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ABSTRACT 

 

Critical considerations in engineering enterprise systems are identifying, representing, and measuring 

dependencies between suppliers of technologies and providers of services to consumers and users. The 

importance of this problem is many-fold. Primary is enabling the study of ripple effects of failure in one 

capability on other dependent capabilities across the enterprise. Providing mechanisms to anticipate these 

effects early in design enables engineers to minimize dependency risks that, if realized, can have 

cascading negative effects on the ability of an enterprise to deliver services to users. 

 

The approach to this problem is built upon concepts from graph theory. Graph theory enables (1) a visual 

representation of complex interrelationships between entities and (2) the design of analytical formalisms 

that trace the effects of dependencies between entities as they affect many parts and paths in a graph. In 

this context, an engineering system is represented as a directed graph whose entities are nodes that depict 

direction, strength, and criticality of supplier-provider relationships. Algorithms are designed to measure 

capability operability (or inoperability) due to degraded performance (or failure) in supplier and program 

nodes within capability portfolios that characterize the system. 

 

Capturing and analyzing dependencies is not new in systems engineering. New is tackling this problem 

(1) in an enterprise systems engineering context where multidirectional dependencies can exist at many 

levels in a system’s capability portfolio and (2) by creating a flexible analysis and measurement approach 

applicable to any system’s capability portfolio, whose supplier-provider relationships can be represented 

by graph theoretic formalisms. 

 

The methodology is named Functional Dependency Network Analysis (FDNA). Its formulation is 

motivated, in part, by concepts from Leontief systems, the Inoperability Input-Output Model (IIM), 

Failure Modes and Effects Analysis (FMEA), and Design Structured Matrices (DSM). FDNA is a new 

analytic approach. One that enables management to study and anticipate the ripple effects of losses in 

supplier-program contributions on a system’s dependent capabilities before risks that threaten these 

suppliers are realized. An FDNA analysis identifies whether the level of operability loss, if such risks 

occur, is tolerable. This enables management to better target risk resolution resources to those supplier 

programs that face high risk and are most critical to a system’s operational capabilities. 

 

KEY WORDS: Risk, capability risk, capability portfolio, dependencies, operability, inoperability, 

engineering systems, Leontief matrix, design structured matrix (DSM), failure mode and effects analysis 

(FMEA), inoperability input-output model (IIM), functional dependency network analysis (FDNA). 
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1. INTRODUCTION AND BACKGROUND 

 

Some of the critical and problematic activities in engineering management are identifying, representing, 

and measuring dependencies between entities involved in engineering an enterprise system. These entities 

can be generally classified as suppliers of technologies and services and the users or receivers of these 

technologies and services. The importance of understanding entity relationships is many-fold. Primary is 

enabling the study of ripple effects of failure of one entity on other dependent entities across the 

enterprise. Providing mechanisms to anticipate these effects early in a system’s design enables engineers 

to minimize dependency risks that, if realized, may have cascading negative effects on the ability of an 

enterprise to achieve capability objectives in the delivery of services to users. 

 

In this paper, we approach this topic from the perspective of graph theory. Graph theory enables the 

visual representation of complex dependencies between entities (i.e. suppliers and users) and enables the 

design of analytical formalisms that measure and trace these relationships as they affect many parts and 

paths in a graph.  

 

We assert an enterprise system can be represented as a directed graph whose entities are nodes that depict 

the direction, strength, and criticality of supplier-provider relationships. Algorithms are then designed to 

address the question 

 

What is the effect on the operability of enterprise capability if, due to the realization of risks, 

one or more contributing programs or supplier-provider chains degrade, fail, or are eliminated? 

 

The method presented in this paper is called Functional Dependency Network Analysis (FDNA). FDNA 

enables management to study and anticipate the ripple effects of losses in supplier-program contributions 

on an enterprise system’s dependent capabilities before risks that threaten these suppliers are realized. An 

FDNA analysis identifies whether the level of operability loss, if such risks occur, is acceptable. This 

enables management to better target risk resolution resources to those supplier programs that face high 

risk and are most critical to an enterprise system’s operational capabilities. 

