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ORGANIZATION FOR 
SYSTEM ENGINEERING 

The initial planning for system engineering commences during the early stages of 
conceptual design and evolves through the development of the System Engineering 
Management Plan (SEMP) described in Chapter 6. To implement this plan success- 
fully requires an organizational structure that will promote, support, and generally 
enhance the application of system engineering principles and concepts. The proper 
organizational environment must be created that will allow for the accomplishment of 
system engineering requirements in an effective and efficient manner-that is, the 
implementation of a top-down, life-cycle-oriented, integrated approach in system de- 
sign and development. In addition, the organization must be dynamic in response to 
the many changes that are taking place worldwide. 

Figure 6.1 shows two sides of the spectrum; that is, the technology issues that can 
be applied to enhance and facilitate the implementation of the system engineering 
process and the management issues that are necessary to meet the objectives in this 
area. Inherent in this overall spectrum is the organizational element. “Organization” 
is the combining of resources in such a manner as to fulfill a certain need. Organiza- 
tions constitute groups of individuals of varying levels of expertise, combined in a so- 
cial structure of some form to accomplish one or more functions. Organizational 
structures vary with the functions to be performed, and the results will depend on the 
established goals and objectives, the resources available, the communications and 
working relationships between the individual participants, the motivation of person- 
nel, and many other factors. The ultimate objective is to achieve the most effective 
and efficient utilization of human, material, and monetary resources through the es- 
tablishment of communications and decision-making processes designed to accom- 
plish specific objectives. 

This chapter begins with a discussion of different types of organizational struc- 
tures (their advantages and disadvantages from a generic perspective) and then em- 
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phasizes the system engineering organization, its functions, organizational interfaces, 
and the staffing needed to meet the objectives described throughout this text. Among 
the structures addressed are the functional, product line, project, matrix, combined 
functional-project approaches, and the implementation of the integrated product and 
process deb’elopment (IPPD) configuration. Customer (consumer), producer (contrac- 
tor), and supplier relationships are covered, along with their respective functions/ 
tasks. Finally, the chapter discusses human resource requirements: the selection of 
personnel, the skill levels required, organizational leadership characteristics, per- 
sonal motivational factors, and so on. The material presented herein is directly sup- 
portive of the planning process described in Chapter 6.’ 

7.1 DEVELOPING THE ORGANIZATIONAL STRUCTURE 

When dealing with “organizations,” one must address a number of issues, including 
structure, proceAses, culture, environment, and various combinations of these. As an 
initial step, i t  is logical to consider “structure” first. Processes, culture, and the orga- 
nizational environment are discussed later. 

In the development of any type of an organizational structure, one must start by 
determining the goals and objectives for the overall company/agency/institution in- 
volved, along with the functions and tasks that must be accomplished. Depending on 
the complexity and size of a program, the structure may assume a pure functional 
model, a project or product line orientation, a matrix approach, or combinations 
thereof. Further, the structure may change in context as the system development 
evolves from the conceptual design phase through detail design and development, 
production, and so on. The ultimate goal, of course, is to achieve the most effective 
utilization of human, material, and monetary resources in accomplishing the func- 
tions that are required at the time. 

In regard to system engineering, a prime objective during the early stages of con- 
ceptual design is to ensure the proper development of system-level requirements; that 
is, the needs analysis, feasibility analysis, operational requirements, maintenance 
concept, identification of technical performance measures (TPMs), and the prepara- 
tion of the System Specification (Type “A”). These activities are highly customer/ 
user focused and directed toward the system as an entity, and their accomplishment 
does not require a large organization per se. On the other hand, the selection of a few 
key personnel with the appropriate skills, backgrounds, and experience levels is es- 
sential. 

‘The level (depth) of discussion of organizational concepts in this chapter is very cursory and is intended 
to provide the reader with an overview of some of the key points in respect to syqtem engineering. Three 
good references for additional material are ( I )  J. L. Gibson, J.  H. Donnelly, J.  M. Ivancevich, and R. Kono- 
paske. Orcyuni:cirio!iv: Behcwior; Srructure, ProcesJes, 1 I th ed. (New York: McGraw-Hill/Irwin, 2003); 
(2) H. Kerzner. Project Mrinogernent: A Syste~ns Approach to Plnnning, Scheduling, und Controlling, 7th 
ed. (New York: John Wiley & Sons, Inc., 2000); and (3) A. P. Sage, Sjxteni~ Muriagemeritfor Information 
Techno/ogy c u i d  Sofrwure Engineering (New York: John Wiley & Sons. Inc.. 1995). Also check Appendix 
A for additional references. 
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As the program evolves into the preliminary and detail design and development 
phases, the number of assigned personnel may increase as the design requirements at 
the subsystem level (and below) may dictate the necessity for including the expertise 
of various design disciplines-for example, reliability, maintainability, human fac- 
tors, safety, and logistics. In this context, the organizational structure may change 
from a pure project configuration to a mixed functional-project or mutrix approach. 
As the system and its components enter the production phase, the organizational 
structure may shift once again.2 

