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Preface & Acknowledgements

Welcome to our Tenth Annual Acquisition Research Symposium! We regret that this
year it will be a “paper only” event. The double whammy of sequestration and a continuing
resolution, with the attendant restrictions on travel and conferences, created too much
uncertainty to properly stage the event. We will miss the dialogue with our acquisition
colleagues and the opportunity for all our researchers to present their work. However, we
intend to simulate the symposium as best we can, and these Proceedings present an
opportunity for the papers to be published just as if they had been delivered. In any case, we
will have a rich store of papers to draw from for next year’s event scheduled for May 14-15,
2014!

Despite these temporary setbacks, our Acquisition Research Program (ARP) here at
the Naval Postgraduate School (NPS) continues at a normal pace. Since the ARP’s
founding in 2003, over 1,200 original research reports have been added to the acquisition
body of knowledge. We continue to add to that library, located online at
www.acquisitionresearch.net, at a rate of roughly 140 reports per year. This activity has
engaged researchers at over 70 universities and other institutions, greatly enhancing the
diversity of thought brought to bear on the business activities of the DoD.

We generate this level of activity in three ways. First, we solicit research topics from
academia and other institutions through an annual Broad Agency Announcement,
sponsored by the USD(AT&L). Second, we issue an annual internal call for proposals to
seek NPS faculty research supporting the interests of our program sponsors. Finally, we
serve as a “broker” to market specific research topics identified by our sponsors to NPS
graduate students. This three-pronged approach provides for a rich and broad diversity of
scholarly rigor mixed with a good blend of practitioner experience in the field of acquisition.
We are grateful to those of you who have contributed to our research program in the past
and encourage your future participation.

Unfortunately, what will be missing this year is the active participation and
networking that has been the hallmark of previous symposia. By purposely limiting
attendance to 350 people, we encourage just that. This forum remains unique in its effort to
bring scholars and practitioners together around acquisition research that is both relevant in
application and rigorous in method. It provides the opportunity to interact with many top DoD
acquisition officials and acquisition researchers. We encourage dialogue both in the formal
panel sessions and in the many opportunities we make available at meals, breaks, and the
day-ending socials. Many of our researchers use these occasions to establish new teaming
arrangements for future research work. Despite the fact that we will not be gathered
together to reap the above-listed benefits, the ARP will endeavor to stimulate this dialogue
through various means throughout the year as we interact with our researchers and DoD
officials.

Affordability remains a major focus in the DoD acquisition world and will no doubt get
even more attention as the sequestration outcomes unfold. It is a central tenet of the DoD’s
Better Buying Power initiatives, which continue to evolve as the DoD finds which of them
work and which do not. This suggests that research with a focus on affordability will be of
great interest to the DoD leadership in the year to come. Whether you're a practitioner or
scholar, we invite you to participate in that research.

We gratefully acknowledge the ongoing support and leadership of our sponsors,
whose foresight and vision have assured the continuing success of the ARP:
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e Office of the Under Secretary of Defense (Acquisition, Technology, &
Logistics)

Director, Acquisition Career Management, ASN (RD&A)

Program Executive Officer, SHIPS

Commander, Naval Sea Systems Command

Program Executive Officer, Integrated Warfare Systems

Army Contracting Command, U.S. Army Materiel Command

Office of the Assistant Secretary of the Air Force (Acquisition)

Office of the Assistant Secretary of the Army (Acquisition, Logistics, &
Technology)

Deputy Director, Acquisition Career Management, U.S. Army

Office of Procurement and Assistance Management Headquarters,
Department of Energy

o Director, Defense Security Cooperation Agency

Deputy Assistant Secretary of the Navy, Research, Development, Test, &
Evaluation

Program Executive Officer, Tactical Aircraft

Director, Office of Small Business Programs, Department of the Navy
Director, Office of Acquisition Resources and Analysis (ARA)

Deputy Assistant Secretary of the Navy, Acquisition & Procurement
Director of Open Architecture, DASN (RDT&E)

Program Executive Officer, Littoral Combat Ships

James B. Greene Jr. Keith F. Snider, PhD
Rear Admiral, U.S. Navy (Ret.) Associate Professor
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Naval Ship Maintenance: An Analysis of the Dutch
Shipbuilding Industry Using the Knowledge Value Added,
Systems Dynamics, and Integrated Risk Management
Methodologies

David N. Ford—Ford received his BS and MS degrees from Tulane University and PhD degree from
MIT. He is an associate professor in the Construction Engineering and Management Program, Zachry
Department of Civil Engineering, Texas A&M University and the Urban/Beavers Development
Professor. He also serves as a research associate professor of acquisition with the Graduate School
of Business and Public Policy at the U.S. Naval Postgraduate School in Monterey, CA. Prior to joining
Texas A&M, he was on the faculty of the Department of Information Science, University of Bergen,
Norway. For over 14 years, he designed and managed the development of constructed facilities in
industry and government. His current research investigates the dynamics of development supply
chains, risk management with real options, and sustainability. [dnford@nps.edu]

Thomas J. Housel—Housel specializes in valuing intellectual capital, knowledge management,
telecommunications, information technology, value-based business process reengineering, and
knowledge value measurement in profit and non-profit organizations. He is currently a tenured full
professor for the Information Sciences (Systems) Department. He has conducted over 80 knowledge
value added (KVA) projects within the non-profit, Department of Defense (DoD) sector for the Army,
Navy, and Marines. He also completed over 100 KVA projects in the private sector. The results of
these projects provided substantial performance improvement strategies and tactics for core
processes throughout DoD organizations and private sector companies. He has managed a $3
million—plus portfolio of field studies, educational initiatives, and industry relationships. His current
research focuses on the use of KVA and “real options” models in identifying, valuing, maintaining, and
exercising options in military decision-making. [tjhousel@nps.edu]

Johnathan C. Mun—Mun is a research professor at the U.S. Naval Postgraduate School (Monterey,
CA) and teaches executive seminars in quantitative risk analysis, decision sciences, real options,
simulation, portfolio optimization, and other related concepts. He has also researched and consulted
on many Department of Defense and Department of Navy projects and is considered a leading world
expert on risk analysis and real options analysis. He has authored 12 books. He is also the founder
and CEO of Real Options Valuation, Inc., a consulting, training, and software development firm
specializing in strategic real options, financial valuation, Monte Carlo simulation, stochastic
forecasting, optimization, and risk analysis located in northern California. [jcmun@nps.edu]

Abstract

Initiatives to reduce ship maintenance costs have not yet realized the normal cost-reduction
learning curve improvements. One explanation is the lack of recommended technologies.
Damen, a Dutch shipbuilding and service firm, has incorporated similar technologies and is
developing others to improve its operations. This research collected data on Dutch ship
maintenance operations and used it to build three types of computer simulation models of
ship maintenance and technology adoption. Results were compared with previously
developed modeling results of U.S. Navy ship maintenance and technology adoption.
Adopting 3D PDF alone improves ROI significantly more than adopting a logistics package
alone, and adding both technologies improves ROl more than adding either technology
alone. Adoption of the technologies would provide cost benefits far in excess of not using the
technologies, and there were marginal benefits in sequentially implementing the technologies
over immediately implementing them. Potential benefits of using the technologies are very
high in both cases. Implications for acquisition practice include the need for careful analysis
and selection from among a variety of available information technologies and the
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recommendation for a phased development and implementation approach to manage
uncertainty.

Introduction

The current cost-constrained environment within the federal government and the
DoD requires a defensible approach to cost reductions without compromising the capability
of core defense processes and platforms. Due to this environment, defense leaders today
must maintain and modernize the U.S. armed forces to retain technological superiority while
simultaneously balancing defense budget cost constraints and extensive military operational
commitments. At the same time, defense leaders must navigate a complex information
technology (IT) acquisition process. Maintenance programs play a critical role in meeting
these DoD objectives. One such core process that is central to U.S. naval operations is the
ship maintenance process. This process alone accounts for billions of dollars in the U.S.
Navy’s annual budget. There have been a series of initiatives designed to reduce the cost of
this core process, including ship maintenance. SHIPMAIN, and its derivatives, was one of
the initiatives designed to improve ship maintenance performance within the Navy by
standardizing processes in order to take advantage of learning curve cost savings.

However, these process improvement initiatives have not yet realized the normal
cost-reduction learning curve improvements for common maintenance items for a series of
common platform ships. One explanation is that the initial instantiation of SHIPMAIN did not
include two recommended technologies, three-dimensional laser scanning technology (3D
LST) and collaborative product life-cycle management (CPLM), that were deemed
necessary by the creator of SHIPMAIN for ensuring the success of the new standardized
approach (i.e., normal learning curve cost savings). Previous research (Ford, Housel, &
Mun, 2011) indicates that adding these technologies may help SHIPMAIN, or its derivatives,
to capture the potential savings. But the technologies have not been implemented to date in
the ship maintenance processes.

However, Damen, a large shipbuilding and service firm has incorporated similar
technologies and is developing others to improve its operations. In addition, the Royal Dutch
Navy (RDN) performs all of its own ship maintenance in a single yard and operation. In the
current study, the potential benefits of similar technologies are extrapolated and compared
with similar projections for U.S. Navy ship maintenance processes. These organizations
provide a source of relatively reliable data on operations that are comparable to those
performed by the U.S. Navy.

Problem Description

Previous research on the potential use of 3D LST and CPLM technology in U.S.
Navy ship maintenance (e.g., Komoroski, 2005; Ford, Housel, & Mun, 2011) estimated the
impacts on processes due to technology adoption. Changes such as reengineering ship
maintenance processes, the sizes of reductions in cycle times, and workforce requirements
are examples of model portions that required modelers to make assumptions about the
potential impacts of these technologies in modeling projected results. While the previous
work has provided defensible estimates of potential improvements (in returns on investment,
ROI) and cost savings, the validity and usefulness of these models has been limited by the
lack of comparative data on ship maintenance processes and technology investments, and
of their potential impacts on performance. Therefore, the acquisition of data on Dutch naval
fleet maintenance processes and the comparison of those data with previous U.S. Navy
results were critical steps in improving U.S. naval technology acquisition decision-making, in
particular with regard to ship maintenance.
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To be valuable, the data source or sources for this work had to have several critical
similarities with U.S. naval ship maintenance processes. The data source had to consider
technological innovation and the adoption of advanced technologies to be an important part
of its naval maintenance acquisition strategy. The data source or sources had to be large
enough to support continuous ship maintenance operations because the intermittent
stopping and restarting of operations would not be consistent with important assumptions of
the modeling approach. Finally, the data source had to be accessible, willing to share the
data, and willing to allow us to obtain the new data required for our modeling approach.
These and other criteria limited the potential pool of sources to nations or large industrial
ship maintenance organizations that were on good terms with the United States, advanced
enough in their operations to compare with those of the U.S. Navy, progressive enough in
their strategies to include continuous technology adoption, and willing to share data and
information that is often considered essential for national security or competitive advantage.
Damen Industries and the RDN met most of these criteria and were willing to meet our
requirements for data acquisition and sharing.

The current work addresses the following questions:

¢ How are the Dutch using and preparing to adopt advanced technologies,
such as 3D LST and CPLM, in shipbuilding and maintenance?

o What are the potential changes in ROIs provided by the adoption of these
advanced technologies?

o How do those potential returns compare with projected estimates of returns
on technology adoption of 3D LST and CPLM in the U.S. Navy?

Research Methodology and Background*

The traditional ROI equation is typically expressed as (revenue —
investment)/investment, which represents the productivity ratio of output (i.e., revenue in
ROI + input or investment cost in ROI). Accomplishing this analysis in a nonprofit
environment presents challenges because there is no actual revenue generated. Cost
savings from reductions in manpower requirements (i.e., time allocated to employee
workload for various tasks) is available to provide the impact on the denominator of the ship
maintenance efforts. The knowledge value added (KVA) methodology (Housel & Kanevsky,
1995) also allows for generation of a quantifiable surrogate for revenue in the form of
common units of output described in terms of units of learning time. Specifically, the KVA
methodology allowed the study team to quantify the knowledge embedded in the new
processes to use in generating common units of output estimates. The KVA analysis
provided the basic ROI estimates critical in forecasting the future value of various
automation options.

The system dynamics methodology was used to model the impacts of automation on
operations. System dynamics applies a control theory perspective to the design and
management of complex human systems. System dynamics combines servo-mechanism
thinking with computer simulation to create insights about the development and operation of
these systems. Forrester (1961) developed the methodology’s philosophy, and Sterman
(2000) specified the modeling process with examples and described numerous applications.
System dynamics is used to build causal-based (versus correlation-based) models that
reflect the components and interactions that drive behavior and performance. The
methodology has been used extensively to explain, design, manage, and, thereby, improve

' See Ford, Housel, and Mun (2012) for a more detailed description of the research methodologies
applied.
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the performance of many types of systems, including development projects. The
methodology’s ability to model many diverse system components (e.g., work, people,
money, value), processes (e.g., design, technology development, production, operations,
quality assurance), and managerial decision-making and actions (e.g., forecasting, resource
allocation) makes system dynamics useful for modeling and investigating military operations,
the design of materiel, and acquisition.