 

Complex Systems, Systems of Systems, and Enterprise Systems 

In today’s literature, the terms complex systems, systems of systems, and enterprise systems are 

commonly found. What do these terms mean and how are they related? Although these are cutting edge 

topics in engineering systems and system research, a convergence of thought is beginning to emerge. We 

begin with the term complex system. 

 

Keating et al (2003) describe complex systems as those having attributes characterized by Jackson (1991). 

These attributes, paraphrased, include the following: 

 

● Uncountable number of variables or elements that characterize the system 

 

● Unpredictable behaviors among elements with numerous rich interactions 

 

● Purposeful but pluralistic pursuits of multiple goals by providers, users, system entities  

 

Examples of complex systems include the space shuttle, a nuclear power plant, or a magnetic resonance 

imaging scanner. More recently, and consistent with the above, White (2006) defines a complex system as 

“an open system with continually cooperating and competing elements – a system that continually 
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evolves and changes its behavior according to its own condition and its external environment. Changes 

between states of order and chaotic flux are possible. Relationships between elements are imperfectly 

known and difficult to understand, predict, or control”. 

 

Engineering systems today are challenged when complex systems become more and more networked in 

ways that create metasystems – systems of systems “comprised of multiple embedded and interrelated 

autonomous complex subsystems” [Keating, 2004, 2008]. Similarly, White (2006) defines a system of 

systems (SoS) as “a collection of systems that function to achieve a purpose not achievable by the 

individual systems acting independently. Each system can operate independently and accomplish its own 

separate purpose”. In a system of systems their whole is indeed more than the sum of their parts; however, 

it can’t exist without them. 

 

Systems of systems form from integrations of multiple subsystems, where each subsystem can be a 

complex system. Examples of systems of systems include the Ballistic Missile Defense System (BMDS), 

the international earth observer program known as GEOSS (Global Earth Observation System of 

Systems), and navigation systems such as the Global Positioning System (GPS). Building systems of 

systems like these is an enormous engineering and management challenge. If those challenges aren’t 

enough, engineering systems of networked systems of systems is an even greater challenge and the 

newest being faced in engineering systems. 

 

Systems of networked systems of systems are sometimes called enterprise systems. Enterprise systems 

such as the Internet, the Department of Defense Global Information Grid (GIG), or the Federal Aviation 

Administration’s National Airspace Systems (NAS) are the cutting edge of information age computing 

and global communications. The literature is very young on engineering enterprise systems. However, 

scholarship has begun to emerge from academia and industry. Writings by Allen (MIT, 2004) and 

Rebovich (MITRE, 2005) reflect thought trends from academic and industry perspectives, respectively. 

 

In the monograph “Engineering Systems: An Enterprise Perspective” Allen et al (2004) reflects on the 

nature of an enterprise and its effects on design and engineering solutions. “Such designs are no longer 

purely technical. In many cases, the enterprise issues are far more difficult than the technical ones to 

solve; moreover, there must be adaptation on both sides of the relationship between system and 

enterprise” [Allen, et al, 2004]. Moreover, Allen identifies the critical and sometimes orthogonal 

relationships and goals of the multiple stakeholders in the design of an enterprise system. In this 

monograph Allen writes:  

 

“An enterprise perspective on system design makes us aware of the fact that most such designs engage 

multiple stakeholders. These can range from shareholders to suppliers to members of the workforce to 

customers to society. What impact can this far-reaching effect have on system design? First of all, 

stakeholders’ interests are not always in alignment. 

 

System design may have to take this into account, balancing the interests of the various stakeholders. As a 

result, the design process is far more complex than one would be led to believe from the engineering 

science model that we teach to undergraduate engineering students. The best technical solution to a design 

may very well not be the best overall solution. In fact, it seldom is, and there may not even be a best 

technical design. 