In addressing the organizational issue overall, the emphasis herein is intended to 
stress the many and varied tasks, described in Section 6.2.2 (Figure 6.6), that must 
be accomplished, regardless of which organizational element (department or group 
of personnel) performs the work. Experience indicates that there are organizational 
departments/groups located within industrial firms and/or government agencies that 
have been designated as “System Engineering” and assigned the appropriate respon- 
sibilities, but are not performing the tasks required. Conversely, there are organiza- 
tional elements with different identities that are, in actuality, performing the desired 
functions. Further, for small projects, where a single individual must assume many 
different roles, the system engineering responsibilities may be accomplished by an 
electrical engineer, a mechanical engineer, or someone with equivalent background 
and experience. For instance, the chief engineer or project manager may serve as the 
“system engineer,” or there may be a designated group performing the required tasks. 

Whereas there may be variations in approach, Sections 7.2 through 7.5 provide a 
more in-depth discussion on the various types of organizational structures, the ad- 
vantages and disadvantages of each, personnel staffing issues, and so on. 

7.2 CUSTOMER, PRODUCER, AND SUPPLIER RELATIONSHIPS 

To properly address the subject of “organization for system engineering,” one needs 
to view this in the context of the total flow of activities, evolving from the customer 
and down to the producer (prime contractor) and suppliers. Although this top-down 
flow may vary in detail, depending on the size of the project and the stage of design 
and development, this discussion is primarily directed to a large project activity, ap- 
plicable in the acquisition of many large-scale systems. By addressing large projects, 
it is hoped that a better understanding of the role of system engineering in a some- 
what complex environment will be provided. The reader must then adapt and struc- 
ture an approach for his or her own program requirements. 

For a relatively large project, the system engineering function may appear at sev- 
eral levels. as shown in Figure 7.1. The requirements for system engineering and the 
responsibility for implementing the tasks described in  Chapter 6 lie with the cus- 
tomer. The customer may establish a system engineering organization to accomplish 

‘It Fhould be noted that, from time to time, a shift in organizational structure may occur a \  a result of”out- 
side” or “external” influences: for example, resulting from changes in technology applications. changes in 
supplier requirements, changes in political and economic conditions, and the like. 
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the required tasks, or these tasks may be relegated (in part or in total) to the producer 
through some form of contractual arrangement. In any event, the responsibility, along 
with the authority, for accomplishing system engineering functions must be clearly 
defined from the beginning. 

In some instances, the customer may assume full responsibility for the overall de- 
sign and development, production, and installation of the system and its elements for 
operational use. The needs analysis, feasibility studies, definition of operational re- 
quirements and the maintenance concept, identification and prioritization of TPMs, 
preparation of the System Specification (Type “A”), and preparation of the System 
Engineering Management Plan (SEMP) are accomplished by the customer. Top-level 
functions are defined and specific program requirements are allocated to individual 
producers, subcontractors, and suppliers. 

In other cases, whereas the customer provides the overall guidance in  terms of is- 
suing a general Statement of Work (SOW) or a contractual document of an equiva- 
lent nature, the producer (or prime contractor) is held responsible for the entire sys- 
tem design and development effort and for completing the tasks described in Chapter 
6. In other words, although both the customer and the producer have established sys- 
tem engineering organizations, the basic responsibility for fulfilling the objectives 
described throughout this text lies with the producer’s organization, with supporting 
tasks being accomplished by individual suppliers as required. To accomplish this, the 
customer must delegate the appropriate level of responsibility for completing the 
functions specified, and the necessary authority as well. Further, the customer must 
make available all of the input data necessary for the producer to successfully com- 
plete the conceptual design tasks noted earlier.3 

In Figure 7.1, it should be noted that there is an extensive amount of communica- 
tion required, not only within each of the customer and producer organizations, but 
also between the various customer, producer, and supplier organizations. Although 
the solid lines pertain primarily to the more formal program management direction of 
contractual nature, there are many informal channels of communication that must 
exist to ensure that the proper dialogue is established between the numerous and var- 
ied entities involved in the system development effort. The successful implementa- 
tion of a teaming or partnership approach, along with the fostering of concurrent en- 
gineering principles, is heavily dependent on good communications (both downward 
and upward) from the beginning. 

7.3 CUSTOMER ORGANIZATION AND FUNCTIONS 

The customer/consumer organization may vary, ranging from one or a small group of 
individuals to an industrial firm, a commercial business, an academic institution, a 
government laboratory, the Department of Defense, or a military service. The cus- 

is not uncommon for the customer to perform a requirements analysis. prepare a report describing the 
requirements for a new system, place i t  in a file somewhere, and then fail to pass on the necessary infor- 
mation later to the responsible producer. Thus, the producer has to generate a new set of requirements that 
may, or may not, be consistent with those initially developed by the customer. 
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tomer may be the ultimate “user” of the system or may be the procuring agency for a 
user. An example of the latter is found within the defense sector, where the Air Force, 
Army, and Navy each have acquisition agencies that are responsible for the contract- 
ing and procurement of systems, and the “user” is the operating command in the field/ 
fleet responsible for the utilization and sustaining maintenance and support of the 
system throughout its planned life cycle. 

