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Abstract

A challenging aspect of managing complex product development process is the ability to
account for iterations, which are inherent in the design process. A leading edge approach
to account for iterations in development process is Design Structure Matrix (DSM). This
thesis presents an application of DSM methodology to the project planning and
management phase of an integrated product development process. The thesis starts by
introducing the project management and planning phase of Raytheon’s integrated product
development process. It presents the DSM methodology applied to construct the baseline
DSM model including the analysis performed. The thesis then describes the
characterizations performed to augment the DSM capability to study the information
exchange dynamics. To capture the hierarchical structure of the integrated product
development process, the thesis employed a hierarchical DSM analysis tool, Arch. An
improved process architecture is thus developed by applying DSM partitioning analysis.
Finally, the thesis concludes by presenting the improvements gained and the proposed
process for the project management and planning phase.

Thesis Supervisor: Steven Eppinger
Deputy Dean, Sloan School of Management
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1. Introduction

Product development process is the new frontier for achieving competitive advantage in
today’s rapidly changing business environment. The product development process itself
could serve as a differentiator for the effectiveness of technology firms. This is
particularly true for defense contractors that have to derive significant value from their
capability in program management and system integration. A novel approach to the
product development process is the Design Structure Matrix (DSM). This tool provides
critical capability to model the information dynamics of the development process. This
thesis presents an application of this powerful tool to Raytheon’s integrated product

development process project management and planning phase.

The thesis starts with a brief background to the product development process and goes on
to discuss the methodology employed to create the baseline DSM model for the project
management and planning phase of the integrated product development process. It
discusses the analysis performed using DSM partitioning and concludes with a
presentation of the improved project planning and management phase of the integrated

product development process.



2. The product development process

A typical integrated product development process entails six stages with several layers of
hierarchical sub-processes within each phase or stage. Figure 1 presents the typical

structure of an integrated product development process.

Integrated Product Development Process

Acquisition
Planning
Requirements
Design

Test
Manufacturing
Support

Figure 1 — Integrated product development process

The ‘planning stage’, also known as the ‘program management and planning phase’
entails seven sub-processes primarily dealing with the project planning activities and start
up gate reviews. This stage is selected for DSM application because it contains a high

degree of coupled activities and can thus benefit significantly from DSM applications.

Traditional process improvement approaches cannot deal with coupled
activities/iterations since they lack the critical insights required. Eppinger (2001) drew
attention to the critical inadequacies of such traditional project management tools. DSM
brings an information processing perspective to provide the insights required to address

these shortcomings. That is, each individual activity is viewed as an information



processing unit that receives inputs from previous tasks and transforms these into suitable
information for subsequent tasks downstream. Mapping these dynamics provides the
critical insights required to deal with iterations. DSM affords this capability by modeling
the information flows rather than the work flows. However, modeling the information
exchange is not a trivial task. For example, capturing the planning phase process
information exchange dynamics using network diagrams would require several hundreds
of pages of block diagrams. DSM facilitates this task too, i.e. by providing a matrix

representation that allows efficient modeling of the information dynamics.

3. DSM fundamentals

A Design Structure Matrix (DSM) is a square matrix with identical number of rows and
columns. It provides unparalleled utility in capturing large number of interactions and
highlighting complex relationships between the activities'. DSM is becoming a popular
tool for decomposition and analysis of complex processes. Most notably, it has proved its

usefulness in system analysis and project management.

One popular type of DSM is an activity-based DSM. An activity-based DSM shows the
interactions of each activity in a given process with every other activity in that process.
Figure 2 presents an example of an activity-based DSM. In the example the off-diagonal,
“X” signifies an information transfer or dependency between activities. Reading across a

row reveals all those activities upon which the particular activity represented in that row

' There are several types of DSM. Examples include activity-based DSM, parameter-based DSM,
component-based DSM and parameter-based DSM. Additional information on DSM can be found at
http://cipd.mit.edu and http;//www.dsm.org




depends for information; reading down a column reveals all activities to which the
particular activity in that column provides information. In general the sub-diagonal
marks indicate information feed-forward, while the super-diagonal marks indicate
information feedback. Thus, the DSM provides a snapshot of information flow in the

process.

A|B|C|D|E[F|G
Activity  |A X
Activity B [X] IX]| XX
Activity  |C X
Activity [D[X X
Activity |E X
Activity [F IX X
Activity G X X [X
Figure 2 Example DSM

The key to understanding activity-based DSM lies in grasping the concept of iteration
and the difference between serial, parallel and coupled activities. In many design
processes, much re-work results from poorly sequenced activities where outputs of
activities are not available or coordinated in a timely fashion to other activities in the
process. Still more re-work stems from highly coupled activities where mutually
dependent teams could converge to an acceptable solution only through iteration. The
first step towards reducing development time and variation is to minimize or eliminate
iterations in the process. This can be achieved by improving the activity sequencing such
that the information required by an activity is available when it is time to perform that
particular activity. Reordering the rows and columns of the descriptive DSM reveals a
prescriptive DSM that minimizes feedback points in the process. Therefore, the goal of

DSM partitioning or sequencing becomes an effort to get as many of the interfaces below



the diagonal of the DSM as possible. The activity-based DSM techniques are discussed

further in sections 4 and 5 of this thesis.

The use of DSM in both research and industrial practice increased greatly in the 1990s.
Kusiak and Wang (1993) demonstrate the use of an activity-based DSM to restructure the
automobile design process. Browning (1998) applied DSM at Boeing Information, Space
and Defense Systems Group to model and analyze cost, schedule and performance for the
Uninhabited Combat Air Vehicle program. Still others have applied and expanded the
utility of DSM in various industries, including in government projects. Rogers et al.
(1998) at NASA have developed a web-based DSM tool for system monitoring and
controlling multidisciplinary design projects. DSM research is ongoing at various
institutions and organizations. Current research includes application of DSM to compare
the alignment of the interaction patterns between the product, process and the

organization that supports the development process (Eppinger, 2001).

4. Baseline DSM model development and process characterization

Information exchange is the lifeline of complex product development processes.
Modeling the information dynamics of the product development process is thus essential
for managing the complexity involved. The first task in studying complexity is to
decompose the process into sub-processes and activities. However, decomposition
requires efficient techniques to capture the dependencies involved. DSM provides this
capability by modeling the information dynamics in matrix representation and

partitioning.



Construction of the baseline DSM model for the planning stage was performed using a
hierarchical DSM simulator. The hierarchical DSM simulator provided the capability
required to capture the structure of the integrated product development process. The data
and the input/output interdependencies for the planning stage of the integrated product
development process were gathered from process experts through Raytheon’s integrated
product development organization. Data pre-processing was performed to appropriately
format the information for the simulator application and some activities were re-labeled

for clarity and ease of reporting.

The baseline DSM model depicted the activities, information exchange or flow using an
“X” mark. Figure 3 presents the baseline DSM model for the planning phase of the
integrated product development process. The model captures the information exchanges
including the iterative dependencies. Reading across a row shows the information inputs
required to complete the corresponding activity, and reading down the column shows the
output information provided by that activity. Understanding and accelerating iterations
requires recognition of the iterative information flows and an appreciation of the inherent
processes of coupling. Therefore, the input/output (I/O) dynamics were characterized
according to the particular temporal role played by information exchange in the execution
of a particular activity, as follows:

A) 0 = Needs the input information to start its activity,

B) 1 = Needs the input information to finish its activity,

10



O 2 =Requires the input information but the activity could be executed with a
derived or assumed parameter.

The baseline DSM model with the I/O characterization is presented in Figure 5. The

baseline DSM also captured the first level hierarchy of the planning phase to accurately

model the process structure in the integrated product development process. For

presentation purposes, the sub-processes or the hierarchical structure is colored in green.

The modeling activity could easily be expanded to analyze the development process

complexity in various domains.

5. Baseline process analysis

Identifying iterations or feedback points and appropriately planning for their management
provides a crucial means for improving quality in product development. Iterations could
be accelerated through information technology (faster iteration), coordination of
techniques or decreasing the coupling by making fewer feedback loops. Analysis of the
baseline DSM model revealed the information exchange points that involve critical
iterations or feedback loops. These could be easily identified from the DSM model
(presented in Fig. 4) because they lie above the diagonal. The diagonal separates the
feed-forward information exchange (below the diagonal) from the feedback information
that lies above the diagonal. The feedback points denote that information from the
subsequent activity may force a re-work of the preceding activity or may trigger delays.
One can also ascertain the sequential, parallel and coupled activities or feedback. Figure
4 presents these observations and the major feedback loops that are the source of

inefficiencies and delays in the process.

11



The baseline model also provides insights on activity dependencies across sub-processes
that make hand-off difficult to coordinate. Concurrency is difficult to achieve without
significant overhead in task management. Managing the process is complicated because it
is difficult to determine activity duration and costs. Consider for example, the Hardware
Engineering activity. Since this activity depends on information from various sources,
including metrics planning, verification, subcontract/material and data management, it is
difficult to estimate its exact duration or cost. This complexity creates difficulty for most
mangers to adequately comprehend and plan for the actual efforts and resources required.
Concurrent execution without grasping the fundamentals often results in inefficient
resource allocation. This effect is clearly demonstrated in the project planning and
management phase where full resource loading is required for the entire duration of the
planning phase. Figure 5 presents the three activities and their overall duration in the

process.

The insights gained from the baseline DSM model are also used to identify the activities

that have the most impact on activities downstream. This is achieved by simply reading

down the columns of the activities. Accordingly, activities are classified as follows:

A) Group A: activities with output information that feed other activities in more than
5 sub-processes.

B) Group B: activities with output information that feed other activities in more than

2 sub-processes.

12



0 Group C: activities with output information that feed other activities in less than
three sub-processes.
The letters A, B and C are used to denote these group classifications and are presented in

Figure 4 in the bottom row of the DSM model.

6. DSM sequencing and improved process design

Improving the project planning phase of the integrated product development process
involved application of DSM partitioning algorithm. Partitioning restructures the
sequences of activities to formulate a lower triangular form DSM matrix. A lower
triangular form provides an optimal architecture for the process since it eliminates and

minimizes iterations or feedback points.

