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ABSTRACT

Recent and complex challenges, continuous military budget cuts and the breakneck speed of technology have
forced nations to align their military system procurement strategies to embrace more Commercial Off-The-
Shelf (COTS) products. Nearly every nation places as much emphasis as possible on the use of COTS
products in sustainment-dominated systems. While there are numerous advantages to using COTS products,
there are also a number of disadvantages. Some of those disadvantages include product volatility,
obsolescence and being outdated. Therefore, the sustainability of systems with product life cycles of 25+ years
is of critical concern especially when we consider availability and accessibility requirements. Obsolescence is
considered to be a major problem for sustainment dominated systems and it needs to be managed. If not
properly addressed, obsolescence creates a huge financial burden on maintenance agencies. Therefore there
have been numerous studies and acts on obsolescence by government organizations, industry and academia.
In this study, we conducted a comprehensive literature review for obsolescence management in sustainment-
dominated systems using a thematic and chronological review model.

Keywords: Obsolescence Mitigation, Obsolescence Management, COTS

1.0 INTRODUCTION

We had experienced tremendous changes in our life in the 20th century. Ever since the invention of
semiconductors, the world has been exposed to head-spinning change driven primarily by rapid technological
advancement. This century is undeniably incomparable to any other century when considering the pace of
change in our lives.

During the Cold War period, the technological advances were primarily driven by military needs and systems.
However ever since the collapse of the Berlin Wall, the consumer electronics market segment increased its
market share so much that eventually it became the dominant market, especially in the electronics segment. As
the technology advanced, the higher market share of electronics and integrated circuits moved from military
products to small-scale consumer products. (Romero Rojo, Roy, and Shehab 2009)

Breathtakingly fast technological advances created new consumer markets for which the needs were constantly
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changed by either producers or consumers; thus, the life cycle of consumer products became very short. This
phenomenon created a new type of product, called Commercial Off The Shelf (COTS).

COTS stands for software and hardware products or services available in the market for public use that are free
of charge or that have a cost associated with them. These products are available for use in any system design;
additionally, they are attractive with their low cost and availability within their life cycle time.

This has lead to inevitable changes in how states procure military systems. Following Perry Notice, eventually
almost all nations, regardless of the proportion of the military budget, have placed as much emphasis as possible
on the use of COTS products. Many state acquisition agencies and departments now strongly advise a policy that
focuses on a gradual withdrawal from military specifications (Mil-Specs) and the use of COTS systems if
applicable. (Great Britain 2005) (Turkey 2012)(USA 2000)

This fact along with the rapid changing market trends have forced commercial vendors to shift their focus to
consumer product lines and to adopt themselves to the fast changing COTS paradigm. As a result, some of the
vendors have already left the military market as in the case of Intel Corp (Bartels et al. 2012).

While there are numerous advantages to using COTS products, there are also a number of disadvantages as well.
Some of those disadvantages include product volatility, obsolescence, security (Koch and Rodosek 2012)
(Rajagopal, Erkoyuncu, and Roy 2015). Even though reduced maintenance costs are considered one of the
advantages of using COTS products, they have turned into a barrier for maintenance agencies when we consider
the disadvantages mentioned above. The drawback of using COTS systems in systems with longer life cycle
periods is their short life cycle periods which are typically 2-5 years. Sandborn calls this phenomenon “Dark
Side of the Moore’s Law” (P. Sandborn 2008b).

However not every system is ready to adopt itself to the new phenomenon. Industries including military,
aerospace, nuclear energy plants and railways still have life cycles of 25+ years. Due to high investment, testing
and certification costs as well as the stagnant nature of the requirements, these systems seem to remain within
their long life cycle periods. These systems are considered to be “sustainment dominated systems” (P Singh et al.
2002).

Maintenance and sustainability costs of sustainment-dominated systems are considerably higher than those of
any other system and it is harder to maintain those systems for various reasons such as the complexity and the
nature of the system which requires a huge amount of requalification as well as the certification requirement for
a design change due to obsolescence. Sometimes, certain COTS products go obsolete even before production
starts. Therefore, obsolescence is a major problem for systems with a long life cycle and this problem has to be
addressed by an Obsolescence Management Plan (OMP) as early as possible (Romero Rojo, Roy, and Shehab
2009). The lack of management and poor planning for obsolescence cause companies and governments to spend
progressively more to deal with aging systems.