In Figure 7. I ,  the acquisition agency may be represented by the top block, with a 
chain of industrial firms, small businesses, and component suppliers providing the 
materials and services necessary for the development of the system and its elements. 
In such instances, it is incumbent on the procuring agency to ensure that the early 
contracting and acquisition process will result in satisfying the needs of the ultimate 
“user,” not just to respond to the short-term desires of the procuring agency. In this 
case, the procuring agency must be responsive to the “user” organization (as the cus- 
tomer), the producer or industrial firm (in Figure 7.1) must be responsive to the ac- 
quisition agency (as the customer), and the suppliers must be responsive to the pro- 
ducer (as the customer). The question is, Who is the ultimate customer; who is your 
customer; and do the requirements associated with the latter support the objectives 
specified for the first? It is essential that this overall “chain” of organizational enti- 
ties be addressed in the planning and development of systems. 

There are a variety of approaches and associated organizational relationships in- 
volved in the design and development of new systems. The objective is to identify the 
overall “program manager” and to pinpoint the responsibility for system engineering 
managemenf. In the past, there have been numerous instances in which the procuring 
agency (e.g., the “customer” in Figure 7.1) has initiated a contract with an industrial 
firm (e.g., the “producer”) for the design and development, and/or reengineering, of 
a large system, but has not delegated the complete responsibility (or corresponding 
authority) for system engineering management. The industrial firm has been held re- 
sponsible for the design, development, production, and delivery of a system in re- 
sponse to certain specified requirements. However, the customer has not always pro- 
vided the producer with the necessary data and/or controls to allow the development 
effort to proceed in accordance with good system engineering practices. At the same 
time, the customer has not performed the necessary functions of system engineering 
management. The net result has been the development of systems without the con- 
sideration of many of the characteristics discussed throughout Chapter 3; that is, sys- 
tems that are unreliable, not maintainable, not supportable, not cost-effective, and not 
responsive to the needs of the ultimate users. 

The fulfillment of system engineering objectives is highly dependent on a commit- 
ment from the top down. These objectives must be recognized from the beginning by 
the customer, and an organizational entity needs to be established to ensure that these 
objectives are met. The program manager must first “understand” and “believe in” the 
concepts and principles of system engineering, and then must create the appropriate 
environment and take the lead by initiating either of the following courses of action: 

1. Accomplish the system engineering functions within the customer’s organiza- 
tional structure (see Figure 7.1). This may include completing the basic activ- 
ities reflected in Figure 1.12 and described in Figure 6.6; that is, the needs 
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analysis and feasibility studies, development of operational requirements and 
the maintenance concept, the identification and prioritization of TPMs, func- 
tional analysis and allocation, synthesis, design optimization, and so on. In 
other words, the customer (or procuring agency) will prepare the System Speci- 
fication (Type “A”), will perform all of the tasks required at the system level, 
and will delegate requirements for the subsystem level and below. 

2. Accomplish the system engineering functions within the industrial firm or the 
producer’s organizational structure (shown in Figure 7.1). These may include 
the completion of the system engineering tasks reflected in Figure 1.12 and de- 
scribed in Figure 6.6; that is, development of operational requirements and the 
maintenance concept, functional analysis and allocation, synthesis, design op- 
timization, and so on. Although the customer will define the program require- 
ments in the form of a Statement of Work (SOW), all of the system engineer- 
ing tasks and associated management functions will be delegated to and be 
accomplished by the producer. 

Although these two options represent the extremes, there may be any combination 
of models in which the responsibilities for accomplishing system engineering man- 
agement functions have been split. In such cases, it is essential that the responsibility 
for system engineering be established from the beginning. The customer must clarify 
system objectives and program functions, and the requirements for system engineer- 
ing must be well defined. It is critical that the process described in Chapter 2 be im- 
plemented properly, independent of organizational splits, the sharing of responsibil- 
ities, or any other conditions. 

In the event that the system engineering responsibility is delegated to the producer 
(i.e., the preceding second option), the customer must completely support this deci- 
sion by providing the necessary top-down guidance and managerial backing. Re- 
sponsibilities must be properly delineated, system-level data generated through ear- 
lier customer activities and studies made available to the producer (e.g., the results of 
feasibility analyses, the documentation of operational requirements), and the pro- 
ducer must be given the necessary leeway relative to making decisions at the system 
level. The challenge for the customer is to prepare a good, comprehensive, well- 
written, and clear Statement of Work to be implemented by the producer. The em- 
phasis should be on the issues of producer performance, specifying what needs to be 
accomplished and when, versus telling the producer how to perform the job. In addi- 
tion, the various lines of communication between the customer and producer shown 
in Figure 7.1 must support a unified and consistent approach throughout. 

