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MDA reacts quickly to world and political situations so has established a way of doing 
b i d i d t d idl Whil b i t i i ti ibusiness designed to respond rapidly.  While basic system engineering practices remain 
fairly stable, the system engineering artifacts and lexicon can change at seemingly break 
neck speed.  As a consequence, the terminology used by MDA at various stages in recent 
development is duplicative and sometimes inconsistent (definitely to newcomers to MDA who 
have yet to develop lexicon agility).

For example, Block vs. Build vs. Capability Delivery vs. Initial BMDS, Robust MRBM, Robust 
IRBM, Early Intercept Defense are all related terms but do not mean exactly the same thing.  
All terms are meaningful and still relevant but impart slightly different views when describing g p g y g
the BMDS and reflect the time at which that terminology was in vogue.  As is the case with 
most complex systems, a certain amount of ambiguity will always be present in the 
description of the BMDS.
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The 2010 Ballistic Missile Defense Report established the following as one of six policy 
i itipriorities:

“Before new capabilities are deployed, they must undergo testing that enables 
assessment under realistic operational conditions.”

The Institute for Defense Analyses’ (IDA) “Study on the Mission, Roles, and Structure of the 
Missile Defense Agency (MDA)” states that the MDA is directed per Executive-level and DoD-
level guidance as follows:

“To provide capability in blocks, improving the effectiveness of fielded capability by 
i ti t h l i th b il bl ”inserting new technologies as they become available.”

This establishes a complex playing field for MDA to accomplish its missions.

In the past MDA has produced a Capability Assessment Plan (CAP) for the purpose of 
evaluating the BMDS in three areas:

• System Verification – verifying that BMDS system level requirements are met

• System Functionality Assessment – demonstrating that the BMDS performs its 
designed functionsg

• System Performance Assessment – determining how well the BMDS performs its 
mission

The objective of System Performance Assessment (SPA) is to characterize and document the 
performance of the BMDS reflecting a specific fielding baseline configuration, capability 
delivery, or concept exploration.  This assessment is intended to be a basis by which the 
Director of MDA can make a Capability Declaration for the BMDS.
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Shows that the BMDS capability can be viewed in the broad functional categories associated 
ith i (d t ti d t ki th th t) d f ( i d ti th th t)with: sensing (detecting and tracking the threat), defense (engaging and negating the threat), 

and Command and Control, Battle Management, and Communications (C2BMC); and relating 
those functions to various platforms.
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Shows a more platform-centric view of the BMDS.  In the past MDA had used the 
l t “I t t d BMDS” t f t th ti t T d MDA id thnomenclature “Integrated BMDS” to refer to the entire system.  Today MDA considers the 

BMDS to be Integrated by definition. The BMDS is comprised of “Elements” and 
“Components”.  Generally, an Element is a considered to be a system that combines Sensor, 
Weapon System, and Battle Management components, such as Aegis.  Component generally 
refers to a system that only performs one of those functions, such as the Sea-Based X-band 
(SBX) radar.  However, this terminology is becoming increasingly blurred as is the case with 
the Ground-Based Midcourse Defense (GMD) System. Originally, the GMD System was 
comprised of Sensors (Early Warning Radars, Cobra Dane, etc.), Weapon System (Ground-
Based Interceptors, related equipment and missile farms) and Battle Management (GMD Fire 
Control and related network/communications).  Today, the GMD radars are no longer grouped 
under the GMD Systems.  Additionally, many of the BMDS Elements can be described as 
complex systems themselves.  All of this ambiguity is a product of the long history of many 
BMD Systems, the division of responsibility/ownership of BMDS artifacts, and the complexity 
of combining numerous sensors, weapon systems, and battle managers into an integrated 
capability.
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Illustrates the system that was expected to be in place by the end of 2010.

Provided as a strawman of what an operational system may look like and not intended to 
exactly represent what the operational system was at end of FY 2010+.

Key point of this slide is that it shows a networked (communication) architect for the BMDS 
system.
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The Ballistic Missile Defense System (BMDS) is considered by the Missile Defense Agency 
(MDA) t b t tl l i “I t t d” t th t di l ti ft(MDA) to be a constantly evolving “Integrated” system that displays properties often 
associated with System of Systems (SoS) and Complex Systems.  This table describes 
attributes that characterize the BMDS as a SoS.