The integrated risk management (IRM) framework and supporting toolset was used
to optimize the portfolio over time. IRM is an eight-step, quantitative, software-based
modeling approach for the objective quantification of risk (cost, schedule, technical),
flexibility, strategy, and decision analysis. The method can be applied to program
management, resource portfolio allocation, return on investment to the military (maximizing
expected military value and objective value quantification of nonrevenue government
projects), analysis of alternatives or strategic flexibility options, capability analysis, prediction
modeling, and general decision analytics. The method and toolset provide the ability to
consider hundreds of alternatives with budget and schedule uncertainty and provide ways to
help the decision-maker maximize capability and readiness at the lowest cost. This
methodology is particularly amenable to resource reallocation and has been taught and
applied by the authors for the past 10 years at over 100 multinational corporations and over
30 projects at the U.S. Department of Defense (DoD).

The research team collected data on Dutch ship operations as described in the
section titled Data Collection Methods and used it to build three types of computer
simulation models of ship maintenance and technology adoption: KVA models of return on
technology investments in those operations, system dynamics models (SD) of ship
maintenance operations, and IRM models of implementation plans for technology adoption.
The results were then analyzed and compared with previously developed modeling results
of U.S. Navy ship maintenance and technology adoption.

Data Collection Methods

Data on the practices of Dutch industry and naval ship maintenance proved very
difficult and time consuming to obtain. Initial contact with Dutch industry participants and
ship maintenance technology providers developed slowly over several months into
relationships that eventually led to data collection opportunities. Several sources of data
were utilized, including a Dutch shipbuilder (Damen) and the RDN. Data on the use of
technology in Dutch fleet maintenance was collected by two primary methods: (1) in-person
interviews and meetings with managers of the leading corporation in the Dutch shipbuilding
industry (Damen) and with officers and civilian employees of the RDN, and (2) tours of three
Dutch shipbuilding and maintenance facilities.

In-person interviews and meetings with managers at Damen and with officers and a
civilian employee of the RDN occurred during a data collection trip by one of the research
team members (Ford) to the Netherlands in June 2012, as did the tours of Dutch ship
building and maintenance facilities. Meetings, semi-structured interviews, and extended
discussions were held with six managers of Damen Industries and the RDN in three
locations over three days. At these meetings, Damen managers made presentations on
Damen’s operations, uses of technologies, investigations of specific technologies for
potential development and adoption (including 3D LST and CPLM software), Integrated
Logistics System (ILS), and information technology products under development for use in
ship maintenance.? Separately, a meeting and semi-structured interview was conducted with

2 Copies of these presentations were requested, but not provided. Data collection results are based
on notes taken by the investigator during the meetings, interviews, and tours of facilities.
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the two RDN officers responsible for ship maintenance at the RDN shipyard at Nieuwe
Haven in Den Helder. Tours of the RDN fleet maintenance facility in Nieuwe Haven and two
Damen shipyards were provided during the data collection trip.

Data Collection Results

Damen’s Use of Technology

The Damen Shipyards Group (www.damen.nl/) is a large Dutch shipbuilding firm with
worldwide operations (11 shipyards with five outside The Netherlands). The firm was started
in 1922 by Jan and Rien Damen. The firm grew substantially after Kommer Damen (the
current owner) bought it in 1969 and introduced modular and standardized shipbuilding to
the industry. The firm now employs over 6,000 people and builds an average of 150 vessels
per year. The firm obtained Damen Schelde in 2000, which focuses exclusively on naval
ship design, building, and maintenance. Damen Schelde manufactures an average of one to
two ships per year, employs about 550 people, and performs about €210 million per year.
Damen Schelde acts as the prime contractor and integrator on its shipbuilding projects,
utilizing many subcontractors. Although Damen Schelde provides ship maintenance
services to its international (i.e., not Dutch) customers, it does not provide any ship
maintenance services for the RDN.

Damen Schelde has used an ILS since 2002 to manage the shipbuilding process
from project initiation through the development of a logistics plan for customers. The ILS is
the plan for the development of a ship and includes ship design; production; quality
assurance, quality control (QAQC); training of ship operators; and coordination with
customers. The ILS does not include service contracts or life-cycle costs due to the difficulty
of forecasting those costs. The focus of the ILS is to provide maximum ship operational
availability, reliability, and maintainability. It does this partially by using a single point of
contact within Damen throughout the project who manages an interdisciplinary team (e.g.,
engineering, work preparation, procurement, service). Damen Schelde currently uses a
variety of information technologies to facilitate their ILS approach to shipbuilding and is
constantly investigating new technologies that may improve its design and manufacturing.
Of particular relevance to the current work, Damen Schelde uses four separate software
products to manage its shipbuilding: an advanced three-dimensional CADD program for
design, a CPLM product as a database for ship components, an Enterprise Resource
Planning (ERP) system, and a software tool for scheduling. The latter three of these
systems are connected to users with a project information portal developed by Damen
Schelde. The informant reported that Damen developed the portal because the CPLM
product did not include adequate user interfaces.

Damen Schelde has investigated and is currently investigating other technologies for
potential adoption. Four technologies were described and discussed:

1. 3D LST: This technology was investigated but was assessed to currently be
too immature for adoption by Damen Schelde. The investigation included a
discussion of the current use of the technology in the automobile industry, as
well as its potential use to scan engine rooms and for floor flattening. The use
of 360-degree photography (often used in conjunction with 3D LST) was
considered by Damen Schelde as a potential tool for training (see Komoroski,
2005, for more details on 3D LST).

2. 3D PDF files: Three-dimensional animated “movies” of shipbuilding can be
created in a PDF format (by Adobe Acrobat®) and sent to shipyards for use
in the field by craftsmen who view the file on an electronic reader (e.g., an
iPad®). The files would replace flat drawings for use in construction. The file

ACQUISITION RESEARCH PROGRAM:
CREATING SYNERGY FOR INFORMED CHANGE -8-




visually communicates the sequence of building (or maintenance) operations
and components, and operations can have notes attached to them that
provide additional information (e.g., part numbers or warnings of special
issues). The ability to animate these files allows engineers to visually show
craftsmen sequences of operations, routes of access and egress for line
replaceable units (LRU®), and other information that is difficult or impossible
to show with traditional, static, two-dimensional drawings. The use of this
technology shifts the understanding of the design intention from the designers
(in the Netherlands) to the shipbuilding yard (typically in other countries
around the world). The use of visual information (the animation of steps) is
expected to greatly improve communication across languages since many of
the craftsmen in Damen’s shipyards do not read English well. Damen
considers improvements in information content communicated to be the
primary benefit of this system (versus cost savings). Damen Schelde is very
optimistic about the potential for this technology to improve its operations and
is actively working on developing it (e.g., selecting software, addressing the
importing of the 3D design drawings). Generating the animated files and
adding the building steps to the design files is expected to be relatively easy
once the system has been developed.

3. SIGMA Shipbuilding Strategy: This is a standardized process for creating a
ship that spans from design through materials procurement, production, and
testing of a ship. The key feature of the strategy is the use of modular ship
sizes and systems that can be easily adapted to specific customer needs. For
example, Damen Schelde has disaggregated an entire ship into five
standardized modules (e.g., fore, midship, aft) with major systems located in
specific sections. Each module is considered a subproject. As an example of
an advantage provided by the strategy, the modules and their interfaces are
designed such that the ship can be made longer by adding an additional
midsection.*

4. Radio Frequency ldentification (RFID): This established technology is being
considered for use to improve Damen’s supply chain management. Primary
benefits are believed to be improved value of information and a reduction in
the duration for getting information into Damen databases (e.g., warehouse
contents, components on specific ships). Both passive and active tags are
being considered.

Damen Services also develops advanced technologies for use by Damen
Enterprises. Damen Services focuses on providing ongoing maintenance parts and services
to Damen customers after a ship has been designed, built, and delivered, but also provides
other services such as civil works (e.g., wharves and storage facilities).

The Maintenance and Spares department maintains information on ship
configuration (using an ERP system), parts inventories, spare parts packages, and
maintenance management systems. It also provides information technology support for
Damen. It is developing a web portal for clients that will allow clients access to Damen-held
data on each of the customer’s ships down to the individual component level. This will

® Line replaceable unitis a commonly used term in manufactured devices for any modular component
that is designed to be interchangeable.

* This portion of the SIGMA strategy applies the Boeing strategy for the design and production of the
737 that has different lengths to shipbuilding.
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partially be accomplished with a work breakdown system (WBS) that disaggregates a ship
or system into product parts (e.g., engine, bilge pump) and a functional breakdown system
that disaggregates the ship into functions (e.g., port propulsion) that are met with a product
part (in the WBS) and have an associated maintenance schedule, which includes monitoring
measurements and frequency, parts documentation, and so forth. The WBS has three
levels: subsystems (e.g., propulsion, hoisting), with a typical ship having 20-70 subsystems;
Level 2 parts (e.g., pump, shaft), with about 1,000 per ship; and Level 3 parts (e.g., bolt,
flange), with 70,000-80,000 per ship.

This system will be linked with an online parts ordering portal so that customers can
order parts from Damen (similar to Amazon’s online selling of books, etc.). Damen Services
plans to use the information (e.g., the frequency orders for specific components) captured
through this system to develop maintenance optimization information. Damen Services
envisions three types of maintenance: corrective maintenance (after the component needs
work), preventative maintenance (based on forecasts of maintenance needs), and condition-
based maintenance (based on actual conditions of components). Condition-based
maintenance is an optimized version of preventative-based maintenance that is currently
under development. It requires sensors to collect data on component conditions that will be
used to generate condition assessments.

Royal Dutch Navy Fleet Maintenance

Data collection directly from the RDN was particularly valuable for at least two
reasons. First, as the navy of a sovereign country with objectives that are similar to those of
the United States, the objectives and issues of the RDN are more likely to match those of
the U.S. Navy than those of some other nations. Data collection supported this assumption.
For example, technology leadership, interoperability, and reliability in meeting operational
needs are paramount to the RDN, and the RDN has recently experienced, and expects to
continue to experience, reductions in budgets just as is the case with the U.S. Navy. The
Dutch navy continues to face budget cuts and increasing technology needs, is currently in
reorganization to reduce total workforce (internal to the navy and civilian naval workforce) by
20%, and is transferring from legacy information systems to an integrated ERP system for
maintenance operations. Also, the RDN performs all of the maintenance on its fleet, thereby
making it the primary data source concerning RDN fleet maintenance process performance.

The interviews with the two RDN officers in the Naval Maintenance and Service
Agency provided a general introduction to the issues faced by the Dutch navy in building
and maintaining its fleet. The RDN addresses its challenges by means similar to those used
by the U.S. Navy, such as waiting for technology to mature (technology readiness level
[TRL] = 7 before adoption) and incremental capability increases based on budgets.
Noticeably different, both the RDN and Damen described the critical role, and standard
Dutch practice, of adjusting requirements to meet budgets in shipbuilding. The RDN is
facing increasing pressure to control life-cycle costs in its fleet, which are largely driven by
personnel and fuel. This has led it to approve significantly stricter operations manning
requirements for ship design (i.e., lower maximum shipboard personnel), which has driven
Damen to increase the use of automation in its ship designs.

The primary informant on RDN fleet maintenance operations provided a diagram of
those operations (see Figure 1) and a written description of each of the steps identified in
the diagram.
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Logistics Process Royal Netherlands Navy

Figure 1. Diagram of Royal Dutch Navy Fleet Maintenance Processes
(P. Kense, personal communication, June 21, 2012)

The process steps shown in Figure 1 were described in writing by the informant with
the following list.® In the list, the abbreviation LRU stands for line replaceable unit, a
commonly used term in the area of manufactured devices for any modular component that is
designed to be interchangeable.

Logistic Process Royal Netherlands Navy

1. In case LRU fails the on-board personnel will replace this LRU by a spare
(on-board; OLM qualification required).

2. The defect LRU will be send to the warehouse, and a “new” LRU will be send
to the ship.

3. The defect LRU will be send to the Naval Maintenance Establishment (NME)
for repair. After the LRU is repaired it will be send to the warehouse again “as
good as new” (DLM qualification required).

4. |If the NME needs parts to repair an LRU, the parts will be extracted from the
industry, when the NME is not able to repair this LRU, it can be send to the
manufacturer. Also, manpower can be hired to fix problems.

If spare is not available, sometimes it will be cannibalized from another ship.

If the on-board personnel is not able to fix the problem by themselves (due to
the complexity of the failure) assistance from the NME is needed (ILM
qualification required).

