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ABSTRACT

The Project Manager Training Devices (PM TRADE) has been a leader withiRrdiggam Executive Office
Simulation, Training and Instrumentation (PEO STRI) and the Army in advancing the concept of a common,
componenbased software produlihe through the introduction and development of the Common Training
Instrumentation Architecte (CTIA) and Live Training Transformation (LT2) Family of Training Systems. While

the traditional software produtihe paradigm has proven successful in reducing spiye development and the

initial cost of deploying new members of the LT2 family, theare inherent complexity challenges during
maintenance and evolution due to baseline divergence of the reusable software components that have been
downloaded and tailored for the different product configurations. With each new product team that aneates a
baseline, the cost and effort grows exponentially for merging software features and patches from the products back
into the core assets and then out to other members of the pliogudeading to high cost and unmanageable
complexity.

The Consolidad Productine Management (CPM) construct incorporates a new Second Generation Software
Productline (2G SPL) paradigm that breaks divergence, and enables an automated prdithectiwacess of
generating one or more products in the LT2 software prdihectfrom a common set of core assets and feature
profiles. Rather than each product team customizing a new configuration baseline, resulting in exponential
complexity growth, the CPM solution builds products using innovative configuration and variatrayenaent

tools plus automated production processes. This eliminates uncontrolled growth in complexity management and
ultimately reduces sustainment and operations maintenance cost, and allows this saved time, cost and effort to be
invested instead into imvations in the LT2 produdine.

This paper will describe the incremental approach for deploying the CPM 2G SPL and the activities that enable the
Armyds LT2 strategy to; 1) protect the invewptoduggnt i n
baselines using variation management and an integrated, fdattge software produdine factory, and 3)

innovate using statef-the-art automated software tools and processes, management dashboards, and software
productline technology.
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INTRODUCTION facilitates the development of new products and
ensures that products across the LT2 Prolinetcan
The United States Army Program Executive Office for communicate and interoperate. The LT2 Prodinet
Simulation, Training and InstrumentatiolPEO STR) makes use of plug and play components and
is in the business of training Soldiers and growing applications that are common betweemducts, and
leaders by providing responsive, interoperable permits changes, upgrades and fixes developed for one
simulation, training, and testing solutions and product to be applied to others. This concept provides
acquisition services for the Warfighter and the Nation. the inherent logistics support benefits that derive from
Within its training and testing capabilities portfolio commonality, standardization and interoperability
there is a dynamic set of Live, Virtual, and including the reductionf total life cycle costs (Rivera,
Constructive, embedded and interoperable product2008; Samper, 2007)
that are fielded and used throughout the world. Within
the Live Training Domain exists the Live Training Each Product Manager of Project Manager Training
Transformation(LT2) Productline. This productine Devices (PM TRADE) has the mission of managing
consists of open architectures, common componentsthe configuration baseline of systems throughout the
standards, processes, policies, governancejotal life cycle to ensure the integrity of tipeoduct
documentation, and other core assets that make up thiéne and to ensure systems remain relevant to evolving
common approach and frameworks for developing live requirements, changing technology and other emerging
training systemsThis paper provides an overview of systems. The process by which PM TRADE manages
some of the latest advancements being made to the LTproducts must be deliberate, disciplined and
Productline by describing the incremental approach coordinated in order to maximize use of common
for deploying the Consolidated ProdHicte as®ts, components and subsystems in the development
Management (CPM) Second Generation Softwareof new products, synchronize the production of
Productline (2G SPL) thatwill consolidate the LT2  products to gain efficiencies, enable supporting efforts,
product baselines using variation management and amnd to maintain seamless interoperability between
integrated, featurdriven software produdine factory components, products and systems.
and innovate using statd-the-art automated software
tools and processes, management dashboards, arfdM TRADE has dsblished the CPM approach to take
software produetine technology all while protecting the LT2 producline to the next level to maximize the
the investment in the existing LT2 core assets, commonality, reuse and interoperability of the proeuct
lines while meeting training goalt).S. Army, 2008)