According to Qinetic, a North American company, approximately 3% of the entire world’s electronic parts pool
is becoming obsolete and this figure is not improving as time goes on (P. Sandborn 2007). If this problem is not
addressed properly, the economic consequences could be financially overwhelming for the organization. For
example, a US Navy shipboard sonar system development project experienced the obsolescence of 70% of the
parts listed in BOM even before the system had completely developed (Pameet; Singh and Sandborn 2006).
Also, the US Air Force spent $81 million USD to change and redesign the electronic parts for F-22 program. The
redesign of a system used in F-16 fighters radar systems cost $500 million USD for the US Air Force
(McDermott 1999). The Electronic Industries Alliance (EIA) Manufacturing Operations and Technology
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Committee reported that cost for the redesign of an obsolete electronic part is between $26,000 and $2 million
USD. In 1997, the US DoD (Department of Defense) spent $264.000 USD for Life-of-Type Buy for an obsolete
part. The US DoD is reported to have spent $10 billion USD to manage and to mitigate obsolescence problems
(Feldman and Sandborn 2007).

This study is the first part of “Obsolescence Management for Military Systems” research carried out at Marmara
University/Istanbul. The ultimate goal of this research is to develop an Obsolescence Management model for
military systems, which considers the whole life cycle costs of the systems.

In this study, we conducted on a comprehensive literature review for obsolescence management in sustainment
dominated systems. In the second section we outlined the obsolescence management strategies. In the third
section we gave a comprehensive review of studies and legislative actions including doctrines, guidebooks,
obsolescence strategies, mitigation techniques and models. In the forth section we defined the methods and
procedures we used in the review. The research concludes with the results and conclusions.

2.0 OBSOLESCENCE MANAGEMENT STRATEGIES

As each study draws attention to obsolescence, the proposed methods, methodologies and models for
obsolescence are ultimately formed around strategies forming a three-tiered solution (P. Sandborn 2008a):

» Reactive management strategy methods
*  Pro-active management strategy methods
» Strategic management methods

Reactive strategies are the least cost effective ones even though in some rare cases this may be the optimal
solution to follow until a proactive or strategic solution milestone such as a Design Refresh date is devised. In a
reactive strategy, no action is taken until obsolescence occurs. Once obsolescence occurs, different types of
reactive mitigation techniques may be applied. Some of those techniques are Life-Time Buy (LTB), Bridge Buy,
Reverse Engineering, Redesign, and Emulation. Each one of these techniques comes with an associated cost. An
optimal solution may include one or more of these techniques. Several considerations are taken into account
while selecting the techniques such as the number of obsolete parts in the system, expected lifetime of the
system, future demand, testing and re-certification costs.

Proactive strategies favor the monitoring of parts before they actually become obsolete and aim to prevent
obsolescence driven risks. As monitoring all the materials in the system may not be feasible, only peculiarly
selected parts are closely monitored and managed by a group of experts on obsolescence. Clustering parts based
on the obsolescence risk and adjusting the level of management based on clusters is another to apply the
strategy. Proactive management is performed during design, production and after sale phases. Each selected part
is analyzed against obsolescence risk and graded. The Material Risk Index and Progress Indicator are two of the
metrics used for such purposes. This is not a one-time process but it is performed continuously until a decision is
made not to do so.

Strategic obsolescence management is a holistic approach which includes both reactive and proactive strategies
as well as strategic level managerial actions. It starts even before the product design phase. Systems must be
designed for obsolescence. One of the most common ways of achieving this is to design loosely coupled
components with standard interfaces so obsolete parts can easily be replaced with others. Strategic level
management requires planning for obsolescence. This plan must be continuously reviewed and is subject to
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change if necessary. All systems and system parts need to be planned, designed, produced and maintained with
the mindset that product life cycle costs are always considered. It requires forecasts for both the demand and
obsolescence of parts while estimating the best point in the product life cycle to refresh the design; if necessary it
combines the most feasible reactive methods till the design refresh date. It requires institutional level
obsolescence awareness and the development of an organizational culture for obsolescence. Supply change
management is another major part of strategic level management in order to prevent obsolescence. Long-term
agreements with suppliers are considered to be one of the most effective ways to prevent obsolescence.

