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5.1 Life Cycle Process and Decision Making

Making decisions without full knowledge of the situation may at times be a necessity of battle,
but it can prove costly interms of quality, safety, and performance when procuring weaponsto go
to war. The Office of Management and Budget Circular A-109, published in 1976, provides
direction for the acquisition process and defines a decision mechanism based on quantitative
assessments, reviews, and audits of the life cycle process. It established policies, methods,
procedures, a life cycle, and milestone decision process to increase effectiveness in decision
making for all major system acquisitions. For weapon systems, C2, and Al S programs, Milestone
Decisions mark the completion of one phase of thelife cycle and entry into the next. Peer reviews,
compl etion of measured process activities, the production of defined work products, audits, and
other eval uation procedures throughout each phase support exit and entry criteriafor the milestone
decisions.

5.1.1 System-of-Systems View

To understand the system life cycle and its acquisition phases, it isimportant to realize how they
relate to the systems and software engineering processes [discussed in Chapter 9, Engineering
Software-Intensive Systems]. Because software must always interface with the other elements
that make up the total system, a system-of-systems view is critical. For example, AlS systems
often interface with hundreds of other independent AlIS or C2 systems. Likewise, embedded
avionics software often interfaces with amultitude of internal/external sensorsand flight control
systems. Given the relationships and interdependencies among all system components, itisvital
to maintain abig picture, systems-view, as expressed by Field Marshall Viscount Montgomery.

“It is absolutely vital that a senior commander should keep himself from becoming immersed in
details...In battle a commander has got to think how he will defeat the enemy. If he gets involved
in details he cannot do this since he will lose sight of the essentials which really matter; he will
then be led off on side issues which will have little influence on the battle. No commander whose
daily life is spent in the consideration of details...can make a sound plan of battle on a high level
or conduct large-scale operations efficiently.” [MONTGOMERY 58]

To optimizetotal system performance and minimize Total Cost of Ownership, acquisition managers
must employ a total system approach. According to DoDD 5000.1, a total system includes the
following subsystems, asillustrated in Figure 5-1.

* The prime mission equipment (i.e., hardware, software, and documentation);

* The people who operate and maintain the system;

* System security procedures and practices;

* Operational procedures (tactics), practices (doctrine), limitations (rules of engagement), and
characteristics (mission);

* Performance capabilities required respond to operational environment unique effects (e.g.,
nuclear, biological and chemical (NBC) or information warfare);

* Deployment procedures and requirements,

e Compatibility, interoperability, and integration capabilities with other systems,
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e Operational and support infrastructure (including command, control, communications,
computers and intelligence (C4l));

e Training and training devices,

* Any required operational data; and

* The system’ s potential impact on the environment and environmental compliance.
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Figure 5-1. System of Systems

Thelife cycle phasesfor software-intensive weapon systems and Major Automated Information
Systems (MAIS) domains are similar. For both domains, software is always on the critical path
(whether it is devel oped independently, concurrently, and/or purchased separately).

For all systems, it isimportant to consider how the software will work within the system. This
can only be accomplished with a comprehensive, robust system architecture (or blueprint).
[Architecture is discussed in Chapter 11, Understanding Software Development.] The system
architecture is the definition of hardware and software components and their interfaces that
establish aframework for the system’ s devel opment. Well-constructed interfaces are necessary
to achieve cohesive, interoperable components early in the acquisition cycle. Proper hardware
and softwareintegration isonly assured through carefully defined interface requirements, prudently
planned prototype demonstrations, and system/subsystem tests and eval uations. Such techniques
improve accuracy, currency, and quality of decision-critical information. Interfaces are of three

types:

1. Software-to-software,
2. Software-to-hardware, and
3. Hardware-to-human.

5.2 DoD Decision Support Systems

The acquisition life cycle is an integral part of DoD’s three main decision support systems,
illustrated in Figure 5-2.
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Figure 5-2. DoD Decision Support Systems [PIPLANI94]

The policies stated in the DoDD 5000.1, Defense Acquisition, and DoD 5000.2-R, Mandatory
Procedures for Major Defense Acquisition Programs, forge a close relationship among these
three systems, which operate continuously and concurrently to assist the SECDEF and other
senior DoD officials in making critical national security, acquisition, and budgeting decisions.
Early intheacquisition life cycle, the Milestone Decision Authority (MDA) [discussed in Chapter
4, DoD Software Acquisition Environment] establishes tailored Milestone Decision criteria for
ACAT | and ACAT IA programs. In compliance with the Government Performance and Results
Act (GPRA), and DoD'’ s Strategic Plan [the Quadrennial Defense Review (QDR), discussed in
Chapter 3, Statutory Framework Governing Software Acquisition] the MDA determineswhether
a major acquisition program is progressing satisfactorily at each milestone decision/program
review. [DoD 5000.2-R]

5.2.1 Requirements Generation System

The Requirements Generation System, governed by CJCS Instruction 3170.01, Requirements
Generation System, produces decision-critical information on projected mission needsrequiring
joint Major Defense Acquisition Programs (MDAPs) and MAISs to support the warfighter.
Complementary guidance for MAIS functional areas is provided in DoD 8000.1, Defense
Information Management Program. Requirements generation isacontinuing process of assessing
the capabilities of the current force structure to meet projected threats. It takes into account
opportunities for technological advancement, cost savings, and changes in national policy or
doctrine. Support plans are al so addressed during requirements generation. They focus on issues
of interoperability, system-of-systemsinitiatives, MAIS, and Operational Requirements Document
(ORD) (discussed below) compliance. Figure 5-3 illustrates this process.
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Figure 5-3. Requirements Generation System [PIPLANI94]

5.2.2 Acquisition Management System

The acquisition management system, governed by DoD Directive 5000.1, provides a streamlined,
event-driven management structure that emphasi zes risk management and affordability. It explicitly
links milestone decisions to demonstrated accomplishments. The activities that are managed by
this system areillustrated in Figure 5-4.

Production Deployment

Dpé rations

Training Support Disposal

Figure 5-4. Acquisition Management Activities [ANDERSON98]

5.2.3 Planning, Programming, & Budgeting System (PPBS)

The Planning, Programming, and Budgeting System (PBBS) provides the basis for making
informed affordability assessments and resource allocation decisions on defense acquisition
programs. Itisgoverned by DoDD 7045.14, The Planning, Programming, and Budgeting System
(PPBS), and is discussed in Chapter 7, Acquisition Planning.
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5.3 Life Cycle Phases, Decisions, and Activities

DoD’ s system acquisition process was designed to manage a program through sequential phases.
Each phase is followed by a major Milestone Decision in which decision-makers approve/
disapprovethe acquisition strategy and its evol ution into the next phase based on program progress
reported by the Program Manager (PM). DoD 5000.2-R dividesthelife cycleinto the following
phases and milestone decision points, asillustrated in Figure 5-5.

1. Concept exploration;

2. Program definition and risk reduction;

3. Engineering and manufacturing development (EMD) which includes software engineering
and development for software-intensive systems, and

4. Production, fielding/deployment, and operational support. [ANDERSON98]

SYSTEM LIFE CYCLE

------- a
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"""" i i : :
] 1 ] ]
] 1 ] ]
] 1 ]
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Concept Studies New Acquisition EMD Approval Production or
Approval Program Deployment
Approval Approval

Figure 5-5. System Life Cycle [ANDERSON098]

At each Milestone Decision, assessments on program status and the plansfor the next phase and
the remainder of the program are made. The risks associated with the program and the adequacy
of risk management planning are explicitly addressed, asillustrated in Figure 5-6. [ See Chapter
6, Risk Management.] Additionally, program-specific results required in the next phase, called
exit criteria, are established and approved. [ANDERSON98] Figure 5-7 summarizes DoD 5000.2R
life cycle phases, Milestone Decisions, and activities discussed below.



Chapter 5: System Life Cycle & Methodologies GSAM Version 3.0

» B » Giso = + oo - I

Where Are We? Where Are We?
Baseline Refined Baseline

- Cost - Cost

- Schedule - Schedule

- Performance - Performance

Execution Status

Where Are We Going?
Program Plans

Execution Status

Where Are We Going?
Program Plans

Risk
Management

Exit Criteria Exit Criteria
1 1
What Risks Exist? What Risks Exist?
Cost Cost
Schedule Schedule
Performance Performance

Figure 5-6. Risk Management and the Life Cycle Process [ANDERSON98]

PHASE 0:
CONCEPT EXPLORATION
Competitive studies are performed to define and evaluate the feasibility of
alternative concepts and provide an assessment of risk for decisionmakers,

Analysis of Alternatives is used to compare concepts, which are defined by broad
cost, schedule, and performance objectives as well as opportunities for fradecffs

-Acquisition Management Plan
-CostiPerformance Trade Studies
-Acquisition Pregram Baseline
-Test Flan (unkess waned

-Any specific mandated exit criteria

Do Phase 0 results warrant
a new acquisition? ———— MILESTONE |

—
Decision based on

PHASE I|:
PROGRAM DEFINITION & RISK REDUCTION

Froegram is defined as various concepts and technologies are pursued, Risk
assessments of @ach concept are refined. Prototyping and demonstrations are
considered fo reduce technical and manufacturing risks, Cost drivers,
cost/performance trades, and acquisition strategies are considered,

Do Phase | results warrant
program continuation? — MILESTONE Il -All of above, updated
-Specific Milestone |l exit criteria

[ ——
Decision based on  -Limited product quantifies

PHASE IIéAGAT 1): PHASE Il (ACAT I/ACAT IA):

ENGINEERING & SOFTWARE ENGINEERING &
MANUFACTURING DEVELOPMENT
DEVELOPMENT

The most promising design is chosen and

The most promising design is chosen and
translated info a stable, producible, cost-effective
design; manufacturing processes are validated;
and testing begins to demonsirate system

transtated into a stable, producible, cost-effective
design; development processes are validated,
and testing begins to demonstrate system
capabilities

capabhilities. Low rate initial preduction begins
to produce test articles, establish a production
base, and permit orderly increase fo the
preduction rate,

Authority to enter full

production/deployment. -All of the above, updated

-Specific Milestone Il exit criteria
Decision based on  -Completion of test & evaluation

PHASE IlI:
PRODUCTION, FIELDING! DEPLOYMENT,
& OPERATIONAL SUPPORT

Operational capability that satisfies mission needs is satisfied Deficiencies
encountered as a resuli of operational testing are resolved and fixes are verified,

Figure 5-7. Summary of Life Cycle Phases and Acquisition Milestones Decisions for
ACAT I and ACAT IA Programs [HINTONO98]
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ACAT | and ACAT IA Programs. For automated information systems (AlS) programs, the
MDA should determine the appropriate acquisition phase for AlSs designated to evolve to
migration systems. AlSs, designated as migration systems by an OSD Principal Staff Assistant
(PSA), often require validation or revalidation of previous milestone decisions at the appropriate
acquisition review.

