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ABSTRACT
A process, as a kind of system, derives its added value from the relationships among its
elements (e.g., activities). For a group of activities to be truly integrated (versus merely
aggregated), the flow of deliverables among them must be well defined, agreed to, and
committed to. Engineering processes are especially complex because of the large number of
interdependencies among the activities, as many types of information flow to many destinations. A process model of what actually flows must be extracted from the existing, implicit way
work really gets done. Since this requires getting close to where work is actually done, it is
beyond the ability of a single, centralized group to build the entire model. Instead, a number
of process puzzle pieces must be integrated into a single process model that will have more
holistic descriptive, analytical, and prescriptive value. (The systems engineering V model
applies to processes as well as to products.) This paper applies a powerful technique for
representing and analyzing complex processes, the design structure matrix (DSM). The paper
shows how to use the DSM to display both internal and external inputs and outputs, thereby
defining the edges of the process puzzle pieces so they can be assembled to form large,
integrated processes where value can flow. Process definition and integration is akin to
mapping the genome of how work is efficiently and effectively accomplished across disciplines and organizations. It is an important enabler of process understanding and improvement. © 2002 Wiley Periodicals, Inc. Syst Eng 5: 180193, 2002
Key words: process design; process model; design structure matrix; process integration;
process synchronization; work flow; process engineering; process definition; project management; risk management

1. INTRODUCTION
Emerging standards for systems engineering, product
development (PD), and enterprise processes such as
CMMi, EIA/IS 731, ISO 15288, AS9100, etc., advocate
the inclusion of a number of good practices in those
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processes. Essentially, these practices are activities that
should be part of development processes so that they
can be capable, mature, efficient, effective, predictable,
repeatable, etc.with the implication that such processes provide the maximum value to their customers
and users. Unfortunately, processes for the development of large, complex system products are complicated already, and the inclusion of additional activities
does not make them any simpler. It is not enough to
merely begin doing new things; the new practices must
be inserted into processes at the proper time and place,
and the information they create must affect other activities appropriately.
A major problem in PD projects is the difficulty
coordinating the contributions of a number of activities,
such that each of these inputs comes at just the right
time. Many of the contributions come in the form of
information that is consumed, transformed, and supplied by activities [e.g., Burns and Stalker, 1961: 78].
The value of a process is compromised when information is out of sync, forcing those who are executing
activities to make assumptions in the absence of real
data [Browning, 2001c]. This problem is exacerbated
as more activities and contributions must be managed.
It becomes even more difficult as concurrent engineering and activity overlapping increase. No one can keep
track of everything. We need better tools to provide
improved visibility in these situations, appropriately
simplify the complexity, highlight problems, and suggest solutions.
A classic approach to address and understand a
complex reality is through modeling. A model is an
abstract representation of reality that is built, analyzed,
and manipulated to increase understanding of that reality. A good model is helpful for making predictions and
testing hypotheses about the effects of certain actions
in the real world, where such actions would be too
disruptive or costly to try. Here, we are interested in
models to help represent, understand, integrate, manage, and improve the way work gets done and results
get produced in complex enterprises. Such a model
could become the foundation of and provide the framework for a companys knowledge management efforts.
A process is a kind of system.1 Process modeling,
like many other types of system modeling, is often
approached through process decomposition into simpler elements, such as activities.2 But a complex process
is more than just a grouping of activities. It exists to
produce a result thatespecially in PDrequires the
1

[2000].