Prior to the implementation of the LT2 Prodlice, CPM provides the means to:
live training systems and devices consisted largely off Protect the significant liveraining investment
products developed separately by a variety of differenty  Support development, production and sustainment

manufaturers to comply with disparate requirement of LT2 products
sets designed and |mpllemented without a commonq Realize the Return on Investment (ROI) and
framework. Commonallty was not attempted and sustainment cost avoidance objecti\/es

interoperability among systems was rare, difficult, and ¢ Enaple managers to maintain visibility and provide
costly to achieve. Configuration changes to both enhanced configuration control of thejrstems
hardware andoftware were most often performed-on Ease insertion of new technology

site as part of the sustainment effort making Efficiently execute new IA mandates

configuration control virtually impossible. 1 Avoid duplications of efforts

1 Support Army vision to be joint and train in an

The LT2 vision is to create a family of live training Live, Virtual & Constructive (LVC) environment

systems using a common architecture with common
data, standards, processeand components. This
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PRODUCT-LINE STRATEGY BACKGRO UND efficiently extend and evolve their proddite
portfolios, achieving new levels of competitiveness and
Systems and software proddicte (SPL) engineering  profitability.
is an innovative approach that enables organizations to
develop, deliver and evolve an entire prodim As suggested in Figure 1 below, the charastierithat
portfolio, through each stage of the development distinguishes the SPL approach from previous efforts is
lifecycle, with much higher degrees of eféncy tha when an organization invests in a means of production

has been possible before (Clements, 2002) that enables it to efficiently create a prodiice of
similar systems from a consolidated set of soft assets
Software Productline Application such as requirements, dgss, source code and test

cases. Manufacturers of hard goods have long
Companies across a diverse range of industiies employed analogous engineering methods to create a
including aerospace, defense, automotive, medicalproductline of similar systems using a common
consumer electronics, computer systems, alternativefactory that assembles and configures parts from a
energy, telecommunications, semiconductor supply chain designed to be redseross the product
fabrication, software applications, computer games, e line (Northrop, 2009)
commerceand industrial automation systerishave
successfully employed the SPL approach to more
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Figurel: An efficient means of production for systems and softwgpeoduct-lines

shoot down an errant satellite, wind turbines optimized
In the world of hard goods, a prodticte refers to the  for different environments and mobile phones that
variations on a commotimeme, where multiple similar guide you back to where you parked your dar
products are combined into one line that offers economy of scale and profitability become dependent
different sizes, colors, features and functions, with aon an efficient means of production for different
common goal of filling customer need for a particular Aif | avor so of products and
kind of item(Jensen, 2009Economy of scale is a key they are engineered, such as requirements, designs,
aspect of theproductline concept, where greater source code and test cases (Schmid, 2002)
profitability is achieved by investing in an efficient
means of production that can be used to deployln development organizations today, virtually all
d fferent #Aflavorso of a pystens ardtsoft@aBecehgmeedng is D&forded in the
context of aproductline. Nobody builds just one.
As product differentiation and innovation expands Systems and software proddictes can be found in
from simple physial attributes to complex systems and every industy across the spectrunihroughout the
software feature$ such as automotive cruise control first five decades of the systems and software
that adapts to ambient traffic conditions, ships that canengineering field, the methods and tools of the trade
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have predominantly promoted a produaentric 1 Consolidate the LT2 Product baselines using
perspective. These 1st Generation approaches work variation management and an automafedfure
effectively in smdtscale produelines, but have driven SPL factory, and consolidate maintenance
shown to be limited by a high degree of complexity as and support activities through LT2 and War
todayds engineering or gani zZFghtter Focus (WEF) iptegrattbon.t he scal e
scope of their produdine objectives. In response, the § Innovate using our 2G PLM approach;
trend today is towards a 2nd Generation approach to  management dashboards; and architecture,
prodict-line engineering that leverages a high degree productline, and process evolution.
of consolidation and automation rather than a multitude
of productcentric activities (Bergey, 2010)
15T GENERATION SOFTWARE PRODUCT-