While product development is essentially iterative, unplanned iterations cost money and
time to market. Iterations occur primarily because of new information from activities
upstream or due to the discovery of errors downstream. However, planned iterations

could be an important source of quality improvement if managed properly.

DSM methodology affords powerful insights to formulate the sequencing strategy.
Consider for example, the dependency of ‘logistics support’ and ‘scope management’
activities, labeled “0” and the dependency of ‘process tailoring’ and ‘metrics planning’
activities dependency labeled “1”. The schematic of the baseline model presented in
Figure 6A highlights these feedback points. It becomes evident from studying these

input/output dynamics that the dependency assigned a “0” value needs to be below the

13



diagonal and the dependency with “1” needs to be close to the diagonal. This modified
strategy can provide the capability needed to execute logistics support without having to
wait on ‘scope management’ activity to complete its work. This speeds the process and
also allows ‘scope management’ to complete its work earlier. ‘Metrics planning’ and
‘process tailoring’ are grouped together enabling concurrent execution. This improves
coordination and resource efficiency. The results are presented in Figure 6B as part of the

improved process architecture.

The insights gained from the grouping strategy based on output information also helped
in determining the sequencing approaches. For example, the activity ‘gate review’ and
‘contract baseline’ presented in Figure 8 are classified as group A activities with impacts
on activities in more than five sub-processes. These activities are therefore, architected to
be performed earlier in the process. As the name suggests, the ‘gate review’ activity
represents the check points within the project management and planning process. There is
critical improvement to be gained by performing this activity earlier or concurrently with
activities in the process. That is, for example, ‘Hardware Engineering’ under the baseline
model has to wait until the ‘gate review’ activity reaches completion. In the improved
process presented in Figure 9, ‘Hardware Engineering’ could complete its activities
earlier since it could independently coordinate its needs. This saves money by speeding
up the development process and most importantly, also affords the flexibility for

individual activities to exit as soon as they are completely executed.

14



‘Subcontract Material’ and ‘Systems Engineering’ activities are grouped together. It is
crucial to start these coupled activities as early as possible because they span the entire
project management and planning phase. This also provides flexibility to execute and
speed up the ‘detail planning’ activities. Furthermore, they could be executed
concurrently as they tend to interdepend on similar information flows. More importantly,
this thesis holds that these activities warrant special attention as they provide additional
opportunity for improvement. The critical information they demand is from ‘financial’
planning activity. Prudent project management thus demands intimate attention to this
grouped activity. Figure 10 presents the iteration points that need special attention after

these activities were segregated together for concurrent execution.

The proposed improved process contains less iterative dynamics, hence is faster and more
reliable. This could also be demonstrated using Browning’s 1998 model that presents
DSM based methodology for analyzing cost, schedule and performance in complex
system product development. Browning’s methodology proposes using DSM structure
and Monte Carlo simulation to predict the distribution of possible project duration. The
application involves assigning estimates to both re-work probabilities due to iteration and
re-work impact to each instance where interdependence between activities is identified.
In addition, the methodology proposes developing an overlap matrix to capture the
amount of overlap between activities. In applying the methodology to analyze and
demonstrate the performance of the improved proposed process vis a vis the baseline

process, the analysis for this thesis identified coupled activities in the improved process®.

? This was done merely to show the ‘worst case scenarios’ in the improved process and for simulation and
parameter estimation convenience. It should be noted that the proposed improvement has eliminated a

15



The same parameter estimates were subsequently applied for the probability, impact and
overlap matrix for both the baseline DSM model and improved DSM model. The
activities selected are presented in Figures 12A and 12B which highlight the coupling
effects which made them ideal candidates for performance evaluation. For ease of
reference, the selected activities and their I/O dynamics DSM models are presented

below in Figures 13A and B.

Baseline DSM

Activity /0 dynamics Tag| 17] 18] 20]22{ 23
Systems Engineering - Process ID 2-5.01 17 11 1
Hardware Engineering - Process ID 2-5.02 18 0- 1
Specialty Engineering - Process ID 2-5.04 2000 0 1
Product / System Integration - Process ID 2-5.08 2|0 0 R o
Verification and Validation - Process ID 2-5.07 23] 0 O 0-

Figure 13A Selected activities from baseline DSM model
Improved Process DSM

Activity /0 dynamics Tag] 15] 23] 24| 25| 26
Systems Engineering - Process ID 2-5.01 15]. 11 1
Hardware Engineering - Process ID 2-5.02 231X . X
Verification and Validation - Process ID 2-5.07 24X X . X
Product / System Integration - Process I1D 2-5.06 25X X X
Specialty Engineering - Process 1D 2-5.04 26]X X X

Figure 13B Selected activities from improved DSM model

The next step involved crafting the DSM probability matrix. That is, for each
interdependence a probability estimate was devised to assess the likelihood that an

iteration caused by completion or revision of an activity will cause a re-work in another

significant number of feedback points. This significant improvement in overall performance can be readily
appreciated by selecting activities with no feedback in the improved process and comparing them with the
baseline process where they previously exhibited considerable feedback.

16



activity in the process. Figure 14A and B present the probability estimates applied to
characterize the DSM probability matrix. For example, the circled 0.1 estimate in Figure
14A indicates that there is an estimated 10% chance of completion of ‘Verification and
Validation’ planning or that uncoordinated information exchange will cause at least some
re-work of ‘Hardware Engineering’ planning. In general, numbers above the diagonal are
estimates of the likelihood or the odds of feedback from one activity to another. The
numbers below the diagonal have similar characteristics, but represent the chances of a
situation of feed-forward. Hence, if the ‘Hardware Engineering’ planning activity had to
be re-worked there would be a 10% chance that ‘Specialty Engineering’ planning would

also have to be re-worked or iterated.

Baseline DSM
Probability Matrix Tag| 17] 18] 20| 22| 23 Feedback
Systems Engineering - Process ID 2-5.01 17 0.10 0.01 0.10
Hardware Engineering - Process ID 2-5.02 18| 0.10 C0.10%
Specialty Engineering - Process ID 2-5.04 20} 0.00 0.10 0.05
Product / System Integration - Process |D 2-5.06 22] 0.10 0.10 0.20
Verification and Validation - Process ID 2-5.07 23} 0.20 0.20 0.20

Figure 14A Baseline Process Probability Matrix for selected activities

Improved Process DSM
Probability Matrix Tag| 15| 23| 24] 25| 26
Systems Engineering - Process ID 2-5.01 15 0.10 0.10 0.01
Hardware Engineering - Process ID 2-5.02 23| 0.10 0.10
Verification and Validation - Process ID 2-5.07 24| 020 0.20 0.20
Product / System Integration - Process |D 2-5.08 25/ 0.10 0.10 0.20
Specialty Engineering - Process ID 2-5.04 26] 0.00 0.10 0.05

Figure 14B Improved Process Probability Matrix for selected activities

17



The extent of re-planning caused or that had to be performed for each probability is also
captured using DSM impact structure as presented in Figures 15A and B. For example,
an estimated 20% of the planning for ‘Hardware Engineering’ would have to be re-
worked or re-done if the projected 10% likelihood of the iteration caused by the

‘Verification and Validation’ planning activity were to be realized.

Baseline DSM

impact Matrix Tag| 17] 18] 20| 22| 23
Systems Engineering - Process ID 2-5.01 17 0.1 00 0.2
Hardware Engineering - Process ID 2-5.02 18| 02
Specialty Engineering - Process ID 2-5.04 201 00 02 0.0
Product / System Integration - Process ID 2-5.06 22| 02 02 0.4
Verification and Validation - Process ID 2-5.07 23] 01 0.1 0.1

Figure 15A Baseline Process Impact Matrix for selected activities

Improved Process DSM
Impact Matrix Tag| 15| 23| 24] 25| 26
Systems Engineering - Process ID 2-5.01 15 0.1 02 0.0
Hardware Engineering - Process ID 2-5.02 23| 02 0.2
Verification and Validation - Process ID 2-5.07 24| 01 0.1 0.1
Product / System Integration - Process ID 2-5.06 25| 02 02 04
Specialty Engineering - Process ID 2-5.04 26] 00 02 00

Figure 15B Improved Process Impact Matrix for selected activities

In addition, it is important to note that this thesis also considered the effects of learning
that come with the implementation of improved processes. The assumption made for the
purposes of this analysis, is that the probability of re-working will fall by a constant

fraction with each iteration’. To adequately simulate the dynamic nature of learning this

? Although it should be noted that Smith and Eppinger (1997) hold that it is not always readily apparent
whether re-work probability would increase or decrease with iterations of a task.

18



thesis employed Cory’s (2001) modified version of Browning’s (1998) model’. For
example, for learning curve (LC) parameter 0.2 and initial iteration probability 0.1, the

iteration probability will decay exponentially to zero with increasing iteration, as

illustrated in Figure 16.

Probability of iteration/rework

01

PR{n)=0.1X o8

o
o
®

Rework/iteration probability
(=] (=] =]
3 4 8

] 1 2 3 4 5 6 7 8
Number of iteration
[=— Probability of iteration/rework |

Figure 16 Learning Curve

The learning curve estimates utilized for performance analysis are presented in Figure 19
with the duration parameters simulated. The last step in characterizing the DSM structure
for performance analysis involved capturing the amount of overlap between the activities.
To simulate the effects of concurrency between the activities, all elements of the DSM
structure for the overlap matrix are assigned a zero value. That is, for example, 0% of

‘Hardware Engineering’ planning must be completed to start planning ‘Specialty

* The equation for re-work probability as a function of the number of iteration n:

P ,(n)=P_(0)*(1-LC,)" where P, (0) = the estimated probability for the first iteration/re-work

19



Engineering’. Figures 17A and B present the DSM overlap matrix for the baseline

process and the proposed improved process respectively.