3.0 OBSOLESCENCE STUDIES

Even though the studies on obsolescence in military systems date back to the 1960s, the major focus of the years
between 1960 and 1990 was the problems with inventory. The aim was to find the optimal point to maximize the
effectiveness of weapons with variables that represented quantity and quality of weapon systems (Weiss 1961)
as well as to estimate/find the future needs for spare parts. Even though obsolescence was still assumed to be a
part of that equation, it wasn’t the major focus of those research.

In 1994, the US Secretary of Defense formally initiated a new way of doing business and proposed a challenge
to the DoD: "...change the way of procurement basically and fundamentally. We have to buy more commercial
products, we have to make greater use of commercial buying practices, and we have to use industrial
specifications in place of military specifications." This is known as the Perry Notice and it was a turning point
for US defense program managers as it saw greater use of COTS/NDI equipment and left MIL-SPECS alone, as
much as was possible, so as not to jeopardize the military objectives (USA 2000).

The DoD’s motivation to increase the usage of COTS equipment in military systems was to reduce weapon
system acquisition and support costs as well as take advantage of the fast pace of commercial technology change
while also minimizing the costs(Haines 2001). However, this motivation created a new phenomenon that is now
known as the obsolescence problem.

For almost 30 years there have been numerous studies on obsolescence. Those studies can be clustered into three
main parts. The first cluster includes the activities conducted by governmental organizations. The second cluster
includes the studies conducted by the defense industry and government supported research labs as well as
services. The last cluster includes studies conducted by academia.

3.1 Organizational Acts on Obsolescence

Following the Perry Notice, The US Department of Defense (DoD) issued a Military Handbook for Continuous
Acquisition and Life-Cycle Support (CALS) to enable more effective generation, exchange, management, and
use of digital data supporting defense systems (Department of Defence 1994). The primary goal of the CALS
strategy was to migrate from manual, paper-intensive defense system operations to integrated, highly automated
acquisition and support processes. The fingerprints of the continuous acquisition of life cycle support can be
considered the early signs of Performance Based Logistics (PBL).

As more COTS parts are being used in military systems, US DoD named the obsolescence problem
“Diminishing Manufacturing Sources and Material Shortages (DMSMS)” and a DMSMS Working group was
established by the US Deputy Under Secretary of Defense for Logistics (DUSD (L)). The aim of the working
group is to foster the development of DMSMS management techniques, tools, and policies to increase readiness,
to sustain wartime operations, and to reduce life-cycle costs of DoD weapon systems.
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Towards the end of 20th century, as the US DoD defined DMSMS as a problem that needed to be managed, the
major focal points were the assessment of technology obsolescence and the impacts of obsolescence on business
and product life cycle (Hitt and Schmidt 1998) as well as the approaches to reduce the impact of such technical
obsolescence (Pertowski and Denham 1998).

Following on the studies that highlighted the effect of obsolescence and how to mitigate it, the Electronic
Industries Alliance (EIA) established a “Data Warehouse” that would store data on component availability,
projected life expectancy, usage in defense systems and sources of supply. The whole idea was based on the idea
of collecting data from the vendors of the electronic products and make it available for further analysis by both
analysts and project/program managers during the acquisition, design and maintenance periods. The motivation
for such a data warehouse developed out of not only defense needs but also commercial needs. This data
warehouse and other similar databases established a framework with its extensive data for future academic
studies.

At the end of the 20th century, the Deputy Under Secretary of Defense called more attention to obsolescence and
so in 1999 the Logistics branch requested that the DMEA develop cost factors for all DoD programs to
uniformly report the cost avoidance associated with their DMSMS programs. The DMEA awarded this study to
ARINC to develop cost factors in obsolescence management. The study reveals the cost factors of reactive
mitigation techniques and claims that the cost avoidance for a sample system is up to $2.5 million USD.

At the beginning of the 21st century, following reports, studies and research on obsolescence, the US Navy
issued a policy for COTS equipment(USA 2000). It was prepared by the COTS Steering Board as a response to
the feedback from the NAVSEA COTS Workshop held in 1998. The purpose was to establish a policy for
expanding the use of COTS products while also managing their risks in military systems. The scope of the policy
was naval systems procured by NAVSEA and its affiliated programs. The policy did not say how to handle
obsolescence, but instead provided guidance as well as defined what must be addressed. Certain issues in the
procurement policy that needed addressing were pointed out some of which included COTS equipment and its
design.