5.3.1 Pre-Phase 0: Mission Need Determination

All DoD acquisition programs are based on identified, documented, and validated mission needs.
Mission needs result from ongoing assessments of current and projected Defense capabilities.
The mission need determination processis shown in the top half of Figure 5-8. Mission needs are
identified to accomplish the following:.

* Establish anew operational capability;
e Toimprove an existing capability; or
e To exploit an opportunity to reduce costs or enhance performance. [DoD 5000.2-R]

Pre-Phase O activities and documentation for ACAT | programs are summarized in Figure 5-8.

NOTE: The activities and documentation are the same for ACAT IA programs except the
memo goes to ASD (C3l) and instead of the Defense Acquisition Board (DAB) it is the
Information Technology Overarching Integrated Product Team (IT OIPT).

Mission Area DEFINITION DOCUMENTATION

Analysis
Threat

- DoD DoD DoD
Policy Component Component Non- Component
Technology ) Mission materiel gf Notify User

DoD

Solution Component

Perform .
Need
Budget :E Mission Need ——— Determine
> Need

Capability A Oppo(;trunlty ) Draft Ly Coordinate
- Materiel MNS Draft MNS
Strategy Defficiency
Doctrine J

@ - oATion RSN APPROVAL
Disapprove -
ACAT JROC Notify User Acquisition Lead
| fValidate ) oar i mNs JROC DAB Decision Service
MNS Memo fn
- Acquisition
Memo to USD (A&T) [ DAB Milestone 0 .
Approved ADM Executive
Less . q DoD Component Head Fund Study &
isapprove -
Than  DoD pp Notify User SOl
ACAT Component . .
Approved MNS With Service Sponsor

JROC Lead Service
Designate Lead Service l—)' Prepare Documents

U | ) Validate
MNS

Approved CINC MNS

- No Service Sponsor

Figure 5-8. Summary of Pre-Phase 0 Activities [CJCSI 3170.01]
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5.3.1.1 Mission Need Documentation

During this Pre-Milestone O Phase, the need for an acquisition program is studied and recorded
in the following documents.

Mission Area Assessment (MAA). The MAA identifies mission needs using a strategy-to-
task process, which links the need for military capabilities to the strategy provided by the
Chairman of the Joint Chiefs of Staff (CJCYS).

Mission Need Analysis (MNA). The ability to accomplish the tasks from the strategy-to-task
process using current and programmed systems is evaluated in the MNA. This process is
called “task-to-need.”

Mission Area Plan (MAP). The products of MAAsand MNAs are used to develop aMAP, a
strategic planning document covering approximately 25 years. It records the proposed plan
for correcting identified mission deficiencies. It expresses nonmateriel solutions, including
changes in force structure, system modifications or upgrades, science and technology
applications, and new acquisition programs.

Mission Need Statement (MNS). Upgrade, modification, and new acquisition programs are
established when nonmateriel solutions will not adequately fulfill an identified mission
deficiency. The MNSisabrief statement that identifies and documents mission deficiencies
that require materiel and/or software solutions:

- To define an operational need,

- Toofficially validate an operational need, and

- To furnish implementation and support to OT& E activities.

ACAT IA MNS. For command, control, communications, and intelligence (C3l) systems,
the Mission Need Statement (MNS) is submitted for validation and approval in accordance
with DoDD 4630.5, Compatibility, Interoperability, and Integration of Command, Control,
Communications, and Intelligence (C3I) Systems. In the case of automated i nformation system
(AIS) migration systems, the complete MNS is validated and approved at Milestone O and
updated (if appropriate) at thetimethe AlSisdesignated amigration system. [ANDERSON98]
Operational Requirements Document (ORD). Once an acquisition program is approved,
operational requirements for selected concept(s) progressively evolve. Broad operational
capability needs identified in the MNS become system-specific performance requirements
documented in the ORD, as illustrated in Figure 5-9 The ORD is prepared along with life
cycle cost estimates, logistic support analysis, and producibility engineering assessments.
The ORD is solution-oriented and becomes the basis for the following:

- Program direction.

- Program baselines.

Integrated Master Plan (IMP). ThelMP isan event-based program plan that documents all
the tasks required to deliver a high quality product and facilitate success throughout the
product’ slifecycle. [Cost, schedul e (specific dates), and non-essential tasks are not included
in this plan.]

Integrated Master Schedule (IMS). The IMS begins as an IMP with dates — the starting
points are the events, accomplishments, and criteriathat make up the plan. Under acquisition
reform initiatives, the dates in the IMP usually are not made contractually binding to allow
flexibility in taking advantage of event-driven scheduling.
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Test and Evaluation Master Plan (TEMP). The TEMP describes the program’ s overall test
and evaluation strategy. It is prepared as early as possiblein the acquisition process (normally
prior to Milestone 1). It is designed to identify and integrate objectives, responsibilities,
resources, and schedule for all test and evaluation to be accomplished prior to key decision
milestones.

Capstone Requirements Document (CRD). The CRD contains performance-based
requirementsto facilitate development of individual ORDs by providing acommon framework
and operational concept to guide their development.

Very Broad Performance System-Specific
Needs Objectives (ORD/  Requirements
(MNS) CRD) (ORD)

Figure 5-9. Evolution of Acquisition System Requirements Documents [CJCS3170.10]

5.3.1.2 Mission Need Validation

Nonmaterial solutions to mission needs (such as changes in doctrine or tactics) are analyzed
first. If a nonmaterial solution is not feasible, all considerations are documented, and a
determination is made as to whether the potential materiel solution could resultinan ACAT | or
ACAT IA program.

ACAT | Programs. If the potential materiel solution resultsin anew ACAT | program, the
Joint Requirements Oversight Council (JROC) reviews the documented mission need,
determines its validity, and establishes joint potential. The mission need validation process
for ACAT | programs is summarized in Figure 5-8. [NOTE: The process is the same for
ACAT IA, except that the memo goesto ASD(C3l).]

ACAT IA Programs. If the potential solutionresultsinanew ACAT IA, the appropriate OSD
PSA or the JROC reviews the documented need, determines its validity, establishes joint
potential, and confirmsthat the requirements[defined in DoD 8000.1] have been met. [DoDD
5000.1]

5.3.1.3 Milestone 0 Decision: Approval to Conduct Concept Studies

The Concept Studies Approval (Milestone 0 Decision) is made when the Milestone Decision
Authority (MDA) determines the following:
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The MNS s validated,

The need cannot be satisfied by a nonmateriel solution,

The need is sufficiently important to warrant funding study efforts to explore and define
alternative concepts;

Command, control, communications, computers, intelligence, surveillance, and
reconnaissance (C41 SR) support requirements can be met; and

For an ACAT IA program, an Analysis of Alternatives (AOA) has been considered. [DoD
5000.2-R]

Analysis of Alternatives (AOA). An evaluation of the advantages and disadvantages of
alternatives being considered to satisfy a requirement, to include the sensitivity of each
alternative to possible changes in key assumptions or variables. The analysis aids decision-
makers in judging whether or not any of the alternatives offer sufficient benefit to be worth
the cost.

[NOTE: A favorable Milestone 0 Decision does not mean a new acquisition program has
been initiated.]

ACAT 1 Programs. After the JROC validates the mission need for an ACAT | program,
USD(A&T) convenes a Milestone O Defense Acquisition Board (DAB) to review the MNS,
identify possible materiel alternatives, and authorize concept studies, if necessary.

ACAT IA Programs. The JROC (or cognizant OSD PSA), validates the mission need and
acquisition process integrity in compliance with DoDD 8000.1. ASD(C3l) convenes a
Milestone O Information Technology Overarching Integrated Product Team (IT OIPT). For
C3lI systems, the MNS should be submitted for validation and approval in accordance with
DoDD 4630.5. In the case of AIS migration systems, the complete MNS is validated and
approved at Milestone O and updated, if appropriate.

5.3.2 Phase 0: Concept Exploration and Definition

Following a successful Milestone O Decision, Concept Exploration and Definition involves a
series of studies to define and evaluate the feasibility of alternative concepts and their relative
merits (i.e., advantages, disadvantages, degree of risk, etc.). The most promising system concepts
are defined in terms of the following initial, broad objectives:

Cost

Schedule

Performance

Software requirements
Tradeoff opportunities
Overall acquisition strategy
Test and evaluation strategy
Readiness objectives
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These concepts are often explored through competitive, parallel, short-term contracts, which
provide the basis for assessing the merits of alternative concepts at the Milestone | Decision.
[DoD 5000.2-R]

NOTE - A list of recommended items to include in a draft ORD is found in VVolume 2,
Appendix T, Automated Information Systems (AlS) Operational Requirements Documents
(ORDs) Recommendations.

A product of this phaseisthe selection of aproposed Acquisition Strategy [discussed in Chapter
7, Acquisition Planning]. Demonstration program(s) are designed, coded, tested, and implemented
to provide basic (or elementary) capabilities across the full range of requirements. During Phase
0, the following activities are normally performed:

PHASE 0 ACTIVITIES ACAT | ACAT IA

|
2. Potential environmental consequences are identified.
[ x I
| x I

5. Compliance with international arms control agreements is
assured.

XH XX

6. Technology and technical risk is considered.

7. Advantages and disadvantages of alternative concepts are
assessed.

8. An Acquisition Strateqy is identified.

9. Cost, schedule, and performance for approval are defined.

10. Program-specific objectives for the next phase are defined.

11. A proposed oversight and review strategy to include a
description of mandatory program information and when this
information needs to be submitted for the next milestone
decision is developed.

. System requirements in terms of measures of effectiveness
(MOE), measures of performance (MOP), and C4ISR support
requirements are defined.

—

Table 5-1. Phase 0 Activities for ACAT | and ACAT IA Programs

Rapid prototyping should be used to support analyses performed during this and the next phase
(and throughout the life cycle, as appropriate). Rapid prototyping can aso be used to develop a
subset of functional capabilities to be released to a limited user community for shakedown.
Rapid prototyping is approved at the milestone decision point before its use. Rapid prototyping,
modeling, and simulation are discussed in Chapter 11, Understanding Software Development.
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5.3.2.1 Milestone | Decision: Approval to Begin a New Acquisition

The purpose of the Milestone | Decision isto determine whether the results of Phase O warrant
establishing a new acquisition program and to approve entry into Phase I, Program Definition
and Risk Reduction. At Milestone | Decision, the MDA normally considers the following.