Baseline DSM
Overlap Matrix Tag| 17} 18{ 20| 22| 23
Systems Engineering - Process ID 2-5.01 17
Hardware Engineering - Process ID 2-5.02 18| 0.0
Specialty Engineering - Process 1D 2-5.04 20| 00 00
Product / System Integration - Process |D 2-5.06 22] 00 00
Verification and Validation - Process ID 2-5.07 23] 00 00 0.0

Figure 17A Baseline Process Overlap Matrix for selected activities

Improved Process DSM
Overlap Matrix Tagl 15] 23] 24| 25| 26
Systems Engineering - Process 1D 2-5.01 15
Hardware Engineering - Process ID 2-5.02 23] 00
Verification and Validation - Process ID 2-5.07 241 00 00
Product / System Integration - Process ID 2-5.06 25| 00 00 00
Specialty Engineering - Process ID 2-5.04 26{ 0.0 00 00

Figure 17B Improved Process Overlap Matrix for selected activities

The amount of impact on the overlapped portion of the activities is assumed to be the
same as the impact matrix parameters since the activities completely overlap. Browning
(1998) showed that activity durations could be modeled as random variables with
triangular distributions. Estimates of the most likely duration value (MLV), best case
duration value (BCV), and worst case duration value (WCV) provide the endpoints of

this triangular distribution as shown in Figure 18.

20
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Probability

v

BCV MLV wCv

Design task duration

Figure 18 Triangular approximations of task durations
Figure 19 presents the duration and the learning curve parameters applied. The sum of
these randomly chosen activity durations will constitute one possible outcome for the
total duration for these activities. Numerous repeats will yield the probability distribution
function (PDF) for the duration.” Accordingly, Mote Carlo simulation® was adopted by
this thesis, with a view to demonstrating the performance of the selected activity

durations in the proposed improved process, in comparison with the baseline process.

Process/activity Name BCV MLV wCcv LC
Systems Engineering - Process ID 2-5.01 7.2 8 9.6 0.6
Hardware Engineering - Process ID 2-5.02 7.2 8 9.6 0.7
Specialty Engineering - Process 1D 2-5.04 3.6 4 4.8 0.8
Product / System Integration - Process ID 2-5.06 4.5 5 6 0.6
Verification and Validation - Process ID 2-5.07 5.4 6 7.2 7.5

Figure 19 Duration and learning curve parameters
A total of 1000 simulation runs were performed to compare the distribution of the

activities’ total durations. As presented in Figures 20 A and B the simulation results

* Total process duration can also be shown using cumulative distribution function (CDF).

® This thesis employed Soo-Haeng Cho’s (2001) Microsoft implementation that drew on much of
Browning’s work, including application of Latin Hypercube Mote Carlo simulation to capture the skewed
right hand shape of the durations.
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demonstrated that the proposed improved process has slightly higher duration mean but it

produced a lower standard deviation than the baseline process.

Baseline Process Duration )
140 1
120 : / {09
| / _ Awrage 27.6 198,
3 100 I %
‘ Standard Deniation 1.8
g »o 1 06
5 +05%
3 60 1 04 %
#* 40 + 03 3
- {02
101
0- - bt 0
19.1 . M1 B3 B4
Duration in person month
Figure 20A Cumulative distribution function of baseline duration
{
improved Process Duration
120 1
: /, + 0.9
100 & / - 1 08
5 & 1073
g 106
- Awerage 27.8
5 ®© Standard Deniation 0.7 05 &
3 043
* 0 L 033
- L 0.2
L 0.1
0 ) )
194 21.3 233 262 271 20 309 8 347 66
Duartion in person month

Figure 20B Cumulative distribution function of improved proposed process
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Although the improved process has a higher mean it resulted in significant reduction in
activity duration variability. It is worth reiterating here that the performance evaluation
was done with a select few activities that exhibit feedback characteristics in the improved
process. Therefore, it is evident the overall improved process will exhibit a much reduced
average duration and variability, given that the improved process delivered significantly

reduced feedback loops and iterative/re-work impacts.

7. Conclusions

Process capability is increasingly becoming the key differentiating criterion among
competitive technology firms. In the future, it is unlikely that complex system products
will compete solely on the basis of technical performance (Browning, 1998). The
required amount of sophistication of project planning and control for complex process
is/will continue to be unprecedented. For large systems integrators, proficiency in
complexity management is both essential and strategic. Balancing all aspects of the
development process including price, schedule and performance require efficient
analytical tool. This thesis presented DSM methodology and its application for process

improvement.

The activity-based DSM applied for the project planning and management phase
presented efficient methodology to capture complex interdependencies. It highlighted the
feedbacks and potential iterations they can cause. The thesis performed deeper analysis of
the interdependencies by classifying the I/O dynamics and the output characteristics of
the activities. The insights gained and the partitioned performed rendered an improved

process for the project management and planning phase of the integrated product
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development process. For example, under the current or the baseline process the
‘hardware engineering’ planning team had to wait for the ‘metrics planning’ team to
define their measurement and analysis strategy for their project. The proposed improved
process eliminates this delay in time and the possible iterations because it proposes to
execute the ‘metrics planning’ earlier in the process. This results in the delivery or
exchange of the program’s measurement and analysis plan to the ‘Hardware Engineering’
planning activity in a timely fashion. The proposed improved process also eliminates the
source of significant iteration/re-work that could materialize from the uncoordinated
information exchange between ‘Data Management’ planning and ‘Software
Development’ planning. Under the proposed improved process, the ‘Data Management’
planning team defines the critical, often contractual, data exchange format for software
code archiving and exchange earlier on in the project planning and management phase,
thus enabling the ‘Software Development’ planning team to plan appropriately for
specifications without delay or iteration. Furthermore, the improved process proposes that
critical ‘Risk and Opportunity (R&O) planning’ activity be executed before ‘Financial
Planning’ activity. That is, when the ‘Risk and Opportunity planning’ team establishes
and delivers the methods for classifying and tracking R&O the ‘Financial planning’ team

is able to define the accounting procedures for the R&O without delay or iteration.

Thus, the improved process delivered through the application of DSM techniques saves
both money and time. In addition, it addresses a number of typical weaknesses in the
current project management and planning process. It eliminated several iterative loops by

partitioning the matrix and sequencing the activities. For example, activities within the
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‘program detail’ and planning sub processes could now be executed without any iterative
loops. The application identified key control points and efficient coordination structures.
The improved process is more robust and allows planners to adjust the process to meet

customer expectations.

If appropriately aligned with the organizational structure of the team supporting the
project management and planning phase, the optimized process architecture could
potentially result in further improvements. Indeed, Eppinger and Salminen (2001) have
shown the value of DSM application in three areas of the development process - the

organization structure, the product architecture and the process itself.

The findings of this thesis also helped highlight that the contemporary emphasis on
concurrent engineering which amounts to increasing parallelism as a solution for process
improvement could result in increased coupling and iterations. Research has shown that
there is an optimum amount of activity concurrency beyond which additional
concurrency becomes detrimental (AitSahlia et al., 1995). Indeed, some models have
shown that the goal of process improvement should not be focused on concurrency alone.
The objective should be to achieve optimization in all aspects of the development process
in order to maximize competitive advantage. Activity-based DSM analyses help

determine that optimal point.

25



8. Analyses

26



LT

-aseyd Juruueld pue jusweFeuewr 303fo1d Y} Jo [opowl NS dulfaseq ¢ 2unJig

X X LE 80°/-Z Qi $59301d - AUNSO|D pue UoIjsues]
X X 9¢ 10'2-Z Q1 S5320Ud - M3IAdY Ssaupedy dn-peis
X X 3 90 £-Z (] SS930l4 - UoIeSIWpY E&gﬂnﬂ
' X X X X x| S0'L-Z g1 ss830ld - Buluueid saulep| T
X X X X X X X X X|gg ¥0'Z-Z (1 SS801d - SMAIASY pue sajes jonpuod| i)
X X I3 £0'2-Z Q| SS3%01d - juswabeuely 3dodg
X "X X X X X X X X 1> 20'L-Z Q1 5533314 - juaiuabeusiy |NPald Y1OM
X X X X [ 10°£-Z Q1 SS330ig- Apunpoddp pue ysiy
X X X X 62 ¥0'9-C Q| $59901d - judLIabuUEl sbueyd
X X X X X|82 £0'9-Z Q1 559901 - uwisbeuey vLvd| O
X X X i X X X X X X X X X X L2 20'9°Z Q1 5583014 - juaussbuep Auend)
X 9z 10'9-Z QI SSedaid - Ajundag weibaiyg
X X X X X X X X X X X X X [34 60'G-Z QI Ss330aid - uswabueyy buundenuen
X X X X X X X X X X X X X X X yZ 80'G-2 QI SS3201d - |eU3jeN |oeIUCANNG
X X X X X X X X X X X X X £Z 10'G-Z Q1 S$9201d - UOI|EpleA Pue UoljealjLIdA
X X X X X X X X zZ 90°G-Z Qi SS90l - uoljeibajuf waisks / pPnpaid 5
X X X X X X X X X X X X X X 1Z G0'G-Z g1 SS9d0id - Woddng salisiBa] |,
X X X X X X X X X 02 70°'G-Z 0 SS8d01d - Bulisaulbug Aje1seds| O
X X X X X X X X X X X X X X x|6} £0'G-Z (| $S3%01d - jusdo|aaa] aiemjos
X X X X X X X X X X X X X X 8l Z0'G-Z Qi 55990l - BunasuIBuT alempiey
X X X X X X X X X X X X X X X X X Ll 10'G-Z (1 SS33a1d - BULIBAUIDU T SWAISAS
X X X X X X 9l £0'b-Z Q1 SS90 - Butjioday anjep uie3
X X Gl 90 'F-Z g1 Ssadald - Buluies | palaig
X X vl 50°b-Z QI $S830ud - S32IN0SAY LI} 5
X X X el 0 b-Z QI $5930id - Jended |
X X X X X X X X X|Z1 €0 ¥-Z Q1 $59901d - Uelg samised] &
X X X X 1l Z0'v-Z g1 SS3aud - buyyjels weibaid
X X X X X X X X X{oL 10’2 Q| Ss93aid - Buiuueld [eraueur 4
X X 6 20'e-Z 01 SS9901d - duj3seg ReIuol| 5
X X X X x(8 10'E-Z QI SS330id - MAIAIBAQ wieiBaid| n
X X X X X X X]L ¥0'2-Z Qi SS930i4 - BuLigjie . $5930id
X X X|9 £0Z-Z Q1 592014 - umopyeaig yiop| S
X X X X x|g Z0'Z-Z Q1 $890id - uoyjeziueBio|
X X X|¥ 40'Z-Z Qi SS3301d- umoq xeasg npaid
X X X X X X X X X X X X Xle £0'1-Z QI SS33044 - Due weidald 5
X X C X[ 20'L-Z Q| SS8%01d - Dulpjing Wes | n
X X il 1Q'L-Z 1998522014 - YOISIA] =
oel SaWeN S5920.d