Reference:

Systems Engineering Guide for Systems of Systems, Version 1.0 August 2008, Director, 
Systems and Software Engineering Deputy Under Secretary of Defense (Acquisition and 
T h l ) Offi f th U d S t f D f (A i iti T h l dTechnology) Office of the Under Secretary of Defense (Acquisition, Technology and 
Logistics)
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Table provides an assessment of the BMDS as a Complex System. As can be seen by 
i thi t bl t th S S t bl th t f th h t i ti l i dcomparing this table to the SoS table that many of the characteristics are overlapping and 

complementary.  Based on these factors, and the history of the BMDS development, the 
BMDS displays both Directed and Acknowledged SoS attributes.  The BMDS started as more 
of an Acknowledged SoS prior to the establishment of MDA in 2002 in that there was no 
central controlling authority.  Today the BMDS is more of a Directed SoS in that MDA retains 
central control of some functionality (e.g., C2BMC) and interfaces (e.g., B-series messages), 
directs new capability development, and controls related budgets.  The BMDS often operates 
as an Acknowledged SoS in the way that MDA, Stakeholders, Programs, and contractors 
negotiate how new functionality and related interfaces are to be added to 
Element(s)/Component(s).  There is some Virtual SoS nature to the BMDS in that outside 
systems, such as certain data providers and data networks (e.g., GPS, JTAGS) provide 
standard services used by the BMDS are but not influenced by it.  Based on this assessment 
the BMDS can be treated largely as a Directed Complex System of Systems.

See Backup slides for my interpretation of different types of SoS
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In June 2005, MDA’s then-Director of MDA, Lt. General Henry A. “Trey” Obering III was asked 
t MDA id ll h d ti h th MDA b ildi F il f S t (F S)at an MDA-wide all-hands meeting whether MDA was building a Family of Systems (FoS) or a 

System of Systems (SoS).  His response was, “…neither, we are building an Integrated 
Ballistic Missile Defense…”  The fact that the terminology was at question does not belie the 
use of such terminology but rather points out the fact that the BMDS is a complex system.  It 
is useful to view the BMDS through various paradigms and metaphors (FoS, SoS, Integrated 
BMDS, System of Elements, complex system, etc.) in that these views are not necessarily 
incompatible and that they provide different contexts in which to better understand the BMDS 
from historical, current, and future perspectives.  This briefing focuses on viewing the BMDS 
from the complex systems context but frequently uses the MDA terminology (both legacy and 
current).
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The nature of large complex system development is contrasted with that for a traditional 
t I th t diti l l t bilit b bl t b d tsystem.  In the traditional case a legacy system capability may be able to be swapped out 

entirely by a new system.  This case tends to prioritize in order of technical, operational, 
economic, and political (TOEP) merits.   For a SoS it is much more complex to introduce 
new/improved capability without affecting overall capability due to the number of systems, 
complex interactions between systems, their unique capabilities, and the different 
development/acquisition organizations.  Much more must be balanced and negotiated across 
the SoS so priorities tend to align to political, operational, economic, and technical (POET) 
merits.  One can argue the relative positions of operational and economic in this case. 

Because of the complexity of the socio-technical system involved it is critical to first frame 
the assessment referent and the problem context, especially across the various social entities 
to determine driving factors for each and, hopefully, establish common problem 
characteristics across multiple organizations.  These common characteristics will serve as 
the basis from which to formulate measures of merit for the System Performance 
Assessment.  The measures of merit should be of both the qualitative and quantitative type, 
and be able to tolerate a certain level of ambiguity across the BMDS.

The SoS and POET nature of the BMDS indicates that the development testing andThe SoS and POET nature of the BMDS indicates that the development, testing and 
integration, and assessment of the system cannot strictly be addressed through traditional 
methods alone, such as operations research, systems analysis, or traditional system 
engineering.  Although these form a backbone for addressing the BMDS problem, especially 
when viewing the individual systems (Elements/Components) forming the SoS.  The wide 
Stakeholder base, multi-mission nature of some Elements/Components, and the open nature 
of the BMDS (with vague and permeable system boundaries) means that there may be no 
single simple view to which the system can be reduced. 
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The objective of System Performance Assessment (SPA) is to characterize and document the 
f f th BMDS fl ti ifi fi ldi b li fi ti bilitperformance of the BMDS reflecting a specific fielding baseline configuration, capability 

delivery, or concept exploration.  This assessment is intended to be a basis by which the 
Director of MDA can make a Capability Declaration for the BMDS.