7. If the problem is too complex for the NME also, the industry can be hired to
solve this problem.

The following seven process steps were elaborated on by the informant (the
abbreviations DLM, OLM, and ILM refer to Dutch terms for training levels):

®>The process step descriptions have been transcribed exactly as provided in English by the RDN,
including uncommon English grammar and spelling.
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Step 1: Performed onboard, for example to provide operational
maintenance of weapons systems

Step 2: Purely a transit operation that requires only a truck driver (if ship is
in port)

Step 4: Requires DLM level of training
Step 5: Requires OLM level of training

Step 6: Requires ILM level of training (= LTS + MTS + 10 — 25 days of
training)

Step 7:  Requires DLM level of training

Fleet maintenance for the RDN requires, at a minimum, completion of education at a
Lower Technical School (LTS) and a Middle/Intermediate Technical School (MTS). The LTS
is typically attended between ages 12—-16, and the MTS is typically attended between ages
16—21. After completion of LTS and MTS, future RDN ship fleet maintenance personnel
must complete at least one of three other forms of training.

System Dynamics Model Structure

The system dynamics model simulates the movement of LRU among the various
locations where they are used, stored, or repaired. Each flow of LRUs between two stocks
represents the processing rate of one of the process steps in a KVA model. A simplified
diagram of the stocks and flows of the model are shown in Figure 2. Boxes represent
stocks, or accumulations of LRU. Each stock in Figure 2 represents a location in Figure 1,
plus on-board LRU storage as a separate LRU accumulation. Arrows with valve symbols in
Figure 2 represent the movement of LRUs between stocks. Numbers in parentheses in the
titles of flows represent the process steps shown in Figure 1 (ovals with arrows) and the
KVA model process steps (described later).
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Figure 2. Royal Dutch Navy Ship Maintenance: Stocks and Flows of the System
Dynamics Model

The sizes of the flows in the system dynamics model describe the rate of movement
of LRUs among the stocks. Therefore, the simulated flows in the system dynamics model
become direct inputs to the “times processed per year” portion of the KVA models. Flow
rates were modeled to reflect the sequence of processes in operations. For example, in
normal operations, the replacement of a broken LRU in an operating ship with one from the
ship’s on-board storage (“Replace broken LRU from storage [1]” on the left of Figure 2)
would be followed by the broken LRU in storage being replaced by an operational LRU from
the warehouse (“Replace broken LRU from warehouse on onboard storage [8]” at the top in
Figure 2). This replacement would be followed by the broken LRU being sent to the NME
where it would be repaired and returned to the warehouse (“NME repairs broken LRU in
warehouse [3]” on the right in Figure 2). These precedencies are modeled by having the
downstream process equal to its preceding process step with a delay that reflects the transit
and subsequent processing time. Some flows (e.g., “NME repairs broken LRU from
warehouse [3]”) are aggregations of multiple upstream flows. Core flows are based on the
mean time between failure of LRUs and the fraction of failures addressed with each
process.

The system dynamics model was calibrated to reflect RDN ship maintenance (see
Ford, Housel, & Mun, 2012, for details).

Knowledge Value Added Models to the Royal Dutch Navy Ship Maintenance

Four KVA models were built based on the RDN ship maintenance processes (see
Ford, Housel, & Dillard, 2010, for details and examples of KVA modeling):

1. Baseline RDN ship maintenance processes

2. Baseline RDN ship maintenance processes changed to reflect the adoption
and use of a logistics package from an integrated CPLM system such as was
investigated by Damen

3. Baseline RDN ship maintenance processes changed to reflect the adoption
and use of 3D PDF modeling managed with a CPLM system as planned by
Damen

4. Baseline RDN ship maintenance processes changed to reflect the adoption
and use of a logistics package and 3D PDF modeling managed by an
integrated CPLM system

Model Simulations and Results

The system dynamics model was simulated to represent the four technology
adoption scenarios described in the previous section. The output of each system dynamics
model simulation was used as input to a KVA model. Those KVA models were then used to
estimate the ROI of each process in each of the four scenarios and the cumulative ROI for
each scenario. The results based on the models and their calibrations are shown in Table 1.
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Table 1. Knowledge Value Added Model Results

Return On Investment (ROI)

Process Add
Description Add Add 3D |Logistics
Baseline [Logistics PDF & 3D PDF

Replace LRU with on-board
. |[FeEiE 90% 261% 501% 464%

Replace operating LRU with
2 warehouse spare 90% 151% 621% 1027%

NME repairs warehouse LRU
3 and returns it to warehouse 8% 65% 95% 236%

Manufacturer repairs LRU for
4 NME & it returns to warehouse 31% 88% 168% 168%

Replace on-board LRU with
LRU cannibalized from another

5 |ship 90% 151% 621% 1027%

NME repairs on-board LRU and
@ s B 265% 10% 99% 192%

Industry repairs on-board LRU
7 and returns it to ship 34% 178% 135% 318%

Replace on-board storage LRU
with warehouse spare (transit

8 |only) 301% 759% 759% 759%
Replace cannabalized LRU with

9 warehouse spare (transit only) 140% 329% 862% 1102%
TOTAL ALL PROCESSES 35% 7% 135% 274%

Although increased throughput due to reduced processing durations (which increase
the ROI numerator) can partially explain differences in the ROl in Table 1, cost reduction
(which decreases the ROI denominator) is the primary driver of increases in ROI. For
example, Processes 8 and 9 are benefitted by reductions in rework (e.g., errors in
transporting LRU) due to the adoption of a logistics package. This reduces the number of
transport trips required (the function of these processes), thereby significantly reducing
costs and increasing the ROI. In contrast, Processes 3, 4, and 6 are highly skilled processes
that are difficult to replace with technology and, therefore, benefit less from technology
adoption than other processes. This results in a smaller increase in ROI for these
processes.

Analysis of Simulation Model Results

A variance analysis was performed on the KVA model results (Table 1) to evaluate
the relative impacts of the adoption of different technologies (Table 2). ROIs for each of the
three technology adoption alternatives were compared with the baseline ROIs to estimate
improvement due to technologies (see the left three columns of results in Table 2). In
addition, the improvement from adopting both technologies over adopting only the 3D PDF
technology was estimated (see the right column in Table 2).
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Table 2. Variance Analysis of Knowledge Value Added Model Results

Return On Investment (ROI)
Add Logistics &

Process Add Logistics 3Dpdf -
.. Add Logistics { Add 3Dpdf - & 3Dpdf - Improvement
Description Improvement | Improvement | Improvement |over adding only
over Baseline | over Baseline | over Baseline 3Dpdf

Replace LRU with on-board

10|EPae 171% 411% 374% -38%
Replace operating LRU with

2 warehouse spare 61 % 532% 937% 4060/0
NME repairs warehouse LRU

2 and returns it to warehouse 57% 87% 227% 140%
Manufacturer repairs LRU for

4 NME & it returns to warehouse 57% 138% 138% 0%
Replace on-board LRU with
LRU cannibalized from another

5 |ship 61% 532% 937% 406%
NME repairs on-board LRU and

6 returns it to ship -256% -166% 73% 93%

Industry repairs on-board LRU
7 and returns it to ship 145% 101% 284% 183%

Replace on-board storage LRU
with warehouse spare (transit

8 |only) 458% 458% 458% 0%
Replace cannabalized LRU with

9 warehouse spare (transit only) 189% 721% 962% 240%
TOTAL ALL PROCESSES] 42% 100% 239%) 139%

Referring to Table 2, adding either or both of the technologies improves overall ship
maintenance ROI, as indicated by the positive numbers in the last row of Table 2. Adopting
3D PDF alone improves ROI significantly more than adopting a logistics package alone
(100% improvement > 46% improvement), and adding both technologies improves ROI
more than adding either technology alone (239% improvement > 42% improvement or 100%
improvement), suggesting that there may be synergy between the technologies. This is also
supported by the 139% improvement by adding logistics if 3D PDF is already in place (see
the lower right result in Table 2).

Adopting the technologies does not impact the ROI of individual processes equally.
Among the seven core processes (1-7), adding only a logistics package (see the left column
of results in Table 2) increases the “Replace LRU with on-board spare” (Process 1) most, by
171%, and decreases the return of Process 6, “NME repairs on-board LRU and returns it to
ship,” by 256%. Among the seven core processes, adding only 3D PDF increases
Processes 2 and 5, “Replace operating LRU with warehouse spare” and “Replace on-board
LRU with LRU cannibalized from another shop” most, by 532%, and decreases the return of
Process 6, “NME repairs on-board LRU and returns it to ship” by 166%. Among the seven
core processes, adding both technologies increases Processes 2 and 5, “Replace operating
LRU with warehouse spare” and “Replace on-board LRU with LRU cannibalized from
another shop” most, by 937%, and decreases the return of Process 6, “NME repairs on-
board LRU and returns it to ship,” by 73%.

Comparison of Royal Dutch Navy and U.S. Navy Scenarios

Previous research using the KVA approach developed estimates of returns on
technology investment of a scenario in which the U.S. Navy adopts 3D LST and CPLM tools
into the SHIPMAIN program. Komoroski (2005) investigated the early phases of SHIPMAIN
(see Table 3). Adding the 3D LST and CPLM technologies improves the overall preparation
for maintenance process ROI. Adding these technologies generally improves individual
processes as well. The range of improvements across individual processes is large, varying
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from 0% (Issue Tasking) to 3,031% (Generate Drawings). Cost reduction explains these
differences. For example, the adoption of technology in Core Processes 4 (Conduct
Shipcheck) and 7 (Generate Drawings) would significantly reduce the number of people
required to survey ship conditions (4) or draft 3D drawings from the survey data (9), resulting
in large ROI if the technology is adopted.

Seaman, Housel, and Mun (2007) used KVA to model the later phases of SHIPMAIN
(see Table 3). Adding the technologies also improves overall maintenance implementation
process ROI. Adding these technologies also improves each of the individual processes.
The range of improvements across individual processes is large, varying from 6% to 466%
(Final Install, Closeout SC), although not as wide as in the preparation for maintenance
processes (see Seaman, Housel, & Mun, 2007, for details).

Table 3. Return on Investment: Baseline and Technology Adoption Scenarios
Technology-

adopted
Overall ROI

Baseline
Overall ROI

US Navy - SHIPMAIN
(preparation for -27% 2019%
maintenance phases)

US Navy - SHIPMAIN

0, 0,
(implementation phases) 35% 201%
Royal Dutch Navy
(Damen experience 35% 274%

extrapolation)

The three scenarios have some similarities. For all three, overall ROls after
technology adoption are positive and large. This supports the adoption of advanced
technologies, such as 3D LST, 3D PDF models, and CPLM, to improve the efficiency of
resource use. The scenarios also have potentially significant differences. The technology
adoption scenario for the preparation for maintenance phases of the U.S. scenario has a
much higher overall ROI than the ROls for the maintenance implementation phases of the
U.S. or the Dutch scenario (2,019% >> 201% or 274%). Several factors could explain these
differences.

o The preparation for maintenance phases of the U.S. scenario have
significantly lower ROl in the As-Is (without technology) condition (-27% >
35%). This suggests that inefficiencies in the preparation for maintenance
processes provided more and larger opportunities for improvement.

¢ The individual preparation for maintenance processes that increased the
most, such as Generate Drawings and Conduct Shipcheck, are very labor
intensive and, therefore, costly, providing large opportunities for cost
reduction through technology adoption.

e Several of the individual maintenance implementation processes are labor
intensive but less impacted by technology (e.g., Install Shipcheck), thereby
making those changes in ROI less dramatic.

e The preparation for maintenance phases of the U.S. scenario could be more
optimistic in their projections than the other scenarios.

o The estimates of process changes may use different assumptions.
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¢ Technologies adopted in the preparation for maintenance phases of the U.S.
scenario may make much larger improvements in processes than those in the
maintenance implementation phases of the U.S. or the Dutch scenario.

o The Dutch case does not use all of the capabilities of the CPLM, thereby
making it more incremental than the U.S. scenarios, in which all the
capabilities of the CPLM were projected to be used. Also, 3D PDF has more
limited capabilities for integration with the CPLM logistics package when
compared to the integration of 3D LST capabilities for broader usage in
requirements analysis, planning for maintenance, and tracking of parts in the
supply chain and across suppliers and contractors. This can partially explain
the lower ROI for the Dutch technology-adopted scenario than for the U.S.
preparation for maintenance scenario.

e The projections of the impacts on the maintenance implementation phases of
the U.S. scenario and the Dutch scenario may be rather conservative based
on research into the actual successful implementation of other modern
technologies, such as RFID in inventory management. In a study of the actual
use of passive RFID in two military warehouses in the Korean air force and
army, the actual ROls from use of the RFID technology were more than triple
the projected impact of the use of the technology in a separate study of the
U.S. Navy (Courtney, 1997). The Korean ROls after actual implementation of
the RFID technology ranged from 610% to 576%, compared to the projected
returns anticipated from the implementation of the same technology in the
U.S. Navy, which ranged up to 133%. The implication is that actual
successful implementation of information technology in a military may exceed
projections of the potential impacts of the technology. It follows that the
current research on the impacts of CPLM and 3D LST or 3D PDF may be
more conservative than the reality once these technologies are actually
implemented on a wide-scale basis.