See, e.g., Negele, Fricke, and Igenbergs [1997] and Pajarek

2
Of course, decomposition presents the danger of failing to
represent the characteristics of the process that provide its full value.
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activities to interact substantially. Process complexity
is a function of (at least) four factors: (1) the number of
process elements, (2) the individual complexity of each
of those process elements, (3) the number of relationships between the process elements, and (4) the individual complexity of each of those relationships. Rechtin
[1991] reminds us that relationships among elements
are what give systems their added value, and that the
greatest leverage in systems architecting is at the interfaces. Hence, a good process model must account for
the interfaces between its activities. It must include the
outcomes that are expected from each piece of work
performed. Unfortunately, what passes for a process
model in industry often fails to say much about the
relationships between activities, as evinced by flowcharts where modelers emphasize the boxes instead of
the arrows.
While many organizations that develop complex
systems have made efforts to document their processes,
very few have actually built (and committed to improve
and learn from) useful process models. Furthermore,
the process models or descriptions that do exist are
often unintegrated, and it is left to those attempting to
plan, execute, and manage projects to wicker disparate
process models into a coherent whole. Unfortunately,
what emerges may not be understandable by or useful
to many people, and it may have little impact on actual
project planning, execution, and management. On the
other hand, an integrated process model would be very
valuable to a number of users.
Some people confuse the real process (how work is
really done) with the process model or description,
which is only an abstract representation of the real
process. Models can be improved by adding more detail
(making them less abstract) and by verifying that they
adequately and accurately represent reality. Thus, a
prerequisite to process improvement (changing the real
process) is increasing the adequacy and accuracy of the
process model. Until a process models descriptive
value has been verified, it is dangerous to overestimate
its prescriptive value.
When is a process model sufficiently adequate and
accurate? It depends on the intended use of the model.
The list in Table I covers a variety of potential uses for
(and users of) process models.3 No one user would need
all of the listed capabilities. Various types of users
require different views of portions of the process model
data. However, all of the information represented by any
view of a process model must come from a consistent
source (typically a single database). The goal is to
provide a single process model that is sufficiently adequate and accurate for all of these uses and users at once.
3

See also, e.g., Ficke et al. [1998].
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TABLE I. Some Uses of a Good Process Model

This is possible because it is easy to extract only the
relevant portion of a detailed process model and provide
it to a user with limited needs.4 But it is extremely
undesirable to maintain a variety of disparate, inadequately-detailed process models. Unfortunately, this is
the current situation in many companies: Several unintegrated representations of how work gets done are
maintained by various users for various usese.g.,
master planning and scheduling by one group, cost and
schedule accounting by another group, work flow planning and assignments by others, potential activities to
add to the plan by many others, the standard view of
the process by others, the process to show the auditors,
etc.
Process integration is the unification of process
strands or pieces from across organizations into a
larger, umbrella process. It is much more than merely
grouping, or aggregating, such processes by placing
them together on a list. Process integration requires the
4

Via techniques of information hiding and filtering.

establishment of the relationships between these processes, such that the flow of deliverables among them
can be coordinated. Process integration enables commitment and accountability for the results of work. It
enables the appropriate sequencing of activities such
that the right results are available in the right place at
the right timei.e., process synchronization.
This paper presents an approach to process modeling
and integration that provides a single foundation for all
of the uses in Table I. The next section discusses the
building blocks of such a process model. Then, the
following section overviews a helpful process representation and analysis technique called the design structure matrix (DSM), which provides a view of an
important portion of the process model. Next, the paper
discusses the importance of process synchronization,
which requires process integration. Finally, the paper
applies the DSM to demonstrate a process integration
and synchronization application. The conclusion summarizes a theme of the paperhow process models
may be leveraged to provide competitive advantage.
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TABLE II. Example Attributes of the Two Fundamental Building Blocks of Process Models

2. BUILDING A PROCESS MODEL USING
TWO OBJECTS AND THEIR ATTRIBUTES
A basic but powerful process model can be built from
two fundamental building blocks or objects, process
elements (activities) and deliverable elements (products).5 Process elements represent processes, subprocesses, activities, tasks, or any package of work that
produces an output or result. Process elements also
require input(s). Both inputs and outputs are deliverables, the artifacts (information, material, approvals,
etc.) exchanged by process elements.6 This paper will
mainly refer to process elements as processes or activities, in the relative sense that processes are parents
and activities are children. The paper refers to both
inputs and outputs as deliverables and as either internal
or external, where internal deliverables are produced
and consumed within the boundary of a process, and
external deliverables are either produced or consumed
outside the boundary of a process. Some typical process
element and deliverable attributes are listed in Table II.7
Process elements are the same basic type of object as
IPO (input, process, output), SIPOC (supplier, IPO,
5
Advanced process models may incorporate additional objects
for organizations, tools, roles, etc.
6
Deliverable elements represent the primary relationships between process elements. Other types of relationships and associations
can be represented through the attributes of both the process and
deliverable element objects and by using additional types of objects.
7
Various ones of these attributes (and others) have been documented in a variety of sources. See, e.g., Browning [1998], Clarkson
and Hamilton [2000], DHBA [1996], Elmaghraby [1995], Feldmann
[1998], Fricke et al. [2000], Marca and McGowan [1993], Negele et
al. [1999], Pall [1999], and Taylor and Moore [1980].