MDA dictates that System Performance Assessment is to be reported with regard to 
effectiveness metrics defined by MDA documents such as:

• Technical Objective and Goals

• BMDS Accountability Report

• Effectiveness Metrics Standard

The CAP outlines that the objective of System Performance Assessment is to report BMDS 
behavior in the System Engineering Assessment Report (SEAR) but does not provide a 
systematic, or systemic, methodology to produce this result.  The CAP lays a framework for 
the types of assessment activities which “may be performed” but does not direct any specific 
activities “to occur”.  In the end data, analyses, and assessments are collected across a 
variety of venues (flight test, ground test, performance assessment, and analyses) and 
merged to produce the SEAR Yet no measures of merit have been set to establish that themerged to produce the SEAR.  Yet no measures of merit have been set to establish that the 
SEAR successfully accomplishes the job of reporting the BMDS System Performance and the 
SEAR itself tends to be a compilation of the other System Performance Assessments work. 

The CAP process has been replaced by the IMAP process. 
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System Capability is reflected in three ways: 

• System Tests verify a delivered capability for point solutions 

• Modeling &Simulation either predicts or reflects system performance 

• Subject Matter Experts (SMEs) apply judgment to produce an assessment

Figure illustrates how these ways of reflecting the System Capability trades the validity of the System 
Performance representation with the span of the possible set of System Capabilities.  The validity of 
performance representation from highest to lowest by venue/method is:

• Flight Test

G d T t• Ground Test

• Modeling & Simulation

• SME Assessment/Opinion

The trade-off for producing a valid representation of the system’s performance is that the more valid the 
measure the more likely it is that only a point solution of the system is represented.  An assertion is 
also made that the more the Referent System moves away from Flight Test and Ground Test results and 
the more generalized and broader the performance representation becomes, the more likely the “real 
system” and the Referent System will exhibit different and uncorrelated emergent behaviors.  Therefore, 
a method must be established to assign the Performance Assessment activities an associated level of 
confidence.

• Engineering – used for design and detailed analysis; often slow to run and tend to provide 
point solutions; generally only represent one Element/Component of the system at a time; 
physics-based

• Mission – a middle ground between the highly detailed physics models and statistical system 
behavior; provides the system view of a specific battlespace that results from a red threat 
missile against a defined blue force laydown

• Campaign – a high level aggregation of BMDS performance across a wide variety of 
conditions; provides large scale effects of system performance; tends toward statistical 
representations
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“When is a simulation effective?”  This is an important question for System Performance 
A t f th BMDS b M d li d Si l ti (M&S) i MDA’ i t tAssessment of the BMDS because Modeling and Simulation (M&S) is MDA’s primary strategy 
to accomplish assessment.  Transform it to a related question oriented toward the desired 
SPA outcome; that is, “When is an assessment effective?”  To begin to answer this question 
first the context and purpose of the assessment must be established. 

Slide illustrates the system context for performing SPA on the BMDS, the goal (or purpose) of 
which is to establish the declared BMDS System Capability and document it in artifacts such 
as the System Engineering Assessment Report (SEAR) and the BMDS Handbook.  The SEAR 
is the MDA System Engineer’s statement of the assessed capability and the BMDS Handbook y g p y
is the Warfighter’s representation of the BMDS’s combat capability from a user’s perspective.

The first step to establishing the system context is to define the referent system for 
assessment.  Pace defines a referent for M&S as:

“A codified body of knowledge about a thing being simulated.  It is the standard from 
which the thing being represented in simulation is derived or the standard against which 
the correctness of M&S representation is measured.”

Since MDA has defined M&S as a critical methodology by which BMDS performance is to beSince MDA has defined M&S as a critical methodology by which BMDS performance is to be 
assessed it seems logical that the Referent System should have an analogous definition:

A codified body of knowledge about a thing being assessed.  It is the standard from 
which the thing being assessed is derived or the standard against which the performance 
is measured.
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The first step is establishing the analytical framework is to establish the Referent System 
b d i i t fboundaries in terms of:

• Entities

• Relationships

• Permeability

• Interdependence

• Hierarchy

R l ti hi t E t l F t (E i t O t t )• Relationship to External Factors (Environment, Operator, etc.)

Slide illustrates a possible basis for realization of the Referent System by defining the BMDS 
in terms of broad functional categories such as:

• Sensing

• Battle Management

• Control/Execution of Weapons
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Slide illustrates a notional version of the physical architecture of the Operational BMDS which 
t b d Thi hit t ld f diff t C bilit D li i dmust be assessed.  This architecture would vary for different Capability Deliveries and as 

systems and relationships are added or modified. 
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This figure shows how the Referent System construct can be extended to multiple levels 
ithi th BMDS A ti ith thi h i th t l it th di t th t thwithin the BMDS. A caution with this approach is that complexity theory predicts that the 