MILESTONE | CONSIDERATIONS ACAT | ACAT IA

Threat assessment. L

1. Environmental consequences

2. Hierarchy of materiel alternatives - -
3. Acquisition Strateqy [ x|

4. Phase 0 exit criteria status and Phase | exit criteria X
plans

5. Acquisition Program Baseline (APB) (CAIV-based X X
objectives)

X

6. AOA and concept studies supporting the need for a new X X
program

7. Adedquacy of resources (manpower and funding)
8. Affordability assessment
9. Updated C4ISR support requirements. [DoD 5000.2-R]

Table 5-2. Milestone | Decision Approval for ACAT | and ACAT IA Programs

5.3.3 Phase I: Program Definition and Risk Reduction

This phase [formerly Demonstration/Validation (Dem/Val)] follows a successful Milestone |
Decision to proceed. One or more concepts, design approaches, and/or parallel technologiesare
pursued (as warranted) and advantage/disadvantage assessments of alternative concepts are
refined. Prototyping, demonstrations, and early operational assessments are analyzed to reduce
risk so that technology, production, and support risks are well in hand before the next milestone
decision. The following are also analyzed:

e Cost drivers,

e Lifecyclecost estimates,

e Cost-performance tradeoffs,

* Interoperability, and

* Alternative acquisition strategies are considered to include evolutionary and incremental
software development. [DoD 5000.2-R]

An important aspect of this phase is the early integration of supportability considerations into
the system design concept. Asillustrated in Figure 5-10, the decisions made during this phase
impact approximately 60% of total life cycle costs. Asshown in Figure 5-11, much of these costs
are incurred during the operations and support phase.
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Prototyping, testing, and early user involvement in operational assessments of critical components
cannot be overemphasized asrisk and cost reduction methods. As afunction of risk, the costs of
alternative design approach(es) must be evaluated against performance capabilities. [ See Chapter
6, Risk Management.] The ORD, TEMP, and Acquisition Strategy are updated to reflect the work
performed during Phase |. During Phase I, the following activities are normally performed:

PHASE | ACTIVITIES ACAT | |l ACAT IA
1. Assessment of the military threat is updated. -

2. Acquisition Strategy & low rate initial production (LRIP) quantities -
refined.

3. Industrial capability to support the program is assessed. -
4. Potential environmental impacts are assessed. -
5. Cooperative opportunities are identified. -

6. Compliance with international arms control agreements is assured.

7. Technology and technical risks are considered. - -
8. Cost objectives and affordability assessment are refined. - -

9. Major cost, schedule, and performance tradeoff opportunities are X X
identified.

10. Test and evaluation strategy and appropriate testing requirements X X
identified.

11. Proposed cost, schedule, and performance objectives and X X
thresholds for approval are identified.

12. That adequate resources have been programmed to support X X
production, deployment, and support is verified.

13. A proposed oversight and review strategy to include a description of X X
mandatory program information and when this information needs to
be submitted for the next milestone is developed.

14. CAIV objectives are refined.
15. Major technology and industrial capability issues are analyzed.

16. Independent Cost Estimate (ICE) and Manpower Estimate (ME) X X
developed.

17. C4ISR support requirements are refined. [DoDD 5000.2R]

Table 5-3. Phase | Activities for ACAT | and ACAT IA Programs

5.3.3.1 Milestone Il Decision: Engineering & Manufacturing Development/
Software Engineering & Development

At the Milestone Il Decision, Engineering & Manufacturing Development (EMD)/Software
Engineering & Development (for software-intensive programs), the MDA rigorously assesses
the affordability of the program and establishes adevelopment APB. Defense Planning Guidance,
long-range modernization and investment plans, and DoD Component planning documents form
the basis for this decision. Because there is a significant resource commitment associated with
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thisdecision, program risks and risk management plans arerigorously analyzed. The devel opment
APB involves effectiveinteraction among the Requirements Generation, Acquisition Management,
and PPBS systems. The Milestone Il Acquisition Decision Memorandum (ADM) states the
following:

* Approval of entry into Phasell, the proposed (or modified) APB, and the Acquisition Strategy,
* Life-cyclecost objectives and exit criteria have been established, and
* LRIPquantities have been identified (if appropriate for ACAT I).

The LRIP strategy, required information, and thefollowing are normally considered by the MDA
at this milestone.

MILESTONE |l DECISION CONSIDERATIONS ACAT | I ACAT IA

X
2. Waiver from full-up, system-level live fire T&E (LFT&E)

7. Status of Phase | exit criteria status and Phase Il exit
criteria plans

Table 5-4. Milestone Il Decision Approval for ACAT | and ACAT IA Programs

With the Milestone Il Decision, the affordability of the program is assessed and a decision is
made on whether the activities of this Phase | warrant continuation to the next phase. A
Development Baseline is established reflecting cost, schedule, and performance requirements.
[DoD 5000.2-R]

5.3.3.1.1 Milestone Il Decision: Low Rate Initial Production Decision

A favorable LRIP Decision only authorizes the program manager (PM) to commence LRIP. The
PM is authorized to commence full-rate production with further approval of the MDA.
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5.3.4 Phase Il: Engineering Manufacturing & Development/
Software Engineering & Development

Following asuccessful Milestone |l Decision, Engineering & Manufacturing Development (EMD)/
Software Engineering & Development (for software-intensive programs), actual product
development and/or manufacturing begins. Note that this phase may berepeated if thelife cycle
methods are incremental or evolutionary [discussed below]. Effective risk management is
especially critical during this phase. To assist in managing risk, resources are only committed
commensurate with the reduction and closure of risk elements. Configuration management control
is established for the design, engineering, and management processes. Development and test
activitiesfocuson high-risk areas, addressthe operational environment, and are phased to support
internal decision making and the Milestone |11 Decision review. The primary objectives of this
phaseinclude:

* Tranglating the most promising design approach into a stable, interoperable, producible,
supportable, and cost-effective design;

* Validating the development process; and

* Demonstrating system capabilities through testing (i.e., verifying the fulfillment of
requirements). [DoD 5000.2-R]

When possible, developmental testing supports and provides data for operational assessment
beforeinitial operational test and eval uation by the operational test activity. Cost of an I ndependent
Variable (CAIV) analyses from earlier phases are refined and continued through the Critical
Design Review (CDR). System-specific performance requirements are developed for contract
specifications in coordination with the user (or the user’ s representative).

Planning for Phase IlIl addresses design stability, development, industrial base capacity,
configuration management control, deployment, and support (including, as appropriate, the
transition from interim contract to in-house support). Developmental test and evaluation (DT& E)
(testing to development specification) is performed. This supports and provides data for an
operational assessment prior to operational test and evaluation (OT&E) (testing to operational
requirements), also performed during Phase l.

Program budget status is periodically reviewed by both the PBBS and acquisition management
systems during this phase. Changesto the program that result in the actual or projected breach of
an established program baseline parameter are identified. Such changes may require a formal
notification to the MDA. During Phase |1 the following activities are normally performed:
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PHASE Il ACTIVITIES ACAT | I ACAT IA
1. Update assessment of the military threat is -

|
testing is developed

TS .
TS .

8. Software design, coding, integration, and testing is performed

9. Initial operational test and evaluation (IOT&E) results that realistically
portray operational performance are produced

10. Technological and industrial capability to support the program is
assessed

11. The Acquisition Strateqy to include the support concept is refined

12. The program cost estimate, independent cost estimate, cost
objectives and Manpower Estimate are refined

X | X<

13. An updated affordability assessment is developed

14. Proposed cost, schedule, and performance objectives and thresholds
for approval are identified

15. That adequate resources have been programmed to support X
production, deployment, and support is verified

16. A proposed oversight and review strategy to include a description of X X
mandatory information and when this information must be submitted
for the next milestone is developed

17. CAIV objectives are refined
18. CAISR support requirements are updated

Table 5-5. Phase Il Activities for ACAT | and ACAT IA Programs

X
X
X
X
X
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5.3.4.1 Phase Il: Software Engineering and Development Activities

For all major software development programs, the following activities should occur:

PHASE Il SOFTWARE ENGINEERING & DEVELOPMENT ACAT | ACAT IA

1. Plans are made for the development and use of reusable software X X
assets.

2. Security specifications are based on identified security requirements
and the consideration of potential threats and vulnerabilities.

DoD-approved software metrics are used to provide a quantitative

framework from which to evaluate and control software development or

integration.

A common core set of software management metrics are developed
early in the development cycle and approved at Milestone |l.

ACAT IA performance objectives and measures are established and
supported by program evaluations and cost/benefit analyses that are
refined in later phases and prepared, in accordance with DoDI 7041.3,
Economic Analysis and Program Evaluation for Resource Management.

Standards planning, including identification of information technology
standards profiles, is accomplished in accordance with the Technical
Architecture Framework for Information Management (TAFIM).

6. The AIS human computer interface is developed in accordance with the X
Human Computer Interface Style Guide.

7. DoD standard data elements are designed, development, registered,
and implemented in accordance with DoDD 8320.1, DoD Data
Administration.

8. Government-off-the-shelf (GOTS), commercial-off-the-shelf (COTS), or
nondevelopmental item (NDI) products are certified as meeting
appropriate standards.

9. C3l systems are reviewed for compliance with compatibility and
interoperability policy in accordance with DoDD 4630.5.
[ANDERSON98]|

Table 5-6. Activities for Phase Il Software Engineering and Development

5.3.4.2 Low Rate Initial Production (LRIP)

Low Rate Initial Production (LRIP) (for ACAT | programs) occursduring EMD. Design fixes or
upgrades based on test results areincorporated into the initial assets. The objective of LRIPisto
produce the minimum number of systems necessary to:

* Provide production configured or representative articles for operational tests,

e Establish aninitial system production base; and

* Upon successful completion of operational testing, permit an orderly increase in the system
production rate sufficient to lead to full-rate production.
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At the LRIP decision, the MDA normally considers the following:

LRIP DECISION CONSIDERATIONS ACAT | ACAT IA

1 AcqusitonSwategy 0 x|
2. APB
[3_Phaseliextoriteia I x | |
4_Threatassessment 0 x J |
5. Test results
[6._ital production experience Il x| |
7. Environmental consequences Il x| |
s._cavprogress I x | |

X QX

XEXEXEXEX]E X

9. Adequacy of resources (manpower and funding) - -
10. Updated C4ISR support requirements - -
11. ICE and Manpower Estimate -

X

Table 5-7. LRIP Design Considerations [ANDERSON098]

NOTE - LRIP is not applicable to ACAT IA programs; however, They may employ a
limited deployment phase. [DoD 5000.2-R]

5.3.4.3 Miilestone 111 Decision: Production or Fielding/Deployment Approval

The purpose of the Milestone |1l Decision is to authorize the transition into production for an
ACAT | program, or deployment for an ACAT |A program. It represents acommitment to build,
deploy, and support the system. Particular attention is placed on assessing DOT&E and OT& E
results. The most economic production rate that can be sustained (given affordability constraints)
is established. Planning is performed for a possible transition to contingency support or
reconstitution. Establishing the production APB requires effective interaction among the three
major decision support systems. Thisisparticularly critical for establishing economic production
rates.

Criteriaare established for determining when the operational capability isattained and that planning
for deployment and support is complete and adequate. The compl etion of engineering drawings,
the system and software architecture, and their release to engineering organizations signify that
program managers are confident that they are mature and perform adequately. These documents
reflect the results of prototyping and testing, describe the hardware and software, and define
engineering processes. The Critical Design Review (CDR) is a major event that represents a
point of departure from detailed design to system devel opment.