consumer), ETVX (entry, task, verify, exit), and
SADT/IDEF (Structured Analysis and Design Technique/Integrated Definition) elements.8 The objects and
their attributes can be stored using methods and tools
such as those discussed by Fricke and Negele [Fricke et
al., 1998, 2000; Negele et al., 1999].
These objects will often be defined in a decentralized
fashion. For example, a survey can be sent to a person
with expertise in executing certain work to capture that
process elements attributes. Such a survey could begin
with the following questions (yielding the data in parentheses):
1. What outputs or results must be produced? (list
of deliverable element names)
2. What is the destination or customer of each output? (list of process element names)
3. What inputs are needed to do the work? (list of
deliverable element names)
4. What is the source or supplier of each input? (list
of process element names)
A modeler will integrate multiple survey responses
to build a process model, which could be (partially)
represented as in Figure 1.9 Thus, the skeleton (hierarchy) of the process model is specified top-down as the
8
These process model objects are widely referenced [e.g.,
Feldmann, 1998; Negele et al., 1999; Pall, 1999; SPC, 1996].
9
No one view will be adequate to represent all of the data in a
sophisticated process model. Different views emphasize different
aspects. However, all such views should draw from a single database
of process model information. The full process model is most fully
represented by the architecture of the database.
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Figure 1. Linking of process model objects. [Color figure can be viewed in the online issue, which is available at www.interscience.
wiley.com.]

activities are decomposed, and then the process model
is built by integrating bottom-up, using the individual
process element and deliverable objects as building
blocks. When a model is first built, modelers will spend
much of their time in integrationresolving the deliverablessince process element experts must come
to an agreement on deliverable names and flow paths.
For example, the author has observed all of the integration problems listed in Table III. After the initial model
is built, with all of its inconsistent deliverables highlighted, all of the process element experts are brought
together to reach consensus (either though a series of
one-on-one sessions, all at once as a group, or both).10
Despite the effort required, a somewhat decentralized
approach to model building allows the people who
actually do the work to describe it, yielding a more
accurate process model that users will accept and apply.
In a systems engineering context, this model-building approach results in a very different process model
than one built using traditional methods. For example,
many process models are built by brainstorming and
arranging sticky notes on a conference room wall. Or
perhaps someone sits down at a desk to draw a flowchart, or uses flowcharting software. In any case, while
the activities are captured, most of interfaces may not
be. What usually gets captured is a nominal amount of
flow. The boxes are even labeled while the arrows often
are not!11 Figure 2 compares process models built by
the two approaches. If the greatest leverage in systems
architecting is at the interfaces, then a fundamental step
in process improvement is building a process model that
captures the flow of deliverables among the process
elements. Some have already pointed out some of the
advantages of deliverable-oriented project management
[DHBA, 1999; Howard, 1998]. Understanding the de10
Artificial intelligence can also help check for disconnects
[Sabbaghian, Eppinger, and Murman, 1998].
11
IDEF modeling is a noteworthy exception.

liverables leads to the definition of a network of commitments that must exist for value to flow [Haeckel,
1999; Pall, 1999]. It is wasteful to attempt process
improvement based on the oversimplistic model in Figure 2(a) when actual, real improvement will require
renegotiation of all of the commitments implied in
Figure 2(b).