7.4 PRODUCER ORGANIZATION AND FUNCTIONS 
(THE “CONTRACTOR”) 

For the purposes of discussion, it is assumed that the producer (or contractor) in Fig- 
ure 7.1 will undertake the bulk of the system engineering activities associated with 
the design and development of a large-scale system. The customer will specify the 
necessary system-level and program requirements through the preparation of a Re- 
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quest,for Proposal (RFP) or an Invitation for Bid (IFB), and various industrial firms 
will respond by submitting a formal proposal. The response may represent the results 
of a teaming arrangement involving a designated number of industrial firms and com- 
ponent suppliers. As there may be a number of responding proposals, a formal com- 
petition is initiated, individual proposals are reviewed and evaluated, contractual ne- 
gotiations are consummated, and a selection is made. The successful contractor (i.e., 
producer) will then proceed with the proposed level of effort. 

In addressing program requirements, it is essential that the successful contractor 
have access to all information and data leading to the requirements specified in the 
technical portions of the RFP/IFB. In some instances, the RFP will include a system 
specification covering the technical aspects of system development, along with a 
Statement of Work (SOW) directed toward project tasks and the management aspects 
of a program. The preparation of the specification will result from the completion of 
those activities described in Sections 2.1 through 2.7. In other words, by the time that 
the contractor gets involved in this case, the customer will have completed the first 
three tasks shown in Figure 6.6. The main objective here is to ensure continuity in the 
transition from the activities accomplished by the customer to those to be performed 
by the contractor. 

This transition process is one of the most critical points in a program. First, the pro- 
cess described in Chapter 2 must be maintained, and a thorough understanding of this 
process by both customer and contractor personnel is essential. Second, the specifica- 
tion and Statement of Work prepared by the customer must be complete and easily un- 
derstandable; they must “talk to each other,” and they must jointlypromote the system 
engineering process. Often, in attempting to meet a schedule, specifications and State- 
ments of Work are hurriedly put together without the benefit of a complete review and 
the proper level of integration. The results are usually diasterous, and the follow-on ac- 
tivities reflect inconsistencies and the lack of the proper integration of those activities 
described in Chapter 3. Finally, given a good specification and Statement of Work, the 
key system engineering activities must not be negotiated out in the development of a 
contractual agreement between the customer and the contractor (i.e., the development 
of a contract work breakdown structure; refer to Section 6.2.4). Sometimes there is a 
tendency to eliminate system engineering tasks to save money, which reflects a lack of 
understanding of the process and its objectives. This must not be allowed to happen. 

Given that system-level requirements have been properly defined and that a prime 
contractor has been selected to accomplish the design and development effort, the 
next step is to address the subject of system engineering in the context of the con- 
tractor’s organizational structure. Organizational structures vary from the purefunc- 
tinnal, to the project, the combined project-filnctional, the matrix, and so on. These 
organizational patterns are discussed in the sections to follow, as they relate to the ob- 
jectives of system engineering. 

7.4.1 Functional Organization Structure 

The primary building block for most organizational patterns is thefunctional structure 
reflected in Figure 7.2. This approach, sometimes referred to as the “classical” or “tra- 
ditional” approach, involves the grouping of specialties or disciplines into separately 
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identifiable entities. The intent is to perform similar activities within one organiza- 
tional component. For example, all engineering work would be the responsibility of 
one executive, all production or manufacturing work would be the responsibility of 
another executive, and so on. Figure 7.3 shows a further breakout of engineering ac- 
tivities for illustrative purposes. 

As shown in  the figures, the depth of the individual elements of the organization 
will vary with the type of project and level of emphasis required. For projects in- 
volving the conceptual and/or preliminary design of new systems, there will be a 
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great deal of emphasis on marketing and engineering. Within engineering, the system 
engineering organization should be highly influential in the design decision-making 
process, as compared with some of the individual design disciplines. Later, as the de- 
velopment process phases into detail design, the individual design disciplines will as- 
sume a greater degree of importance, and the interest in production and manufactur- 
ing increases. 

As with any organizational structure, there are advantages and disadvantages. Fig- 
ure 7.4 identifies some of the pros and cons associated with the pure functional ap- 
proach illustrated in Figure 7.2. As shown, the president (or general manager) con- 
trols all the functional entities necessary to design and develop, produce, deliver, and 
support a system. Each department maintains a strong concentration of technical ex- 
pertise, and thus a project can benefit from the most advanced technology in the field. 

Advantages 

Enables the development of a better technical capability for the organization. Specialists 
can be grouped to share knowledge. Experiences from one project can be transferred to 
other projects through personnel exchange. Cross-training is relatively easy. 