Therisks of proceeding with CDR and the rest of development as planned are increased without
amature design. Thus before production begins, the process of discovery, the accumulation of
knowledge, and the elimination of risks or unknowns must be complete. Because system
development must be a clearly defined, stable, statistically controlled process, the Milestone 111
Decision must be based on achieving the following criteria.
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* Thetechnological solutionis mature and fulfills all system requirements;
e The design performs as expected; and
* The system can be developed on time and at a reasonabl e cost.

Be advised, if an acquisition program cannot meet these criteria, it possesses an unacceptable
level of cost, schedule, and technical risk. Immature or undevel oped software-intensive solutions
must be managed separately until they can meet these criteria before proceeding to the next life
cycle phase. [HINTON98] See discussion on Advanced Concept Technology Demonstrations
(ACTDs) in Chapter 4, DoD Software Acquisition Environment. I n addition, frequently changing
designslead to unstabl e devel opment processes. L ate design changes cause serious devel opment
problemsthat necessitate costly process changes. Unstable designs force devel opersto perform
problem workarounds, which lead to labor inefficiencies and result in high scrap and rework
rates. According to Watts Humphrey,

“As long as programmers are writing code, they are making design decisions, just at a more
detailed level. Many of these details will impact the usability and performance of the system, just
not at a high enough level for the people who wrote the requirements to be aware of them. The field
users of such systems, however, will almost always find that systems developed blindly from
requirements documents are inconvenient and unwieldy in operational use. Truly superior usability
can only be obtained when the developers have an in-depth knowledge of actual field conditions.
While suppliers should start from official requirements, these must be recognized as a starting
point and that much more detailed knowledge is required before the system can actually be built.
The key is to make the supplier responsible for devising, defining, and using a process that uncovers
true operational requirements.” [HUMPHREY 95]

The Milestone II1 ADM approves entry into Phase Il (Production, Fielding/Deployment, and
Operational Support), approves the proposed or modified Acquisition strategy and production
APB, and establishes exit criteria. At the Milestone Il Decision, the MDA normally considers
the following:
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MILESTONE Il DECISION CONSIDERATIONS ACAT | | ACAT IA

2. Initial production experience

[3._Envionmental consequences I x|
4 Acauisitonstrateay M x|
I5.__APB (including CAIV-based obiectives) W x|
l6._Phasellexiteriteria M x|

7. Testresults -

8. Provisions for evaluating post-deployment performance [compliance
with GPRA, Cohen Act (ACAT IA only), and PRA] (see Table 5-10
below)

9. Adequacy of resources (manpower and funding)

10. ICE and ME [
11. Updated C4ISR support requirements

Table 5-8. Milestone Ill Decision Approval for ACAT | and ACAT IA Programs
[ANDERSONO98]

Once a Milestone 111 Decision has been approved, a Production Baseline is established that
reflects the cost, schedule, and performance assessment requirements for the next phase.

5.3.5 Phase Il1: Production, Fielding/ Deployment, and
Operational Support

Following asuccessful Milestonelll Decision, system performance and quality are monitored by
FOT& Es. Cost, schedule, and performance are reviewed and compared to the Production Baseline.
User feedback and field experience results (including operational readinessrates) are continuously
monitored. Support plans are implemented to ensure sufficient support resources are acquired
and deployed with the system. The objective of this phaseisto achieve an operational capability
that satisfies mission needs. Thisincludes:

* Assessing the ability of the system to perform as intended,

* Identifying and incorporating minor engineering change proposals into production lots to
meet required capabilities; and

* Identifying the need for major upgrades or modifications.

Deficienciesencountered in DT& E and initial operational test and evaluation (IOT& E) areresolved
and fixesverified. During fielding/deployment and throughout operational support, opportunities
for system improvements through upgrades, enhancements, and modifications are continuously
assessed. System performance and quality ismonitored by follow-on OT& E (FOT&E). Program
budget statusis periodically reviewed by the PPBS and Acquisition Management Systems. The
results of field experience (including operational readiness rates) are continuously monitored,
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particularly during the early stages of deployment. Support plans are implemented to ensure
support resources are acquired and deployed with the system. During Phase 111 thefollowing are
normally performed:

PHASE 1l ACTIVITIES ACAT | ACAT IA

1. The military threat assessment is updated and validated - -

2. Full rate production experience is used to verify development
processes, confirm the design stability and producibility, and develop
realistic development cost estimates.

3. The configuration management program is developed
4. Life cycle cost estimates are updated

5. Operational and support plans, to include transition from contractor to X X
in-house support (if appropriate) are executed

6. Operational and support problems are identified
7. System deficiencies discovered during DOT&E and FOT&E are X X
verified and resolved (as appropriate)

8. CA4ISR support requirements are updated

Table 5-9. Phase Il Activities for ACAT | and ACAT IA Programs [ANDERSON98]

NOTE - The production requirement of this phase does not apply to ACAT IA acquisition
programs or software-intensive systems with no developmental hardware components.
[DoD 5000.2-R]

5.3.5.1 Operational Support

The objective of this activity is to implement a support program that meets performance and
sustainment threshold values in the most cost effective manner. An FOT& E program assesses
performance, quality, compatibility, and interoperability, and identifies operational deficiencies.
Operational support plans are implemented to include the transition from contractor to organic
support, as appropriate.

This phase overlaps Phase |11 and begins after initial systems, increments, or capabilities have
been fielded. It is marked by the declaration of an operational capability or the transition of
management responsibility from the devel oper to the maintainer. Operational support continues
until the system isretired from the inventory or adecision is made to commit to amajor upgrade
or modification (which causesthe program to re-enter Phase, 11, or 111, as appropriate). Quality,
safety, performance, and technol ogical obsolescence are corrected asidentified. Post deployment
supportability/readiness reviews are periodically conducted to resolve operational and
supportability issues. [DoD 5000.2-R]

5.3.5.2 Modifications

The objective of this activity is to undertake modifications and updates to extend the system’s
useful life; however, the proliferation of system configurations must be minimized. For
management purposes, any system modification of sufficient cost and complexity that qualifies
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asan ACAT | or ACAT IA programiscons dered aseparate acquisition effort. System modifications
that do not meet the ACAT | or | A thresholds are considered part of the program being modified,
unlessthe systemisnolonger in production. In that case, the modification is considered aseparate
acquisition effort. [DoD 5000.2-R]

5.4 Life Cycle Compliance with Statutory and
Regulatory Requirements

In the past several years, Congress has enacted | egislation intended to improve the management
and performance of Federal Agencies. Theselaws[discussed in Chapter 3, Statutory Framework
Governing Software Acquisition] include the Cohen Act GPRA, and the PRA.. Further guidance
from the OMB places added emphasis on managing investments, to include weapon systems.
DoD programs must a so comply with other statutory and DoD regulatory acquisition requirements.
Theserequirementsare applied (as appropriate) to each increment of incremental and evolutionary
programs (discussed below) at the following life cycle milestone decisions, asillustrated in Figure
5-12.

* Pre Milestone 0. Some requirements (those that address the need for information systems
and the processes they support) are the responsibility of the user or the functional proponent.
Responsibility for ensuring compliance with these requirements before MDA Milestone O
approval belongs to the appropriate user or functional proponent in coordination with the
JROC process, the Component, or the PSA.

* Milestones 0 through I11. Many of these requirements are similar to those discussed above
and are appropriate for MDA review at each major milestone. For software-intensive NSS
programs subject to DAB review, the DoD CIO provides the MDA with an assessment of
compliancewith regulatory requirements. Thisisaccomplished throughthe DAB I PT process.

* Post Milestone I11. Milestone [II ADMs include post-deployment performance evaluations
and compliance with other performance measurement guidance, as appropriate. The ADM
ensures that the user or functional proponent performs post-deployment evaluations and
provides the results to the DoD CIO. [KAMINSKI197]
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Figure 5-12. Milestone Review Process for Compliance with Statutory and other
Regulatory Requirements

Table 5-10 correlates GPRA, PRA, and Cohen Act requirements with the other statutory and
DoD regulatory acquisition requirements. To ensure program success, | ntegrated Product Team
(1PT) members should consider these requirements as programs progress through the acquisition
process. To the maximum extent possibl e, these requirements shoul d be addressed by incorporating
them into exi sting acquisition processes, procedures, and documents. [* The document isexplicitly
approved by the official indicated.] [KAMINSKI197]
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5.5 Life Cycle Management

Performance-based and modeling & simulation-based acquisition management should be folded
into your life cycle management methodol ogy and process. They are proven risk reduction methods,
which are firmly endorsed by the Congress and the DoD.

5.5.1 Performance-Based Life Cycle Management

Performance-based life cycle management isthe application of the performance-based paradigm
[discussed in Chapter 3, Statutory Framework Governing Software Acquistion] to the DoD 5000-
serieslifecycle process. Accordingto Lt. Col. DennisDrayer (USAF), DoD acquisition practices
have produced the best military systems in the world. However, our requirements allocation
processis often flawed. Requirements are flowed down without all ocation at lower levels, resulting
in incompl ete requirements definition at the user/maintainer level. Testing often dominates the
design evolution process and program and product teams fail to identify and control critical
system features and processes. |n many cases, the causesfor asystem’ sbehavior are not understood
or controlled as the design evolves. The result is design by trial and error. [DRAY ER98]
Performance-based life cycle management attacks these shortcomings. Asyou learned in Chapter
3, Statutory Framework Governing Software Acquisition, Performance-based management
includes the following key steps:

e Define clear missions and desired outcomes,
* Measure performance to gauge progress, and
* Use performance information as a basis for decision-making. [BOWSHER96]

5.5.1.1 Performance-Based Systems Definition

Design is often a point solution that does not tolerate normal variations, which makesit hard to
transition from the laboratory to development. I ncorporating changes or adding new technology
isoften difficult. Such conditionslimit the ability to apply innovative concepts (such as competitive
sourcing through open system architectures and migration to common processes). Drayer explains
that a good performance-based system definition must include three information categories:

e Category 1: System Performance Definition

e Category 2: System Design

* Category 3: Software Engineering and Development Definition (for Software-Intensive
Systems)

5.5.1.1.1 Category 1: System Performance Requirements Definition
Derived operational requirements are translated into specific technical engineering language
stated in performance terms, which providesthe basisfor adesign solution and design qualification.

Similar to traditional development specifications, in a disciplined systems engineering process
the contractor develops and verifies this data as top-level requirements filter down.
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The Government conveys its needs through high-level specifications, limiting military-unique
specifications and standards. Although the prime contract may include some requirements
allocation items, most are under contractor control. The aim of the system definition processisto
decrease the amount of deliverable technical data. Based on technical and capability risk
assessments, the DoD program team decides to include or exclude contractually required data
[DRAY ER98]

5.5.1.1.2 Category 2: System Design

Engineering and development environments are linked by translating Category 1 requirements
into the system design. Design-specific performance requirements define key system engineering
design and devel opment characteristics and enabl e efficient technology insertion at a minimum
requalification cost.