As obsolescence is recognized as a serious problem in multiple disciplines, the US DoD ordered the DMEA to
produce a handbook for program managers. The DMEA awarded the contract to ARINC to produce a guidebook
for Program Managers. In 2001, ARINC delivered the Program Managers Handbook, Common Practices to
Mitigate the Risk of Obsolescence (Tomczykowski, Fritz, and Scalia 2001). It is a collection of guidelines for
program managers of military systems to mitigate the risks of obsolescence so that the impacts and the costs of
obsolescence can be minimized.

In addition to this policy, the US DoD released another guidebook for increased reliability and a reduced
logistics footprint for program managers (Department of Defense 2003). The updates to the US DoD doctrines
5000.01 and 5000.02 changed military systems acquisition methods; the model has changed the acquisition
model to the spiral model in order to reduce acquisition and deployment duration. Program Managers (PM) are
not only responsible for the timely acquisition of systems, but they are also responsible for the whole life cycle
of the system for sustainability. Therefore, PMs have to design for the total life cycle management costs of any
weapon system.

In 2004, the US DoD released two guidebooks for program managers. The first one is the updated Performance
Based Logistics guidebook for Program Managers. It gives guidance to program managers with its updated
content, enriched by experiences from the Afghanistan and Iraq wars; it also provides methodologies for
performance based logistics and key issues in implementation processes (Department of Defense 2004a). The
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guidebook is all about total life cycle cost management and proposes that Program Managers use spiral
development and open systems to mitigate obsolescence. The second US DoD guidebook is the Product Support
Boundaries (Department of Defense 2004b).

Following the guidebooks, the US Department of the Navy (Department of Navy 2005) and the US Coast Guard
(United States Coast Guard 2012) released their own DMSMS Management Plan in 2005 and 2012 respectively
to attract attention and to provide guidance to program managers about obsolescence management.

Defense Standardization Program Office (DSPO) published DMSMS guidebook: A Guidebook of Best Practices
and Tools for Implementing a DMSMS Management Program, SD-22 and the latest edition is released in 2016
(Defense Standardization Program Office 2016). It includes proactive practices for program managers to
mitigate obsolescence by using various methodologies and tools to analyze the outcomes of obsolescence
management activities in terms of cost, schedule and performance. With its collective nature of all those
guidebooks and handbooks for program managers, it represents a reference book for program managers for
obsolescence management.

Even though there have been numerous studies sponsored by the US DoD, there is also an acute awareness of
obsolescence on the other side of the Atlantic Ocean, in Europe. The UK Ministry of Defense (MoD) released its
Defense Industrial Strategy in 2005. This strategy pays attention to obsolescence within its strategic goals and
includes it in low level goals for each sub-industry and its capabilities such as Research and Technology,
Innovation, System Engineering, Maritime, Air, Land (Great Britain 2005) .

3.2 Organizational and Industrial Studies on Obsolescence

As government-affiliated organizations’ studies accumulated, we also observed studies conducted by service
research labs such as the US Navy and Air Force Research Labs and the defense industry. In this section we will
review those studies.

A Boeing report written by Porter demonstrates a method to find the optimum point in deciding whether to buy
or redesign a part that is subject to obsolescence (Porter 1998). This study is one of the earliest ones to show the
break-even point for either Last Time Buy Order or Redesign decisions; the reported helped generate a lot of
following studies on this topic because of the many issues it raised.

Even though the study is limited to avionics equipment, the model can be used for other parts as well. Since the
recertification process is highly expensive in avionics systems, obsolescence in particularly considered one of the
most challenging problems in the industry.

The study is based on an optimum point between redesign costs and parts cost. The model is similar to the
inventory EOQ model in which Holding Cost is replaced by Parts Costs and Setup Cost is replaced by Redesign
Costs.
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OBSOLETE PARTS METHODOLOGY
Redesign vs. Lifetime Buy

Total Solution
# Cost

TOTAL COST {NFV}

Redesign
~ Cost

YEAR UNTIL REDESIGN

Figure 1 Obsolete Parts Methodology of Porter (Porter 1998)

The Electronics Parts Obsolescence Initiative (EPOI), a group established by the US Air Force, released a report
in 1999 to offer a four step process; this process showed some numerical figures for the extended life of weapon
systems, which only exacerbate the obsolescence problem of the military community (Stogdill 1999). EPOI
defined four basic resolution alternatives in the study:

» Life-of-type buy,
*  Part substitution,
* Redesign,

»  Complete system redesign.