Integrated Risk Management Modeling and Results

Through the use of Monte Carlo simulation, the resulting stochastic KVA ROK model
yielded a distribution of values rather than a point solution. Thus, simulation models analyze
and quantify the various risks and uncertainties of each program. The result is a distribution
of the ROKs and a representation of the project’s volatility.

It is important to understand why it is necessary to apply uncertainty to the model.
Because the KVA process provided a point value for each quantity, even though there was
some uncertainty in the estimates provided by the subject-matter experts, application of the
appropriate statistical distributions of input was used to restore the real world’s uncertainty
to the model. Having inputs from only three experts, as opposed to hundreds of estimates,
and rather than using these three discrete inputs, we applied the lessons learned in cost
estimating as reflected in the Air Force handbook (U.S. Air Force, 2007) as a good starting
point for representing the uncertainty and reflecting it in the simulations.

Next, using the developed KVA model, risk simulation probabilistic distributional input
parameters were inserted into the three main variables: percentage automation, time
process is executed, and average time to complete. A risk simulation of 10,000—-1,000,000
simulation trials was run to obtain the results.

At this point in the analysis, a proxy for revenues and volatility has been identified, as
well as the numerators and denominators for the ship maintenance program. The next step
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is to define or frame the alternatives and approaches to implementing 3D PDF and Logistics
Team Centers, namely, strategic real options. The questions that can be answered include
the following: What are the options involved? How should these new processes be best
implemented? Which decision pathway is optimal? and How much is the program worth to
the DoD?

Integrated Risk Management: Framing the Real Options

As part of the first round of analysis, Figure 3 illustrates some of the potential
implementation paths for 3D PDF/Logistics TC. Clearly, some of the pathways and flexibility
strategies can be refined and updated through the passage of time, actions, and events.
With the evolution of the implementation, valuable information is obtained to help in further
fine-tuning the implementation and decision paths.

For the preliminary analysis, the following options were identified, subject to
modification:

o Option A: As-Is Base Case. The ROI for this strategic path is computed using
the baseline KVA and this represents the current RDN ship maintenance
process (i.e., no newly added technologies).

e Option B: Execute and implement 3D PDF and Logistics package
immediately across all RDN ship maintenance processes. That is, take the
risk and execute on a larger scale, where you would spend the initial
investments and continuing maintenance expenses required and take on the
risks of any potential failure, but reap the rewards of the new processes’
savings quickly and immediately. The analysis is represented as the current
RDN process altered to reflect what we estimate to be the impacts of
adopting both a Logistics package and 3D PDF models.

e Option C: This represents the current RDN process altered to reflect what we
estimate to be the impacts of adopting 3D PDF models and managing them
in a Team Center or similar product. This technology was chosen largely
because Damen is developing and pursuing the use of this technology.

e Option D: This implementation pathway represents the current RDN process
altered to reflect what we estimate to be the impacts of managing using a
Logistics module in a Team Center or similar product. This technology was
chosen partially because it was a technology that Damen considered, but
chose not to purchase.

e Option E: Proof of Concept (POC) approach. That is, to execute large-scale
implementation of 3D PDF and Logistics Module in TC only after an initial
POC shows promising results. If POC turns out to be a failure, we walk away
and exit the program, and losses are minimized and limited to the initial POC
expenses. Proceed to full implementation in POC programs first and then
expand in sequential fashion to other programs, based on where best ROI
estimates are shown.

e Option F: POC on 3D PDF only. Assuming the POC works and 3D PDF is
executed within a few programs successfully, the learning and experience
obtained becomes valuable and allows the shipyard to expand its use into
many other programs or perhaps across the RDN.

e Option G: POC on Logistics Module in TC only. Assuming the POC works
and Logistics Module is executed within a few programs successfully, the
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learning and experience obtained becomes valuable and allows the shipyard
to expand its use into many other programs or perhaps across the RDN.

Ass
Sinalion I As-s Base Case. The RO for this slraiegic_pam a'_s computed using the baseling KVAand this
Strategy A | represents the current Royal Dutch Navy ship maintenance process -i.e. no added technologies
30POF &Logislics  Exacute andimplement 30 POF and Logistics package immediately across all Rayal Dutch Navy ship maintenance processes. Thatis, take the
e fisk and execute on 3 larger scale, where you would spend the initial investments and confinuing maintenance expenses required and take on
Sireteqy B ) the risks of any potential failure but reap the rewards of the new processes’ savings quickly and immedialely. The analysis is represented as the
— cyrrent RDN process altered to reflect what we estimate to be the impacts of adopting both a Logistics package and 30 POF models.
30 POF Only This represents the curent RON process altered to reflect what we estimate to be
oy the impacts of adopting 30 PDF models and managing them in a Team Center or
Strategy € ) ) similar product This technology was chosen largely because Damen s
— developing and pursuing the use of this technology
Logistics Only This implementation pathway represents the current
ROM process aftered to reflect what we estimate to be
Implement Now the impacts of managing using a logistics module in
SO0 | 3 T€2M Center or similar product. This technolagy

was chosen parfially because it was atechnology that

Logistics Implementation

Damen considered but chose notto purchase.

3D Implementation

Proof of Concept approach, thatis, to execute large-scale implementation of 30 PDF
and Logistics Module in TC only after an initial Proof of Concept (PGC) shows
promising results. If POC tuns outlo be a failure, we walk away and exit the

10 program, and losses are minimized and limited to the initial POC expenses. Proceed
i Phase — to fullimplementation in POC progtams first and then expand in sequentialfashion
— N ‘ Edt to ather programs, based on where best ROl estimates are shown
E 3D & Logisics Exit after Phase | prog
r— Phase | Bl
Blegy
4" Exitafier Phase | Full Implementation
Phase Il Proof of Concept on 3D POF only. Assuming the POC works
= | and 30 POF is executed within a few programs successhully,
Small Implementation the leaming and experience obtained becomes valuable and
allows the shipyards to expand its use into many other
itk Phase I = programs of perhaps across the Royal Dutch Nawy
iy Eit
» ‘ Exit after Prase |
Fhase | L
Strategy F Exit
- U _‘ i after Pha
el Full Implementation
Phaze [I
T
Small mplementation Praof of Concept on Logistics Module in TC only Assuming the POC
E— works and Logistics Module is executed within & few programs
I o~ | successfully the leaming and experience obtained becomes valuable
Logistics Only T Bt and allows the shipyards to expand its use into many other pragrams ar
Exif afer Fhase | perhaps across the Royal Dutch Navy
Phase | —
Strategy 6 Exit
il " | » ' Exit after Phase |
Figure 3. Sample Real Options Values

Integrated Risk Management: Strategic Flexibility Real Options Results

Figure 4 shows the results of the strategic real options flexibility values and
compares them against the KVA ROI values. Options B ($154.1 million at 278% ROI) and E
($156.5 million at 282% ROI) of implementing both 3D PDF and Logistics Module TC return
the highest ROI and total strategic value, and both provide a significant value-add above
and beyond Option A’s As-Is condition ($31.9 million at 35% ROI). As Options B and E are
the most significant; stage-gating the implementation over several phases yields a slightly
higher value (Option E exceeds Option B by about $2.4 million).

In addition, the Monte Carlo risk simulation results on the real options values were
developed (but are not shown here for brevity; see Ford, Housel, & Mun, 2012). In
comparing Options E and F, there is a 94% probability that Option E, which has a
sequentially phased implementation of both 3D PDF and Logistics Module TC, provides a
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better return than Option F. In comparing Options E and B, there is a 95% confidence that,
even with all the uncertainties in the collected data and risks of implementation success,
including uncertainties of whether the estimated returns will materialize and so forth, there is
at least a $1.27 million net advantage in going with Option E. Therefore, it is better to
sequentially phase and stage-gate the implementation over several years, allowing the
ability to exit and abandon further stages if events unfold and uncertainties become
resolved, so that further investment in the technology no longer makes sense. The risk-
simulated real options value has an expected value (mean) of $195 million, with a
corresponding average ROI of 363%.

ANALYSIS RESULTS Strategic  Real Options
KVAROI KVAROK Real Options ROI Volatility

Strategy A Asls 35.00% | 135.00% | $31,903,557 35.00% 82.67%
Startegy B 30 PDF & LOGISTICS TC (IMPLEMENT NOW) 3.827% | 313.87% |$154.163,806 | 278.53% | 81.1%
Strategy C 3D PDF IN TC ONLY (IMPLEMENT NOW) 135.06% | 235.06% | $96,330,730 131.25% | 54.82%
Startegy D LOGISTICS MODULE ONLY (IMPLEMENT NOW) T1.28% | 177.28% | $81,009,%2 91.66% 80.24%
Strategy E 3D PDF AND LOGISTICS TC (PHASED SEQUENTIAL) 382% | IM38%% | §156,569,744 | 282.88% | 871.71%
Startegy F 30 POF IN TC ONLY (PHASED SEQUENTIAL) 135.06% | 235.06% | $97.416.808 138.79% | S4.82%
Strategy G LOGISTICS MODULE ONLY (PHASED SEQUENTIAL) T1.28% | 177.28% | $84,456,260 95.56% 80.24%
Net Differential: Strategy E over Strategy B $2,405,938

Net Differential: Strategy E over Strategy F §59,152,936

Figure 4. Sample Real Options Values

Summary Results of the Integrated Risk Management Analysis

IRM and strategic real options methodologies were applied to the KVA-SD results,
and the results indicate that Option B had a value of $154.1 million (278% ROI) and Option
E had a value of $156.5 million (282% ROI), where both options indicate that implementing
3D PDF and Logistics Module TC return the highest ROI and total strategic value and both
provide a significant value-add above and beyond Option A’s As-Is condition, with a value of
$31.9 million (35% ROI). As Options B and E are most significant, we know that
implementation of 3D PDF and Logistics Module TC returns the highest value and, when
implemented over time in a stage-gate process over several phases, would yield a slightly
higher value (Option E exceeds Option B by about $2.4 million). Therefore, we conclude that
3D PDF and Logistics Module TC implemented in a phased stage-gate environment would
yield the best results. In comparing Options E and B, there is a 95% probability, even with all
the uncertainties in the collected data and risks of implementation success as well as the
uncertainties of whether the estimated returns will materialize, that there is a $1.27 million
net advantage in going with Option E to sequentially phase and stage-gate the
implementation over several years, allowing the ability to exit and abandon further stages if
events unfold and uncertainties become resolved so that further investment in the
technology no longer makes sense.

Conclusions

We collected new data on ship maintenance processes and the use and adoption of
technologies in ship maintenance by the RDN and Damen Shipbuilding. The data were used
to build and calibrate a system dynamics model of RDN ship maintenance. Model
simulations of four technology adoption scenarios, reflecting the use of two available or
developing technologies, generated estimates of maintenance operations behavior that
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were imported into KVA models. The four technology adoption scenarios were then modeled
in the KVA models. The KVA models estimated the ROIs for individual processes and ship
maintenance as a whole for each scenario. Results were analyzed to reveal the relative
improvement provided by individual, and combinations of, technologies.

The results of this study, in combination with prior studies, make it evident that the
technologies under review will make large contributions to cost reductions in ship
maintenance processes. These conclusions are supported by the comparative analysis of
the Dutch experience with similar supporting technologies. There appears to be no empirical
evidence that would serve as an impediment to adopting the technologies in the near term
rather than the longer term. We recommend an immediate adoption of the 3D LST and
CPLM technologies to support ship maintenance processes.

Implications for Acquisition Practice

The current research has significant implications for acquisition practice. First, the
conclusions support multiple previous investigations that recommend the adoption of
available information technologies to reduce the costs of U.S. Navy ship maintenance.
Second, multiple significantly different technologies (e.g., 3D LST, 3D PDF, logistics
support) can improve ship maintenance operations. Third, among those studied, the
expensive information technologies were found to benefit high-cost processes the most,
such as where labor can be replaced with technology. Doing so reduces costs and
increases production rates by reducing cycle times. This implies that if technology adoption
efforts are to be prioritized, those with labor-intensive processes that can be replaced with
technology should be given higher priority. The real options analysis of implementation
strategies demonstrated that some technologies (3D PDF in this case) can dominate the
value space and that phased implementation adds value compared to one-step
implementation. The results of the current work recommend a careful investigation of
available technologies and how they improve operations, followed by a phased development
and implementation of the adoption of the chosen technologies.