The system design defines how the user implements a given function. This avoids high, non-
recurring coststhat result from growing designsto meet new requirements, technology insertion/
obsolescence, and service-life extension. In developing the system definition, key interface
requirements are specified that driveinteroperability with other platforms and systems/subsystems
(such as armament and C3lI systems).

System acceptance criteria are defined for functional and physical attributes measured by the
developer and used for system acceptance. Where interchangeability and interoperability issues
are complex (such asin avionicsand electronicsdesign), itisimportant that the Program Manager
capture as installed/ as integrated characteristics within the subsystem design, as well as total
weapon system (or AlS) designs.

5.5.1.1.3 Category 3: Software Engineering and Development Definition (for software-
intensive systems)

Thisincludes everything the build package needs to devel op the system as defined by Category 2
requirements (including detailed software development process capability requirements). The
detail ed system definition includes devel opment-level information (in contractor format) applicable
to the as built condition and industry-wide software engineering standards, which form the basis
for system quality assurance. The data required to develop the system efficiently drive the level
of detail — not the Government’ sintent to control the developer’s process.

5.5.1.2 Performance-Based Systems Engineering

The performance-based approach for maintaining system integrity draws upon lessons |learned
without dictating a solution. For example, past methods for defining critical flight safety
components and systems imposed prescriptive military specifications and standards. This did
not always capture the critical information needed to devel op and sustain the system. The thorough
definition of what is used to develop and support the system over itslife cycle resultsin arobust
system engineering process. Rather than prescribing anew, rigid format, this method is flexible
and carefully tailored to the contractor’ s specific engineering and technical processes. The system
description quantifies required performance parameters and defines system characteristics, key
processes, critical interfaces, and system acceptance criteria. [DRAY ER98]
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5.5.1.2.1 Statistical Process Control (SPC)

Performance-based system acceptance uses statistical process control (SPC) rather than extensive
testing and inspections. All key processes must be under statistical control when production
begins. An SPC program is established that monitors processesto ensure they consistently produce
output that is within the quality standards and tolerances set for the overall system. Statistics
concerning the quality of each process output are analyzed, and when the output is out of tolerance,
process owners search for causes.

Once aprocessis producing consistently high-quality output, the processis considered to bein
statistical control, and inspections are reduced. The knowledge gained using SPC is significant
in transitioning from development to production because it helps ensure that cost, schedule,
quality, and reliability targets satisfy user requirements. The ability to establish SPC for key
processes before production begins is the culmination of all the practices employed to identify
and reduce risk. The criteria established throughout the system development process forces
Program M anagersto prove that the system design is capabl e and producible early in the process.
[HINTONO9S]

5.5.1.3 Performance-Based Management Benefits

Performance-based requirementsidentify safety critical components, define special development
requirements or tolerances, and quantify critical software functions or life cycle management
requirements. Because system integrity can be maintained, this management method offers
considerable cost savings. Combined with a rigorous systems engineering approach to system
design and devel opment, the performance-based life cycle method providesthefoll owing benefits:

* Acquisition operations are more efficient;

* Performance and quality requirements are fulfilled at minimum cost;

* Robust design solutions are facilitated that tolerate devel opment variations, and
e Technology insertion is accommodated in a cost-effective manner. [DRAY ER98]

5.5.2 Modeling & Simulation-Based Life Cycle Management

“Simulation and modeling technology can be applied to every major DoD weapon development
program to reduce design and production cost, improve performance, improve diagnostics and
maintenance, assist in better and faster training of personnel, and improved command and control
on the battlefield.” — Colleen Preston (Deputy Under Secretary of Defense Acquisition Reform)
[PRESTON94]

Modeling & simulation (M&S) is a powerful tool for helping acquisition Program Managers to
optimize their processes. DoDD 5000-1 states that simulations/models (ssm/mods) are to be
used to reduce the time, resources, and acquisition process risks and increase systems quality.
Representations of proposed systems (virtual prototypes) should be embedded inrealistic, synthetic
environments to support various acquisition life cycle phases. Sim/mods can be used from
requirements determination to initial concept exploration, manufacturing, new system testing,
and related training.
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M& S are often viewed as a potential solution to DoD’s many acquisition problems. It can be
used to prove concepts through simple chalkboard mathematical calculationsto full-scal e system
replicas that operate in controlled environments. Sim/mods are tool s that minimize acquisition
costs, schedule, performance, and supportability risks, asillustrated in Figure 5-13.
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Figure 5-13. Risk-Based Management of Systems Acquisition Life Cycle Process
[PIPLANI94]

M& S can be used to support in each phase of the acquisition life cycle. M& Sisthe application of
those tools to support decisions. An efficient and effective source of valuable information for
new defense system devel opment and eval uation. When used in awell-defined, integrated manner,
M& S reduces the expenditure of resources, accelerates understanding through early insight,
shortens cycle times, and improves system quality.

The full potential of M& S-based life cycle management is realized through Integrated Product
and Process Development (IPPD) and IPTs. Their effectiveness is improved by implementing
state-of-the-art M& S for planning, design, analysis, management, and testing throughout the
acquisition process.

5.5.2.1 M&S-Based Pre-Phase 0: Mission Area Analysis

The modeling and simulation (M & S) tool s used during this phase provide insight into operational
risk and are used to identify nonmaterial or materiel approaches to mitigate risks. Suites of sim/
mods, along with supporting data (including threat, environment, tactics, doctrine, etc.), are
used to perform MAAs. In accordance with DoDI 5000.2-R, M&S are to be used to analyze
tactics and concept of operation changes with existing baseline systems before new systems
evaluations. Campaign/theater level ssm/mods, used in conjunction with the results of lower
level sim/mods, produce data for identifying warfighting needs documented in the MNS.
[PIPLANI94]
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5.5.2.2 M&S-Based Phase 0: Concept Exploration and Definition

The same sim/mods used to define requirements are employed to examine the capabilities of
specific materiel solutions. Initial program planning and key program documents are devel oped.
M & S data ensure consistency among planning and other program documents. M & S supportsthe
implementation of the Cost as an Independent Variable (CAIV), early risk reduction, the
establishment of consistent measures of effectiveness (MOEs), and measures of performance
(MOPs). Engineering sim/mods project performance and requirements tradeoffs. Engagement
and mission/battle level sim/mods determine mission effectiveness, support cost/performance
tradeoffs, and ORD development. Theater and campaign level sim/mods evaluate conflict
outcomes in support of the same documents. Human interactive sim/mods are used to develop
tactics. Virtual sim/mods evaluate concepts, technologies, and tactics in realistic synthetic
environments.

The TEMP identifies M& S resources required to support development and operational testing.
How sim/modswill be used acrossall IPPD functional disciplinesisdetermined asthe appropriate
plans (e.g., integrated logistics support plan, systems engineering management plan, etc.) are
developed. Asillustrated in Figure 5-14, M& S aids in establishing and maintaining consistent
rel ationships among MOEs, MOPs, and program documentation. [PIPLANI94]
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Figure 5-14. M&S Provides Consistency among Acquisition Program Documents,
Needs, and Measures [PIPLANI94]
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During this phase, the groundwork is established for continued M& Slife cycle application. This
includes sim/mod use/reuse, integration and interoperability, and common databases. Sim/mod
development planning also addresses future compatibility with synthetic battlefields through
Distributed Interactive Simulation (DIS) communication standards and eventual transition of
developed sim/mods to the training environment. The main objective of this phaseis to allow
later builds of already developed sim/mods. This reduces duplication and provides consistency
throughout the life cycle phases and among the documents and activities within a given phase.
[PIPLANI94]

5.5.2.3 M&S-Based Phase I: Program Definition and Risk Reduction

During this phase, system definition and alternative concept assessments are refined. Critical
technol ogies are demonstrated and prototyping is conducted. M & S applicationsinclude hardware/
software-in-the-loop (HWIL/SWIL), computer-aided design/manufacturing (CAD/CAM),
engineering and mission level sim/mods for interoperability analyses, and continued theater/
campaign level support to cost/performance studies and the ORD.

Human-in-the-loop sim/mods are used to evaluate the developing human-machine interface.
Virtual prototyping caninclude actual prototype hardware and software, with the possiblelinking
of sim/mods to a virtual battlefield. These sim/mods are be used to support early operational
assessments (EOA), and to assist the source selection process. M& S continues to support risk
reduction with added emphasis on technical solutions and system integration. Figure 5-15
illustrates how M& Sis used for requirements definition.
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Figure 5-15. M&S in Requirements Definition [PIPLANI94]

5-36



Chapter 5: System Life Cycle & Methodologies GSAM Version 3.0

5.5.2.4 M&S-Based Phase I1: EMD/Software Engineering and Development

M& S supports the transition from design to initial production and testing. Engineering level
models are used for performance analysis, test planning, and test support. Asillustrated in Figure
5-16, the M& Smodel-test-model processis used to optimize testing resources and further refine
hardware and software components. Theater, campaign, battle, and mission sim/mods are updated
with the latest parameters and continue to support high-level conflict resolution and MOE
consistency.

MODELING & SIMULATION
(Pre-Test)

ID Critical Tests
Develop Test Scenario
Define Instrumentation
Plan Data Analysis

SYSTEM Predict Test Results TEST
DEVELOPMENT Mission Rehearsals (Live Simulation)
. e L Hardware Software
Requirements Verification / Checkouts Instrument_ System
Updates Conduct Live Tests
Design Updates Collect & Process Data
for Test Results and

M&S Validation
MODELING & SIMULATION

(Post-Test)

Analyze Data & Compare
With Predictions
Extract and Extrapolate
MOPs & MOEs
Validate / Update M&S

Figure 5-16. Model-Test-Model Development Process [PIPLANI94]

Virtual factoriesare used to define production schedules and physical configuration. Virtual sim/
mods are used to devel op user-training systems and to conduct test rehearsals. Combinations of
engineering, engagement, mission, campaign, and HWIL sim/mods augment devel opmental and
operational testing commensurate with the level of verification, validation, and accreditation
(VV&A) performed. M& S serves as atool for continued risk reduction through detailed design
development and test planning. Figure 5-17 illustrates the simul ation-based design process.
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Figure 5-17. Virtual M&S Design in the System Life Cycle [PIPLANI94]

5.5.2.5 M&S-Based Phase Il1: Production, Fielding/Deployment, and
Operational Support

In this phase, M& S supports continued testing, design changes and enhancements, training,
logistics, maintenance, and system updates. The model-test-model process continues to refine
sim/mods and improve systems. Actual data are applied to all levels of M&S for continued
validation. High level sim/mods are used for training commanders and battle staffs. Virtual sim/
mods are employed as for operational crew training, tactics development, and new threat
evaluations.

