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Bottom Line Up Front

• Systems Engineering is responsible for early trades 

and analysis to influence system effectiveness and 

affordability

• Mandatory Sustainment Key Performance Parameter 

(KPP) and Key System Attributes (KSA)

– Materiel Availability KPP

− Materiel Reliability KSA

− Ownership Cost KSA

• SE Design Considerations

– Maintainability

– Open Systems Design

– Corrosion Prevention and 

Control

– Technical Data Planning

– Parts Management, to 

include DMSMS

– Quality and Producibility

– Human Systems Integration

– Standardization
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Systems Engineering Influence
on  Life Cycle Cost (LCC)

• Background - Life Cycle Cost (LCC)

• The SE Design Influences on LCC

• Best Practices to implement the Design Influences

Agenda:
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Current Life Cycle Cost Policy

DoD Directive 5000.01,  4.3.4:  “… Every PM shall establish program 

goals for the minimum number of cost, schedule, and 

performance parameters that describe the program over its life 

cycle. “

DoD Directive 5000.01, E1.1.4. Cost and Affordability.  “All 

participants in the acquisition system shall recognize the reality of 

fiscal constraints. They shall view cost as an independent 

variable, and the DoD Components shall plan programs based on 

realistic projections of the dollars and manpower likely to be 

available in future years. To the greatest extent possible, the 

MDAs shall identify the total costs of ownership, and at a 

minimum, the major drivers of total ownership costs. The user 

shall address affordability in establishing capability needs.”

DoD Instruction 5000.02, E2.6.d.(4)   “An affordability determination 

results from the process of addressing cost during the 

requirements process and is included in each CDD using life-cycle 

cost or, if available, total ownership cost.”



DISTRIBUTION STATEMENT A -- Cleared for public release by OSR on 18 October 2010 -- SR case number  #11-S-0080 applies.
13th Annual NDIA SE Conf

Oct 2010 Page-5

SW Support

Research

The Life Cycle Cost Iceberg

Acquisition Cost 

Production

Maintenance

Retirement & Disposal

Transportation

Training Test and Support 

Equipment

Sustaining Engineering

Manufacturing 

Personnel, 

Facilities, Energy 

Technical Data

Engineering Design
Analysis

Spares

Operations  &

Support Cost 

Initial Spares

Adapted  Systems Engineering and Analysis:  

Blanchard Fabrycky

Image by: Ralph A. Clevenger
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Design for Affordability

• “Economic feasibility or affordability are 

characteristics of design and installation that 

impact budget constraints.  An objective is to 

base design decisions on life-cycle cost, and not  

just system acquisition cost (or purchase price). 

Economic feasibility is dependant on the 

balanced incorporation of reliability, 

maintainability, human factors, supportability and 

other related characteristics of design.”  

Systems Engineering and Analysis, Ben Blanchard & Wolter Fabrycky
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Defense Acquisition Guidebook (DAG) 
Design Considerations

Accessibility

Commercial Off-the-Shelf

Corrosion Prevention and Control

Critical Safety Items

Disposal and Demilitarization

Diminishing Manufacturing Sources and Material Shortages

Environment, Safety, and Occupational Health (ESOH)

Human Systems Integration

Insensitive Munitions

Interoperability

Open Systems Design
Parts Management

Program Protection & System Assurance  

Quality and Producibility

Reliability, Availability, and Maintainability

Software Standardization

Supportability

Survivability and Susceptibility

Unique Identification of Items

Balanced

“Best Value”

Solution

Achieving the “best value” solution is an iterative task performed 

within the framework of Systems Engineering.
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Materiel Reliability
Reliability 

Process Efficiency

Materiel Availability
Supportability

Process Efficiency

Mean Down Time
Maintainability

Support Features

Producibility

Process Efficiency

Functions

Capabilities

Affordable

System

Operational

Effectiveness

Life Cycle Cost / Total Ownership Cost

Reliability

Maintainability

Support Features

Maintenance

Logistics

Operations

Technical

Performance

Design

Effectiveness

Supportability

Process

Efficiency

Effectiveness

Mission

Public  Private 

Support 

Infrastructure

Product

Support

Package

Production

Affordable Systems 
SE Design Considerations DAG 4.4
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Prototyping & 