3. THE DESIGN STRUCTURE MATRIX
(DSM)
Of course, one of the reasons why many process models
fail to represent the full range of interactions among
activities is because of the complexity it adds. Complex
processes and models quickly become challenging to
represent and understand. Flowcharts with all kinds of
boxes and arrows (spaghetti and meatballs) do not
adequately simplify the problem, and IDEF diagrams
do not allow one to view much of a network at once.
Fortunately, a technique for representing complex systems and their relationships in a concise and visual
manner, the DSM,12 can be applied to processes. As
shown in Figure 3, a DSM is a square matrix with
corresponding rows and columns [Browning, 2001a;
Denker et al., 2001a; Denker, Steward, and Browning,
2001b; Steward, 1981]. The diagonal cells represent the
activities, which are listed from upper left to lower right
in a roughly temporal orderlike an N2 diagram with
the addition of a time basis. Off-diagonal cells indicate
the dependency of one process element or activity on
anothere.g, deliverable flow. Reading down a column shows input sources; reading across a row shows
output sinks.13 For example, Activity 1 provides one or
12
Terms like dependency structure matrix and dependency
source matrix are also used.
13
Some DSMs use the opposite conventionrows for sources
and columns for sinksresulting in feedback appearing above the
diagonal; the two conventions convey equivalent information.
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TABLE III. Potential Problems in Process Integration

more deliverables to Activities 2, 4, 5, and 6. Activity 2
depends on a deliverable(s) from Activities 1 and 6 and
provides a deliverable(s) to Activities 3 and 4.
Figure 3 shows how the DSM displays dependent,
independent, interdependent, and contingent activity
relationships. Since Activity 2 depends on a deliverable(s) from Activity 1, these two activities will probably be executed sequentially in the workflow.
Activities 3 and 4 do not depend on each other, so they
may safely proceed in parallel (barring other resource
constraints). Activities 5 and 6 both depend on each

others outputs. These activities are said to be interdependent or coupled and are discussed below.
The DSM is not the only tool a process modeler
would use. The full process model is the set of data
discussed in Section 2, including the information about
the names and contents of the deliverables, which are
some of the process models attributes not shown in the
DSM. Like a flowchart, a Gantt chart, an IDEF0 diagram, or other process representation tools, the DSM
cannot show every aspect of a process model in a single
view. For example, it is not good for showing partially

Figure 2. Representations of process models built by (a) traditional methods versus (b) deliverable flow methods. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Figure 3. Example DSM showing four types of activity relationships. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

overlapped activities, a strength of the Gantt chart.
However, the DSM makes an excellent point of access
for a user to the full database of process information.
A forte of the DSM is highlighting important aspects
of the process structure. Of particular interest are the
cases where marks appear in the lower-triangular region
of the DSM. Such marks indicate the dependence of an
upstream activity on information created downstream.
If project planners decide to execute the activities in the
given order, Activity 2 will have to make an assumption
about the information it needs from Activity 6. After
Activity 6 finishes, Activity 2 may have rework if the
assumption was incorrect. The DSM conveniently highlights iteration and rework, especially when it stems
from activities working with potentially flawed information.
The DSM also enables some helpful analyses. For
example, a mark in the lower-left corner of the DSM
implies a chance of having to return to the beginning of
the process, which could have a catastrophic impact on
cost and schedule. The marks below the diagonal in the
DSM may represent key drivers of cost and schedule
risk. Rearranging the activity sequence (by rearranging
the rows and columns in the DSM) can bring some
subdiagonal marks above or closer to the diagonal,
thereby reducing their impact. Simple algorithms automate this exercise [e.g., Gebala and Eppinger, 1991;
Steward, 1981; Warfield, 1973; Weil and Kettler, 1971].
Sometimes a subdiagonal mark cannot be brought
above the diagonal without pushing another mark below the diagonal. This is a case of interdependent activities, such as Activities 5 and 6. They must work