Based on these alternatives, Northrop Grumman showed that the redesign method for a radar card of the
AWACS plane could save $15.1 million USD. Life-of-type buys were given as the easiest alternative; however
predictions for future needs still remains a challenge. This was considered the least cost effective solution
because of the high inventory cost of components that may never be used.

This study is one of the first ones that clearly state the three major components of contemporary obsolescence
management strategy:

»  The necessity of business case development and increased managerial awareness of obsolescence
»  Design for obsolescence to include considerations of the whole life cycle cost of systems

» Long term agreements with subcontractors

Support for long-term agreements with contractors was seen as a crucial point in maintaining a system during its
life; because of this dimension, it can be considered the early implementation of Performance Based Logistics
Systems.

In addition to the EPOI’s support tool, another decision support tool by the US Navy was released in 1999: The
TEAM (Chestnutwood and Levin 1999).. The Technology Assessment and Management (TEAM) methodology
is a decision support tool for program managers and it focuses on optimizing sustainment costs while inserting
newer technology into systems. The TEAM approach is a combination of NAVSEA and NAVAIR obsolescence
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programs with specifically defined tools and processes.

In 2006, the US Navy released another study, which outlined the Technology Refresh for Navy Transformation
(TRENT) methodology. TRENT program objectives are “fo improve the readiness, mission capability, and life-
cycle affordability of Navy weapon systems through the development of a new enterprise-wide strategy for
proactive technology management at the system level ’(Stavash et al. 2006). This methodology is a collection of
processes depicted in Figure 2. The processes are forecasting, evaluation, selection, implementation and
feedback.
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Figure 2 TRENT Methodology (Stavash et al. 2006)

3.3 Academic Studies on Obsolescence

Starting from 2000 onward, universities and academics became more involved in obsolescence studies whereas
previously the major players were limited to the defense industry and defense organizations. Preliminary studies
were about reactive obsolescence strategies and those strategies heavily relied on the recognition of obsolescence
notification.

The most commonly used methods in military and commercial industries are Bridge Buy or Life-Time-Buy
(LTB) (Feng 2007). How much for the procurement of a bridge buy or a LTB solution is a cost minimization
problem. There are several proposed models which include individual buy models and life cycle cost
minimization models. One of those models is based on the data mining of historical buys (P. Sandborn,
Prabhakar, and Feng 2007). Another model is based on stochastic analysis and the Life of Type Evaluation
(LOTE) tool was devised to optimize lifetime buy quantities by minimizing the lifecycle cost that take
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procurement cost, inventory cost, disposal cost, and penalty cost into account (Feng, Singh, and Sandborn 2007).
This model shows resemblance to classical newsvendor problem and is an extension of the Fortuin model (Feng
2007). Fortuin’s model also takes procurement, inventory, disposal, and penalty costs into account and was
constructed on user defined time intervals as a discrete time optimization model (Teunter R.H. and Fortuin
1999). Uprating is another method used to combat obsolescence. With this method, a part is used outside the
specification limits determined by the original manufacturer, especially in thermal limits (Pecht and Humphrey
2008). Piggybacking is also used against obsolescence and it “enables renewed functionality of a
technologically obsolete product through the integration or add-on of a secondary device or component” (Rai
and Terpenny 2008). Even though it is not directly linked to obsolescence, Kooten proposed a model to calculate
final orders for repairable spare parts that was devised by using the transient Markov chain (Van Kooten and Tan
2007). Shen proposed a framework for selecting the most appropriate reactive technique among a subset of
reactive methods (LOT Buy, Part Substitution and Line Redesign) till a design refresh date and forecasting the
optimum time for design refresh (Shen and Willems 2014). A similar comparison was made by Sandborn for
Life Time Buy and Bridge Buy to find optimum quantities to procure (P. Sandborn and Goudrazi 2015).

However, a better strategy for obsolescence is the proactive approach and it is one that necessitates forecasting
obsolescence. One of the first studies to propose a forecasting model for the obsolescence zone ([mean+2stdDev
- mean+3 stdDev]) used peak sale data for electronic parts and tried to forecast the life cycle based on that data
(Solomon, Sandborn, and Pecht 2000). The same model was modified to include additional adjustments by
adding the electronic part as a secondary attribute (P Singh et al. 2002)(Pameet; Singh and Sandborn 2006).