Implications for Research

The results of the three KVA-based studies varied significantly. A likely cause is the
difficulty in accurately forecasting, in quantitative terms, the impacts of new technologies on
specific processes. The use of data and information from organizations that are actively
developing and adopting information technologies (Damen) and performing operations
similar to those performed by the U.S. Navy (RDN) proved to be very valuable in improving
the models (e.g., by adding the 3D PDF technology). Therefore, further refinement of the
models should include actual application data, such as a study of actual technology
adoptions by the U.S. Navy.
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Abstract
With few exceptions, studies on improving the acquisition of weapon systems and services
within the DoD observe that the process takes too long. A 2010 report of a study led by
former Secretary of Defense William Perry and former Assistant to the President for National
Security Affairs Stephen Hadley entitled The QDR in Perspective: Meeting America’s
National Security Needs in the 21st Century: The Final Report of the Quadrennial Defense
Review Independent Panel supported this point of view, asserting that no defense program
should exceed seven years. In a September 14, 2010, memorandum, the Under Secretary of
Defense for Acquisition, Technology, and Logistics called for the DoD acquisition community
to “set shorter program timelines and manage to them.” But what is the right timeline for a
given defense program? The author offers a methodology for making that determination
through a process using time as an independent variable (TAIVT"")1 in a way similar to using
cost as an independent variable (CAIV). Using TAIV™ establishes a credible way of
reconciling cost, capability, and the time required to field a needed capability.

Introduction

Although the work done in assessing the value of using time as an independent
variable (TAIV™) is not a panacea, there are clearly acquisition programs where cost and
performance should vary with program management conditions that recommend accepting
more performance at an increase in cost. What the National Defense Business Institute
(NDBI) has found is that assessing a capability relative to the time necessary to achieve that
capability is a useful effort. TAIV™ can be a valuable tool to that end.

From the end of the Korean War to the present, the length of time required to field a
Major Defense Acquisition Program (MDAP) has persistently grown as a common practice.
In their assessment Streamlining DoD Acquisition: Balancing Schedule With Complexity,
James Rothenflue and Marsh Kwolek (2010) put it more bluntly:

Since at least the late 1960s, the Department of Defense has been trapped in
an escalating cycle of cost overruns and schedule delays on large acquisition
programs. In particular, state-of-the-art aircraft programs have ballooned from
one to five year sprints during and immediately after World War Il to the 25-
year marathons of the present day.

With the ever-increasing length of time taken to field weapon systems, total program costs
have risen as well.

"TAIV™ is an acronym trademarked by Monitor Government Venture Service, LLC, during the course
of their research and analysis of the use of time as an independent variable, sponsored by the Office
of the Deputy Secretary of Defense.
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Analysis over time shows that acquisition programs generally grow about 50% in
cost (Younossi et al., 2006), and of course larger defense programs have higher stakes
owing to the sums of money involved compared with programs managed by other federal
agencies. Programs with longer timeframes for engineering, manufacturing, and
development also experience greater cost growth (Younossi et al., 2006). Furthermore,
almost all acquisition strategies lack the analysis as to what time does, as an independent
variable, to the trade space defined by the minimum and optimum performance and cost.

Two recent commentaries on the crucial nature of time as a key element in acquiring
weapons and military equipment come from different quarters, but they agree on the way
forward. In a 2010 study, two former senior government officials argued that study, which
was led by former Secretary of Defense William Perry and former Assistant to the President
for National Security Affairs Stephen Hadley entitled The QDR in Perspective: Meeting
America’s National Security Needs In the 21st Century: The Final Report of the Quadrennial
Defense Review Independent Panel. Hadley and Perry (2010) were quite clear in their
recommendation, explaining,

Permitting delivery times longer than a reasonably achievable standard is
counterproductive to both the demand for responsiveness to current needs
and tomorrow's challenges. For major programs for future forces, useful
increments of military capability should be defined as what can be delivered
within 5 to 7 years with no more than moderate risk.

Under Secretary of Defense for Acquisition, Technology, and Logistics, Dr. Ashton
Carter, also addressed the issue of time in a 2010 memorandum to acquisition professionals
titted Better Buying Power: Guidance for Obtaining Greater Efficiency and Productivity in
Defense Spending. As one of his 23 principal actions “to improve efficiency” in the DoD
acquisition efforts, Dr. Carter mandated, “Set shorter program timelines and manage to
them.”

The significance of time to more efficient acquisition of military weapons and
equipment is not new. The Special Assistant to the Deputy Secretary of Defense in 2004
asked the Monitor Group (Monitor Company Group LP, 2003) to look at the value of
establishing time as a boundary condition or driver in determining the desired timeframe
between Milestone B and initial operating capability. Time should be considered an
independent variable (TAIV™), especially when it is critical to field a capability on a specific
point in the future to have a positive impact on a threat or in the course of ongoing combat.
Because there is little direct research on TAIV™ specifically, the Monitor Group work done
for the Office of the Deputy Secretary of Defense and subsequent analyses completed for
the Under Secretary of Defense for Acquisition, Technology, and Logistics (2006)
establishes most of the foundational thinking on using time to establish time as a structured
way to determine the limits or boundaries of acquisition programs. However, it is equally
important that there be a reliable, valid process for the DoD to “evaluate, acquire and
deploy” the most current and effective technology for “long-term performance and mission
accomplishment” (Sherman & Rhoades, 2010).

Unfortunately, the idea did not gain traction in 2004, for two related reasons. Among
the acquisition community, there is a pervasive belief that a capability is selected to address
a requirement that then takes as long as it takes. Such an attitude carries with it no
discipline or structure and allows for program success to be dependent on yet-to-be-realized
inventions and even miracles. That lack of discipline creates a work environment governed
by manufactured job security rather than efficiency. By allowing programs to be temporally
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indeterminate, government employees and contractors have no incentive to bring projects to
closure, allowing programs to drag out for longer periods of time.

Times have changed, and the pressure is intense to reduce the time it takes to put
weapon systems and equipment in the field and simultaneously reduce the costs that attend
prolonged and stretched programs. The time is opportune for applying the TAIV™ tool for
new acquisition programs, as well as to block upgrades to existing programs.

Applying TAIV™

How should TAIV™ work in a practical sense? When the Monitor Group in 2004
attempted to use time to drive discipline and structure into the acquisition system, the idea
was to use TAIV™ to enable the DoD’s transformation initiatives as a supporting acquisition

framework. There was sense of urgency in getting needed weapon systems and equipment
to the warfighters in both Iraq and Afghanistan.

If TAIV™ is to be used and applied to the full program life-cycle, then the TAIV™
analysis must start early in the acquisition program concept development and acquisition
process. TAIV™ must be an essential part of the acquisition strategy, solicitation process,
and contract development activities.

The DoD generally pursues one of three approaches when acquiring a weapon
system or piece of equipment: single step to full capability, incremental development, or
spiral development. Incremental and spiral development are grouped under the category of
evolutionary acquisition strategy (DoD, 2011). The acquisition approach must consider what
the desired end state of the program is to be and determine the appropriateness TAIV™.
Single-step to full capability can apply TAIV™ successfully when the end-state requirements
are known and can be used to set program length, program milestones, and incentivize
compliance. Additionally, the technology must be mature. Commodity parts and immediately
available capability would fit the single-step to full-capability category.

Applying TAIV™ to an incremental development approach fits when the end-state
requirements are understood and when multiple development cycles are anticipated. Again,
mature technologies are required, as well as threats that can be addressed with minimum
rather than assured operating capability. TAIV™ would be used to set the increment
duration and would be useful as an incentive to drive compliance.

The last acquisition approach, spiral development, is most appropriate when multiple
development cycles are anticipated and the acquisition program will produce interim
outputs. End-state requirements may not be certain. Programs in this category may have
some level of exploratory development, but with mature technology. To address threats
effectively, sufficient capability is required sooner, rather than assured or objective
performance capability later.

Generally, when time is the subject of research, it is used in terms of reducing cycle
time for acquiring systems and equipment, or in other words, looking at the time from
program start to delivery from the top down. The intent is to simply compress or streamline
the acquisition process and drive time out with “levers for reducing cycle time” (Sherman &
Rhoades, 2010). The traditional approach emphasizes ways to reduce time spent on
activities or events that are in progress. TAIV™ takes an alternative approach by
establishing, from the outset, what performance or capability is possible based on the time-
defined construct, or when the weapon system or equipment must be in the field. Once the
capability available to the time-defined limit is determined, then the program will be driven to
that boundary.
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The green line in Figure 1 represents the sequence of technology maturation over
time. The TAIV™ process looks at the maturity and relevance of a necessary technology
that provides a warfighting capability starting at the beginning of the technology maturation
line (point 1). The distance between points 1 and 2 represents the time necessary to
develop, adapt, or exploit a maturing technology and turn it into a capability. Point 2 is the
best time-to-field versus capability increase. It is at this point that the maximum amount of
capability for the technology available is realized. The timeframe represented by point 3
allows for fielding and follow-on production of a capability. Taking additional time to develop
a particular technology will not provide marginally greater capability until point 4, when there
is another technology breakthrough. As demonstrated, TAIV™ puts the emphasis on fielding
capability when the technology supporting the capability has its greatest value. That value is
defined by the lack of an equal alternative technology that meets the time-defined capability.

Time As An Independent Variable (TAIV) For Fielding Capability

Time to Field
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Figure 1. Time as an Independent Variable (TAIV™) for Fielding Capability
Note. Identifying the “Critical Time vs. Capability Point” where extending the time does not achieve a
marginally greater degree of capability is the analytic value of TAIV™,

Coincidentally, the technologies that underpin the capabilities that might be needed
in the future continue to mature. Over time, significant breakthroughs occur, increasing the
potential for ever-greater capability, but only after a capability has been fielded. When
additional time spent on development of technology no longer increases the level of
capability, that is the critical time to field a capability. The existing technology should be
exploited from that point until there is another technology breakthrough or dramatic
technology increase.
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Should the need for a capability be more urgent because of a more near-term threat,
the level of technology may have to be less capable. In such a case, an appropriate strategy
would be single-step to full capability. Commercial off-the-shelf (COTS) technology provides
a solution with little or no need for integration or development time and would aid in putting a
capability in the field in the least amount of time. The concept of using time to drive the level
of technology that defines a capability can be used to assess the appropriate capability and
performance trades.

The challenge for the acquisition community is twofold. First, the point in time must
be established at which a weapon system should be fielded. Second, the available COTS
capability must be determined in terms of what can be most easily developed. As Figure 1
shows, getting greater capability to the field earlier relies on exploiting what is available that
requires little or no development. The ideal condition achieves operational capability at the
point where additional time does not gain appreciably greater capability—the critical time
versus capability point, or the knee in the TAIV™ curve.

The crux of the TAIV™ tool’s value comes from its ability to reveal the amount of
time necessary to meet a required fielding date with the most capability.

As depicted in Figure 1, the TAIV™ process satisfies all three of the acquisition
approaches described previously. Single-step to full capability can be achieved when the
end-state requirements are certain; incremental development using TAIV™ when both end-
state requirements and multiple development cycles are criteria; and a spiral development
approach would benefit from TAIV™ when multiple development cycles and interim outputs
are anticipated.

Figure 2 represents how threshold and objective performance parameters can frame
the trade space for achieving the target delivery of a capability. Again, time establishes the
boundaries.

TAIV Reveals Trade Space Dimension

* [
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Capability/Performance
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Capability/Performance
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- 1_';..< -------- ~
Threshold
Value )

Parameter Q Time

Figure 2. TAIV™ Reveals Trade Space Dimension
(adapted from 2004 Monitor Group briefing)
Note. TAIV™ provides a means of identifying the best value performance solution to field an effective
capability at a target delivery time.

ACQUISITION RESEARCH PROGRAM:
CREATING SYNERGY FOR INFORMED CHANGE -27 -




Establishing capability and the desired performance with objective performance
value and minimum acceptable or threshold performance value frame the capability
performance necessary to meet a requirement and address a threat. The trade space
becomes the time between the earliest that the threshold performance can be met and the
latest delivery date before the risk of significant damage. Again, the target delivery date is
defined as that point in time where the most capability or performance can be achieved,
after which continued pursuit of “better” performance has little or no increase in capability
before the latest delivery.

The target delivery date is also the point in the future when the best capability over
time can be achieved at the best value.

It is a reasonable assumption that acquisition programs, guided by earliest and latest
acceptable time-to-field, possess a credible understanding of the threat to be addressed by
the capability. Here again, having TAIV™ as a tool lends credibility to the argument
advocating for a particular capability being fielded at a particular point in future.

TAIV™ Integrates Threat Assessment, Time-to-Field With Available Technology

TAIV™ is useful in helping determine the greatest capability over the least amount of
time, but some forcing function must be present to actually define the “least amount of time.”

At minimum there must be some understanding of the driving requirement that
addresses an understood national security threat. Then “the least amount of time” becomes
the time to field the weapon systems or piece of equipment.

Figure 3 illustrates the relationship among time, capability, and technology progress
when compared to the window of understanding represented by the threat a potential
enemy. Over time, there is less fidelity in the understanding of threat in terms of the lower
and upper limits of the capability necessary to meet a requirement to address the threat.
The clearest and most credible understanding of the threat has the most fidelity in the near
term. Understanding of the threat declines as the assessment of that threat is pushed further
into the future.
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Capability Over Time Relative To Level Of Threat Understanding

Capability

Development Curve

Critical Time to Field vs
Capability Point

Time

Figure 3. Capability Over Time Relative to Level of Threat Understanding
(adapted from 2004 Monitor Group briefing)
Note. As planners attempt to assess the threat to national security, there is less fidelity and accuracy
possible the further into the future the assessment is made.