together to resolve a chicken and egg problem. Coupled activities might work concurrently, exchanging
preliminary information frequently. If a subset of coupled activities must begin before the rest, the more
robust (less volatile and/or sensitive) information items
should be the ones appearing below the diagonal in the
DSM. If coupled activities are executed by separate,
function-based organizations, an opportunity may exist
to fold the activities into a single activity assigned to a
cross-functional team.
Integration, test, and design review activities typically have marks in their rows to the left of the diagonal.
These activities create information (including results of
decisions) that may cause changes to (and rework for)
previously executed activities. Unfortunately, most
process modelers plan to succeed and their process
models fail to account for these possibilities. Fortunately, the DSM provides an easy way to document
potential process failure modes and their effects on
other activities. The binary marks in the DSM can be
replaced by numbers indicating the relative probability
of information change, iteration, etc. This enables an
analysis of process failure modes and their effects on
cost, schedule, and risk [Browning and Eppinger,
2002]. Process improvement investments can then target mitigation of the biggest risk drivers. The process
model thus becomes the repository for systematic, organizational learning (lessons learned), and future projects receive the benefit of best practices.
For a real-life example DSM, Figure 4 displays the
Preliminary Design process for an uninhabited combat
aerial vehicle (UCAV). Activities 112 comprise the

PROCESS INTEGRATION USING THE DESIGN STRUCTURE MATRIX
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Figure 4. Example DSM for UCAV preliminary design process. [Color figure can be viewed in the onlineissue, which is available
at www.interscience.wiley.com.]

Conceptual Design phase. In this phase, design requirements and objectives (DR&O) are prepared, a configuration concept is proposed, it is analyzed by a variety of
discipline perspectives, and then these results are assessed. The assessment may reveal a need to alter the
DR&O, to create a new configuration concept, and/or
to alter the current configuration concept. This cycle
repeats until the design space is sufficiently understood
and/or time and money are exhausted. (All of these
activities are condensed into a single row and column
in Fig. 4.14) The design process then moves into the
Preliminary Design phase, where the configuration is
14
The DSM lends itself to nesting hierarchical elements, as
shown by the ability to summarize twelve process elements as a single
process element.

developed and analyzed in more detail and the objective
is to prepare a proposal to acquire funding for additional
phases. Figure 4 shows the process as is, without any
attempt to resequence to eliminate feedback. This representation served as the basis for additional process
analysis, evaluation, discussion, and improvement.15
Figure 4 contains an extension to the DSM: The
regions above and to the right of the main matrix
account for external inputs and outputs, respectively.
Since looking at a column of the DSM reveals where an
activity receives its deliverables, simply continue look15
The DSM in Figure 4 provides only a partial view of the data
from a sophisticated process model. For example, the attributes of
each process element and the names and attributes of each deliverable
element are not shown. The UCAV example is fully documented in
Browning [1998].
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ing above, along the extended column, to see external
inputs. Similarly, read across the extended row to see
external outputs. The first row in the external inputs
region is a summary row, as is the first column in the
external outputs region.
The DSM provides a concise, visual format for
representing processes. A process flowchart consuming
an entire conference room wall can be reduced to a
single-page DSM. After a quick orientation, each can
see how their activity affects a large process. People can
get a sense of the deliverable flow and where this may
create risks. They can see why delays in the activities
on which they depend force them to make assumptions,
which may trigger rework later. It becomes apparent
that certain deliverable instabilities tend to cause rework. Such situation visibility and awareness leads to
improved process understanding, design, execution,
improvement, and coordination.
As a metaphor, consider the pictures made when fans
in the stands at a football game each hold up a colored
card. None of those doing the work may be able to see
the big picture. The DSM provides the view from the
blimp overhead.
Perhaps the greatest barrier to DSM usage (and
process modeling in general) is the amount of information required to characterize a process architecture (i.e.,
the process elements and their pattern of relationships).
DSMs representing complex PD processes call for integrating the expertise of a number of people. Building
a DSM also forces some people and groups to think in
terms they may not be accustomed to. But this is good,
and it should be made to happen anyway. A great
amount of benefit is often realized simply by participating in the model-building process.