Risk Reduction

Prototyping (Technology and Design)

CTE TRL Maturation

Trade Studies

SE Support for Technology Risk Reduction

Oversight of Competitive Designs

Risk Assessment

Input to 

Acquisition/ 

Planning, CARD, 

Budget & Other

SE in Contract Requirements

SE into the PDR Report to MDA, Acquisition 

Strategy, TEMP, CARD, and ICE

Evidence of 

Strong SE 

Activity

PDR and PDR Report and Assessment 

Technical Reviews up to and including PDR

Systems Engineering Plan

Strong Reliability, Availability and Maintainability 

– Cost (RAM-C)

Inputs to 

Requirements

System Requirements Definition

RAM and Sustainability

Requirements Traceability Matrices

Translation of Requirements to Contract

Capability Development Document (CDD)
*Reference DAG Sections 4.3.1 and 4.3..2 

CBA ICD Technology Development CDDMateriel Solution Analysis

A BMDD

Development Planning and Early SE 
Critical Activities Influence LCC

SE Input to MDD

Engagement in AoA

Engineering Analysis

CONOPS

Awareness of Strategic Context

Engagement with S&T 

Engagement with JCIDS

Guidance

Plan

Analysis Activity

Report

Consideration of 

SOS/Interdependency, 

Interoperability Context

SEP for Milestone A

Input to TDS (CTE, CPI), TES, CCE

SE in TD Contract Requirements

Tech Reviews (ASR, Early SE 

Requirements)
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RAM Policy Memo

The July 2008 Reliability, Availability, and Maintainability Policy Requires 

RAM be integrated into the Systems Engineering process. 
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RAM-C Manual: Report Timeline

Engineering and 

Manufacturing Development 
Materiel Solution

Analysis Production & Deployment
Technology

Development Operations & Support
A

FRP
Decision Review

TRA

IOT&EDevelopmental Test and Evaluation Follow-on T&E

Phases

Tech

Reviews

Material 

Developer

Requirements 

Developer

IOC FOC

LRIP Deliveries

B C

ICD

Write TES Write TEMP

Write TDS

Update SEP Update 

TEMP/SEP

Trades Trades

Write OMS/MP

CONOPS

ITR ASR SRR
SFR

IBR OTRRCDR

PDR PCA

Write FD/SC

RAM goals

ID Key R/M Cost Drivers

Feasibility analysis

Quantify RAM

Includes a RAM-C Rationale Report*

FD/SC feedback

ID Maintenance

Concepts

Reliability Allocations

AoA Guidance

Write SEP

Validate

RAM

MDD

AoA LCSP(with 

assumptions)

(update 

assumptions)

CDD CPD

DRAFT

Includes Executive Summary of the RAM-

C Rationale Report*

Test Report Feedback

Revised RAM input

PDR

Post-PDR

Assessment

Post-CDR

AssessmentMDA

or

SVR/PRR/FCA

MS A

SFR

MS
B

LCSP (LCSP – Life-Cycle Sustainment Plan)

MS CMDD

Operational Assessment

AOTR

Integrated Test (DT&E and OT&E)

Early Operational Assessment

* Recommended, not required

Materiel

Development

Decision

Develop COI/COICs
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Cost Analysis Requirements 
Description (CARD) Outline (SE)

• System description and characteristics 

• System suitability factors 

(Reliability/Maintainability/Availability) 

• PM's assessment of program risk and risk mitigation 

measures 

• System sustainment concept  (Sustaining Engineering)

• Facilities requirements 

• Security or program protection features 

• Environment, safety, and occupational health 

considerations 

• System milestone schedule 

• Plans for system disposal 
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SE Influence on LCC Should/Will Cost

WHEN?