The organization can respond more quickly to a specific requirement through the careful 
assignment (or reassignment) of personnel. There are a larger number of personnel in 
the organization with the required skills in a given area. The manager has a greater 
degree of flexibility in the use of personnel and a broader manpower base with which to 
work. Greater technical control can be maintained. 

Budgeting and cost control are easier because of the centralization of areas of expeltise. 
Common tasks for different projects are integrated, and it is easier not only to estimate 
costs but also to monitor and control costs. 

The channels of communication are well established. The reporting structure is vertical, 
and there is no question as to who is the "boss." 

Disadvantages 

1. It is difficult to maintain an identity with a specific project. No single individual is 
responsible for the total project or the integration of its activities. It is hard to pinpoint 
specific project responsibilities. 

Concepts and techniques tend to be functionally oriented with little regard for project 
requirements. The ''tailoring" of technical requirements to a particular project is 
discouraged. 

There is little customer orientation or focal point. Response to specific customer needs is 
slow. Decisions are made on the basis of the strongest functional area of activity. 

Because of the group orientation relative to specific areas of expertise, there is less 
personal motivation to excel and innbvation concerning the generation of new ideas is 
lacking. 

2. 

3. 

4. 

Figure 7.4 A functional organization-advantages and disadvantages. 
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In addition, levels of authority and responsibility are clearly defined, communication 
channels are well structured, and the necessary controls over budgets and costs can 
be easily established. In general, this organizational structure is well suited for a 
single project operation, large or small. 

On the other hand, the pure functional organization may not be as appropriate for 
large multiproduct firms or agencies. Where there are a large number of different 
projects, each competing for special attention and the appropriate resources, there are 
some disadvantages. The main problem is that there is no strong central authority or 
individual responsible for the total project. As a result, the integration of activities 
that cross functional lines becomes difficult. Conflicts occur as each functional ac- 
tivity struggles for power and resources, and decisions are often made on the basis of 
what is best for a functional group rather than what is best for the project. Further, the 
decision-making processes are sometimes slow and tedious because all communica- 
tions must be channeled through upper-level management. Basically, projects may 
fall behind and suffer in the classical functional organization structure. 

7.4.2 Product-Line/Project Organization Structure 

As industrial firms grow and there are more products being developed, it is often con- 
venient to classify these products into common groups and to develop a product-line 
organization structure, as shown in Figure 7.5. A company may become involved in 
the development of communication systems, transportation systems, and electronic 
test and support equipment. Where there is functional commonality, it may be ap- 
propriate to organize the company into three divisions, one for each product line. In 
such instances, each division will be self-sufficient relative to system design and sup- 
port. Further, these divisions may be geographically separated, and each may serve 
as a functional entity with operations similar to those described in Section 7.4.1. 

In divisions in which large systems are being developed, the product-line respon- 
sibilities may be subdivided into projects, as illustrated in Figure 7.6. In such cases, 
the project will be the lowest independent entity. 
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Figure 7.5 Traditional projectlproduct-line organization. 
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Figure 7.6 Product-line organization with project subunits. 

A project organization is one that is solely responsible for the planning, design and 
development, production, and support of a single system or a large product. It is time- 
limited, directly oriented to the life cycle of the system, and the commitment of per- 
sonnel and material is purely for the purposes of accomplishing tasks peculiar to that 
system. Each project will contain its own management structure, its own engineering 
function, its own production capability, its own support function, and so on. The proj- 
ect manager has the authority and the responsibility for all aspects of the project, 
whether it is a success or a failure. 

In the case of both product-line and project structures, the activities are organized 
as presented in Figure 7.5. The lines of authority and responsibility for a given proj- 
ect are clearly defined, and there is no question as to priorities. On the other hand, 
there is potential for the duplication of activities within a firm, which can be quite 
costly. The emphasis is on individual projects in this structure, as compared with the 
overall functional approach illustrated in Figure 7.2. Some of the advantages and dis- 
advantages of product-line/project structures are presented in Figure 7.7. 

7.4.3 Matrix Organization Structure 

The matrix organizational structure is an attempt to combine the advantages of the 
pure functional organization and the pure project organization. In the functional or- 
ganization, technology is emphasized and project-oriented tasks, schedules, and time 
constraints are often sacrificed. In the pure project structure, technology tends to suf- 
fer, because there is no single group responsible for its planning and development of 
such! Matrix management is an attempt to acquire the greatest amount of technology, 
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Advantages 

1 The lines of authority and responsibility for a given project are clearly defined Project 
participants work directly for the project manager, communication channels within the prolecl 
are strong and there is no question as lo priorities A good project orientation is provided 

There is a strong customer orientation, a company focal point is readily identified, and the 
communication processes between the customer and the contractor are relatively easy to 
maintain A rapid response to customer needs is realized 