4. THE IMPORTANCE OF PROCESS
SYNCHRONIZATION
Process improvement requires looking outside as well
as inside a processs boundary. It requires integrating a
process into a larger context of processes and ensuring

that the necessary inputs will be available at the right
timesi.e., synchronization. External regions added to
the DSM help with this challenge.
This section discusses why external inputs and outputs are vital components of a process model. To illustrate, consider the following example, the process
shown in Figure 5, which contains three activities executed in series. Each activity (except for Activity 1)
depends on input from both its predecessor activity and
an external process. The final result of the process,
deliverable (F), is provided by Activity 3. Figure 6
shows the process on a time line.
Now, suppose the process is the beneficiary of a
lean initiative, Kaizen event, or Six Sigma Project that cuts each activitys duration in half, as shown
in Figure 7. Unfortunately, the external inputs still
arrive at their same, old times. If the activities have to
wait on their external inputs, then the resulting time
savings for the whole process when it is actually executed is only the savings from the last activitymuch
less than the processs managers probably expect, and
probably much less than the supporters of the improvement initiative had hoped for and advertised. (Many
process improvements fail to affect a projects master
schedule or bottom line.)
Instead of waiting for the external inputs to arrive,
what often happens is that Activities 2 and 3 have to
look busy, so they each go ahead and begin work as soon
as their predecessor finishes, as shown in Figure 8. For
example, Activity 2 begins when Activity 1 provides
input B, without waiting for external input C. In this
case, Activity 2 is making an assumption about C. If that
assumption turns out to be incorrect, then Activity 2 will
have to do rework (Activity 2r). If activities make many
assumptions and begin earlier than they should, the
resulting rework can offset any expected time savings
for the process. And the costs may be higher, too,
because waiting resources can do other tasks (and get
paid by other budgets), but reworking resources are
getting paid for doing the same task twice. Unfortu-

Figure 5. Example process in flowchart and DSM formats (three activities, three external inputs, two internal deliverables, and
one external output). [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Figure 6. Example process on a time line. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]

Figure 7. Process improvement cuts cycle time in half for
each activity. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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Figure 9. Synchronizing the arrival of external inputs allows
realization of more savings. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]

nately, it is all too common in many PD projects for
activities to begin before they should, because the people assigned to those activities have to look busy or
show progress. Or managers are afraid to release
people for short periods of time, because they may not
get them back! (What this really says is that the organizations resource allocation mechanisms and policies
are not sufficiently accurate and flexible.)
Of course, realizing the expected savings when a
process is actually executed requires coordinating the
availability of the external inputs, as in Figure 9. It is
not enough for each individual process to be lean and
efficient: all processes in the value chain (or network
of commitments [Pall, 1999]) must be synchronized
and coordinated, or else few time and cost savings will
actually get passed along to the bottom line. Not
surprisingly, the essence of lean PD is to get the right
thing in the right place at the right time.

5. PROCESS INTEGRATION

Figure 8. Activities beginning without all of their inputs often
have rework. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

Before we can coordinate and harmonize interfaces, we
must establish those interfaces: Process integration is a
prerequisite to process synchronization. Some organizations begin their process modeling efforts by telling
various managers in the organization to document their
own processes. The resulting collection of processes is
stored in some kind of library and may be dubbed
something like the standard processes. However, in
many cases this collection is merely an aggregation, not
an integration, of the constituent processes. That is, the
relationships between the processes may not be well
defined (correct, sufficient, agreed to, committed to,
etc.). Process integration is the work required to puzzle
the individual process pieces together into the whole set
of activities required to accomplish an entire project or
program (or perhaps an entire enterprise). It is the same
exercise discussed at the end of Section 2 of this paper,
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Figure 10. DSM for integrated processes. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]

on a larger scale. Using a DSM, this section demonstrates a way to structure the process integration and
synchronization exercises.
Consider the three processes represented by the
DSM in Figure 10. Each process comes from a separate
organization and has a separate owner. Interfaces exist
with each of the other two processes and with processes
beyond this set of three (External ProcessesEP).
Each of the three processes provides something to and
receives something from the other two. How should
these processes be synchronized? Should they all just
proceed simultaneously, while hoping for the best?
There is no way to resequence the DSM that will
eliminate subdiagonal marks. Do the subdiagonal
marks imply that this set of processes is doomed to
experience lots of rework?
The first thing to do is to understand more specifically how Processes A, B, and C integrate. This requires
more information about each process and its interfaces:
What are the particular activities that are requiring and
producing the exchanged deliverables? What are the
particular deliverables that are being exchanged? To
answer these questions, each organization comes back
with a process model, as represented by the DSMs in
Figures 11, 12, and 13. Puzzling together these DSMs