INTEGRATED MASTER SCHEDULE
CONTROL ACCOUNT SCHEDULES 

HOW MUCH?

WORK/BUDGET AUTHORIZATION
People, Facilities, Equipment & Materiel

CONTROL ACCOUNT PLAN

WHAT?

WBS 
SOW

WHO?

RESPONSIBILITY 
ASSIGNMENT MATRIX

WORK AUTHORIZATION 
DOCUMENTS

1. DEFINE THE WORK

2.  SCHEDULE THE WORK

3.  ALLOCATE RESOURCES (Cost)
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$

TIME: ACQUISITION LIFE CYCLE

TIME-PHASED BUDGET PLAN 
AGAINST WHICH CONTRACT 
PERFORMANCE IS MEASURED

CONTROL

ACCOUNTS

E
X

P
E

N
D

E
D

 R
E

S
O

U
R

C
E

S

WORK 

PACKAGES

TPM

CTP

Integrated Master 

Schedule

Integrated Master 

Plan

Post AwardPre Award

Drive productivity through will cost/should cost management

Set shorter timelines and manage to them



Continuous KPP (Affordability) Assessment and Improvement

Supportability Analysis Framework

User Needs/
Technology Opportunities  & 
Affordability Considerations

Materiel Solution Analysis

Technology Development

Prototype Development

Functional Analysis

(Functional Flow/

Data Flow Diagrams)

Performance/Affordability

& Sustainment 

Requirements

Development

Allocation of

System

Resources

System

Architecture/

Selection of System

Elements

Fault Tree

Analysis (FTA)

Failure Mode,

Effects, and

Criticality Analysis

(FMECA)

Maintainability

Analysis

Level of Repair

Maintainability

Prediction

Corrective & 

Preventative 

Rqtms (including

RCM/CBM+)

Maintenance

Task Analysis

(MTA)

System (or its support 

system) Redesign/

Improvement

Requirements

For The:

Have

Requirements

Been Met?

Support Test /

Demo/Evaluations

Technical Reviews, Audits and Evaluation

Detailed

Product 

Support List

Yes

No

System Test

& Evaluation

(Hot Bed

Testing)

Sustaining

SYSTEM

Support

Evaluation

Tech.

Refreshment

Fleet

Feedback

Lifetime

Support
Analysis and Design

Development, 

Manufacture,

Deployment and 

Product Support

Technology/Standards Evolution and COTS Products Market Surveillance and on-Going Technology Assessment, DMSMS

Maintenance Concept
Capabilities

Reliability

Prediction

Affordability

System Reliability

Analysis, Modeling,

and Allocation

(RAM data baseline 

& RAM-C  Rationale 

Information)

• Supply Support (Spare/Repair Parts)

• Maintenance Plans

• Test/Support Equipment

• Technical Documentation/IETM

• Manpower/Personnel

• Training/CBT

• Facilities; PHS&T

• Computing/Software Support

• Sustainment Performance Service 

Level Agreements and Contracts

System

Product Support Package

Technology

Refreshment

Cost as an Independent Variable (CAIV): Design to Affordability Analysis 
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Summary – SE Influence on
Life Cycle Cost (Affordability)

Systems Engineering is responsible for early trades 

and analysis to influence system effectiveness 

and Life Cycle Cost (affordability)

• USD(AT&L): Target Affordability and Cost Growth

• Design for Life Cycle Cost (Affordability)

– Development Planning and Early SE

– Mandatory Sustainment Key Performance Parameter and 

Key System Attributes

– SE Design Considerations

• Continuous LCC assessment and improvement
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For Additional Information

Dr. Elizabeth Rodriguez-Johnson

Mr. Ceasar D. Sharper

ODDR&E/Systems Engineering

703-695-4893 

703-697-8551

Elizabeth.Rodriguez-Johnson@osd.mil

Ceasar.Sharper.ctr@osd.mil
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Systems Engineering:
Critical to Program Success

Innovation, Speed, and Agility
http://www.acq.osd.mil/se