7€ |9t [se [ve Jec|2E [1eos 62 8z [iz 9z sz vz ez ez izozfsr [8y [z1 [or [t [viJer[ziTii]oile 8 |2 o s Jv [€ {z [V




ssao01d oy} ur sdoof }oeqpady Jofepy f am3ig

8¢

2008V 8 8Y D885V 8890509090588 809090900VvVYyYO88y88g?dy

X &£ 80 /-Z Qi SS3J0id - 3INSO|D Pue uoljsuel |
- _— papuewep X 9g 10°/-Z 41 SS3201d - M3IAaY Ssauipeay dn-ueis
\ _m_vcwzvmm uonewIoul «3930 uo paseq X Gt 80 /-2 QI SS33ald - uoluesiulupy Eﬂ_mbum -
: X uoneoyISseo mC_QDO‘_Q X X X X|¥E §0'£-Z JI Ssd3ald - m:_..:Lm_& SOUIBAN| O
[oHesed ' X X X X X X X xleg ¥0'£-Z Q1 SS9%01d - SMAIASY Pue SajeD 1anpuod| )
’ 2¢ £0°£-Z Q1 SS90 - judwabeuel adodg
X ' X X X X X X X 5 Z0'£-Z Q| 5593014 - judliaBeuel |9paid YoM
X ' X X [ 10°Z-Z Q1 SS8014- Aunpodd o pue ysiy
X ' X X X 82 $0'S-Z (] SS80i4 ~ jusWabuR adueyd
X X X X X|82 £0°9-Z g1 5599044 - juuwsbeue v1va| O
X . X X X X X X X X X X L2 Z0'9°Z Qi Ss9%aid - uaueBuep Apend| 2
X 9z 10°9-Z QI SSa3aid - Ajun3ag waibaig
X X X X X X X X X X X [¥4 80'5-C Qi 5599014 - juSUIBBUBK BulnjoeIueH
X X ' X X X X X X X X X X X vz 80'G-Z (1 SS3%0.d - |[eU3jey eiuoqng
X X X X X X X X X X X £Z £0'G-Z QI SS33014 - UOIIEPI|BA PUE UOIIBILIDA
X X X X X X X 2z 90°G-Z QI Ssavaid - uoyeibsiu| wasAS  Pnpaid 5
X X X X X X X X X X X 4 S0'G-Z QI SS3%aud - poddng sasiBa} p,
X : X X X X X X X X 0z ¥0'G-C QI SSe90ld - Buussuibu] Aepsdg| &
X X X\ X X X X X X X X X[} £0'G-Z QI SS3%0i4 - judwidojaAsg aIemjos
X X iX "X X X X X X X X X 8l 20'6-Z QI SSa0ld - BuliaauIbuy alempiey
X X X X |X X X X X X X X X X X Ll 10°'G-Z QI $59901d - BUlSaUBUT SWIISAS
X X X X X X 9l £0'¥Z Q1 SSa%ud - Buipoday anjep we3
X X Sl 90 - | Ssadald - bululel| palaid
X X vl 50'y-Z Q1 SS830ud - S3UNOSY LI| 5
X X X el ¥0'¥-Z Q1 SS32014 - fepded|
X X X X X X X X X|Z1 £0 ¥-Z Q1 5599014 - ueid saypoed| &
X X X X Ll Z0'v-Z Q1 SS3daud - Buyyjeis weibalg
X X X © X X X X x]0} 10'¥-Z Q1 SS93aid - Buluueld [eraueur§
X 5 20'e-Z Q15533044 - Suljaseq penuad| 5
) X X X x[8 }0'€-Z QI 59901 - MOIARAD WweiBaid| n
X X \ X /X X XL ¥0Z-Z Qi SS8201d - Buligjie ] SSaJqd
_ X X x[g £0°Z-Z Q1 59014 - umopyealg yom| O
X X| X X x[s Z0'Z-Z QI S830id - uoleziuedio|
X X Xy }0'Z-Z QI SS33al4- umoQ Yearg janpaigd
X X X X X X X| X X x|e £0'}-Z Q| SSad0ud - Hue weibaid 5
Syoeqpesy S\ X X X[Z Z0'-7 QI SS300id - Buiping weay |
X X T 1Q'|-Z Q! 59559301 - UoISIA] =
7€ [9% 158 [ve Jee |2e e jos 62 I8z [2z [9z [sz vz sz ]2z bz oz el 8t [V oy [sL [wi[ei]zi [vifoi e 18 [ [s s [v fe [z [ [6el Sawep $83d0.d




020 8VvY 8 8VYDO88OY 8809900088890 239 9030V YVYOS

pozuIsoRIRYd SorweuAp no/ndur yum NS durdseq ¢ 2m3ig

6¢

g8 vaa890yV

0 0 i 80°/-Z Qi SS330id - 8INSQ|D pue uoiysuel |
0 A_n pepuewep 0 9% 10'/-Z Q1 SS93014 - M3IASY Ssaupeay dn-ieis
\. |ejuanbag uonewJout Indino uo paseq 0 0 Sg 8Q'/-Z Q| S0l - UolpeSuiWpY Weibold _
’ 0 uoneoysseo Buidnosg 0 0 0 0 v 50'/-Z QI 5230l - buluueld S| 5
Pleseg A 0 0 0 0 00 0 0 Jgg ¥0'£-Z QI SS3001d - SM3IASY puE sejes pnpuod| )
) 0 f35 €0'Z-Z (| SS90l - juswabeuepy 2dods
) ) [ 00 [ 0 \e Z0'2-Z Q1 $$3%0u4 - juswsbeuepy [anpald YoM
oz 0 0 0% 10°£-Z Q1 5533014~ Kjunpoddp pue ysiy
‘ 0 0 0 62 $0'9-Z Q] 559901 - IiaWSBUB ebBuRyQ
: L 0 0 L [82 £0'9-C Q1 55930 - uibeuey Y1va| O
0 0 0 0 00 0000 i 20'9-Z Q1 $5330l4 - [uawabuep Aujenp)|
0 ' Sz 10'9-Z Qi Ssadaud - Alundaes weibaid
} b 0 } 00 0 000 (¥4 50°G-Z Ul SSadald - jusuIabuey Butindejnuep
I [ ) [ } 00 0 00O [F4 80'6-Z Q1 SS9301d - B3R |9BINONS
L '0 00 0 00 0000 ¥4 /0'G-Z Q1 SS320id - Uol|epljeA pue UcledyLiap
Lo 00 00 0 0 Zz_| 90'Z QI ss39alg - uoijeibaju) WapAs / pnpold|
} ¢ 0 0 0 0 0 000 ¥4 G0 'G-Z Q1 S$3201d - poddng sysibaT|
} 00 0 0 0 000 0z ¥0'G-Z Q1 SSe9aid - bunissulbug ARerads| &
L b (R 0 ! 00 00 0 L [t £0'G-Z QI S$9%01 - judwidojaAaq aiemjos
! [ 0 I 0 0 0 0000 8l 20'G-Z QI 5599014 - BulissuIBug asempiey
! Lol (AR LT ! 00 00 o} Ll }0'S-Z Qi $5990id - buisaulbu 3 swajsks
l g 0 0 0 O 9} 10'p-Z Q1 SS32014 - Builiodsy snjep wieg
‘ 00 S| 90 -2 QI 553901 - Buuiel] 159i0ig
0 0 vl S0'b-Z Q1 SS390id - SIAUNOSIY LI} 5
‘0 0 0 <) 0 '-2 41 $S8%0id - jepded ]
Lol 1 Lo L 4 0 (I £0'7-Z 01 559901 - Ueid sanyioe 4| &
3 'Q o] 0 Ly 202 4l SS9%01d - Buljels weibad
} b 0 ‘0 L 0 | 0 o [0l 10 vz QI $S39014 - BullUeld [eousUl
3 B 20°€Z Q1 SS3%id - duljsseg Reiuog| 5
0 0 00 os J0°E-Z I 589014 - MAIAIBAD Weibalg] r
] I /o 0 0 o[l ¥0°2-Z Gl SS930.4 - Buliojie | 5830id
0 ) () £02-Z Q1 SS9%01d - umopyeug yom| G
b o b ols Z0'Z-Z Q1 S$890id - uonezwebio| »)
0 0 L[y 10°'2-Z Qi SS930id- umog Yealg Pnpaid
3 1 Q l [ ©0°'1-Z QI SS8%01d - Dueyy weidaid 5
S0EqPeo.] \0 0 o 201zl SSsgald - Buipling wes |
0 L 10']-Z Q1 Sassaald - vaisip| =
ig[og s _S, [ecJze e Jos [6z 8z £z |8z 52 [ve e ez iz oz 6L B [V BV [SVvi[er[2i [bilou ] [8 (2 [9 s [v ¢ [z Tv [Ber saieN $sadolg




0¢

woddns sonsi3o] pue Juswadeuew 3dods

oy1 yim uostredwoo ur Suruuerd souew oy} pue ANAIOR Juriofre) ss3001d 3y} JO SOUSLIIORIRYD }oeqpad) Ayl Suny3ysiH v9 2m3ig

g 8 v 0 84 89 O Vv

g 8

2 0 0 2

g

g 8

9 0 0 09 0 VvVogdva8dV

#0Bqpesg

~—
— - -

3

3
S e

3

3

3

0

}

OO OO «—O

OO OO0 O«

o

OO OO0 OO OOoOo

o

0
0

o o

TO OO0 000 QOO0 OO Oo

0

OO OO0 COO QOO

— O NO O

e S P e S

l

)