Throughout all life cycle phases, M& S tools are used, refined, and shared to set and achieve
challenging cost objectives, reduce program risk, and conserve program assets. Total acquisition
cost and cycle times can be reduced. M& S tools can be reused by users for training. Other
acquisition domains can build upon existing sim/modsfor interoperability. VV & A can bereapplied
to mitigate M& S costs.

5.6 Life Cycle Management Methodologies

A methodology refersto the standards and procedures that affect the planning, analysis, design,
development, implementation, operation, support, and disposal of a software-intensive system.
Thus, we use the term software life cycle management methodology, rather than software
development methodol ogy, to avoid a perception that the methodol ogy only focuses on the design
and build stages. Derived from historical program experience, methodologies provide insight
into the use of candidate solutions based on program character, acceptable level of risk, and
system constraints.
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M ethodologies present a conceptualization of the life cycle process that can be used as a
communication tool among all system stakeholders. Specifically, they aid in defining the sequence
of major life cycle activities, provide a better understanding of required activities, and serveasa
starting point for management decision-making. Remember that software development
methodol ogies used for weapon systems must integrate with, and be consistent with, the weapon
system and systems engineering development methodologies used for the total system. The
following selected software life cycle management methodol ogies will be discussed:

e Evolutionary,

e |ncrementdl,

e Spiral,

e Modeling and simulation-based,

e Waterfall, and

e Other methods chosen for their applicability to your program’s development or support
environment. [PASSM ORE94]

Fast-track methods speed up (or bypass) one or morelife cycle phases or devel opment processes.
An organization can use an existing methodology or develop its own. The focus, names of
components, and division of activities vary among methodologies. A methodology should be
sel ected based on the nature of your program, software domain, the methods and tools used, and
the controls and deliverables required. [PRESSMAN92] Most life cycle management
methodol ogiesinclude at |east the following:

* Phases. The methodology divides the life cycle into phases, noting which activities fall in
each, and includes a process for determining when each system component can move to the
next phase.

* Milestones. The methodology defines event-driven milestones in each phase — rather than
schedule- or cost-driven. Each milestone specifies appropriate deliverables (e.g., a written
report, briefing, test result, portion of code or functionality, analysisor design data, etc.). The
methodol ogy al so includes program office approval criteriafor completion of one phase and
movement to the next.

* Content of deliverables. The methodology defines (either by topic or outline) what each
milestone deliverable should include.

* Evaluation criteria for deliverables. The methodology defines which criteria adeliverable
must meet to satisfy amilestone for formal Government acceptance. These are also defined
as exit criteria for completion of one phase and passage to the next. The methodology and
criteria are specified in the Software Development Plan (SDP).

During software devel opment, errors/defects are discovered, opportunities arereveal ed, changes
are superimposed, and even changes are changed. Unless carefully controlled, the ensuing
complexity makes software evolution error-prone, time consuming, and expensive. The use of
life cycle management methodol ogies has proven extremely effective in controlling change and
managing devel opment process compl exity.

BE AWARE! For any life cycle methodology to be effective, it must be customized to
your specific program goals.
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Asuseful asthey are, life cycle methodol ogies havetheir [imitationsin that they can hideimportant
process detail critical to program success. Life cycle management methods are often too abstract
to convey the detail s of architecture, concept of operations, process steps, data flows, devel opment
activities, engineering roles, program constraints, etc. Program management CASE (Computer
Assisted Software Engineering) tools address many of these issues. They can enhance many
facets of the life cycle process, such as data modeling and normalization, graphical support for
design modeling, and code testing. They also support program management, planning, estimation
and control, as well as configuration management. [PASSMORE94]

While CASE tools make the program management task easier, do not forget what their name
implies. They are tools. They cannot tell you what software system to build, what the system
must do, or how it should be designed. This process must evolve from user needs and reflect
improvementsin development methods, techniques, standards, and avail abl e software engineering
technol ogy.

Choosing an appropriate life cycle methodology is not always an easy task. The selected
methodology must be adapted and evolved, the same as the technical activitiesit ties together.
Understanding the software process and making tradeoffsamong life cycle componentsiscrucialy
important for producing high quality software, on time, within budget. The methods presented
here have unique advantages and limitations that must be considered. For AIS developments,
either incremental or evolutionary methods [particularly the Ada Spiral Model, discussed bel ow]
provide effective risk management and earlier satisfaction of user requirements. These approaches
are also recommended for weapon systems, when appropriate.

5.6.1 Evolutionary Method

Theevolutionary life cycle method isastrategy for systemswhere future requirement refinements
are anticipated to evolve. It isalso for programs where there is atechnical risk that discourages
the immediate implementation of the needed capability. This strategy develops a system in a
seriesof builds. It differsfrom the incremental approach (discussed next) by acknowledging that
user needs are not fully understood and that not all requirements can be fully defined up front.
Thus, requirements are only defined to the extent that they are known. As additional user needs
become known through feedback from previous builds, the specific requirements for each
succeeding build are defined.

The evolutionary model involves an incremental specification, design, implementation, testing,
delivery, operations, and maintenance. System capabilities are increased with the delivery of
each incremental release until the system iscomplete. Users have early accessto system releases
and are encouraged to provide performance feedback, which is used to shape the system as it
evolvesintoitsfinal form. The objectiveisto establish an acquisition environment sensitive and
responsiveto usersneeds. Generic characteristics of the evolutionary model includethefollowing:
[ANDERSON®98]

NOTE: These must be tailored to the unique requirements of each acquisition program.
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* Incremental approach. Programs are divided into phases and increments (discussed bel ow).
Systems are devel oped and acquired incrementally. Each increment resultsin the devel opment
of functionsthat progressively increase overall system capability. Each increment may involve
acycleof system devel opment activities from specification through design to testing, fielding,
and mai ntenance.

* Bounded functionality. Broad system requirements must be known prior to the start of design
and development. Despitethis, thereisatacit assumption that requirements may move outside
agreed upon bounds, to alimited extent, during the course of the program.

* Requirements. A detailed set of minimal system requirements (and preferably some other
early increments) is clearly defined at program outset. Other requirements are progressively
refined during successive program phases.

e Flexible architecture. The system architecture must support the functions delivered with
each release, including those for which detailed requirements have yet to be defined. Generally
it must be:

* Flexible. Allows for changes within the existing design or implementation.

* Scalable. Allowsincreasesin performance requirements through incremental system capacity
changes.

* Extensible and maintainable. Facilitates architecture expansion and system modifications.

e User involvement. The dedicated involvement of usersin the development process allows
the continuous review of requirements. Users also contribute through their use and review of
early system releases (often in the operational environment).

e Multiple contracts. The contract for thefirst phaseisoften for aminimal system, plus additional
increments if they can be clearly specified. The capability and cost of later increments are
agreed to prior to the start of each phase. It is expected (but not assured) that the same
contractor will build successive phases.

An evolutionary acquisition strategy iseffectivewheredetailed functional requirementsaredifficult
to articulate at program inception, although the desired ultimate capability is generally known
and a core of initial functionality can be specified. Thus, a core capability is fielded, where the
system is designed modularly, and provisions are made for upgrades and changes. Figure 5-18
illustrates Pressman’ s interpretation of the evolutionary model where a first generation spiral
evolves into an extended second generation spiral, and so on. [PRESSMAN93]
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Figure 5-18. Evolutionary Life Cycle Generations [PRESSMAN093]
Evolutionary programs progress towards an ultimate capability. This strategy requires the

development of increments of software that are demonstrable to the user, who is involved
throughout the entire development process, asillustrated in Figure 5-19.
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Figure 5-19. User Involvement in the Evolutionary Method

An evolutionary methodology can be employed on all types of acquisitions. However, it is mostly
used on medium to high-risk programs. While the final version of the system often takes more
time and effort to devel op than other methods, additional effort and timeis offset by delivery of
ahigher quality product with alower maintenance cost burden. An evolutionary life cycle method
iswell suited for advanced technology solutions where requirements beyond the core capability
can generally beidentified — but not specifically. Thisisusually the case with highly interactive
decision support systems and systems with complex human-machine interfaces. According to

Watts Humphrey,

“There is a basic principle of most systems that involve more than minor evolutionary change: the
system will change the operational environment. Since the users can only think in terms of the
environment they know, the requirements for such systems are always stated in the current
environment’s terms. These requirements are thus necessarily incomplete, inaccurate, and
misleading. The challenge for the system developer is to devise a development process that will
discover, define, and develop to real requirements. This can only be done with intimate user
involvement, and often with periodic prototype or early version field tests. Such processes always
appear to take longer but invariably end up with a better system much sooner than with any other
strategy.” [HUMPHREY 95]

Acquisition programs best suited to the evolutionary method normally have some or all of the
following characteristics:
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Software-intensive programs
Programs with rapidly chanaing software technoloay
Proagrams where humans are an inteqral part of the system

CHARACTERISTICS SUITED TO EVOLUTIONARY METHOD

Programs with a large number of diverse users
Proarams developing unprecedented systems
Programs where a limited capability is needed quickly

Table 5-11. Program Characteristics Suited to Evolutionary Method

Evolutionary acquisitions are al so suited to programsimplementing emergent or quickly changing
COTSsolutions. Additionally, because the volatile Defense environment imposes rapidly changing
operational requirements for arange of systems, the evolutionary method is applicable to many
weapons and sensor systems. [HENDERSON97]

5.6.11 Evolutionary Model Benefits

When used effectively, the evolutionary model can provide significant interrelated benefits.
Examples of benefits include the following:

Improved requirements. Maximum user involvement and early build delivery, provides
mechani smsto obtained feedback from users and to easily make changesin later increments.
M echanisms also allow for requirements tradeoff, which resultsin higher quality and better
validated requirements. Thefielding of early releases hel ps users understand what isfeasible
and what is not, resulting in requirements that are more realistic.

Early operational capability. Early system releases can be used operationally, and regularly

enhanced.

Technology insertion. By deferring design and component selection until latein the program,

incorporation of state-of-the-art hardware and software is enabled. This results in higher

performance, lower acquisition costs, and reduced Total Cost of Ownership.

Management control and program visibility. Aspects of the evolutionary model contributing

to ahigh level of Government control and visibility include the following.

- Increased interaction between the Government and contractor.

- The partitioning of development into well-defined increments.

- Release of builds showing clear progress.

- Testing and validation of progressive builds by the users.

- Thus, the Government hasaclearer view of progressand risks. L atent defectsare discovered
sooner (which often are accidentally or deliberately obscured). The number of control
pointsisincreased throughout the acquisition process, which provides better control of
risks. Decisions to change program direction, or even to cancel it, can be made earlier.