The obsolescence zone that was derived from a part’s life cycle estimation based on peak sales data was
augmented by a follow up study which uses an analytical approach (P. Sandborn, Mauro, and Knox 2007). The
analytical approach takes market trends and technology into account and uses data mining based algorithms to
forecast obsolescence dates with an increased accuracy. The combined approach gives a window of
obsolescence based on a desired confidence level. The study proposes that better obsolescence forecast results
only comes with continuous forecasting.

Josias proposed an obsolescence forecast model that uses multiple regression model (Josias, Terpenny, and
McLean 2004). This model resembles the model of Sandborn in terms of the independent variables as they are
similar to the attributes defined in the Sandborn model. The difference is that the latter used those attributes one
after another. However in the Josias model, all the independent variables are used together. The dependent
variable is the introduction date of the given part. This value is of no use directly but the study proposes to use
that variable to derive obsolescence date indirectly.

Another model to uncover the End of Repair/Maintenance period with a discrete event simulation technique by
using the existing inventory and future demands of a given systems parts was proposed by Konozo (A. J.
Konoza 2012)(A. Konoza and Sandborn 2012)(A. Konoza and Sandborn 2013). This model takes into account
inventory management terms such as inventory degradation, inventory inspection periods and inventory
segregation.

Design refresh is “the ultimate obsolescence mitigation approach where obsolete parts are designed out of the
system in favor of newer, non-obsolete parts” (P. Sandborn et al. 2002). In the case of sustainment-dominated
systems, needing recertification or other additional costs such as documentation changes, design refresh comes
with large non-recurring costs. Therefore the decision to initiate a design refresh necessitates careful planning.
According to Plunket, a technology refreshment strategy is essential (Plunkett, Dinesh; Verma 2003). Proactive
design and open system architecture is a MUST with standard commercial interfaces.
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The difference between the Porter’s (Porter 1998) approach and Sandborn’s Design Refresh date selection
approach is that, Porter compared only Last Time Buy reactive strategy to design refresh while Sandborn used
more mitigation strategies in his tool, Mitigation of Obsolescence Cost Analysis (MOCA). The MOCA tool
supports the obsolescence forecast functionality for each part in the system by using the primary and secondary
attributes via part’s life cycle. A part’s life cycle is determined by using the statistical analysis on the peak sales
data.

Figure 3 shows the design refresh planning analysis timeline. Every obsolescence problem, once notified, always
starts with a reactive technique for short-term solutions. A design refresh activity is then planned for the longer
term as a strategic level technique (P. Sandborn 2013).
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Figure 3 Design Refresh Planning Analysis Timeline (P Singh et al. 2002)

An extension to MOCA is added by constructing Bayesian Belief Networks on candidate design refresh dates
(Pameet Singh, Sandborn, and Singh 2004). The Bayesian method is used to reason under uncertainty with
subjective beliefs. Additionally, Zheng et.al. reiterates Sandborn’s Design Refresh Model by using the Integer
Programming method (Zheng, Terpenny, and Sandborn 2015).

Since redesign technique is considered to be an expensive method, Barton supports the idea of decreasing the
number of redesigns by paying more attention to the specification phases of the program both in the analysis and
design processes (Barton and Chawla 2003). However this approach is only valid for the waterfall development
model. Especially for IT related projects, the waterfall development model is not advised anymore, instead,
contemporary development models such as agile, iterative and incremental development models are favored and
continuous redesign is a crucial part of agile development. However, it is also true that, minimizing the number
of redesigns during the in-use period of the system by using certain proactive and strategic methods is necessary.

Kumar and Saranga proposed a model for program managers to select the best obsolescence mitigation strategy,
namely design refresh model and Life-of-Type Buy selection (Kumar and Saranga 2008). However such models
do not always provide efficient solutions if the remaining life of the system is long or the technology change rate
is high. In such cases, Kumar proposed the multi-armed Bandit models. The Bandit models allocate scarce
resources to competing selections when there is not much information during allocation period, however such
information becomes more available as time passes. Bandit method in obsolescence management models
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provides a framework for program managers to make better decision as time passes and more information
becomes available.