Additionally, as Figure 3 suggests, using TAIV™ it is more likely that the capability
possible in the near term (and more in line with the critical time-to-field) will be more
appropriate to meeting the requirement to address a threat.

When TAIV™ is applied to the development of an acquisition program, the
importance of time in developing and defining the technology, as well as its design and
production, is more dominant in the analysis of cost, schedule, and achieving the desired
performance. Time-defined in this instance, however, is not synonymous with schedule.

Though a 2009 GAO report points out that a DAPA report recommends that
schedule be a key performance parameter (KPP), this paper looks at the time between the
beginning of a program and the point at which a weapon system is operational as a time-
defined period. By that definition, the specific length of time, and not schedule, is a KPP.

Schedule is the sequential distribution of program events when, on completion, they
have a timeframe associated with them. We measure schedule with milestones
accomplished. TAIV™, on the other hand, is the analytic construct that identifies which
performance capabilities are important and must be achieved, and conversely, which are of
marginal value when considering the time from development to incorporation into the
weapon system to fielding to consideration for future block upgrades. The time-defined
period is established with the results of the TAIV™ analysis.

Various recommendations exist for the timeframe for development and fielding:
Hadley and Perry (2010) suggested five years for fighter type aircraft and eight years for
ships, and five to seven years for all programs; in a DAPA report, Kadish (2006)
recommended “nominally no more than six years for major platforms from Milestone A” to
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fielding. Without a way to appropriately evaluate time, acquisition programs will continue to
take “as long as they take.”

Although a 2009 GAO report points out that the DAPA report (Kadish, 2006)
recommended that schedule be a KPP, this paper looks at the time between the beginning
of a program and the point at which a weapon system is operational as a time-defined
period and that specific length of time be a key performance parameter, not schedule.

The reason for distinguishing between time and schedule is to give precedence to
the time-to-field as a weapon system or piece of equipment that should take precedence
over a particular sequence of program events or activities. The integrated master schedule
(IMS) can be modified during the course of program duration without doing violence to an
established critical time to field the weapon system or piece of equipment. Establishing a
program schedule as a KPP would suggest that to modify the schedule while not changing
cost and performance or the time-to-field would constitute a failure to meet a KPP, but that
would not necessarily hold true. Making schedule a KPP simply adds a level of complexity to
the concept of TAIV™ without corresponding value.

Urgency for fielding a particular desired capability, then, has a context that can be
used to describe what needs to be fielded or deployed and when. Again, Kadish (2006)
fortified this line of thinking, saying, “Once the time-to-need and the current technology risk
level are determined the program should be time-constrained.”

The TAIV™ curve conjures the “cost as an independent variable” curve owing to the
analogous relationship that results from the adage “time is money.” But there is a clear
distinction: cost may vary with time, but not directly. Many variables that include quantity and
quality determine cost, but time is immutable. Just as, at a certain point, increasing dollars
spent on a program will not produce a corresponding increase in capability, increasing time
spent will also not produce a corresponding and direct increase in capability. Technology
and innovation must come into play. Rene Cordero made this point in a 1991 discussion of
“managing speed” in getting products to market to avoid obsolescence: “Finally, the natural
limits of the technology are reached and only small improvements of the product are
possible.” That point in Figure 1 is the best time-to-field versus capability point.

Similar to a time-to-market requirement, the unified command’s assessment of when
a capability must be fielded becomes a crucial factor in evaluating the amount of time to
devote to fielding a new weapons program (see Figure 4). Timing plays a crucial role when
introducing a new product and maximizing market share; similarly, weapons must be in the
hands of warfighters at the optimum moment on the battlefield.

Market Pressures Analogous To Meeting National Security Threats

Time to Market = Time to Field

PN

Competitive Environment Threat

Figure 4. Market Pressures Analogous to Meeting National Security Threats
Note. As the competitive environment for commercial goods and services drives the necessary time-
to-market to have a market edge, the understanding and certainty of the emergence of a threat to
national security drives the required time-to-field weapon systems and military equipment.
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Just as there is an optimum time for a new product to be introduced in order to
capture the most market share, there must be some idea of when a weapon must in the
hands of the warfighters to achieve the desired effect on the battlefield. The time-to-market
drives new product development in the same way that battlefield requirements to address a
threat drive weapons acquisition programs. Consequently, the time-to-market demand will
be a surrogate for the time-to-field requirement for weapon systems.

For the purpose of this paper, the competitive market pressures driving critical time-
to-market decisions are analogues to identifying military threats that drive the critical time-to-
field. Competitive pressures in business have caused product life cycles to compress, and
subsequently, companies have taken measures to shorten their development cycles,
thereby getting products to market faster (Griffin, 1993). Getting to the fight with the right
equipment in time to make a difference against the threat is a DoD priority.

Value of TAIV™ Throughout Acquisition Program

When TAIV™ is applied, there are several benefits that result. The obvious
advantage is that an effective capability is fielded sooner and at less cost to the government.
The capability may be minimally sufficient, but it is sufficient. Additionally, TAIV™ has the
potential to modify behaviors that have the potential to be costly, disrupt schedule, and
threaten system performance. Figure 5 lists some of the behaviors that TAIV™ can
influence positively.

When the duration of an acquisition program is constrained by specific timeframes
with the threat of cancellation for exceeding those limits, events like milestones and reviews
will be viewed with greater significance. Developmental engineering, systems engineering,
and sustaining engineering will approach engineering tasks constrained by time as
engineering challenges to be met as they would any other engineering tasks. To establish
the importance of TAIV™ as a legitimate and critical program management tool, DoD
acquisition management leadership should conclude that mandating a policy that threatens
program cancellation for missing time-defined milestones is necessary for establishing and
maintaining program internal control.

TAIV™ Can Improve Results Tied To Acquisition Management Behaviors

* Unambiguous timeframe defines Contractor and DoD management
performance

®* Time constant that bounds the engineering tasks

TAIV™ policy to mandate time-defined milestones or risk program
cancellation

Reduces level of optimism within DoD acquisition community
Reduces prime contractor’s inclination to over-promise

Helps to limit the conspiracy of hope

Test community more likely test to immediate requirements
Engineers less likely to over-design

Time constrains limit the cost impacts of external program influence

Figure 5. TAIV™ Can Improve Results Tied to Acquisition Management Behaviors
Note. When acquisition program duration has no time constraints, unintended and negative program
management behaviors result. TAIV™ helps to establish constraints of undesired behaviors.

Programs so often fall prey to a misplaced sense of optimism by program managers
prone to believe that success is inevitable, despite evidence to the contrary. The constant
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imposition of time constraints reduces that inclination toward optimism. An equally insidious
and destructive behavior that grows with the government’s optimism is the contractor’s
desire to please the customer, which leads to over-promising. The result, according to
Kadish (2006), was that “the culture of the Department [of Defense] is to strive initially for the
100 percent solution in the first article delivered to the field.” Kadish (2006) went on to say,
“Further, the ‘Conspiracy of Hope’ causes the Department to consistently underestimate
what it would cost to get the 100 percent solution. Therefore, products take tens of years to
deliver and cost far more than originally estimated.”

The test and evaluation community must be disciplined by the same time constraints
as the rest of the program management. That means the Test and Evaluation Master Plan is
constrained and managed to operate within the program time limits. With a mature
technology necessary for TAIV™ to be appropriate, the challenges of the test community
will be correspondingly reduced to live within the TAIV™-established timeframe.

Time constraints will by design lead to shorter time cycles, and with those shorter
time cycles the tendency to “future-proof” the weapon system or equipment. Consequently,
over-designing will be discouraged, and the temptation to try and anticipate a future design
requirement will be less likely.

Lastly, one of the most disruptive and intrusive influences comes from external
sources. Whether it is Congress, agencies in the executive branch, or the grass roots
activities of other suppliers, with limited time for program execution comes limited time for
these external actors to influence the program execution, causing delays, increased cost,
and potential reduced program performance.

There is a value to TAIV™ that is not immediately apparent; but when evaluating the
challenges of developing an acquisition strategy that drives desired contractor behaviors, it
should be considered. As part of an in-depth look at “Evaluating MDAP [Major Defense
Acquisition Program] Contractor Incentives,” a research study conducted by the NDBI for the
Director, Performance Assessment, and Root Cause Analysis Directorate, the NDBI found
that for contractor incentives to be effective, they had to be “focused, clear and specific,
measurable and achievable as well as motivating.” An analysis of TAIV™ in this context is
revealing.

Figure 6 represents a comparison between total acquisition program cost on the y
axis and program duration (time) on the x axis. As time or program duration increases, so
does the total cost of the program. From Figure 2, the goal or objective time is plotted
against the target delivery time and the threshold time to field. In this case, the threshold
becomes the longest program duration after which the rise in cost (maximum cost) makes
the program of “questionable value to continue.” Ideally, the target cost (best value) and
target delivery or fielding date are synchronized, once TAIV™ is exercised.

ACQUISITION RESEARCH PROGRAM:
CREATING SYNERGY FOR INFORMED CHANGE -32-




TAIV™ And Incentives Affecting Contractor Behavior
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Figure 6. TAIV™ and Incentives Affecting Contractor Behavior
(adapted from 2004 Monitor Group briefing)
Note. TAIV™ can be used in trade studies that reveal where to offer incentives to prompt contractor
behavior that increases value to the government. Larger incentives could be considered to move
program delivery into the “Additional Delivery” range for early delivery.

The contractor would be incentivized to strive to perform in the green shaded area.
This is the area where the contractor can work to lower program cost by delivering a quality

product earlier. The lowering of the program cost is achieved by reducing the time to deliver
the weapon system to the field.

Larger incentives can be achieved by reducing the time to deliver into the “additional
incentive range.” Using TAIV™ creates the trade space to fulfill the criteria for an incentive
to be effective. The incentive is focused on the performance parameter of fielding the
weapon system sooner than the target delivery time and at lower cost as a result.

The incentive is clear and specific since establishing a time-defined target delivery
point in the duration of the program execution. The contractor meets the target delivery
point, achieves an earlier delivery, or misses the delivery target. Contract terms and
conditions can be crafted to provide a penalty for missing the target delivery as a
disincentive.

TAIV™ allows for the criteria for incentives to be measurable and achievable
because, again, the program deliverables either are early, meet the target date, or are late.
The analysis that accompanies the TAIV™ analysis will take into consideration the level of
technology maturity in determining the target delivery.

The incentive must be motivating. If the previous three criteria are met, creating an
incentive with a magnitude of value to the contractor becomes a matter of negotiation. The
terms and conditions of the contract establish the value of the incentive, but with TAIV™
there is much less ambiguity around establishing the incentive value.

Conclusion

With the emphasis on greater efficiency in acquiring weapon systems and
equipment, better buying power and the more timely fielding of weapons can benefit from a
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more disciplined and structured approach to the process. Eliminating unproductive
processes and bureaucracy by reducing “cycle times while ensuring sound investment
decisions” (Kendall, 2012) would benefit from implanting TAIV™ in some form or fashion.

Budget pressures are more intense now than they have been in nearly five decades.
Inefficient use of scarce resources simply cannot be normal order. TAIV™ provides a
disciplined and structured process for achieving the most capability and best-value cost in
the least amount of time to be effective. TAIV™ eschews the one-size-fits-all downside of
other approaches to reconcile threat, time-to-field, and cost. Rather, TAIV™ is self-tailoring
to prompt an appreciation of how using time to establish boundaries can drive efficient
acquisition program execution.

The historical record of acquisition reform reports and recommendations is almost
unanimous in its view that, as Kadish (2006) put it, “The acquisition process is slow, overly
complex and incompatible with meeting the needs of multiple, competing, departmental
demands, in a diverse marketplace.” TAIV™ has the potential to expedite the process to
field the best value defense product with a level of complexity consistent with the
requirement to meet the understood threat. The resulting fielded capability will meet the
demands of the only customer of importance—the warfighter.
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Introduction

The nation’s military strategy, in large part, continues to depend on superior
technology, highly qualified operational forces, and the ability to sustain those forces in
order to achieve its objectives. However, the global industrial base (as well as the U.S.
industrial base) no longer exists as it did during the Cold War, and the DoD must seek to
gain the benefits of globalization.

In the past, the U.S. industrial base would ramp up to meet the needs of the U.S.
military and then fade into the background when the conflict was ended. Throughout the
Cold War however, the defense industry became a permanent segment of the industrial
base, providing dedicated development and production of the systems, equipment, and
supplies. The approach was to not to mobilize for conflict but to have enough permanent

' This is a summary of the full report, which will be available in July 2013.
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capacity within the defense industry to address it (Gansler, 1980). The industrial base,
however, no longer exists as it did during the Cold War.