0

o o

o o

oocoo oo

(=]

oo ooOo o

0
}
0

o

[= =Nl

o

80'/-T (| SS890. - 8INSO})) PUE UORISUBI |

1027 (] S50%01 - MOIABY Ssoufpeay dnHeis

00°2-C (| $S890.d - UOEISILILPY Weibold

50'2-C Q] SS8001d - BUIUUE|J SOUoW

$0°L-T (] SS80id - SMOIASY PUE Sejeg) Jonpuo]

£0°2-T (] 8890044 - }owiebeuey 8doog

20°4-Z (1 $5800.d - ueusbeugy Jonpoid YIOM

10 Q1 550001d- RUnoddg pug sy

2T Al

0'9C QI 556001 - JoWeBUE} sbuey)

£0'9-C (1 88890.d - Juuisbeuel v1v(l

20°9Z (] $$60014 - JueuiaBuep Ajend)

10'9-C Q1 58990.d - Ailinoag WeJbold

9-¢ Qi

650G Gl 58001 - {UaWIGBUe}y BULNEJNUER

80'G-C (I S830id - [eLLJe Joejuodqng

20'G-T Q1 S8890.d - UOYepIeA pue LoleayLIBA

90'G- Qi Sse%0.d -

uonesBeju| Weisks / pnpold

§0'G-Z QI Ssedald - poddng solsibo]

$0'S-C Q1 S8800.d - Bulisauibuz

Ajeioadg

£0'6Q

$5000. - ueUIdojoAa(] aM0S

2062 d

$S8%0.1d - wctoo:_mcm alempleH

10°G-T () $S890. - buliweUbug swajs

§-C al

20'p-T Qi 5380014 - BURIOGoY anfeA Le3

90'¢-T Q) S8890Jd - Bulufe)| joslo.d

GO'P-Z (11 SS89014 - S80IN0SY ||

0'p-Z 01 888004 - [E}1de))

€0'p-¢ Q) SSe901 - ue|d Sefijioeq

20'p-C (1] 8899014 - Buijje)g wesbold

10'p-Z Q) 8580014 - Bultiue|d [eioueul]

-z al

20°€-Z (1 5530014 - duljeseq 10e.1juo)

L0°6C ()| 556014 - MAIAIOAQ WEIDOIg

¢ Al

$0'Z-C QI 880014 -~ bulio|le | $58001d

£07Z-C Q| SS390i] - UROPYEBIE O

20°2-Z Q1 888001 - UoyeZIuebI)

10T (1 8893044~ Umog yeasg Jonpoid

-z 4

£0'1-Z Q1 559004 - buey weibold

20°L-Z Q| 5889014 - Buipjing wes}

10'1-Z (0} 38538001 - UOIA

-z di

T

i€ 19

4
€ [v& [ec Jee [be Joe 6c [8¢ |4 J9¢ [s¢ v |e¢ Jez [z Joc [ov J8b 20 Job [st [vi TeL Tzv 1l Toib ]

olo o o

lelefolsfpfele |

SOWeN $5320.d




[

€

Ananoe poddns sonsi3o] pue juowodeuew 9dods JO UOIINIIXD

enuanbas Jurjqeus pue Ayanoe Suruueld soujow pue Juriofie) $s300Id JO UONNIIXS JUSLINOUOD FUI[RUd $s3301d paroidw] g9 am3ry

: X X[LE £0'£-T QI SS830. - MalAaY Ssaulpeay dn-vels
e o o o o o e 0 o o e S o e e o o o o o e e g X X|9€ 80°2-Z Q) SS820.d - 84NS0J) pUe uoljisue. |
" X X X X X X X X X X X X X X X|s¢ £0°6-Z QI SS390Id - JuaAdo|aAa] alem}0S
i : X X X X X X X X X[¥e Z20'£-Z QI SSe0ald - JusiuaBeue 1onpoid YoAA
] : X 1 x|ee 90'¥-Z Q) $88904d - Bujuies § 108foid
i . X X x X|z¢ 0°9-Z Q| $S830. - jJuswsebuey abuey)d
I : X i X[}E S0 -7 (I SS3901d - S32IN0s3y 1|
| : X X X X X I x x X X X|0€ 20°'9-Z 01 88001 - Juswabuep Ayeno
| X X x x x | X X X X X x[62 §0°G-Z QI SS90l - joddng sapsibo
“ X X X X x“ X X X X X X X 60°'6-Z (1 S88001d - Juswabuey Bunnjoejnuey
i X i X £0'L-Z Q1 SS3%0aid - wawebeuey adoss
i X X X X X X X X|92 ¥0'6-Z Ql $$8%0.d - Bupissuibuz Ayenadg
I X X X X X X x|se 90°'G-Z | $5820.d - uotiesBaju| waisAs / 1onpoid
1 ssa00id Bui X X X X X X X X X X X X X|¥Z 10'6-Z QI SSad0ld - UOLEPIEA pPUB UONBIIBA
1 43 Buipaads X X X X X XX X X X X x x xlge 20°S-Z 1 5880014 - Punieaulbu3 aiempien
i uonnoaxXa jelusnbag X X X 1 X 2z 20 b-Z QI $S8201 - Duljers weiboig
| T X X X X X x[1z £0'¥-Z QI Ssed04d - Buiuoday anjeA ule3
i CX X X xl X X X X X{0Z 10'p-Z I Ss8%0id - Buluueld |erueul J
| : X 1 X x[61 ¥0'#-Z QI $S800.d - [eyded
1 : X I X X X 81 10'2-Z QI S$820.4- AjiunpioddQ pue ysiy
1 ! x | X X X 60°/-Z QI ssado.d - Buluue|d SILIB N
“ X X " X X X X X $0'2-2 01 88201 - Buuo|ie | ssad0.d
1 X X X X X X X X X © X XX X X X x[s} 10°G-Z g1 SS9901] - Suaauibuz swaisdg
e X X L X X X X XX X o XX XX X X 80'G-Z 0| SS800.d - [BUBJEN J0BU0OgNS
W00 A1ES § ] X X X X X|gi 10°€-Z Q) $88201d - M3IAIBAQ wetboud

uoye|dulod Ales bumolly P X X X[zt 10°2-Z QI $5800ig- Umag Yealg PNpoid

‘UoRNI3X8 JUBLINJUOD 1 X X X €0°'2-Z Q| $5990.( - umopyealg YoM

: X X x[ot 20"}~ QI Ssada1d - Buipjing wes .

¥00]q SONIAIOE JUBLINOUOD \\." - x x 5 55T 7 T 558561 ~TOEGiy DEiB0ie

X X X X X X X X X 1 : X X X X[8 £0 1-Z QI S$990id - Buep weiboid

X X X X X I . X X X X[Z £0'p-Z 0| 58904 - UB|d Sayi|ioe

X X X X X x |1 . X X X[9 ¥0°2-Z 0| SS800.d - SM3IASY pUE S8jes JoNpuoy

“ X g }0°8-Z Qi SS330Ug - AlUN33g wiesboig

X X TX X X[y £0°9-Z QI $S800.d - Juwabeue v1va

X X X T X X[g 20°Z-Z Qi ssadald - uoljeziuedin

X i © X[2 L0'L-Z Q| S88$800.d - UOISIA

X X 1 1) Z0'¢-Z QI $$8%014 - suljeseq enued

seJoelee[ve[ecze[ie]oc [pe[82 ]2z 9z [sz vz ez ez iz oz 6t (8L [zt [oL ISt [pi (et ]z [Lifoi]e 8 2 To s Tv Ie [z [1 [6el {SanIAnOY) selieN §8300.g




[43

aseyd yuswodeusw pue Suruueyd 1eloxd oy 10 paroanydIe ssadoid pasoidur] / am3ig

: X X[LE £0°L-Z QI S53%01d - MalAay ssaupeay dn-Meig
e e e e e e e e e o o e e e o o e e X x[9g 80°/-Z Al SS8001d - 8INSO}D pUE UONISU.I |
‘BN X X X X X X X Xt X X X X X X X|[SE £0°G-Z QI $$3901d - Juawdojarag alemjos
1 : X X X X X | X X X X|¥E 20 1-Z (] SS8301d - JusuaBeuRyy JoNPoig HOM
I : X 1 x[ge 90°-Z Q1 Ss800.d - Butue | 198foid
| : X X x1 xlze ¥0°'9-Z Q] S$9001d - Juawabue abuey)
1 : X | X[1€ G0 F-Z QI SS90 - S30IN0say 1|
l CX X X X X X X X I x x X X x{o¢ 20°9-Z Q1 5889044 - Judwabuep Airend
! X X X X X x x x b oxx X X X X{gZ S0°5-2 QI SSa90id - poddng sausiBoT|
" : X X X X X Xox x X X X X x[8z 60°G-Z Qi SS8901d - Juawebue Buunioenuey
i : X “ X 12 £0° /-2 I SS3daig - Wawsbeuep adoog
1 : X X X X X § XX X x{92 ¥0'G- Q) $$890.4 - Buesuibug Ajesds
i CX X X X X X X X{52 90°G-Z 1 SS3201d - Uoyeibaju| WaysAs /10npoid
1 X X X X X XX XX X X X x[vz 10°G-Z Qi $$390id - UOEPI[EA PUE UsEdIIaA
I X "X X X X X X X X X X X X x|€2 20°G-Z Qi 8580014 - Bugauibug asempiey
| X X X { X 43 20 v-Z QI $59201g - Bujeys weiboid|
1 T X X xi X X x[iz 20°-Z QI $5800.1d - Buipodey enieA uie3g
| T X X X xl X X X X Xx[oz L0'p-Z QI 55990id - BUlUUE|d jerueuld
I . X i X X[6} ¥0'v-Z 1 $S900. - [eydeD
! : X | X X X 8l 10°2-Z QI $$8901d- Ajunyoddo pue ysiy
| -x x| X X X[t G0°Z-¢ Q] SS800.d - Buluueld Soule
“ X ° X “ X X X X X9l ¥0°'Z2-Z QI 559001 - BuHo[ie | 558001d
i X X X X X X X X X X X X X X X X X{s} 10'5Z QI Ss8901 - BUnasuIBUT SWaISAS
o e X X L XX XX XX X g XX XX X Xvl 80°G-Z (I S58901d - [eUjey Joeuodqng
| X X X X X[gl L0'€-Z 01 $5820.d - MBIAIRAQ WeibBoid