From a holistic point of view, obsolescence is also affiliated with integrated logistic systems (Marshall and
Lambert 2008). Marshall’s study asserts that the obsolescence problem is more heavily felt in sustainment
dominated systems than others and therefore it needs to be taken into account in Integrated Logistic Systems
and relevant solutions. Since DMSMS solutions are advised to be included in the contract terms, such approach
can also be considered the precursor of Performance Based Logistics (PBL) models.

PBL transfers the burden of obsolescence mitigation responsibility to the contractor. In that case the estimation
of the cost of obsolescence of parts inside a given system during the bidding period is a major concern for
contractors. Certain models and frameworks are proposed to estimate obsolescence cost during bidding phase
(Rojo et al. 2012) (Feldman and Sandborn 2007). The real solution resides in designing the system to
obsolescence so that less reactive obsolescence management techniques need to be used (Feldman and Sandborn
2007). This necessitates the use of BOM and running this list against obsolescence forecasting methods that are
followed by strategic obsolescence management techniques such as design refresh. As PBL takes greater
attention of both contractors and state agencies, Sandborn proposed a model to incorporate a Public Private
Partnership approach to the military PBL contracts that had produced successful results in civil infrastructure
areas (P. Sandborn 2014). The model uses Petri-Nets as well as affine controller function points and can be used
by both contractors and states to increase their mutual profits.

While considering reactive strategies, it would appear that the obsolescence problem could be reduced to the
supply chain management problem. Second sourcing and hoarding among other reactive strategies are
considered to be other ways of mitigating the probability of obsolescence (Prabhakar et al. 2013) (Prabhakar and
Sandborn 2013).

Since the whole idea behind obsolescence management is to increase sustainability, Sandborn proposed the idea
of using reactive, proactive and strategic management techniques together within a top level umbrella approach
to minimize the life cycle costs of a given sustainment dominated system (P. A. Sandborn et al. 2003) (P.
Sandborn 2008a). In order to evaluate the effectiveness of those techniques we have to measure them and
Sandborn proposed to use viability to measure the sustainability.

Various studies on obsolescence management which include forecasting, necessitate a common language.
Ontology based knowledge representation was proposed for parts, components, resolution techniques and
forecasting to enable the integration of different techniques (Zheng 2011)(Zheng et al. 2013). Motivation for
such a study is fully necessary however this study needs much more elaboration in the future.

Designing for obsolescence is a common approach to follow. Baker proposed using FPGA based technologies
and emulating the system to scrape out the unused functionalities so as to make systems simpler (Baker 2013).
He also asserts that providing that redesign meets same functionality, regression testing would be limited to
mechanical and electrical testing. However, the most sustainment-dominated systems require a full regression
test for even a minimal change to be made on the original design.

Cuculoski proposed a model based on the reliability and maintainability of a given system (Cuculoski 2013). He
stressed the need for data and a proper analysis method performed by capable teams. The study reveals that if
appropriate obsolescence management methodologies are followed, keeping the existing system would be more
cost effective than acquiring a new system. However, he did not take the recertification cost of a redesigned
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system into account when comparing the cost of a new system to a redesigned one.

Studies on taking constraints into account (P. Sandborn, Terpenny, and Zheng 2011) in obsolescence
management models are expanded upon in another study to turn implicit constraints into explicit ones (Nelson
IIT and Sandborn 2013).

Rojo et.al. proposed a model to estimate the cost of component obsolescence (Rojo et al. 2012). The model takes
"Obsolescence Management Levels", "Obsolescence Complexity Levels", "Resolution Profiles" and "Cost
Metrics" into account and estimates the obsolescence cost for a given system in its service life. It also includes
tools to provide assistance during the bidding process but prior to the contract awarding in the light of new
climate of shifting obsolescence management activities to the contractor side within performance based logistics
approach.

Raghavan’s model calculates the life cycle cost, specifically for power plant components. It is a three step model
that starts with the estimation of the failure rates of a given component followed by the estimation of the impact
of obsolescence and preventative measures and ultimately end with cost calculation (Raghavan and Member
2012). The cost impact of obsolescence is considered a part of the whole life cycle cost of a given system. The
same model was improved by adding state diagrams and utilizing the Monte Carlo simulation as well as using a
modified Markov Chain approach (Raghavan, Chowdhury, and Member 2015).