The Cold War’s end ushered in the following developments that came to dominate
the restructuring of the defense industry. First, deep cuts in defense spending forced a
major consolidation, down to a small number of defense-dedicated firms. Shrinking defense
budgets in the 1990s resulted in a string of mergers of defense industry suppliers. In 1993,
there were 21 companies doing major defense and aerospace work; today, there are six
U.S.-based companies: Boeing, Lockheed Martin, BAE Systems, Raytheon, General
Dynamics, and Northrop Grumman. Small and large suppliers alike—especially if they can
survive on commercial business alone—consider government accounting and reporting
requirements burdensome, and many have stopped bidding on government contracts,
thereby reducing the stream of suppliers. In many critical defense areas, the number of
suppliers remaining—at either the prime contractor or lower-tier levels—is down to only one
or two. And with the likely future stabilization or decline of defense budgets, this
consolidation trend is potentially going to increase. Second, the commercial sector began to
invest heavily in high-tech research and development and technological advancement.
Third, globally dispersed technology development and production has left the U.S.
dependent upon off-shore sources for critical defense-related technologies (especially in
critical, lower tier component areas). Finally, there was a shift in emphasis within the DoD
from weapons and systems to complex communications and information technology. As a
result of these, the former U.S. defense industry,2 almost without exception, is transforming
itself (through consolidations, mergers, acquisitions, joint ventures, and integration that
crosses national boundaries) into a global, more commercially oriented industry (Defense
Science Board, 1999).

As a result of these four changes, the formally segregated defense industries of
Western countries are in the process of transforming themselves (through consolidations,
mergers, acquisitions, joint ventures, and integrations that cross national boundaries) into a
global, more commercially oriented industry. Take, for example, the DoD’s new MRAP
vehicles. They use a V-shaped hull that was originally developed and refined in South
Africa, armor designed and developed in Israel, robust axles from Europe, and electronics
from Asia (Gansler, 2009). The rest of the world’s defense industry is also becoming more
flat. Just recently, the United Arab Emirates introduced a new corvette class ship, built by
Abu Dhabi Shipbuilding.

But little of what the company featured came from the UAE. The design of the
planned fleet of six Baynunah-class ships originated at Constructions
Mecaniques de Normandie of Cherbourg, France. The fire control, and
command and control for the weapon systems came from Italy. The Exocet
and SeaSparrow missiles were built in France and the United States,
respectively. South Africa’s SAAB Avitronics supplied the laser warning
system. German companies provided the decoy system, the sonar, the
underwater communications and the engines. (Magnuson, 2011)

This tendency toward globalization—the tendency of markets for goods, services,
and capital to transcend national boundaries and become interconnected—is not new; Ford
and General Motors were assembling cars in 24 countries in 1928 (Sturgeon & Florida,
2000). The term globalization was first used and identified as an unstoppable process

% The Europe Community has similar concerns, and is working on developing a Community security
strategy and industrial policy (Hartley, 2006; Markusen & Costigan, 1999) .
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almost 25 years ago (Levitt, 1983); it has significantly accelerated with advances in
communications and computer technology.

Current U.S defense trade and industrial policy does not clearly address
globalization or its implications. Instead, the current U.S. policy is the consolidation of
numerous incremental changes, often contradictory in their aims. For example, the National
Security Strategy seeks to open markets and increase military cooperation, while export
controls and “buy American” laws inhibit the international trade in defense products
(McLean, 2005). Furthermore, other factors such as International Traffic in Arms
Regulations (ITAR) and export control laws disincentivize commercial firms from entering
the defense market. When commercial technology has military applications, the State
Department requires compliance with export control laws prior to exportation. These
restrictions often make commercial firms think twice before entering the defense market,
because their goods may be restricted in the commercial market. For example, in the
construction of Boeing’s new 787 Dreamliner, significant concern was raised over similar
components that were also used in the Air Force’s B-2 Bomber (Gates, 2006). Finally,
restrictions are not made for goods alone but can have an impact on the availability of labor
as well. For example, restrictions on security clearances or visas for foreign nationals often
make it difficult for U.S. firms to gain access to the best and brightest minds from around the
world to work on highly technical fundamental research programs.

However, since the globalization of the defense industry is a relatively recent
phenomenon, its impacts have not yet been fully realized, or understood. Recent
comprehensive studies of the U.S. defense industry (since the end of the Cold War but
before the September 11, 2001, terrorist attacks) have focused on the then perceived
overcapacity, downsizing, and conversion of the defense industry (Gholz & Sopolsky, 1999—
2000). Although acknowledged as a growing trend, globalization is recognized for its
benefits along with its risks, as well as the lack of a consistent and cohesive national policy
(Gansler, 2011; Markusen & Costigan, 1999). RAND examined the impact of globalization
on the defense aerospace industry and identified many benefits, and some risks but called
for more research on the issue (Lorell et al., 2002). Finally, a study by the National
Research Council (Dr. Jacques Gansler participated in the study) examined the availability
of the U.S. critical technology in a globalized environment and recommended the
development of monitoring capability of both U.S. industrial health and component
unavailability (National Research Council, 2004). Lacking from these studies is a
comprehensive examination of globalization’s impact on the defense industrial base and
national security.

The commercial sector (which pays little attention to national boundaries) is now
driving the development of advanced information technology, required for most military
systems, and is already very global. Manufacturing industries were found to be more
globalized in major industrial countries, although lagging in the U.S. (Makhija, Kim, &
Williamson, 1997). Original equipment manufacturers are increasingly contracting out their
manufacturing and focusing exclusively on the product design and marketing (Sturgeon &
Florida, 2000). Moreover, the source of competitive pressure is shifting from the
globalization of markets to the globalization of production, and with it the key competitive
advantage has begun to shift from excellence at the point of production to excellence in
governing the spatially dispersed networks of plants, affiliates, and suppliers (Sturgeon &
Florida, 2000).

When globalization is viewed through the prism of international trade, White House
staff have argued that the impact of increased job exportation, offshoring (Mankiw referred
to it as outsourcing) is just another form of trade and “would ultimately benefit the United
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States” (Andrews, 2004). Other research has supported this view and concludes that
offshoring leads to gains from trade and increases to national income, with minimal negative
job impact (Bhagwati, Panagariya, & Srinivasan, 2004). Gomory and Baumol (2000) argued
that the modern free-trade world is very different from original free-trade models, and that
with modern industries, dominance can occur as a result of “the vagaries of historical
accident.” Once these patterns are established, they tend to be preserved and are less
influenced by free-market forces; therefore, they suggest that government policy should
favor the high-value retainable industries (Gomory & Baumol, 2000).

Although the globalization of the defense industry is not a relatively recent
phenomenon, its impacts have not yet been fully realized or understood.
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@ Globalization Defined

= Globalization is the long-term, largely
irreversible phenomenon involving the
political, cultural, and economic merging of
geographically dispersed groups of people
across geopolitical lines.

=» Globalizationasa concept has existed for
centuries, but only with the advent of modem
transportation and communication
technologieshas its application become so
pervasive and consequential
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“God did not bestow all products upon all parts
of the earth, but distributed His gifts over
different regions, to the end that men might
cultivate a social relationship because one
would have need of the help of another. And so
He called commerce into being, that all men
might be able to have common enjoyment of the
fruits of the earth, no matter where produced.”

-Libanius (AD 314-393). Orations (IIT)
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Today s Environment

» Declining Resources (with great “uncertainty™)

= Rising Costs (labor, equipment, energy, health, etc.)

= Demographics and debt payments adverse to needs

= Rapidly Changing World (technology, economics,
geopolitics, efc.)

= Globalization a reality (industry, technology,
economics, labor, and security)

= Broad spectrum of security concerns (pirates,
terrorists, cyber, chemical bio, nuclear proliferation,
“road-side bombs,” regional instabilities, etc.) - - with
great “uncertainty”(both in scenarios and in funding)

&
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o The Message

» In General: Today, industry, technology, and labor are

Globalized - - but, U_S. defense industrial-based policies are
not!

« All Future Security Scenanios are likely to be multi-nation:
requiring combined-force interoperability - - but U S. export
controls largely limit this.

= In many areas today, the U_S. is no longer the technological
leader - - but “buy America” and other import controls, limit
our acquisitions; vet our National Secunty strategy is
“technological superionty.”
U.S. Defense Industrial S trategy/Policy Must
Change; In Order to Gain the E conomic and

Security Benefits of Globalization.

R L e L]
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o
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Likelv Shrinking U.S. Defense Budget

Post-Korea Post-Vietnam Post-Cold War Current
-43% -33% -36% -31%

e

N\

™

-2012 Total Budget Authority

Source: Center for Strategic and International Studies (CSI1S).
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Allies also Resource Constrained

= “The economic crisis has hit our defence spending
hard,” said NATO Secretary General Anders Fogh
Rasmussen, addressing the NATO Parliamentary
A ssembly in Prague. “Comparedto 2009, total
Allied defence expenditure last year declined by over
56 billion US dollars in real terms " (NATO Press
Release, November 2012).

= In anera of decreasing defense budgets, the United
States and other NATO allies must understand how
best to allocate their resources within a global
market.

NATO has proposed integrated “Smart Buying”
as the best Multinational approach.

L e s B

I SiistaTiciue the Tidienis Tadusivii

= The defense industrial base of the United States has
undergone a sea change in its composition, becoming
mcreasingly reliant on intemational sources for its
development, production, and provision.

= Major players in the U. S. defense industrial base are
no longer solely domestic.

= In 2012, 20 Aerospace and Defense firms made the
Forbes Global 2000 List of the largest public
companies operating in the global market.
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‘@ Market Value of the Largest Public Aerospace and

% St
Market Value of the Largest Global Public Aerospace and Defense
Companies
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@I s of Globalizati

= Communication
— The advent of new technol ogies allows for the relatively low-cost and, in
many cases, instantaneous, trans fer of large amounts of information.
— Bordars are porous and no longer easily enforcad.

#» Culture and Education
— A complicatad global citizenry exists - - Lovalties mav be split
— Foreign nmationals are able totavel to the United States and obtain visas to
work and attend school - - “brain drain’” occurs as these paopleratum to
their countnies of origin
= Economic
— Fimms are incraasing ly nultinational in orientation
— Economic alliances and treatiss are craatad to promote mutuallybensficial
international trade polices for member states.
— Dual-use technology 1s made available to the commercnl markat.
* eg, Gloa! Positioning System (GPS), aight-vision techaclogy. &tc
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*m Impacts of Globalization (cont)
* Security and Technology
— A greater nead for cooperation among statas axists to act jointlyazainstother
states and, increasingzly, azainst temrorist orz anizations and other non-state
actors.
— The proliferation of weapons and militacy technology has become aaster,
maling for allances among “rogus” stats. For axample
“Since the 1960s, North Koraa's [weaapons] sales have run the ganwt, fom
conventional weapons, to incraasingly sophisticatad, longer-range missiles, to
collaborating with Syna on the construction of an entire clandas tine nuclear
reactor with no evident purpose axcept to produce plutonivm for nuclear
waapons.” (Rosatt, “Neorth Korea's Middle East Wabs and Nuclaar Wares”
Feb. 13,2013)
~The rise of cyber warfare
* Cybargppace fas became the "Efth domain™ of modem varfze
* Chinaand kan fave besn implicredinmany cybar attachs againat the US aerogpace
and dafense industres
* ThePrasidenthas baen given broad awtharitytoissue pe-smptive cyber ateles, £ 2
3@ i3 desmada ovbar threat
* Between201420d 2014 US. Cyber Conmand (CYBERCOM) will increase s
workf arce by S00%

“Zaws rmsn, Damimimm= FY 123

Potential Benefits of Strategy/Policy Change

= Security:
— US. and allies would both have State of the Art (“best in
class”)

— U.S. and allies’ forces would be interoperable (exercises
and war)

= Economic:
— Economies of scale (from greater volume)
— Greater competition (for best performance at lowest cost)

These Can Be Realized; While Always Directly
Addressing Any Potential Security Risks

Sqeenbae, Semimae T 123
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““% The “Good News

= [n spite of the domestic politics, and “barriers” created
steps are being taken
— The MRAP vehicle (designed to harden against roadside
bombs) uses armor designed in Israel, shock absorbers from
Germany, tires from France, and some Asian electronics

— ANl US. weapons have some elements orig inally from foreign
sources - - because of their superior performance

- Manyleading, domestically located, U.S. defense firms are
majority-foreg n-owned (e.g., BAE systems; Finmeccanica;
E ADS; Thales; Plasan; Serco; etc. - - all with “Special
Security” Boards)

President Obama Has Indicated a Willingness
to Review Export/Import Controls

Tt Damimewn T 12D

- Y

% The pnme contractor of the F-35 program is the Amencan firm
L ockheed Martin, with American and British firms, Northrup
Grumman and BAE Systems, broughtin as principal partners.

» Additionally, eight nations besides the United States are involved in
the F-35°s 10-year System Development and Demonstration (SDD)
phase: the United Kingdom, Italy, the Netherlands, Turkey, Canada,
Denmark, Norway and Australia.

= By partnening with the US dunng System Design and Development,
firms in these countries can “bid for work on a best-value basis, and
participate in the aircraft’ s development.”