Live Training Transformation (LT2) Consolidated LINE MANAGEMENT CHALLENGES
Product-line Management (CPM)

The state of the industry today is a bevy of
PM TRADE is a leader with the Army in evolving  sophisticated produatentric development tools and
core assebased produdines through the introduction processes that can be effectively applied to the
and development of the Common Training development lifecycle of an individual prodtictrom
Instrumentation Architecture (CTIA) and the LT2 early inception through design, implementation,
Family of Training SystemgU.S. Army, 2009) The  testing, deployment and maintenantmwever, these
initial paradigm for managing the LT2rquuctline  productcentric tools do not independently or
introduced challenges associated with baselinecollectively offer an effective means to engineer and
divergence when components were downloaded from adeliver aproductline. With productcentric tools, itis
centralized repository and tailored to create a uniqueleft as an exercise for tool users to craft the homegrown
configuration for each product or program. Thet echni ques for managing

and

t he

primary downfall of this approach was thatkanew v ar i abi |l iti esd among products

product created a new baseline, and the task of mergingf their productline portfolios.
features and fixes from each product back into the core
assets grew exponentially with eaghwncomponent or  The repercussions of taking a produoentric
product release (U.S. Army, 2011) perspective ina productline setting are shown in
Figure 2. The verticalblue bars highlight the product

With CPM, we have introduced a new paradigm that centric focus on the development lifecycle of the
breaks the unique product baseline mentality andindividual products (A, B through N) ingroductline.
creates a factory paradigm where, rather than each newhe red lines illustrate the complex, tangled and labor
product spawning a new baseline resulting in intensive interactions, dependencies and coordination
exponentially growing complexity, the CPM solution activities required to take advantage of what is
creates products from a feature driven prodine  common and to manage all the variations among the
factory, generating all variants of products and similar products as thproductline portfolio evolves
programs from a consolidated set of core assets. Thigver time.The crux of the problem iffigure2 is that
eliminates the uncontrolled growth in complexity the number of red interdependency lines grows by the
management and allows us to move beyond trying tosquare of the number of products in g@ductline,
keep up with all the current product issues, and to focusexplaining why complexity and effort increase
on the evolution of the LT2 produtthe. The CPM  exponentially faster than the growth of tpeoduct
goal is to incrementally deploy the CPM 2G PLM line. Making matters even worse, the convemaio
approach while utilizing transparency and an openproductcentric traceability relationships between the
partnership between Government and industry. Thedifferent stages of the lifecycle for an individual
activities described in the phased approach allow theproduct interact with the red product interdependency
CPM team to: relationships, multiplying the complexity and
1 Protect the current LT2 core assets, manageintroducing dissonance across the stages loé t

existing processes, support deployed products, andifecycle.

ensure there are no disruptions to ongoing LT2

ProductLine activities.
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A With 1st Generation SPL
approaches, complexity quickly
exceeds capability

A Exponential complexity caused by
product-centric branching, clone-
and-own, divergence and merging
in a multi-product, multi-baseline
and multi-phase environment

A With a fixed budget, the complexity
ErodTsiA : fundamentally limits the number of
products that can be deployed and

(e.g- NTC-IS) (e.g. JRTCAS) (e.g. HITS) maintained, the quality of the
e products fielded, and the agility for
timely deployment of new products

Figure2: Complex interdependencies resulting from the producgntric perspective

Some of the early SPL approaches add@mmain
Engineering to the development process, to better

capture and express themmonalitiesandvariabilities 2"° GENERATION SOFTWARE PRODUCT -

that exist among the products inpeoductline. This LINE MANAGEMENT APPROACH

made it easier to create new products pra@ductline

by capitalizing on the strategic reuse of fmeduct- The main shift in 2G SPL is realizing it is much more

line core assets However, these approaches relied on effective to view systems and softwapeoductline
productcentric Application Engineeringto complete  engineering as creating a means of productioa
the initial development and liflong maintenance of single system capable of automatically producing all of
the products. Application Engineering resulted in the the products in g@roductline i rather tharviewing it
same diverging produdentric silos, with same  as creating a multitude of interrelated products. The
exponentially  growing interdependencies  and powerful, though subtle, essence of the SPL epiphany
complexity as illustrated ifigure2, plus an additional is the focus on that singular means of production rather
level complexity trying to keep the core assets in syncthan a focus on the multitude of products.
with the productentric assets.