Referent System in Slide 18 will most likely display different behavior than that in Slide 20 due 
to emergent properties associated with the particular scope and/or resolution of the system 
representation at the level of problem decomposition.  This means that the analysis 
framework must be tolerant of ambiguities at the different levels of elaboration of the Referent 
System.  Using this approach the ultimate elaboration of the Referent System is the actual 
BMDS; but the purpose of the Referent System is to produce a representation of the system 
from which conclusions about system behavior can be made more readily than with the 
actual BMDS.
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At the very highest level the operational performance of the BMDS is specified by the 
T h i l Obj ti d G l (TOG) Th TOG t i t bli h th l b l fTechnical Objectives and Goals (TOG).  The TOG metrics establish the global performance 
desired from the system and also provides information with regard to the desired quantities 
of each system (sensor, weapons, battle managers) to be acquired.  The BMDS Effectiveness 
Metrics Standard defines the TOG metrics as shown in the table.   It should immediately be 
apparent that there is a disconnect between the representation of the Referent System in the 
previous section and TOG Metrics defined here, in that they are not direct outputs of the 
functions described but are a representation of the aggregate behavior of the system.  This is 
one of the motivating factors which leads MDA to place a great deal of emphasis on using 
M&S to portray BMDS behavior.

Measurements of the BMDS, via flight and ground test for example, do not provide direct 
values for these parameters.  The TOG Metrics must be derived from the measurements by 
analysis and supporting M&S. 
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Figure shows how the Referent System could be realized in M&S.  “Real World” data is 
ll t d d t d i it /d t b D l t f di fid litcollected and stored in a common repository/database.  Development of medium fidelity 

models should be driven by the need to address TOG Metrics, Critical Assessment Issues, 
and related Assessment Objectives – representing BMDS behavior at a higher level.  It is 
expected at this level that BMDS behavior should be represented in a more statistical manner.  
High fidelity models are developed based more on physics and are/should be capable of 
representing stochastic behaviors.  They should be able to address Critical Assessment 
Conditions, represent BMDS Critical Engagement Conditions (CECs), and reflect Empirical 
Measurement Event (EME) results.  M&S should be anchored to “Real World” data to provide 
one aspect of verification and validation of the BMDS representation.  High and medium 
fidelity M&S should be benchmarked against each other to provide another aspect of 
verification and validation.  High fidelity M&S may also be used to provide aggregated system 
behaviors to the medium fidelity models, in terms of statistical approximations of behavior 
(such as interceptor Pk look-up tables).   M&S must then also be accredited for use in BMDS 
System Performance Assessment.  The expectation is that the medium fidelity models would 
be used to predict aggregate BMDS performance over wide range of conditions, and that 
higher fidelity models should reflect BMDS performance such as recreating the results of a 
real world flight test in a simulation.
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Figure illustrates the System Performance Assessment process.  Once the Referent System 
has been established and performance parameters and relationships determined these arehas been established, and performance parameters and relationships determined, these are 
applied to M&S and SME judgment for analysis to produce characterizations of the BMDS.  
Stakeholder Consensus Processes are used to apply the Referent System to the 
characterizations of the BMDS, applying belief and confidence levels, to produce the 
Assessment of the BMDS in terms such as the TOG Metrics.  Additionally, the processes 
could produce expected values and decision tree results to aid in making the Capability 
Declaration on the BMDS. Characterizations are expected to be of both a quantitative and 
qualitative nature and also delimit caveats and limitations to the declared BMDS capability.  
Because there is emergent behavior at every point in the process, some ambiguity in results 

h ld b t d d t l t d O k dditi i th th t i t tl b ishould be expected and tolerated.  One key addition in the process, that is not currently being 
implemented by MDA, is the use of Experimental Design to drive a set of analyses (expected 
to be M&S based, but could be SME analysis) to create a broader statistically based 
assessment of the BMDS performance across the entire capability and threat space with 
variations to the environment.

Creating consensus to the assessment approach, and subsequent results of assessment may 
be the single most critical success factor.  While complete consensus will probably not be 
reached, the point is to maximize the amount of consensus and, importantly, establish areas 
of mutual disagreement and strategies to address these It is difficult to identify a singleof mutual disagreement and strategies to address these.  It is difficult to identify a single 
method to approach consensus building because there are different levels of understanding, 
comfort, sophistication, and resistance across the range of Stakeholders.  For each of the 
Stakeholders it is important to:

• Determine risk tolerance to the SPA activity

• Identify common and unique motivating factors

Within MDA the notion of Stakeholder itself is complex because Integrated Product Teams 
(IPTs) create structures/organizations in which team members may have multiple Stakeholder 
allegiances or the IPT change Stakeholders over timeallegiances or the IPT change Stakeholders over time.
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System Performance Assessment (SPA) as defined by the Capability Assessment Plan  
h ld b h d lti i i i il t h MDA tlshould be approached as a multi-year campaign in a similar manner to how MDA currently 

approaches flight tests, ground tests, and M&S based performance assessments.   The 
campaign should establish the system and problem context for System Performance 
Assessment.  It should establish assessment criteria that are both quantitative and 
qualitative, and establish “assessment ethics” to support BMDS fielding decisions that 
cannot be backed up scientifically or objectively.
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Formulation of a System Performance Assessment Campaign should be accomplished and 
li d ith fli ht/ d/ f t i l d t bli h d b MDAaligned with flight/ground/performance assessment campaigns already established by MDA.  