Figure 12. Example DSM for Process B. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]

yields the DSM in Figure 14, where each cell in the
DSM in Figure 10 has been decomposed.
With the integrated process model, we can analyze
the set of processes in more detail and gain new insights.
For example, by block-triangularizing the whole-process DSM, the integrated set of activities can be sequenced to minimize feedbackse.g., to reduce the
need to make assumptionsas shown in Figure 15. By
intermingling the activities from the three processes in
the DSM, a reasonable sequence for executing the
activities is revealed.16
As the example shows, process integration requires
an understanding of a processs constituent activities
and the deliverable flow. If these interfaces are to be
coordinated and the processes synchronized, they must

Figure 13. Example DSM for Process C. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]
Figure 11. Example DSM for Process A. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]

16
This sequence is based only on the deliverable flow constraints. It is still necessary to account for resource constraints before
arriving at an executable process.
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Figure 14. Decomposing the integrated process DSM into constituent activities and deliverables yields a lower-level DSM. [Color
figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

first be established so that both parties agree about the
deliverables attributes. Understanding processes requires digging deeper into their activities and deliverables. How deep is enough? We should understand
processes at the level we wish to effectively manage,
control, coordinate, and synchronize them.
Once the DSM has been manipulated to achieve an
acceptable activity sequence, this sequence can be input
to scheduling tools such as Microsoft Project® for further analysis, resource loading, etc. The DSM is useful
as the basis for structuring workflow in product data
management (PDM) tools. DSM output can be the basis
for a truly integrated master schedule (IMS).

6. CONCLUSION
Like all complex systems, processes are enmeshed in a
larger environment. The value provided by a process is
largely a function of how well its activities work together to achieve a result, and the greatest leverage for
improving that value is often at the interfaces between
activities and with external processes.
Process modeling serves an important role in process
understanding and improvement. Process models that
emphasize both the constituent activities and their relationships are useful for building process knowledge,
insight, and innovation. This paper summarizes a ge-

Figure 15. Integrated DSM after sequencing. [Color figure can be viewed in the online issue, which is available at www.interscience.
wiley.com.]
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neric yet powerful approach to process modeling that
can be used across a large organization with many
processes. The paper also illustrates how process integration supports process synchronizationthe basis
for process improvements that will actually affect the
bottom line when the process is executed.
The DSM, a tool for managing complexity, facilitates process modeling, integration, and synchronization. Large, detailed DSMs can be built by integrating
smaller ones. Smaller DSMs, including regions to account for external inputs and outputs, represent the
puzzle pieces from which integrated processes are
built. Process integration is especially important when
there are large numbers of interdependent activities to
coordinate. The DSM format facilitates the complex
analyses required to achieve synchronization. Process
integration and synchronization lead to reduced time,
cost, and variance in process execution, which can
translate directly into competitive advantage for a perceptive organization.
Some organizations are recognizing the benefits of
developing and maintaining a process knowledge base,
consisting of the objects and attributes in Table II.
Documenting organizational knowledge about what
and how various processes and activities are doneincluding how they coordinate with other processes and
activitiesis essentially mapping the genome of
how work gets accomplished and how results are produced by the enterprise. This paper has discussed how
to combine various strands of DNA from across the
organization to achieve that end and how improving
only one strand at a time does not necessarily imply
improvement in the whole gene.
In closing, it is important to note that a good process
model, while a simplification of reality, nevertheless
requires an appropriate investment of time and effort to
create and improve. It is unreasonable to imagine the
path to engineering a complex system like an advanced
fighter aircraft to be simple, so it is unreasonable to
expect significant benefits from process management
and improvement without allocating appropriate resources, methods, and skills to process modeling and
analysis. Unfortunately, few organizations give enough
emphasis to process development as a core competency
[Pajerek, 1999], even though process attributes are major drivers of customer value [Browning, 2001c]. But
they wonder why their PD efforts have so many problems.
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