Figure 1 shows the single productioline perspective
The tactical development challenges of thé 1 for producing the sameroductline as in Figure 2,
Generdion productcentric SPL approaches are so where now the focus is on the means of production
|l arge that they i mpede angide.organi zationds ability
achieve strategic objectives, such as hitting delivery
windows, offering competitive value while controlling The same products, A through N (on the right side of
cost, meeting product quality demands, and expandinghe diagram), are automatically produced by a singular

the scale and scope of méaas of prodygicivtonmpasediofo n 6 s portfolio.

Comparing the ad hoc, complex and labudensive
nature of the produatentric perspective to the ¢ Feature profiles(top) that describe optional and

sophisticated means of production found in variable features for the products in theduct
semiconductor  fabrication or in  automotive line, where each product in thegroductline is
manufacturing mads clear that there is an uniquely defined by its own feature profile
extraordinary need and opportunity for dramatic choices for each of the optional and variable
improvements in systems and softwgseoductline features.

engineering and delivery (Jensen, 2009)

2011 Paper No. 11083age6 of 12

(o]



Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2011

1 Reusable SPL assefleft) such as requirements, production. The exponential complexity of manually
architectures, designs, models, source codemanaging product interdependencies is eliminated and
components, test cases and documentation that careplaced by automated production, resulting in
be confgured and composed in different ways to dramatic increases in the number of products ¢hat
create all instances of soft assets and products in &e effectively ceated, deployed and maintained
productline. Variation points within these SPL (Bergey, 2010; Northrop, 2009)
assets support featubased variation
management. Three Dimensions to an SPL Solution

1 SPL product configurator (center) that
automatically composeand configures products A key capability of the % Generation PLM approach
from the reusable SPL assets, using the featurds the integration of SPL concepts into the tools, assets
profiles to determine which reusable software and processes across thgystems and software

assets to use and how to configure variation pointsdevelopment lifecycle. For the CPM Construct we
within the assets. have adopted a COTS“Generation SPL Framewark

This frameworkis compatible ofthe-shelf with many
The challenge is theritical shift in perspective, from of the industry standards in programming languages
the verical productcentric focus to the horizontal SPL and compilers, integrated déepment environments,
production line focusas illustrated in gure 3 By  requirements management, change and configuration
shifting perspective to focus on the singular means ofmanagement, build systems, quality management,
production rather than the multitude of products, the model driven development, word processors and
products are relegated from the primary fodosa documentation.
consequential corollary of the automated means of

“Horizontal”
Core Asset
Perspective

e

Requirements
Engineers

Wy iy

5 card Corme'e®

Archil :

rchitects Time
A shiftfrom product-centric
1st Generation
Developers perspective to core asset

focused 2"d Generation
perspective reduces
exponential complexity to
Verification linear complexity
and Validation

Reusable LT2 Assests Product A A Automated and efficient

(e.g. NTC-I5) (e.g. HITS) means of production
provides an approach

CPM-10530 thatis simpler, higher
quality, more agile, more
scalable and more cost
effective

Figure3: Efficiency of 2ndseneration SPL Approach

tools and processdsmaking thenproductline aware
A 2" Generation SPL solution is more than just a i in three dimensions of distinct and synchronous SPL
means of managingroductline commonalities and concerns.
variabilities. These capabilities must be synchronouslyy  Multi-product The featurdbased variation
orchestrated with the other systems engineering management and automated production line
concerns acrogbe development lifecycle as the entire necessary to engineer and deliver the multiple
productline evolves in time.Figure 4 illustrates tle products in groductline are provided directly by
SPL conceptghat expand and enhance conventional
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