Personnel assigned to the project generally exhibit a high degree of loyalty to the project 
there is strong motivation and personal morale is usually better with product identification 
and affiliation 

The required personnel expertise can be assigned and retained exclusively on the project 
without the time sharing that is often required in the functional approach 

There is greater visibility relative to all project activities Cost schedule and performance 
progress can be easily monitored, and potential problem areas (with the appropriate follow 
on corrective action) can be identified earlier 

2 

3 

4 

5 

Disadvantages 

The application of new technologies tends to suffer without strong functional groups and the 
opportunities for technical interchange between projects As projects go on and on those 
technologies that are applicable at project inception continue to be applied on a repetitive 
basis There is no perpetuation of technology and the introduction of new methods and 
procedures is discouraged 

In contractor organizations where there are many different projects there is usually a 
duplication of effort, personnel and the use of facilities and equipment The overall operation 
is inefficient and the results can be quite costly There are times when a completely 
decentralized approach is not as efficient as centralization 

From a managerial perspective i t  is difficult to effectively utilize personnel in the transfer 
from one project to another Good qualified workers assigned to projects are retained by 
project managers for as long as possible (whether they are being effectively utilized or not) 
and the reassignment of such personnel usually requires approval from a higher level of 
authority which can be quite time-consuming The shifting of personnel in response to short 
term needs is essentially impossible 

The continuity of an individual s career growth potential and opportunities for promotion 
are often not as good when he or she is assigned lo a project for an extended period of time 
Project personnel are limited in terms of opportunities to be innovative relative to the 
application of new technologies The repetitiousness of tasks sometimes results in 
stagnation 

Figure 7.7 A project/product-line organization-advantages and disadvantages. 

consistent with project schedules, time and cost constraints, and related customer re- 
quirements. Figure 7.8 presents a typical matrix organization structure. 

Each project manager reports to a vice president, has the overall responsibility, 
and is accountable for project success. At the same time, the functional departments 
are responsible for maintaining technical excellence and for ensuring that all avail- 
able technical information is exchanged between projects. The functional managers, 
who also report to a vice president, are responsible for ensuring that their personnel 
are knowledgeable of the latest accomplishments in their respective fields. 

The matrix organization, in its simplest form, can be considered as being a two- 



Company DEF 7 
I 

t I 
I 

Project " A  
(Program Manager) 

. Planning and scheduling 

* Data management - Supplier management - Project review and control 

Configuration management 

4 

L I 

I 
1 I I 

Engineering 
(R/M/HF) support 

I 

' Project responsibility 

Figure 7.8 Pure matrix organization structure. 



352 ORGANIZATION FOR SYSTEM ENGINEERING 

dimensional entity, with the projects representing potential profit centers and the 
functional departments identified as cost centers. For small industrial firms, the two- 
dimensional structure may be the preferred organizational approach because of the 
flexibility allowed. The sharing of personnel and the ability to shift back and forth are 
often inherent characteristics. On the other hand, for large corporations with many 
product divisions, the matrix becomes a multidimensional structure. 

As the number of projects and functional departments increases, the matrix struc- 
ture can become quite complex. To ensure success in implementing matrix manage- 
ment, a highly cooperative and mutually supportive environment must be created 
within the company. Managers and workers alike must be committed to the objectives 
of matrix management. A few key points follow: 

1 .  Good communication channels (vertical and horizontal) must be established to 
allow for a free and continuing flow of information between projects and the functional 
departments. Good communications must also be established from project to project. 

2. Both project managers and functional department managers should participate 
in the initial establishment of companywide and program-oriented objectives. Fur- 
ther, each must have an input and become involved in the planning process. The pur- 
pose is to help ensure the necessary commitment on both sides. In addition, both 
project and functional managers must be willing to negotiate for resources. 

3. A quick and effective method for conflict resolution must be established, to be 
used in the event of disagreement. A procedure must be developed with the partici- 
pation and commitment of both project and functional managers. 

4. For personnel representing the technical functions and assigned to a project, 
the project manager and the functional department manager should agree on the du- 
ration of assignment, the tasks to be accomplished, and the basis on which the indi- 
vidual(s) will be evaluated. The individual worker must know what is to be expected 
of him or her, the criteria for evaluation, and which manager will be conducting the 
performance review (or how the performance review will be conducted). Otherwise, 
a “two-boss” situation (each with his or her own objectives) may develop, and the em- 
ployee will be caught in the middle. 

The matrix structure provides the best of several worlds: that is, a composite of the 
pure project approach and the traditional functional approach. The main advantage 
pertains to the capability of providing the proper mix of technology and project- 
related activities. At the same time, a major disadvantage relates to the conflicts that 
arise on a continuing basis as a result of a power struggle among project and func- 
tional managers, changes in priorities, and so on. Further advantages and disadvan- 
tages are noted in Figure 7.9. 