1 : X X X[Zb 10°Z-Z 1 SS320ig- UMaQ Nealg Jonpolg

| : X X X[ £0°2-Z 0| $5890.d - UMopyealg HIOM

| ) X x xoi 0 1-Z QI Ss3dald - Buipiing wea}

| X X 6 90°2-Z dI $5890.d - UolLE}s|ulwpYy weiboid

X X X X X X X X X I : X X X X[8 £0° -2 QI SS90l - buey WeiBoid|

X X X X X | : X X X X|Z £0'p-¢ 0] S5990.d - UB[d SaNIIde

X X X X X x | - X x x[9 ¥0'L-C Q| SS9001d - SMa|ARY Pue Sales Jonpuod

" X S 10°9-Z QI Ss8%0id - Ajindag weiboid

X X C X X Xy £0°9-Z Q1 5580014 - juwsbeuew v1vag

X x“ X X X[e 20'2-Z Q1 S$3dald - uopezuebig

X i - x[2 10°1-Z QI $885800id - UOISIA

X X i ‘1 Z0°'£-Z Qi 553001 - 3UI|9seq JIenuogD

1¢]oc [ee Ive [ec [ee [LE Joe [6¢ |82 [z [9z [sz vz ez zz[iz]oz 6L [8L [z  for Ish [vi [er [zt TiiTorle 8 12 o Is v fe |z [I [6el SOWEN SSa00.d




139

WEIIS UMOP SAIIIAIIOR UO sjoedul Y3m SAINANOR Jo sajdurexs SunySiysy g 23|

259o52¢8lvja e voegaoveago0900888090090yvv]oagveagoyv
' 0 0 1€ 80°/-C Q) SS8201d - aINSO[D pPUE UORISUBI]
0 ._. 0 o€ 10'L-Z Q1 $59901d - Me[ASY SseUipeay dn-pers,
; 0 o0 e 90°2- Q1 $59901d - UOJLEjsIUIWpY welboid
\ ’ 0 o] o o 0 i€ G0'[-Z QI SS8301d - Bujuue|d SOmB| O
jollered ‘1 0 00 0 0 00 0 0 ! ¥0'Z-Z QI $58901d - SMBIAGY puE sejed Jonpuc|
) 0 73 €0'2-Z (| SS90l - Juewabeuep adodg
| "l [ 00 oo 0 IE Z0'/-Z QI $53901 - JuawabeuBy 1oNpoid YoM
I T 0 0 (i3 10°2-C Q $S8901d- Ajunyioddo pue ysiy
0 : 0 ol o 62 ¥0'9-Z 01 $$8901d - juawabueyy sbueyd|
| 0 0 0 | sz £0'9-Z Q] 599014 - wuwebeuey y1va) ©
Lo 0 0 0 ! 0 olo] o000 IZ 20'9Z QI $5990id - }eWsBUEN Aireno)| i
0 : T4 10'9-Z A1 Sse201d - Aindag weiboid|
Lof } bl 0 ! oflo] o000 (Y7 60°'G-C Gl S5990id - Juallabue}y Bulinoejnuel
Lof b Lo 0 [ I ofo] o000 vz 80'G-¢ (] 559901 - [EUSJE JDEUOOGNS
Lo 10 00 0 ojof 000D €2 10°'G-¢ (1 $S890id - UO[jepi[E/\ PUE UORESILIaA
| ! 00 ool o o 2% | 90'G-ZQ1s8a00id - uojeiBau] WaiSAS / 1onpold| =
L |10 b ‘0 00 0o ool 0000 i 0'S-¢ Q] SS8901d - Hoddns SISO |
! 00 olo] o000 0C ¥0'G-¢ 0] 559901 - bunauibuz Ajeioadg| n
LofLfe ! ! b 0 ! olof] oo o L [61 £0'G-Z QI S5890.d - awidojeAsq aiemjos|
[ l Lol ‘0 L oojo] o000 8l Z0'G-C Q] 559901 - BulaauIbug aJempieq
bof } . Lo ! A b olol oo o I 10°S-¢ QI 5890014 - Bunssuibu3 swajsks
L : ofof oo0oO 9l 10'7-Z Qi $59901d - Bujpiodey anfeA uie3
0o Gl 90°7-Z 01 558901 - Bullifel] 1o9foid
ol o ¥l SO0~ QI 58201 - $30IN0SEY 1) —
0 o] o £l ¥0'p-Z QI $59901d - [B}ided)|
(I I 1 0 l 4 0 b 2L £0-¢ Qi 89901 - Ueld Seniioed| &
} "0 0 0 1l 20 v-¢ QI $59201d - Buljels weibold
b | 0 fof 1 o1 o oo 107-¢ QI 559901 - BullUB]d [ejoUeuld
4 I 20°'€-Z 4l $s99014 - auijeseg Joeluod| =
« HoReLLIow! snw:o B 0 000 08 0°6-2 0l S53001d - WOINBRG Welbold] o
Vol SpueLLEp 3u} BURLOIUDIH, 0 0 o0 o0f ¥0'2-Z 0l 558901d - BULIOJ[e ] $58901d
0 "0 119 £0°2-C QI SS8001d - UMOpYeag YI0M| O
! o | 0[S 202-¢ Q1 $88%0id - UONEZIUEBIO| %)
hesansnsunnsnvsnaannseesnenesnnarnnannnnnEsnanInRsunTanRRInaanannunn]p 0 0 L I 10°2:Z O] 559901~ UMOQ] 3eaig Jonpoid
bolfr b Lol l ' O 11 R 0 £0'}2 Q1 553001 - Buey weibosd| —
0 0 02 20'}-Z QI 58901 - BUIP|ING WES | ry
[4 S)9eqpasd 0 i 10'1-Z QI 58553901 - UOISIA| —
7€ [9€ JSE [vE | €€ € [1€ [0E |62 |82 |22 92 |Se [ve ez [ee 1z [0c [6) [8r [Z1 [or [Sh [vh [sb[er L [oL[6[8 [2 Jo IS [v € [ [v [PeL SeuleN ssedoid




143

sjurod Surures] pue suoneld) pauue(d paynuapy ¢ 231

i X X[ 10°£-Z Q1 5S3001d - MaIAaY ssaulpeay dn-piels
e o o o o o et e P 2t P o S o o S e T S o S o o o o e X X[9¢ 80°2-Z Qi $5800.d - 8.NS0|) PUE UOHISUB) |
1 X X X X X X X X X X X X X X|sg £0°6-Z QI S804 - Jusiudojanag alemjos
1 ; X X X X X | X X X x[ve 20 £-Z Q) SS89ald - }aWaBeuey 19NPoid WIOpA
| ; X 1 X[€€ 90'p-Z QI $8800.d - Bulutes | jo8lo.d
| : X X X X|2€ v0°9-Z Q] 58001 - JUeWABUB 8BUBYD
! ) X | x[1e G0 -2 QI SS890id - Se0Inosay 1|
i X X X X X X X X Fox x X X x[og 20°9-Z Q| 88004 - juswabuel Ayienp
| ) X X X X X x x x | X X X X X X|8Z $0'5-Z QI 55890l - poddng soRsibo|
! . X X X X X x" X X X X X X x|8e 60°G-Z (| $8800.d - Juswabuep Bulinoejnuep
“ ) X | X [24 £0°£-Z 4l $$3%1d - WdWwabeuey 3d0Is
i : X X X X X y XX X x[92 ¥0°G-Z Q| §S900.d - Bullasulbu3 Ajeroadg
i CX X X X X X X x|sz 90°G-Z (] 592014 - UoReIBBU| WRISAS /}ONPOId
i X "X X X X X X XX X X X X[¥Z 10'G-Z QI SS9%0ig - UaiepleA PUB UolIlLIBA
1 X "X X X X XX XX X X X X xlez 20°G-Z QI §8920.d - Bupissuibu3 a.empieH
i CX X X 1 X 74 20 b QI 558901 - Bupjjers weibold|
I © X X xi X X X[iz L0'9-Z Q1 $S89044 - Bunioday anjeA uie3
| X X X xi X X X X X8z 10'p-Z Q| SS990ud - Duluueld [eRURUL]
i : X i X X|6) ¥0'¥-Z (| $S800.4 - [e}de)
| : X i X X X 8l L0"2-Z Qi Ss@201d- AjlunpoddQ pue 3siy
| x x| X X X[ G0'2-Z (1 5s8d0.d - Buluue|d souB
! x ~x | X X X X X9} $0°2-Z (| $8820id - Buliojie | s8820.d
" } Lo } Lo Lok x“ X X X X X x[s1 L0°G-Z (1 SS8301d - DULIBUIDUT SWaISAS
[ T S T S lr.k....rll..llm..ulllll.mlxllllvhllx [ 80°G-Z QI $5800.d - [EHBJBIN JOBJUOOqNS