® Israel and Singapore have also agreed to join the program as
Secunty Cooperation Participants.

(Source: “F-35,” Joint Strike Fighter, hitp://www.jf mil/f35/)
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‘@& The Critical Labor Market

v wp National Security requires the best in STEM (Science, Technology,
Engineering, and Math) - - but U.S. students are not selecting these
fields

® Many Top U.S. Universities and U.S. Industry Research Centers
are establi shing overseas operations

% More than half of the graduate studentsin many top U.S.
Universities, in STEM, are foreign students- - who we “encourage”
to return home after their studies (vs. obtain ditizenship; if they want

it)

=® President Reagan decided they can work on government-funded,

fund amental research (NSDD-189); but even this has been
“discouraged”

% The Executive and Legislative branches are considering
increasing the number of visas for STEM immigrants (with

advanced degrees)

‘b sirdny Pmeiman =NFY 1 2. 3

5

"’-@-*lnitial Signs of Change

®»  Most U.S. and foreign defense firms are now
“globalized” - - and the trend is growing

®» A DOD “Study on the Impact of Foreign Sourcing of
Systems” [OSD, January 2004] concluded “utilizing
foreign sources does not impact long-term readiness; nor
impact the economic viability of the national technology
and industrial base”

®» The UK recently had a Navy ship built in South Korea
(for “best value”™); and the U.S. is competing its Littoral
Combat Ship between a U.S firm and an Australian firm.

The Technological, E conomic and Securify Potential Benefifs
of Globalization are Slowly Being Recognized; Now the
Strategies and Policies Must be Adjusted !
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Abstract

The current Enterprise Requirements and Acquisition Model, a discrete event simulation of
the major tasks and decisions within the DoD acquisition system, identifies several what-if
intervention strategies to improve program completion time. However, processes that
contribute to the program acquisition completion time were not explicitly identified. This
research seeks to determine the acquisition processes that contribute significantly to the time
a program reaches Milestone (MS) B and provide interventions to improve program
completion time. In order to solve this problem, this research uses critical path analysis to
determine the bottleneck activities in the Pre-MS B processes using additional simulation
analysis. Results show that the systems engineering processes are the bottleneck activities
in Pre-MS B acquisition stage. Furthermore, this research then examines the effect of these
processes by varying the mean completion times and having them occur earlier in the
acquisition process. Potential policies are formulated from the results to further reduce
program acquisition completion time.
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Introduction

A large number of Department of Defense (DoD) projects are being completed
behind schedule and over-budget (Schwartz, 2010). To support this claim, a Government
Accountability Office (GAO) report released in 2009 stated that for the DoD’s 2008 portfolio,
on average a program faced a 22-month delay and exceeded the original budget (Sullivan et
al., 2009). Generally, total cost growth of 44% has been consistent over the past few
decades with a recent assessment by RAND (Arena et al., 2006). Hence, potential
intervention strategies and policies to improve the acquisition processes would be
worthwhile. On the other hand, since the end-to-end DoD acquisition process is a large,
complex, socio-technological system, it is difficult to analyze and determine which processes
or factors affect performance metrics like time, cost, and resource utilization. The current
DoD acquisition system, which is composed of three separate and distinct processes—the
Joint Capabilities Integration Development System (JCIDS), the Planning, Programming,
Budgeting & Execution (PPBE) process, and the formal acquisition development system
outlined by the DoD 5000 series of instructions—does not exist in a static environment. The
system is constantly being adjusted, either through policy changes or statute (CJCS, 2012;
Weapon System Acquisition Reform Act of 2009; OUSD[AT&L], 2008). Hence, other viable
analysis methodologies must be utilized to fully comprehend this complex system.

In 2009, a discrete event simulation (DES) model called the Enterprise Requirements
and Acquisition Model (ERAM) was created by Wirthlin (2009). This model was created to
simulate the actual acquisition processes of the DoD, using the Air Force implementation of
acquisition processes as the basis of the model, in order to provide further insight and
understanding of the complex system’s behavior. Furthermore, ERAM has benefited from
additional research since the original 2009 Wirthlin version (Leach & Searle, 2011;
Montgomery, 2012). These new versions have added additional functionality and options for
model users to manipulate (Wirthlin, Houston, & Madachy, 2011). According to the ERAM
model, during the acquisition process, approximately 80% of the time, a program was
undergoing parallel processes when it is in the acquisition system. It was also observed that
one of the main portions of the model during which these parallel processes take place are
within the Pre-Milestone B (Pre-MS B) stage. However, Wirthlin’s research did not identify
the significant processes that affect the total program time for a project to reach MS B.

Against this background, this research addressed these limitations and issues by
additional simulation and statistical analysis on the ERAM Arena version of the model. The
end goal of this research was to determine the bottleneck of the Pre-MS B processes,
investigate interventions to alleviate the bottleneck, and translate them into implementable
policy changes. The rest of this paper is organized as follows. The Review of Literature
section provides an overview of the current literature on bottleneck analysis and the ERAM
model. The Simulation Analysis Methodology section presents the simulation analysis
methodology performed, while the Results and Discussions section shows the results of the
analysis. Finally, the Conclusions section presents the conclusions of this research as well
as viable intervention policies for reducing the time a program takes to reach MS B.

Review of Literature

The ERAM Model

The ERAM simulation model extends from the generation of capability requirements
in the JCIDS process to MS C, the review before the production stage begins. Additionally,
the ERAM is abstracted at a very high level (Wirthlin, 2009). This high level of abstraction
allows overall system performance to be more easily studied. For each replication, ERAM
produces schedule time for programs that reach MS C. Although cost is not measured, it
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was found that cost overruns were closely related to schedule overruns (Wirthlin, 2009). The
validation and verification of ERAM included hand modeling, iterations of correction from
feedback of experts in all three systems that comprise the entire acquisition system, and
comparison of schedule and budget information from the DAMIR and SMART databases to
distributions of the schedule time of model-generated data (Wirthlin, 2009).

The original version of ERAM was created in Arena Simulation software; however, it
was translated into an ExtendSim version (ERAM 1.0) to serve as a schedule and success
estimation tool of space programs for the Concept Design Center of Aerospace Corporation
(Leach & Searle, 2011). Leach and Searle further modified the model introducing ERAM 1.1
to 2.1 by correcting discrepancies between the Arena and ExtendSim models, adding user-
controlled variables, incorporating space-acquisition specific elements, and updating the
model to include policy in the newly released DoDI 5000.02 document. Montgomery (2012)
continued developing the model in order to add the rapid acquisition process and include
ACAT II/lll programs. A summary of the versions of the ERAM is presented in Table 1.

Table 1. ERAM Versions Adapted From Houston (2012)

Author Version Changes
Number
Wirthlin (2009) ERAM 1.0 Baseline Translation from Arena to ExtendSim

Updates by the Aerospace Design Team and

ERAM 1.1 Served as new baseline model
Leach and Searle ERAM 1.2 Implemented new DoD 5000.02 policies
(2011) ERAM 2.0 Incor_pc_)l_'ated the gl_o_bal variables that modify
acquisition capabilities
ERAM 2.1 Incorporated the JCIDS review process

Added more capabilities for ACAT 2/3 and Rapid

Montgomery (2012) ERAM 2.2 Acquisition Process

Since the ExtendSim version of ERAM was designed with the purpose of allowing
Aerospace Corporation to create estimates of the schedule and success of a particular
project, it has a distinctly different scope and utility from the Arena model of ERAM. The
Arena model allows the user to view the behavior of the overall portfolio while the
ExtendSim version allows the user to investigate a specific program. For example, while the
ExtendSim requires the user to select a specific ACAT level for the program being tested,
the Arena version assigns ACAT levels based on the distribution of programs observed in
the actual acquisition system. While the ExtendSim version of ERAM was designed with the
intention of allowing the user to perform what-if scenarios, as far as the researcher is
concerned, no literature of the evaluation of possible intervention strategies using the
ExtendSim version of ERAM has been published. In his dissertation, Wirthlin investigated
the effect of 20 interventions on the effect of end-to-end acquisition time in the Arena
version. When all 20 interventions were implemented, a 20% reduction in end-to-end
acquisition time was achieved. However, more interventions can be developed to further
study and improve the DoD end-to-end acquisition process.

Critical Path Analysis

To the best of our knowledge, no literature has attempted to identify the critical path
of the acquisition process (Monaco & White, 2005). Although long cycle times continue to
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plague DoD acquisition programs, relatively few studies have focused on identifying
significant processes that dictate program cycle time. Despite the Packard Commission’s
assertion that schedule drives costs, most studies and policy changes have focused on cost
reduction rather than reducing cycle time (Al-Harbi, 2001; McNutt, 1999). Drezner and Smith
(1990) performed a statistical analysis of 10 programs in order to hypothesize factors that
affect the original plan and program deviation. A study performed by Tyson, Nelson, Om,
and Palmer (1989) examined schedule variance and its causes. The study found that
prototyping, sole-source procurement, fixed-priced contracts, and multiyear procurement
reduced schedule variance. The study also found that programs awarded through full and
open competition experience more schedule growth than those programs that did not.
Another possible schedule driver is presented by Brown, Flowe, and Hamel (2007). Brown
et al. compared the schedule quality of joint and single-system programs. From this study it
was found that joint system programs have significantly more schedule breaches; however,
the research did not identify the root cause of this difference (Brown et al., 2007).

In summary, to the best of our knowledge, there exists no research that has been
conducted that isolates and identifies bottleneck activities and its effect on the program
completion time throughout the DoD acquisition process. Hence, intervention strategies to
be developed must be focused on addressing bottleneck issues to obtain maximum
improvement of the end-to-end DoD acquisition process.

Simulation Analysis Methodology

This section describes the analysis performed to identify bottleneck operations within
the Pre-MS B stage. After identifying bottleneck operations, intervention strategies were also
formulated in this section to reduce total program completion time. Hence, this research was
performed in two phases. A brief description of these phases is presented as follows:

e The first phase performed a critical path analysis on the Pre-MS B activities to
identify a bottleneck (see the Identification of Bottleneck Activities subsection).

e The second phase focused on investigating the effect of reducing the process
times of the identified bottleneck activities from Phase 1 and determining the
effect of allowing them to be executed earlier in the process (see the Design of
Pre-MS B Bottleneck Interventions subsection).

Identification of Bottleneck Activities

In order to perform critical path analysis, the Pre-MS B section was mapped by hand
to assist in visualization of the complex network of separation and batches in the acquisition
system. The processes between each Separate and Batch method were left out for
simplicity and ease of interpretation. The section or line segment between any two nodes
was labeled. Figure 1 shows the mapped version of the Pre-MS B activities and Table 2
shows the activities associated with each section.
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Programs
Enter MS-8 4 8

Programs
Exit MS-B

16

Separate Module Batch Module

Figure 1. Pre-MS B Flowchart

Table 2. List of Activities in the Pre-MS B Flowchart

Section Description of Activities

1 Requirements generation: KPP Development, high performance team work,
etc.

2 RFP release, contract awarding

3 Waiting period for start of contract

4-6 Cost estimates (contractor, program office, and independent)

7 Affordability assessment

8 Set acquisition program baseline

9-10 No processes

11 Prepare and conduct acquisition panels

12 Early Systems Engineering (SE) activities: EOA, developmental testing,
SRR, etc.

13 Acquisition planning activities

14 Draft RFP

15 RFP coordination

16 Source selection plans

Several Assign and Record modules were added to the Arena model in order to
determine the time to complete each segment. Next, a trial of 3,000 runs was performed in
Arena, and the times for each segment were collected. A spreadsheet was then used to
analyze results and to determine the time of every possible path from the beginning of the
Pre-MS B activities to the MS B decision. The path that took the longest amount of time was
deemed as the critical path. By comparing segments in the longest paths to the sections
found in shorter paths, the bottleneck activities for the Pre-MS B processes were identified.
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Design of Pre-MS B Bottleneck Interventions

In order to improve the performance and alleviate the delay caused by this
bottleneck, two intervention strategies were developed and tested in ERAM. The first
intervention performed was to test the effect of decreasing the process time for all
bottleneck activities. In order to test the effect of reducing total process time, the minimum,
maximum, and mode for these activities was reduced by a fixed percentage. A paired t-test
was then performed to compare each trial to the baseline at 95% confidence level. The
reduction by using a fixed percentage was performed until a statistically significant change
was obtained. Furthermore, the second intervention was a sensitivity analysis to determine
the effect of allowing the bottleneck to be performed earlier in the Pre-MS B process to
determine its effect on the total process time. The results of these interventions are
illustrated in the next section.

Results and Discussions

This section presents the results of both simulation analysis phases performed on
the ERAM Arena model. Specifically, the Pre-MS B Critical Path Analysis Results
subsection presents the results of the identification of the critical path and bottleneck
activities. Additionally, the Additional Pre-MS B Bottleneck Interventions subsection shows
the results of the interventions performed on the bottleneck analysis to improve program
completion time.

Pre-MS B Critical Path Analysis Results

During the critical path analysis, times for