7.4.4 Integrated Product and Process Development (IPPD) 

With the ob,jectives of concurrent engineering in mind, the Department of Defense 
(DOD) initiated the concept of Integrated Product and Process Development (IPPD) 
in the mid- 1990s. IPPD can be defined as “a management technique that simultane- 
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1. 

2. 

3. 

4. 

5. 

Advantages 

The project manager can provide the necessary strong controls for the project while having 
ready access to the resources from many different function-oriented departments. 

The functional organizations exist primarily as supprt for the projects. A strong technical 
capability can be developed and made available in response to project requirements in an 
expeditious manner. 

Technical expertise can be exchanged between projects with a minimum of conflict. 
Knowledge is available for all projects on an equal basis. 

Authority and responsibility for project task accomplishment are shared between the project 
manager and the functional manager. There is mutual commitment in fulfilling project 
requirements. 

Key personnel can be shared and assigned to work on a variety of problems. From the 
company top-management perspective, a more effective utilization of technical personnel can 
be realized and program costs can be minimized as a result. 

Disadvantages 

1. Each project organization operates independently. In an attempt to maintain an identity, 
separate operating procedures are developed, separate personnel requirements are 
identified, and so on. Extreme care must be taken to guard against possible duplication of 
efforts. 

From a company viewpoint, the matrix structure may be more costly in terms of administra- 
tive requirements, Both the project and the functional areas of activity require similar 
administrative controls. 

The balance of power between the project and the functional organizations must be clearly 
defined initially and closely monitored thereafter. Depending on the strengths (and 
weaknesses) of the individual managers, the power and influence can shift to the detriment of 
the overall company organization. 

From the perspective of the individual worker, there is often a split in the chain of command 
for reporting purposes. The individual is sometimes "pulled" between the project boss and the 
functional boss. 

2. 

3. 

4. 

Figure 7.9 A matrix organization-advantages and disadvantages. 

ously integrates all essential acquisition activities through the use of multidiscipline 
teams to optimize the design, manufacturing, and support processes."j The concept 
promotes the communications and integration of the key functional areas as they 
apply to the various phases of program activity from conceptual design through de- 
tail design and development. Although the specific nature of the activities involved 

"OD 5000.2-R, Mandaton Procedures .for Major Defense Acquisition Progrum.\ (MDAPS) untl Mujor 
Automated Information System (MAIS) Acquisition Programs, (Washington DC: Ofice of the Secretary of 
Defense). 
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and the degree of emphasis exerted will change somewhat as system design and de- 
velopment evolves, the concept conveyed in Figure 7.10 is maintained throughout to 
ensure the appropriate integration. In this regard, the concept of IPPD is directly in 
line with system engineering objectives; that is, to cause the integration of the vari- 
ous features of design and the organizations involved in the design process. 

7.4.5 Integrated ProducVProcess Teams (IPTs) 

Inherent within the IPPD concept is the establishment of Integrated Product Teams 
(IPTs), with the objective of addressing certain designated and well-defined issues.’ 
An IPT, constituting a selected team of individuals from the appropriate disciplines, 
may be established to investigate a specific segment of design, a solution for some 
outstanding problem, design activities that have a great impact on a high-priority 
TPM, and so on. The objective is to create a team of qualified individuals that can ef- 
fectively work together to solve some problem in response to a given requirement. 
Further, there may be a number of different teams established to address issues at dif- 
ferent levels in  the overall system hierarchical structure; that is, issues at the system 
level, subsystem level, and/or component level. As shown in Figure 7.10, an IPT may 
be established to concentrate on those activities that significantly impact selected 
perfhrmance factors, cost of ownership, and configuration management. There may 
be another IPT assigned to “track” the integrated data environment issue. The objec- 
tive is to provide the necessary emphasis in critical areas and to reap the benefits of 
a team approach in  arriving the best solution possible. 

IPTs are often established by the program manager or by some designated high-level 
authority in the organization. The representative team members must be well qualified 
in their respective areas of expertise, empowered to make on-the-spot decisions when 
necessary, proactive relative to team participation. success-oriented, and resolved to ad- 
dressing the problem assigned. The program manager must clearly define the objectives 
for the team, the expectations in terms of results, and the team members must maintain 
a continuous “up-the-line” communications channel. The longevity of an IPT will de- 
pend on the nature of the problem and the effectiveness of the team in progressing to- 
ward meeting its objective. Care must be taken to avoid the establishment of too many 
teams, as the communication processes and interfaces become too complex when there 
are many teams in place. In addition, there often are conflicts when it comes to issues 
of importance, and a critical issue may be “traded off” as a result. Further, as the team 
ceases to be effective in accomplishing its objectives, it should be disbanded accord- 
ingly. An established team that has outlived its usefulness can be counterproductive. 