Improved system quality. The continuous concentration on user requirements through user

involvement resultsin improved system quality. [HENDERSON97]
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5.6.1.2 Cautions About the Evolutionary Method

Thebenefitslisted above are not free or automatic. Evolutionary programs areinherently intense
and difficult to manage. Drawbacks with the evolutionary model include the following

Increased cost and schedule. The evolutionary model involves more activities, more changes,
and more interaction among participants. Therefore, the projected cost and schedule of an
evolutionary program may be higher than for an equivalent waterfall program (discussed
below). Whether the actual cost and schedule will be more depends on the probability of
success of a waterfall approach (and the subsequent need for remedia activities) and the
effectiveness of program management in each case. For a program where evolutionary isthe
best acquisition strategy, the probability of success using other approaches may be quite low.
Increased management activities and resources. An evolutionary acquisition requires close
control by both the Government and the contractor throughout the program. The Government
needs much more progress visibility, which involves more discussion, negotiations, and
planning. An evolutionary acquisition is not hands off. The intense, dynamic nature of
evolutionary programsrequires higher skill levelsand management experience than traditional
models.

Impact of concurrent activities. Development, test, operations, and support occur
concurrently, which require interactions among staff membersworking on different activities.
Thisrequiresgreater planning and coordination that often resultsin challenging management
problems. Software devel opment change management can be complicated by the fielding of
multiple system rel eases.

Increased configuration management. During most evolutionary stages, at least three builds
are under development. These include the most recently released build, the build currently
under development, and the build being negotiated for the next increment. High quality
configuration management is essential in this environment. The Government must take an
active role in the configuration management of requirements, because each build usually
corresponds to adifferent functional baseline.

Government technical support. Many joint government/contractor decisions are based on
tradeoffs among operational, technical, and development issues. The program office must
have an understanding of requirements, technical issues, and the software development
process.

User resources and coordination. Evolutionary acquisition requires continuous user review
and feedback. Finding the right users, ensuring their availability, and coordinating their input
is not asimple task.

Fielded release support. Support requirements for multiple releases with different
characteristics (including operational and support staff training) is greater than for asingle
delivery at the end of the program.

Greater risks. Evolutionary acquisitions involve higher risk levels than traditional models.
These risksinclude the following.

Requirements risk. There is atemptation to defer requirements definition.

Management risk. Programs are more difficult to control and require higher systems
engineering skill levels. Maintaining a close government/industry, cooperative relationship
ismore critical with evolutionary programs.
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* Approval risk. The evolutionary phased approach isvulnerableto delaysin funding approval,
which increase schedule and can be detrimental to performance and cost estimates. Such
delays can break the flow of development resulting in the loss of key engineering staff, with
associated costs in winding development down and winding up again.

* Architectural risk. Thearchitectural designiscritical to evolutionary program success. If the
initial architecture cannot accommodate later changes, the program may fail.

e Short term benefits risk. There is the risk of becoming driven by short term operational
needs rather than long-term program goals.

* Risk avoidance. There is a tendency for developers to defer the implementation of more
difficult (and morerisky) features until later increments (deferring critical user involvement
and feedback). This can result in late term design changes, scrap, and rework.

* Supplier selection risk. Contractors must to be selected not only for their development ability,
but also on their willingness to work closely and cooperatively with the program office. This
may be difficult to assess.

* Exploitation risk. Evolutionary acquisitions may reduce the Government’ s bargaining power,
because theinitial contract may not encompass the entire task, and subsequent contracts are
unlikely to be competed. In negotiating later increments and phases, the supplier may exploit
this situation by quoting unreasonably high prices.

* Patchwork quilt effects. Poorly controlled software changes can severely reduce the software
quality. Similarly, theincremental requirements definition may result in alack of requirements
coherency. [HENDERSON97]

5.6.1.3 GCCS Evolutionary Life Cycle Process

The Global Command and Control System (GCCS) isan important cornerstone in the midterm
implementati on phase of the Command, Control, Computers, Communications and Intelligence
for the Warrior (C4IFTW) concept. C4IFTW isan initiative to address joint C4l interoperability
issueswith amigration strategy to reduce the large number of C2 systems currently in use by the
Services. GCCS will provide afused C4l picture of the battlespace by providing core planning
and assessment tools needed by joint force commanders. GCCS is a user-focused program to
deliver joint C2 capabilitiesthrough aclient/server architecture that usescommercial, open systems
standards. [SHALIKASHVILI98]
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Figure 5-20. GCCS Unified C4l Battlespace Concept [SHALIKASHVILI98]

The GCCS is using an evolutionary acquisition strategy that allows the planning and
implementation flexibility needed to keep pace with changing requirements and evolving
technologies. DoD 5000.2R requirementsidentification, validation, priority setting, technical and
economic evaluation, risk assessment, development and operational testing, oversight, and
management processes have been tailored to the program’ s evolutionary nature, asillustrated in
Figure 5-21.
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Figure 5-21. GCCS Tailored DoD 5000.2R Acquisition Process [CONDON98!]

The GCCS evolutionary acquisition strategy has coined a variety of new terms to describe the
activities and procedures to implement flexible and responsive government oversight. Decision
making and documentation processes have also been tailored to insure performance objectives
and minimum acceptabl e requirements remain consistent with the GCCS MNS.

* Evolutionary Acquisition Phases (EAPs). EAPs are discrete time periods during which
resources are used to fulfill mission needs.

* Evolutionary Phase Implementation Plan (EPIP). EPIPsformalize GCCS during the EAP,
set forth cost, performance, schedule, test, economic, and budgetary issues, and identify
deliverable C2 capabilities. EPIP planning and execution occurs concurrently.

* Evolutionary Decision Review (EDR). EDR reviews are conducted periodically to address
multiple EPIP activities, asillustrated in Figure 5-22. Based on warfighter needs, technol ogical
opportunities, and available resources, EDRs are schedul ed to assess ongoing EAP progress
and approve the implementation of new EPIPs. Unlike traditional milestone reviews, EDRs
are conducted at the lowest possible approval authority level commensurate with the risk
inherent in the proposed EPIP, ongoing development success, and management activities.
EDR decision making lies with empowered GCCS and IT OIPT members.
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Figure 5-22. GCCS Milestones and Evolutionary Acquisition Phases [CONDON98?]

* Seaments. Implementation activities that occur during an EAP are divided into manageable
and responsive Segments (e.g., functional applications, technical or operational capabilities).
Each Segment comprises a distinct development effort assigned to one or more GCCS
stakeholder organizations and a set of deliverables. Segments (i.e., increments) provide a
logical means for progressively translating broadly stated mission needs into well-defined
system-specific requirements. Segments will ultimately evolve into operationally effective,
suitable, and survivable systems.

The GCCS evolutionary acquisition strategy consists of a sequence of EAPs. For flexibility,
Segments defined and initiated during one EAP may continue beyond that EAP, and in some
cases, might span multiple EAPs. When this occurs, Segment progressisreviewed during EDRs
when adecision ismade to continue, modify, or discontinue the Segment. Thisallowsthe GCCS
community to plan long-term activities and adjust the course of GCCS evolution over timein
response to new technological opportunities and changing requirements, asillustrated in Figure
5-23. [CONDON98?
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Figure 5-23. GCCS EAP, Segments, EDR, and EPIP Process [CONDON098?]

Core GCCS acquisition phases and milestones, tailored in accordance with DoD 5000.2R,
minimizethetimeit takesto satisfy an identified need consistent with common sense and sound
business practices. While GCCS acquisition phases and milestones are similar to those described
in DoD 5000.2R, the time elapsed between milestones is much shorter to achieve the GCCS
planned 6-18 month implementation schedule. Figure 5-24 illustrates the GCCS evolutionary
acquisition strategy mapped to the DoD 5000.2R process.
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5.6.2 Incremental Method

The incremental model is characterized by acquisition, development, and deployment of an
operational capability through aseries of clearly-defined, stand alone system increments. Using
this strategy, user needs are determined, the architectural design is defined, and development
occursin asequence of builds. Thefirst build incorporates part of the planned capabilities. The
next build adds more capabilities and so on until the system is complete, asillustrated in Figure
5-25. An example of thismethod is Pre-Planned Product | mprovement (P3l) [discussed in Chapter

7, Acquisition Planning].
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Figure 5-25. Basic Incremental Model

In deciding which activities apply to each increment, the requirements theincrement will satisfy
in the context of its hardware, software, and database components must be determined. To be
useful, an increment should conform to the following rules:

e |t satisfies asubset of the requirements to be met by the compl ete system.

* It constitutes an entity that can be used to demonstrate that a functional subset of the

requirements has been met.

* Itrepresentsalogical design partition of one or more increments or builds.
* It provides asolid core for meeting the requirements assigned to the remaining builds.

Theincremental life cycle management method | etsthe user implement apart of thefinal product.
It is characterized by abuild-a-little, test-a-little approach to deliver aninitial functional subset
of the final capability, as illustrated in Figure 5-26. This subset is subsequently upgraded or
augmented until the total scope of the stated user requirement is satisfied. An incremental
methodology is most appropriate for low to medium-risk programs. It is employed when user
requirements can be fully defined, or the assessment of other considerations (e.g., risks, funding,
schedule, program size, early benefit realization, etc.) indicate that a phased approach isthe most

auspicious.
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Figure 5-26. Example Incremental Life Cycle Method
Figure 5-27 provides an example of how the incremental method might berelated to the IPT and

review process. Allowing the user to employ the partially completed system before the entire
systemisintegrated and tested promotes early discovery of problems and facilitates corrections.

5-53



Chapter 5: System Life Cycle & Methodologies GSAM Version 3.0

1 Reuse Library .
Ehu;m:ﬁ i ﬁua. Specs, Designs, :
Architecture T _ag'n_nflgln_rg_igs_, !ﬁ_“!‘! ;
igh-level FD/ORD
Needed ser Involved) Fartition
et (MMNS LDesi Plan and Define Block 5
el ' b— B g Y Repetition Block 4
Strategy | | | ) Reuse Stralaé{': Sampl __] _Block3
i | Indentify COIC Block 2
; Block 1
Requirementsy |—>| pm}f'" IDJt‘aJIe;ﬂ D?“dr'
utside | . Pith hnal';sisl {User Involved) i
Current ! ) ol Accelerated
Business Area | i Evaluate Development
I ! Prototype {Code
: - User Accepls .Gﬂﬂ!ﬂ“m]‘
' X Prototype Developer
: ; Testing
[
] b 1 User
I g Review
: : |
] ! -
I [
' :
: : H'Ilelslllone
Milestone 0 Milestone | Nilestone

Figure 5-27. Example of Nominal Incremental Method

B aware, whilethe program as awhole may belarge enough to merit IT OIPT (or DAB) oversight,
incremental development and fielding decisions only address small subsets of the system. For
example, a$240 million program with IT OIPT oversight may have aMilestone |1 Decision that
impacts $15 million of program funds. Thus, it may beinappropriate for the MDA to make a$15
million milestone decision, although the decision to develop the subset of system functionality
is, in fact, a Milestone Il Decision (for a small effort). DoD 5000.2-R describes the elements
required for adevelopment decision (e.g., adequate cost estimate and funds, firm documentation
of operational requirements, mature acquisition strategy, etc.).