Meng utilized the Last Time Buy and redesign techniques to find the minimum obsolescence cost (Meng,
Thornberg, and Olsson 2014) by devising a mathematically strategic and proactive model to find the minimum
cost for system obsolescence management cost. The model is composed of two parts: graph model and
optimization model. The graph model creates a data table to be used by the optimization model. The
optimization model uses MILP by making use of transshipment model.

Obsolescence management is a multi-dimensional problem and all studies so far have considered the various
aspect of subsets of the problem. The first study to draw attention of obsolescence management problem from a
multi-criteria decision making view is prepared by Pingle (Pingle 2015).

4.0 REVIEW METHOD AND PROCEDURES

We have conducted this review by reviewing about 300 papers from various databases starting from the 1960s
up to today. The keywords used for the research were: “Obsolescence”, “Obsolescence Management”, “Product
Life Cycle Cost Management”, “Sustainment Dominated Systems” and “COTS in Military Systems”. Various
databases such as “IEEE Explore”, “Engineering Village” and “Science Direct” as well as various search tools
were used in this review.

All papers, proceedings, article magazines were screened based on their abstracts and non-relevant ones were
discarded. The remaining sources were forward and backwards checked for additional references which were not
discovered in the initial search. At the end, all references were clustered based on the following themes:
“Acquisition and Logistic Models”, “COTS and its effects on Obsolescence”, ”Electronic Part Obsolescence”,
“Software Obsolescence”, “Obsolescence Mitigation Model”, “Design Refresh Planning, “Forecasting Models”,
“Obsolescence Management Tools”, “Obsolescence Management Plan”. Each cluster of references was further
analyzed in detail. Following the detailed analysis of the references, we grouped the studies into three main
clusters by chronological order.
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5.0. RESULTS

The studies on obsolescence management started towards the end of the 20th century; this coincided with the
end of the Cold War and a shift in the industry to a focus on consumer electronics with shorter product life
cycles. Sustainment-dominated system industries had to adapt to the new era and designs for such systems with
longer product life cycles increasingly embraced low cost shorter life cycle system components. Fast
technological speed and frequent changes in consumer needs exacerbated the obsolescence problem for
sustainment-dominated systems.

The US Department of Defense first recognized the obsolescence problem and initiated actions and stimulated
motivation to conduct studies on obsolescence. The findings of preliminary studies outlined how failing to
manage obsolescence properly would put a huge burden on maintenance agencies. Later on, both the military
and aerospace industries released papers to increase the awareness of the obsolescence problem as they had
already begun to be impacted by it. While most of the papers were limited to outlining the problems, some of
them also proposed solutions. Around the same time industry papers came out, academic research studies also
began in both universities and institutions.

Most of the preliminary strategies on obsolescence management concerned reactive solutions. Later studies
showed that proactive approaches would yield much more cost effective solutions. Follow up studies focused on
data collection and analyzing data to forecast future demand as well as to predict obsolete parts in order to bring
up a more cost effective solution with a proactive strategy. Finally, most contemporary strategies yield a holistic
approach to include many other aspects of the overall obsolescence problem including procurement models,
design methodology, supply chain systems, stakeholder management, logistic systems, and development models.

As the awareness of obsolescence has increased globally, specific workshops and conferences are held on the
topic; additionally, portals on obsolescence are widely available for individuals and organizations to share
information on this topic.

6.0. CONCLUSIONS

Obsolescence is a major problem for systems with a long product life; this problem has to be addressed and
managed. Lack of management and poor planning for obsolescence causes companies and governments to spend
progressively more of their budgets to deal with aging systems.

The US Government and DoD seem to be the most obsolescence aware organizations. As the obsolescence
problem is much more recognized, the US government has funded new agencies to work on obsolescence as
well as added new tasks to existing agencies. However, not every government, especially in developing
countries, has achieved such awareness and it is still a major problem for the sustainability of systems in such
nations.

Various models have been proposed to manage and mitigate the obsolescence problem from different aspects.
Each model tries to convert the problem into a known problem type. We have observed different solutions
including regression models, discrete time event simulation, constrained optimization models, integer
programing, multi-criteria decision-making models, data mining as well as others.

With increased awareness, obsolescence management can and will be a part of the focus areas for government
procurement and maintenance agencies for sustainment dominated systems. Even though PBL-like systems
seem to be viable solutions, naturally they do not solve the entire problem. Therefore, developing countries,
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which primarily focus on aggressive acquisition, need to pay adequate attention to the planning and management
of obsolescence.
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