— X X X X X|¢t 10°€-2 I $S8201d - MAIAIBAQ Em._mohn*

sjuiod uonels) jenuajod psuueld i X X X|Zi 19°Z-Z Q| $$320id- UMo( %eaig Jonpold

I ) X X X[} £0°2-Z (] 58201 - UMOpXEaig J}0M

1 ) X X X[oL Z0 |- Q1 SS3201 - Bulpjing weaj

1 T X X 6 90°4-Z Q| $5890.d - UOILE}S|UlWPY Wweibold

I : X X X X8 €0 1-2 Oi SS92ald - Bueyy Weiboig

I : X X X X[|Z £0'¥-Z 1 S5801d - Ug|d Saylioe

: X X X ¥0°4-Z (I SS8001d - SMAIASY Pue sajeg JoNpuon

1 T X [~ 10'8-Z QI $$82014 - AjuNd3g Weiboid

" y X X X|p £0°9-Z Q| SS800.d - juwabeuep V1vQ

. l . X Xlg Z0°Z-Z Q1 SS9%ald - uonezuedip

| © X2 10°L-Z {} S888890.d - UDISIA

4 Z i il Z0'£-Z QI SS39014 - dul|3seg Jo_iu0D

7€ ]9t |Se [ve [e€ [ze [re [oe [62 |82 |22 [9z [z vz Jee [z [be oz 6L 81 [z ToL[siTvL[ebzi[vifov]e [8 12 [9 [s v e [z 11 [Bel (salliAloY) SaWeN ss8d0.d




uonuaye Teroads axnbai jey) sotweuAp

133

suoneIal ([ 231y

X X[Lg 10°£-Z Q1 SS390i - MAASY ssaupeay dn-Mels

e e o o o e o e e P e o e e o e S o e X Xioe 80°/-C QI SS3001d - 3INSO|D PUE LUONISUe) |
| X X X X X X X X] X X X X X X X[gE £0°G-Z QI SS9%0id - juawdojaaag alemjos
i : X X X X X X X X x[ve Z0°1-Z QI SS8d0i - juawabeuep jonpaid %1op
I ) X | x|ee 90'¥-2 Qi $5890.d - Bujute | 10sfoid
i ; X X xi x|ze %0°9-Z (] SS90 - JusWabuey abuey)
1 . X ! X[}€ S0 p-Z QI SS3201d - S30IN0Say L}
1 CX X X X X X X X b ox x X X x{og 20°9- Q1 $880014 - Juawabue Auenp
i : X X X X X x x x ! xx X X X x[sZ G0°'S-Z Q1 SS92ald - Hoddng saisiboT|
! : X X X X X x“ X X X X X X X|82 60°G-Z | 5880014 - Juswabuey bulnjoejnuey
“ : X i X 1z £0'£-Z Qi 559901 - }dwabeue adodg
i ) X X X X X i X X X Xl92 $0°6-Z Q] S820.d - Bueauibu3z Ajenads
i T X X X X X X X X|s2 90°G-Z Q) S5320. - uonesBaju| waisAs /jonpoid
| X X X X X X X X X X X X x[¥e 10°G-Z QI SS9301d - UOREPIEA PUB UoBIlLIaA
I X ° X X X X XX XX X X X X x[ez 20°6-Z QI 8589014 - Bupssu|bu3 aiempie
| CX X X i X 144 20 -2 Q1 SS3201d - buels weaiboig
I T X X xi X X x[L2 10y~ 01 Ss800.d - Buipoday anfeA ule3
i . X X xi X X X X X|0Z J0'b-Z QI Ssadald - BuluuRd |Bloueui
1 X | X x16} ¥0'p-Z (| $5800.d - |epde)
| X i X X X 8l 10°2-¢ Q] S889014- AUnkoddo pue st
{ -x x | X X X{Z G0'Z-Z QI $S830.d - Buluue|d Sold W
! x - x | X X X X X ¥02-¢ 0 $5890i4 - Buuoje) ssedoid
" ! [ } Lol bk x“ X X X X X X 10'G-Z QI 558901 - BuusauiBug swaisAg
S TH S T A e T X XX XXX 80°G-z QI S5800Id - [ELIBJRIN JOBAUODANS
— X X X X X 1 0°¢-2 Q1 SS2201d - MBIAIBAQ Em._ao‘.n_

1 : X X X 10°Z-Z QI SS890ig- umoq Yealg onpald

UORUSHE 2108dS S2.NbaY i : X X X[t £0°2-Z Q1 SS9901d - UMOP)ERJE HOM

I X X X[oi 20 1-Z Qi SSad0ld - buippng wiea}

I T X X 6 90°/-Z (] SS820.d - UoEJSIUIlpY weiboig

| : X X X X[8 £0°1-Z QI SSad0id - Suey weiboig

_ ) X X X X{L £Q'v-Z Q1 SS8001d - Uejd Saijijioe 4

: X X X[9 ¥0'/-Z () SS800.d - SM8IASY pUe Sajeg Jonpuoy

! T X S 10'9-Z QI SS8%0ig - Aindag waibaig

L y | X X X[ £0°9- 1 $5800.d - juwabeue v1vg

[ | [ | X X[E 20'2-Z QI SS820ld - uonezuelip

| {2 10'L-Z QI $88880.d - UOISIA

4 4 1 il 20°€-Z Q1 S53901 - duli3seq enuog

Ze ot [Ge [ve et [ee L e 0c [62 8z |z [9z sz vz ez lzz[ve oz 6L I8l [z1 [or[siviler ey Jvifor]6 [8 T2 [9 [s [v Je [z 1 [Ges (SeNIAIDY) salley Ssad0ld




9¢

-aseyd Suruuejd pue juswasSeurur 10ofoid ay) 10J ss3001d paaosdwy [ am31

) X X[zg 20°£-Z QI SS8901d - MBIASY Ssauipeay dn-bels
e o o o . e o S i o o o o e e e e o o o o X X|9¢ 80°'Z-Z QI SS8901d - 8JnSO|D) PUE UONISUeS |
BN X X X X X X X X1 X X X X X X X{sg £0°G-Z QI SS920ld - jualudojaaaq alemjog
1 : X X X X X 1 X X X x[ve 20 £-Z QI S5330id - }awasbeus 1npald Yo
i : X 1 x|ee 90 p-Z QI Ss800ud - Buluiel | j08foid
I : X X xi X|ze $0'9-Z Q] $59204d - Juswabuep abuey)
] : X I x[1£ SO b-Z I SS800id - seainosay 1|
1 X X X X X X X X I x x X X x[og 20°9-Z QI S8890.d - Juswabuep Alliend
| XX XX X x Xx x I xx X X X Xz S0°G- QI 5990 - joddng So1s1BoT
n : X X X X X x" X X X X X X x[sz 60°'G-Z 4l Ss800Jd - JuswsBuey Buunioenuep
1 : X I X Lz £0° -2 Q1 SS3%0id - Juswabeue adodg
I : X X X X X ;XX X x{oz ¥0'G-Z QI S5800.d - Buisauibu3 Ajjepsdg
l T X X X X X X X x[sz 90'G-Z (| S59001 - uopjeiBaju| walsAg / Jonpoid
1 X "X X X X X X X X X X X X[vz £0'G-Z Q] SS8901d - UOliepijeA pue Uoedlliap
1 X - X X X X XX X X X X X X x[ez 20°G-2 QI $5820.d - Bupssaulbul ma;m%E
| X X X | X 73 20 v-Z Q1 SS8901d - buyeis weibolg
| X X Xl X X x{teg £0'P~2 Q11 §S800.d - Buioday anjep uie3
1 X X X xi X X X X Xloz 10'b-Z QI SSedaud - Buluue|d [eroueur 4
! : X 1 X X|6L 0"y-Z Qi SSe00ld - [epdeg
! : X 1 X X X [ 10°2-Z Q1 8889044~ AiunyoddQ pue ysiy
! x x| X X X[ G0'Z-Z QI 55800.d - Buluue(d U8 W
" X X “ X X X X X9} ¥0'2-Z QI $5820.d - Bunojie | ssevo.d
i b [ ! Lol 0 [ X X X X X X X[s} 1052 Q1 559901 - buieauibuz sWajshg
o b 0RO g XXX X X Xl 80'G-Z (] SS8001d - [BUAIR 1Pe/U0IgNS

| X X X X X[gl L0'€-Z QI $S8901d - MAIABAQ weiBoid

\ i : X X X[Z) 10°Z-Z QI S$8201d- umog yeaig Pnpoig

SaIIAROR JBLINU0S § X X X[ £0°2-Z O} SS820id - UMOPYEalg YJOM

| : X X X[ol Z0 |-z Q1 SS8d%a1d - Bulp(ing Wied |

/L T X X 6 90°2-Z (] $S890.d - UOJLESIUjWpY Welboid

l [ A A Lo [ 1 : X X X X8 £0°1-Z I SS3dald - duep weiboid
L b b 0 L I : X X X X[z £0 ¥-Z Q1 SS8201d - Ue|d Saiide 4

0 0 0 00 o 1 X X X[9 ¥0°£- Q| S$8301d - SMBIASY pUE SajeS JONpuoy
| X S 10'9-Z Q1 S$9901d - AUndag weiboid]

L L “ X X X[y £0°9-Z QI 58890.d - Juwsbeuey v.iva

0 0 i 0 X X[E Z0°Z-Z 4| Ssadaid - uoneziuedio

| - X[z 10°}1- QI S8888004d - UOISIA

14 Z 1 il 20 £-Z Q1 SS3201d - duljaseg 9eRuag

[t [9c [Ge |ve [ee [ee [Le Joe |62 82 229z ]Sz vz e ez bz oe 6L 8L [2L[or[S v (erfziLiTo]e [8 J2 19 s v [e fz v [Bel [saniAToY) sswey ss2201g




LE

‘SIsATeue aouewiojiad J0J SAMMATIOR PIJOSIS YIMm [dpouwt NS duljeseq vz 2m31]