5.6.2.1 Incremental Method Benefits
The following benefits may be realized through proper use of the Incremental M ethod:

* Reduced risk. Risk is spread across several smaller increments instead of concentrating in
one large devel opment;

e Stable requirements. Requirements are stabilized (through user buy-in) during the production
of agiven increment by deferring nonessential changes until later increments; and

* Understandability. Understanding of the requirementsfor later increments becomes clearer
based on the user’ s ability to gain aworking knowledge of earlier increments.

5.6.2.2 Cautions About the Incremental Method

Due to their nature, evolutionary/incremental acquisitions often encounter complications.
Questions arise because each incremental build block provides only asmall part of the system
capability to be acquired. In addition to normal development decision criteria, additional questions
must be answered, which include:
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Isthe decision to devel op this functionality for this amount of money a good idea?

* Isthisthetimeto addressthe functionality question (user priorities, dictates of the evolution
itself)?

* Isthisareasonable pricefor thefunctionality being added (or arewe gold plating one functional
area before developing all required capabilities)?

e Will we run out of money before we compl ete the required system?

ATTENTION! Critical to evolutionary or incremental methods is a sound architecture,
which permits the addition of capability, core enlargement, or added increments.

5.6.3 Spiral Method

Spiral method (implemented by the Spiral Model), developed by Barry Boehm, provides a risk
reducing approach to the software life cycle. Asillustrated in Figure 5-28, radial distance in the
Spiral Model is a measure of effort expended, while angular distance measures progress. It
combines the basic waterfall [discussed next] building block and evolutionary/incremental
prototype approaches to software development. The building block activities of architectural
(preliminary) design, Preliminary Design Review (PDR), detailed design, Critical Design Review
(CDR), code, unit test, integration and test, and qualification test are sequentially followed to
deliver an initial operational capability (I0C). After IOC, the product isreviewed to determine
how its operational capability can be enhanced. Support and maintenance issues are revisited
through risk analysis. The product is updated and an operational prototype(s) is demonstrated
and validated. The system then goes through an updated waterfall development process with
final delivery of afull operational capability (FOC) product.
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Figure 5-28. Spiral Model

The spiral method emphasizes the evaluation of

alternatives and risk assessments, which are

addressed more thoroughly than with other strategies. A review at the end of each phase ensures
commitment to the next phase, or if necessary, identifiesthe need to repeat aphase. The advantages
of the Spiral Model areitsemphasi s on procedures (such as risk management), and its adaptability

to different life cycle approaches. If the Spiral Mod
and configuration management, continuous user
[BOEHM88]

5.6.3.1 Ada Spiral Model Environment

el isemployed with demonstrations, baselining,
buy-in and a disciplined process is achieved.

The Ada Spiral Model Environment is an adaptation of Boehm’s Spiral Model (Figure 5-28
above), which combines amodel and tool environment. It uses Adaasalife cycle language and
offersthe ability to have continuoustouch-and-feel of the software product (as opposed to paper

reports and descriptions).

The Ada Spiral Model Environment is a performance-based process that employs a top-down
incremental approach, early continuous design, and implementation validation. The advantage

of this environment is that it builds from the top

down, where each level of development is be
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demonstrated. Because Adasupports partial implementation, the structureisautomated, realistic,
and easily evolved. Each build and subsequent demonstrations validate the process and structure.
Each level may serve as aformal baseline that is controlled. [WOODWARDS89]

5.6.4 Choosing Among Evolutionary, Incremental, and Spiral
Models

M ost software-intensi ve acqui sition programs use acombination of the evolutionary, incremental,
and spiral methods. The Spiral Model isan overlay of either incremental or evolutionary with the
addition of risk management. In the past, the Spiral Model has been difficult to implement in the
DoD acquisition environment. Predefined deliverables and schedul esdo not easily accommodate
repeating phases, changing deliverables, or requirement tradeoffs without difficult contract
modifications. In acommercial environment, this approach can be described as market-driven,
where time-to-market and competitive forces determine when a product must be delivered and
which features are included (which may change rapidly in light of fierce competition). Inreality,
all software evolves. Commercial products are always evolving and Defense systems are
continuously enhanced, modified, or evolved to new capabilities during operations and support
(or maintenance). In selecting the appropriate strategy, the unique circumstances of individual
programs should be considered and the strategy chosen must remain consistent with DoD
acquisition policy. The following factors should be considered when defining a life cycle
management method:.

NOTE: The order of importance and weighting of factors will vary from program to
program and among commercial and military applications.

Table 5-12. Factors to Consider When Selecting a Life Cycle Management Methodology
[QUANNO95]

ATTENTION! Incorporating the principles of performance-based and M&S methods
into the evolutionary and/or incremental methods is highly recommended, as they are
proven techniques for delivering quality products and acquisition risk reduction.
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5.6.5 Waterfall Model Method

Thewaterfall model wasfirstidentifiedin 19

70 asaformal aternativeto the code-and-fix software
development method prevalent at the time. [ROY CE70] The waterfall model was the first to
formalize a framework for software development phases, and placed emphasis on up front
requirements and design activities and on producing documentation during early phases. This
strategy isessentially aonce-through, do-each-step-once strategy. Simplistically, waterfall steps

include the following, asillustrated in Figure 5-29.

e Determine user needs,
* Definerequirements,

* Design the system,

* Implement the system,
e Test, fix, and deliver.
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Figure 5-29. Waterfall Model [BRUNDICK?95]
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The major drawback to thismodel isitsinherent sequential nature— any attempt to go back two
or more phasesto correct a problem or deficiency resultsin major increasesin cost and schedule.
While the Waterfall Model (also referred to as “Grand Design”) provided an early structured
method for the software life cycle, it is not suited for modern development techniques.

In the traditional Waterfall Model, each stageis a prerequisite for succeeding activities, making
thismethod arisky choicefor unprecedented systems becauseit inhibitsflexibility. With asingle
passthrough the process, integration problems usually surfacetoo late. Also, acompleted product
is not available until the end of the process, discouraging user involvement. Taking these factors
into account, the other life cycle methods discussed in this chapter are recommended over the
Waterfall!

CAUTION! The waterfall method is NOT recommended for major software-intensive
acquisition programs! If it must be used (due to the integration of added requirements
into the system’s overall system engineering methodology), the software management
and engineering techniques described throughout these Guidelines must be used to
reduce program risk.

5.6.6 Fast Track Methods

Although the focus of these Guidelinesis on ““major’” software-intensive systems, a distinction
between major and non-major programs should be understood. Software-intensive programs not
considered major acquisitions and using a fast-track life cycle methodology require greater life
cycletailoring. This may be based on atime criticality arising from avariety of reasons, such as
anational threat, technological obsolesce, or changed mission needs.

These programs are less formal and on a shortened life cycle to benefit the Government where
the primary focus is on a fast track schedule (e.g., proof-of-concept programs). Fast track or
abbreviated software-intensive programs always assume short maintenance phases where system
support is usually performed by the development contractor.

Processtailoring is necessary to meet shortened life cycle requirements. While some acquisition
and devel opment steps must be maintai ned, the formality or scope of others are greatly reduced.
Innovative methods may be appropriate if agreed upon by both the Government and the contractor
before program start.

Organizations considering fast track or abbreviated programs should have demonstrated successful
experience with similar technol ogies and have a mature, defined software devel opment process
to minimizerisk. Fast track programs must also have aclearly defined, stable set of requirements.
Abbreviated life cycle strategies may be appropriate when aprogram can proceed as an Engineering
Change Proposal (ECP) to an existing contract, or where substantial familiarity existsand/or risk
at aminimum.

ATTENTION! The objective of a fast track program is not to solve world hunger, but
rather to feed a few starving beggars!
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5.6.6.1 Concurrency

Concurrency is a fast track method where development and operational testing are combined
with a concurrent follow-on development and initial production phase. With this method,
government involvement is often limited. L essons learned from the General Accounting Office
(GAO) about employing fast track methods include the following recommendations.

Technical risk assessment. Aninitial, detailed assessment of the technical risksinvolved in
individual subsystems, as well as in the integration of those subsystems into a workable
product must be performed. Whether the technology being attempted is compatible with an
accelerated acquisition strategy must also be determined.

Flexible acquisition strategy. Provisions must be built into the Acquisition Strategy for
adjusting schedules and other program activitiesif technical difficulties occur.
Technology-based solution adjustments. Technological progressmust be periodically assessed
to seeif itisstill compatible with the planned acceleration. If technical progressis no longer
keeping pace with the acceleration, the strategy must be adjusted to bring it in line with the
technol ogy.

Testing for requirement satisfaction. The Acquisition Strategy must include sufficient test
and evaluation for requirement satisfaction so decision-makers can identify any major
shortcomingsin the system’ s operational suitability and effectiveness. Any issuesidentified
during testing must be resolved beforeinitial production is approved. [ GAOS86]

ATTENTION! See Chapter 10, Software Development Maturity, [for an in-depth
discussion on the importance of the contractor’s software development process,
methodologies, tools, and capabilities. The software measurement life cycle is described
in Chapter 13, Software Estimation, Measurement, and Metrics. Words to include in your
Request for Proposal (RFP) requiring that offerors provide you with adequate information
for proposal evaluation are found in Chapter 8, Contracting for Success. How to evaluate
offerors’ proposals so you select the contractor with the best process as well as product is
also found in Chapter 8.

5.7 System Life Cycle and Your Program

When accused of making snap decisions, General George S. Patton, Jr. firmly proclaimed,

“I’ve been studying the art of war for forty-odd years. When a surgeon decides in the course of an
operation to change its objective...he is not making a snap decision but one based on knowledge,
experience, and training. So am |.” [PATTON47]

The DoD acquisition life cycle process was designed so Program Managers are not forced into
making snap decisions. Acquisition life cycle management is a structured process, replete with
controls, reviews, and milestone decision points. Thelifecycle processisalogical flow of activity
representing an orderly progression from theidentification of amission need to final operational
deployment and support. It provides the basis for sound-decision making based on knowledge,
experience, and training.

5-60



Chapter 5: System Life Cycle & Methodologies GSAM Version 3.0

As aProgram Manager, you must be prepared to devel op atailored management approach that
will achieve an operational capability with the most effective use of resources and time available.
Choosing theright life cycle management methodol ogy depends on the nature of your program’ s
operational environment, stability of requirements and technology, your software domain, the
methods and tools used, and the controls and deliverables required. Whichever acquisition life
cycle method you choose, remember the goals of acquisition reform:

* Reduced cycletimes,
e Program stability,
e Cost savings, and
e Technology insertion.

If appropriate, life cycle phases can be combined or omitted. Some programs [especially in the
case of AlS where technology is well-developed, purchased as COTS, or GOTS, or NDI] may
enter thelife cycle midstream. Each life cycle phase must be designed to instill alevel of confidence
in the solution(s) offered and to reduce the risks involved in making a decision to proceed to the
next phase. Outputs of each phase must constitute a definitive, documented baseline for entry
into subsequent phases.
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