements domain d.  
In this example, the values of min

dr  and max
dr  are set 

to 0.05 and 0.25, respectively, so that it takes 10 periods 
or more to make ( , )d

iCT j k  less than 0.05 for all d. 

5.3 Stakeholder Matrix 

Table 2 shows a stakeholder matrix which is made 
based on the conditions described in the previous sec-
tions. In Table 2, the correspondence relationship among 
requirements domains and stakeholders is determined in 
consideration of the characteristics of a production plan-
ning system. In practice, the experienced system ana-
lysts play important roles in leading the requirements 
definition to success. Since the analysts basically work 
with stakeholders, we assume that they are included in 
each stakeholder activity shown in Table 2 in this case. 

 
Table 2. Stakeholder Matrix of Numerical Examples. 

Stakeholder 
RD 

A B C D E 
DY 

1 Business rules + + + + + 10 
2 Business process + + + + + 1 
3 Business functions   + + 1 
4 Business cycles + + + + + 1 
5 Interface   + + 1 
6 Materials + + +  10 
7 Code structure + + + + 2, 6 
8 Information infrastructure +   + + 2, 3, 4, 5, 7
9 Feasibility studies +   + + 8 
10 Pre-requirements studies + + + + + - 

11 General requirements 
reviews + + + + + 9 

Note) A: corporate management; B: distribution; C: sales;  
D: production and purchasing; E: information systems;  
RD: requirements domain; DY: dependency. 

5.4 Results of the Numerical Examples 

Figure 6 and Figure 7 show the S-CMH plan which 
indicates the changes of index S and CMH, respectively, 
during the 1st to the 40th planning period. In those fig-
ures, CCM indicates index S or CMH planned by the 
CCPP method. On the other hand, WSM indicates index 
S or CMH in the case of applying the wait-and-see man-
agement, where all requirements planning domains start 
requirements definition activities from the first planning 
period without considering stakeholders’ situations in 
each planning period as well as the dependency of re-
quirements domains.  

A and D in the Figure 6 and Figure 7 indicate the 
stakeholders. Stakeholder A satisfies the goals at the 
shortest project term. On the other hand, stakeholder D 
satisfies the goals last among all the stakeholders. 

Figure 8 shows the RDA plan which indicates the 
planning period to start requirements definition activi-
ties of each requirements domain in the CCM plan. In 
the CCM plan, the starting period of each requirement 
domain is shifted forward by the optimization algorithm 
in order to improve index S and CMH under the con-
straints of requirements domain dependency. On the 
contrary, all the requirements domains are started at the 
first planning period in the WSM case. 
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Note) A: corporate management, D: production and purchasing. 
Figure 6. Changes of Index S by the CCMP and Wait-and-

See Management (WSM).  
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Figure 8. An RDA plan by the CCPP method (Each num-

ber indicates the requirements domain of the 
stakeholder matrix shown in Table 2). 

 
5.4.1 Effectiveness of the Communication-Centered 

Project Planning (CCPP) Method 
As shown in Figure 6 and Figure 7, the CCPP 

method reduces the period to satisfy the goals compared 
to that of the WSM case. Namely, stakeholder A satis-
fies the goal of index S at the 27th period and the goal of 
CMH at the 21st period in the CCM case. On the con-
trary, stakeholder A satisfies the goal of index S at the 
34th period and the goal of CMH at the 36th period in 
the WSM case. Namely, stakeholder A reduces by 7 and 
15 the planning period, and stakeholder D reduces by 8 
and 13 the planning period to satisfy the goal of index S 
and the goal of CMH in the CCM case, respectively, 
compared to that of the WSM case.  

The planning period, which satisfies the goals of 
both index S and CMH, is the 28th period in the CCM 
case and the 40th period in the WSM case. Therefore the 
CCM case can reduce MH spent for 12 planning periods 
compared to that of the WSM case. 

 
5.4.2 Significance of CCPM 

The S-CMH plan obtained as a CCPP provides fur-
ther insights into management of the requirements defi-
nition phase. For example, index S is useful to monitor 
the situation of a requirements definition phase. The 
planning periods where index S is equal to zero as 
shown in Figure 7 in the WSM case indicate a panic 
situation because the time spent for requirements defini-
tion activities is equal to or more than all the time stake-
holders have within a planning period. In addition, an 
unexpected change of index S, such as large fluctuations, 
constant decline, and so on, indicates an out of control 
situation of the process. Namely, index S can be used as 
a performance measure to control a requirements defini-
tion process in a healthy situation. 

In addition, an S-CMH plan can provide informa-
tion about the bottleneck stakeholder who affects the 
progress of the phase. In this example, stakeholder D is 
recognized as the bottleneck because stakeholder D is 
the last stakeholder to attain its goals. In addition, the 
bottleneck requirements domain can be identified by 
analyzing the communication density of the bottleneck 
stakeholder. We can say that identifying the bottleneck 

stakeholder and requirements domains in advance is 
useful to manage the requirements definition phase. 

6.  SUMMARY AND CONCLUSIONS 

In this paper, we analyze a requirements definition 
process, and present a framework and mechanisms of 
CCPM and a CCPP with a planning method. We dem-
onstrate the effectiveness of the CCPP and its signifi-
cance at the requirements definition phase by numerical 
examples.  

The CCPM employs index S reflecting the commu-
nication density between stakeholders for the communi-
cation-oriented activities and CMH indicating the MH 
spent for the documentation-oriented activities as per-
formance measures of the requirements definition phase. 
Index S increases with a decrease in the communication 
density. Since the decreasing communication density 
indicates smaller negotiation time spent to resolve re-
quirements conflicts, we assume that index S can indi-
cate the progress of requirements definition. In addition, 
we make the CCPP as a project plan consisting of an S-
CMH plan and an RDA plan, by a simulation-optimiza-
tion algorithm using a stakeholder matrix.  

There are several possible future research areas for 
CCPM for the requirements definition phase. For exam-
ple, the detailed management mechanisms, which evalu-
ates deviations from a project plan based on index S and 
CMH at each planning period, and modifies an RDA 
plan in order to maintain the project performance, should 
be studied. The effectiveness of CCPP should be vali-
dated using live project data in several application areas. 
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