90 02 v 88 v 28890V a8890929008889200200VyYyO88yVvsasdgodyV

1 0 0 i< 80 £-C Q1 5599314 - NS00 PUE UCINSUEI |
0 0 9t 10 -Z Q1 S5920ld - MaIASY Ssauipeay d-Heis
.. 0 0 S¢ 90'£-Z QI SS90 - UollieisuIWpY Weiboig
.. 0 0 0 0 o [¥E 50'£-Z Q1 5533014 - Buluued s} S
0 00 0 0 00 0 o [eg ¥0'/-Z (1 SS3901d - SMBIASY Pue sajes pnpuad | )
N 0 ZE £0°2-7 Q1 SS93014 - juawabeueyy sdoag
! | Lo 00 0 0 0 53 20°Z-Z Q1 5593014 - jUSUIPBEUB 19NPGld YoM,
! 4 0 0 0% }0'2-T QI SS8%01g- AjunjioddQ pue ysiy
0 0 0 0 62 0 9-Z QI S59901d - [UaWabuey IBueyS
} o 0 0 1 82 £0'9-Z QI 559201 - juwabeue vL1va| O
Lo 0 B o 0 ) 0 0 0 00 00 2 20'9-Z d] SS9901d - JUSWRBUBK ANEND >
i} 9z 10'9-Z QI SS3da1d - Ajunaag weibalg
[ b Lo 0 } 00 0000 5z 60'5-Z 4| $3990ld - juauiabuey Buunoenueyy
Lo ) ) lr 0 Lo L 00 00 0GO [£4 80°5-Z 01 S5330id - |BUSIEIN 9eIju0Iqns
[ b 0 00 0 00 0000 €2 10°5-Z QI 359301 - UO[TAP||BA PUE US[IRa1I8A
b o Il 00 o0 0 0 22 | 50°5-c O %9901 - UojeDeN] WSRAS / Pnpold |
b Lo I o 00 0 00 0000 ¥4 §0'5-Z Q1 ssadald - poddng sousiBo|
b MW oo 00 0000 02 VO'S-Z QI #5630 - Duesuu3 Kjjereds | O
bbbz b b [ B o } 00 0 0 0 Y £0'G-Z QI $5930ld - {Uawdo|aAaq IemjoS
Lo L Lol Mo L 00O 0000 Sk | Z0'G-Z i 899301 - BulosuBUS dImpioy
Lot L [ [ ! } A} b 00 - 10°5-C G 569901 - Dupesuug SWesAS
' .l g o  oueuuoued 9l B,wm i sseid - bunioday mm.__n.; we3
| 0 0 Siesisuowisp 51 S0°¥-Z Q1 S58901d - Buluiel | oajoid
] 0 01 piaaslas vl S0'v-Z Q1 S5990Id - S9IN0say L] =
o 0o . Solawy £l 70 v Q1 559%01d - [€1des] )
Lo } Lo IR L z 0 1 £0 ¥-Z Q1 599014 - Ueld salpoed| &
} o 0 0 1l Z0'v-Z QI Ssevuid - Buigeis weibaig
I 3 ] .o- Lo 0 o [0} 10'¥-Z QI Ssavaid - Buluued jeraueury
z Loy L b l 6 Z0'S-Z Q155801 - 3ufjaseq PEIUOD| 5
o o0 0 o0 o8 10'€-Z QI SS9301d - MalAIBAD weiboid|
Lo I 1 0 0 o o0 00 o[ v0 2-Z Q1 53014 - Buliojie | $savdig
0 o L 9 £0Z-Z Qi 59901 - umopyeaig Yo | O
L b0 . Bl o[s 2022 Qi $S9901d - UoljeziebIg| B
0 0 Ly 10'Z-Z Gt SS3301d- usmoQ YBaig Pnpoid
[ A L [ [ S Lo [ L 0 g £0'L-Z QI SS90 - Duep wiesdaid 5
0 0 0 [z 20'1-Z Q1 5533014 - BUBIR] WESL | py
z 0 | 10’} -Z Qi $855330d - UQISIA| =
ielsclse [velec]ze [icoc sz [Bz [z oz [sz bz ez ez [izoz]sr fer [t ot [si[vi[er[ziTii]oi]s I8 |« o [s fvr e [z |1 |oes BB §S330.d




8¢

‘sis[eue sourwIojIad 10 SAAPATIOR PIOJ[AS YNM [dpowt NS paroidw] gz | 9m3i]

X X[Z€ 10'7-Z Qi SS901d - MalASY Ssaupedy dn-Hels
e e e e o e . o o o e o o e e e o e e e o et X X{9€ 80' /-2 (| S$890.d - 2INSO|D PUe UOolISUBS |
1 X X X X XX X X XX X X X X X|se £0'G-Z Q| SS990ud - UAUdOBAIQ AIeM}0S
1 : X X X X X | X X X X|ve Z0 £-Z Gl S5900i - JualuabeuRy NPoid WO
| : X | x|g€ 90'p-Z QI SS900.d - butuiel  108foid
| . X X Xl X|Z€ ¥0'9-2 I $$890.d - Juswabuey sbueyd
I : X | xX[1E GO b-Z QI 5389014 - $30IN0SaY 1|
i X X X X X X X X 1 X X X X x|0¢ 20°9-Z QI Ss800.4 - Juswabue Ayenp
| X X X X X x x x ! xx X X x  X[sz 50'S-Z QI S$990id - §oddng Saystbo
“ : X X X X X x“ X X X X X X X 60°G-¢ QI SS9001d - JuaWaBUep Buunenuey
i : X i X £0° /-2 Q) 59901 - Jusuiabeueyy 9dodos
I : X X X X X | XX X X St L
| X X X X X X X X
1 X X X X X X X XX X X X X
i X X X X X XX XX X X X X X
1 X X X i X Z0'b-Z Q1 558201 - b
1 © X X xi X X X[z 1072 Q| $5800.4 - buioday enje uie3
I TX X X xi X X X X X0z 10 ¥-Z QI Ssa9al - Bulilield [erueul
| : X I X x[61 0"y-¢ Q| $59901d - [eydeD
1 : X l X X X 8l 10°2-2 Qi $$8201d- AJjunpoddQ pue %siy
! - x x| X X X G0'Z-Z (| §56001d - BujuUe|d SOUIBW
| x - x | X X X X X ¥0'Z-Z QI 559001 - BULO[iE | 558001
" L Lol L Lol 0 Lob oL x“ X X X X X X T A I LN e T
b b0 L 0 b X XXX X XY 80'G-Z QI S900. - [BUSJe J0B4U0OgNS
1 X X X X X[€l L0°'€-Z 0 §S3901d - MSIAIBAQ WeiBold
1 : X X X2V 10°Z-Z QI $5990i- Umog Yealg Pnpaid
1 X X X[ £0'2-Z QI SSe00id - UMOp)Ealg YoM
1 X X X[oi 20 -2 QI S$820id - Bulpling Wea |
| X X 6 90°/-Z d] $S8201d - Uolue)siuiwpy weiboid
| bbbl Lol Lot | : X X X X8 £0'|-Z QI SS20id - buei weiboid
b L L 0 L | . X X X X[Z €0'7-Z 0l 538001 - UE|d SANIIoE4
0 0 0 00 0 i . X X xlo ¥0°L-Z Q| SS820.14 - SMBIAaY pue S3jes) }onpuc)
! © X S 10°9- QI Ss9901d - Kwinoag WeiBoig
L V " X X X[y £0'9-Z 0] S5e001d - JuweBeuel V1va
0 0 0 © X X[e 20 2-Z QI $5990id - Uohezwedip
1 © X[z 10'L-Z QI S3§§8001d - UOISIA
Z 4 I 0 Z0'€-Z Q1 5589014 ~ Ulj9seq eIUSD
ze ot [Ge [pe fee [ee [1eJos [62 [82 [ 22 [ zz]1z]oz]6L[8) |20 [oL MElv leb el [vi]ov]e |8 2 Jo |S [v e [z [ [Bel [ssn1AnOY) SaWEeN $53001d




9. References

AitSahlia, Farid, E. Johnson, and P. Will. 1995. “Is Concurrent Engineering Always a
Sensible Proposition?” IEEE Transactions on Engineering Management.

Browning, Tyson and S.D. Eppinger. 1998 "A Model for Development Project Cost and
Schedule Planning," M.L.T. Sloan School of Management, Cambridge, MA, Working Paper
no. 4050

Browning, Tyson R 1998. "Use of Dependency Structure Matrices for Product
Development Cycle Time Reduction", Proceedings of the Fifth ISPE International
Conference on Concurrent Engineering: Research and Applications

Browning, Tyson R., 1998. “Modeling and Analyzing Cost, Schedule, and Performance in
Complex System Product Development”, Doctoral Thesis (TMP), Massachusetts Institute of
Technology.

Carrascosa, M., S. Eppinger and D.E. Whitney. 1998 “Using the design structure matrix to
estimate product development time” ASME Design Engineering Technical Conferences

Eppinger, Steven. 2001. “Innovation at the speed of information” Harvard Business Review.

Eppinger, Steven and V. Salminen. 2001. "Patterns of Product Development Interactions",
International Conference on Engineering Design, Glasgow, Scotland

Gatti, John. 2002. “Transforming the enterprise to a model-based environment” MS Thesis,
Massachusetts Institute of Technology

Kusiak, Andrew and J. Wang. 1993. "Decomposition of the Design Process," Journal of
Mechanical Design, Vol. 115

Kusiak, Andrew and J. Wang. 1993 "Efficient Organizing of Design Activities," International
Journal of Production Research, Vol. 31.

Osborne, S. M. 1993. “Product development cycle time characterization through modeling of
process iteration,” MS Thesis, Massachusetts Institute of Technology.

Rogers, James L. 1997. "Reducing Design Cycle Time and Cost Through Process
Resequencing”, Proceedings of the International Conference on Engineering Design,
Tampere, Finland.

Rogers, James L. and C. Bloebaum. 1994 “Ordering Design Tasks Based on Coupling
Strengths”, 5th AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and
Optimization, Panama City, Florida.

39



Rogers, James L., A.O. Salas and R.P. Weston. 1998. "A Web-Based Monitoring System for
Multidisciplinary Design Projects”, in Proceedings of  the Seventh
AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and Optimization,
St. Louis, MO.

Smith, R.P. and S.D. Eppinger. 1998. “Deciding between Sequential and Parallel tasks in
engineering Design,” Concurrent Engineering: Research applications

Soo-Haeng Cho. 2001. “An Integrated Method for Managing Complex Engineering Projects
using the Design Structure Matrix advance Simulation” MS Thesis, Massachusetts Institute

of Technology

Welch, Cory. 2001. “Application of the Design Structure Matrix: A case study in process
improvement dynamics”, MS. Thesis, Massachusetts Institute of Technology

40