7.4.6 System Engineering Organization 

Sections 7.4.1 through 7.4.5 provide an overview of the major characteristics of the 
functional, project, and matrix organization structures. Some of the advantages and 

‘“IPT’ is also used as a designator for Integrared Proce.ss Team. Another term used in  a similar context is 
Process A d o u  Trcrm (PAT). 
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Figure 7.10 Functional organization structure showing IPPDAPTs. 

disadvantages of each are identified. It is important to thoroughly understand and 
have these characteristics in mind in developing an organizational approach involv- 
ing system engineering. More specifically, in considering system engineering objec- 
tives, the following points should be noted: 

1. The function of system engineering must be oriented to the objective of bring- 
ing a system into being in an effective and efficient manner. In this regard, there is a 
natural close association with the project type of organizational structure. System en- 
gineering is heavily involved in the initial establishment of requirements and in the 
follow-on integration of design engineering and supporting activities throughout sys- 
tem development, production, and operational use. System engineering influences 
design to a significant degree, and this is best accomplished through a project orga- 
nizational structure. 

2 .  The nature of the system engineering function, its objectives in terms of design 
integration, its many interfaces with other program activities, and so on, require the 
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existence of good communication channels (both vertically and horizontally). The 
personnel within the system engineering organization must maintain effective com- 
munications with all other project organizational elements, with many different func- 
tional departments, with a variety of suppliers, and with the customer. These require- 
ments are facilitated through the project organization approach. 

3. The successful fulfillment of system engineering objectives requires the spec- 
ification of technical requirements for the system, the conductance of trade-off stud- 
ies, the selection of appropriate technologies, and so on. Personnel within the system 
engineering organization must be current (i.e., up to date) relative to the latest tech- 
nology applications and/or must have access to technical expertise in the appropriate 
disciplines. A strong technical thrust is required, and good communications must be 
established with the functional departments (as applicable). Thus, the preferred or- 
ganization structure should include selected functional elements, in addition to the 
project orientation. 

Although the implementation of system engineering requirements can actually be 
fulfilled through any one of a number of organizational structures, the preferred ap- 
proach should respond to these three major considerations. It appears that the best or- 
ganizational structure includes a combination of project requirements and functional 
requirements. Although a major project orientation is required in response to customer 
needs, a functional orientation is necessary to ensure consideration of the latest tech- 
nology applications. The combined project-functional organization approach may 
vary somewhat, depending on the size of the industrial firm. For a large firm, the or- 
ganization structure illustrated in Figure 7.1 1 may be appropriate. Project activities 
are relatively large in scope (and in personnel loading), with supporting functional ac- 
tivities covering selected areas of expertise where centralization is justified. For 
smaller firms, the functional departments are relatively large, and they provide support 
to individual projects according to demand. This support is assigned on a task-by-task 
basis. Figure 7.12 illustrates an organizational structure in which the emphasis is on 
the functional end of the spectrum. In essence, the degree of “project” emphasis and 
“functional” emphasis often shifts back and forth, depending on both the size of the 
firm and the nature of the activity; that is, whether conceptual design, preliminary 
system design, or detailed design and development activities are in progress. 

As shown in  the figures, there may be a variety of approaches within the same 
firm. One or two large projects may exist along with numerous smaller projects. The 
large projects will tend to support an organizational structure similar to that presented 
in Figure 7. I 1 ,  whereas the smaller projects will likely follow the format in Figure 
7.12. Where the larger projects can afford to support significant numbers of person- 
nel on a full-time basis, the smaller projects may be able to support a select number 
of individuals on only a part-time basis. The specific requirements are dictated 
through the generation of program tasks by the project organization; that is, a request 
for assistance is initiated by the project manager, with the task(s) being completed 
within the functional department. 

Project size will vary not only with the type and nature of the system being devel- 
oped, but also with the specific stage of development. A large-scale system in the 
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Figure 7.12 Producer organization (work flow). 

early stages of conceptual design may be represented by a small project organization, 
as shown in Figure 7.12. As system development progresses into the phases of pre- 
liminary system design and detail design and development, the organization structure 
may shift somewhat, replicating the configuration in Figure 7.1 1.  In other words, the 
characteristics and structures of organizations are often dynamic by nature. The or- 
ganization structure must be adapted to the needs of the project at the time, and these 
needs may shift as system development evolves. 

In regard to system engineering, the tasks identified in Figure 6.6 (Chapter 6) can 
be allocated by phase as follows:6 

1. Conceptual design phase: 
(a) Perform needs analysis and conduct feasibility studies. 
(b) Define operational requirements, the system maintenance concept, tech- 

nical performance measures (TPMs), and accomplish system-level func- 
tional analysis. 

(c) Accomplish system integration. 
(d) Prepare the System Specification (Type "A"). 

61t is not intended to imply that the system engineering organization does everything. The emphasis here 
is on providing a technical thrust and assuming a technical leadership role in the design and development 
of the system. The projecVprogram manager must, of course, provide the necessary leadership from the 
overall organizational standpoint. 
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