This new campaign should levee requirements on the others for the purpose of producing 
results to support System Performance Assessment.  The campaign should have 
phases/processes to address topics such as:

• Planning (mission needs, requirements generation)

• Development  (analysis specified/designed, internal tools specified & developed, 
external requirements (e.g., for M&S) developed)

E ti (d t / l ll t d d l t d t )• Execution (data/analyses collected, models executed, etc.)

• Analysis (Performance  Parameters and/or other metrics produced)

• Assessment (results assessed)

• Reporting (results reported in Event or EOY Reports, for example)

The campaign should establish the unique set of assessment activities defined by and 
captured in the IMAP and applied to analysis outcomes to provide input to the Capability 
Assessment, related documents such as the BMDS Handbook, and any non-formal , , y
assessment activities.
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You may ask at the end about why didn't previous approaches work.  My current thinking is 
t f ldtwo-fold:

1)      The problem really is one that is Political, Operational, Economic and Technical.  We 
place a lot of focus on the Technical which tends to be the long pole in the tent.  It is possible 
that the Technical span attempted is limited by the Economic resources available - so we do 
the best with what we've got.  The Operational, and especially Political factors, can change 
much more rapidly than Economic and Technical, but may have a profound impact on them.  
The other factor is that producing the consensus performance assessment across all of theThe other factor is that producing the consensus performance assessment across all of the 
System Engineers and Chief Engineers (something that they all can stand behind) is probably 
as much of a social issue as it is technical.

2)      The other thing that I have been thinking lately is a bit more esoteric.  The Warfighter's 
have an expression "train like you fight."  I am coming around to a similar notion that is 
something like "simulate (or assess) like you integrate."  This is to say that the assessment 
approach (and possible lack of or limited assessment result) does mimic the real complexityapproach (and possible lack of or limited assessment result) does mimic the real complexity 
of integrating, testing, and fielding the real system.  Why should we expect the assessment of 
the system to be significantly less complex than fielding it?  So I am not sure that the past 
approaches failed so much as it highlighted the complexity of producing an assessment.  Not 
an entirely satisfying answer for senior level decision makers but may be a reality.
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From DoD SE Guide for SoS :

In DoD and elsewhere, SoS can take different forms. Based on a recognized taxonomy of SoS, there are 
four types of SoS which are found in the DoD today [Maier,1998; Dahmann, 2008]. These are:

• Virtual. Virtual SoS lack a central management authority and a centrally agreed upon purpose 
for the system-of-systems. Large-scale behavior emerges—and may be desirable—but this 
type of SoS must rely upon relatively invisible mechanisms to maintain it.

• Collaborative. In collaborative SoS the component systems interact more or less voluntarily to 
fulfill agreed upon central purposes. The Internet is a collaborative system. The Internet 
Engineering Task Force works out standards but has no power to enforce them. The central 

l ll ti l d id h t id d i th b idi fplayers collectively decide how to provide or deny service, thereby providing some means of 
enforcing and maintaining standards.

• Acknowledged. Acknowledged SoS have recognized objectives, a designated manager, and 
resources for the SoS; however, the constituent systems retain their independent ownership, 
objectives, funding, and development and sustainment approaches. Changes in the systems 
are based on collaboration between the SoS and the system.

• Directed. Directed SoS are those in which the integrated system-of-systems is built and 
managed to fulfill specific purposes. It is centrally managed during long-term operation to 
continue to fulfill those purposes as well as any new ones the system owners might wish tocontinue to fulfill those purposes as well as any new ones the system owners might wish to 
address. The component systems maintain an ability to operate independently, but their 
normal operational mode is subordinated to the central managed purpose.

Maier, M. (1998); "Architecting Principles for Systems-of-Systems"; Systems Engineering, Vol. 1, No. 4 
(pp 267-284). 

Dahmann, Judith and Kristen Baldwin, (2008), “Understanding the Current State of US Defense Systems 
of Systems and the Implications for Systems Engineering”, Montreal, Canada: IEEE Systems 
Conference, 7-10 April. 
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