 

Take the current F-35 aircraft design. With several customers, each having different missions for this 

system, the designers cannot optimize the design for any one of the customers’ desires. Since recruiting 
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customers in different countries often means engaging suppliers from those countries, adaptations may 

need to be made in the design to match the capabilities of those suppliers” [Allen, et al, 2004]. 

 

Allen’s insights echoed Bertalanffy’s who recognized that systems, such as the F-35 or Boston’s Big Dig, 

are fundamentally organizations made of entities (e.g., people) understood by “studying them not in 

isolation” but in how they assemble, react, and interact as a whole. Rebovich (2005, 2007), and other 

systems thinkers at MITRE, offer a view on what is meant by an enterprise and what is fundamentally 

different. They write the following: 

 

“By enterprise we mean a network of interdependent people, processes and supporting technology not 

fully under control of any single entity. In business literature an enterprise frequently refers to an 

organization, such as a firm or government agency; in the computer industry it refers to any large 

organization that uses computers. 

 

Our definition emphasizes the interdependency of individual systems and even systems of systems. We 

include firms, government agencies, large information-enabled organizations and any network of entities 

coming together to collectively accomplish explicit or implicit goals. This includes the integration of 

previously separate units. The enterprise displays new behaviors that emerge from the interaction of the 

parts” [MITRE, 2007]. 

 

What is Different? 

“A mix of interdependency and unpredictability, intensified by rapid technology change, is driving the 

need for new systems engineering techniques. When large numbers of systems are networked together to 

achieve some collaborative advantage, interdependencies spring up among the systems. Moreover, when 

the networked systems are each individually adapting to both technology and mission changes, then the 

environment for any given system becomes essentially unpredictable. The combination of massive 

interdependencies and unpredictability is fundamentally different. Systems engineering success is defined 

not for an individual known system, but for the network of constantly changing systems” [MITRE, 2007]. 

 

From this, a key differentiator of an enterprise system is diminished control over its engineering by a 

centralized authority. Centralized or hierarchical control over design decisions is a feature in engineering 

systems of systems and traditional, well-bounded, systems (e.g., an airplane or an automobile). Systems 

of systems are, in most cases, engineered in accordance with stated specifications. These may be shaped 

by multiple stakeholders, but they are managed by a centralized authority with overall responsibility for 

engineering and fielding the system of systems.  

 

This is not the case in engineering enterprise systems. An enterprise system is not characterized by firm 

and fixed specifications under the control of a centralized authority and agreed to by all participants 

throughout their organizational levels. The envelop that captures stakeholders affected by, or involved 

with, an enterprise system is so broad that centralized or hierarchical control over its engineering is 

generally not possible and perhaps not even desirable. 

 

“Enterprise engineering is directed towards enabling and achieving enterprise-level and cross-enterprise 

operations outcomes. Enterprise engineering is based on the premise that an enterprise is a collection of 

entities that want to succeed and will adapt as needed. Enterprise engineering processes shape the space in 

which organizations develop systems, so an organization innovating and operating to succeed in its local 

mission will simultaneously do so in the interest of the enterprise” [Rebovich, 2007]. 
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It is from this view FDNA was designed. The analytic philosophy was to approach analyses of entity 

dependencies in an enterprise space from a “whole systems” perspective. A perspective with roots in the 

writings of Bertalanffy (1968) and one influenced by recognizing the whole of an enterprise is not just 

more than the sum of its parts – but one wholly and continually shaped, expanded, or diminished by them. 

 

2. FUNCTIONAL DEPENDENCY NETWORK ANALYSIS 

 

One way management plans for engineering an enterprise is to create capability portfolios of technology 

programs and initiatives that, when synchronized, will deliver time-phased capabilities that advance 

enterprise goals and mission outcomes [Garvey, 2008]. Thus, a capability portfolio is a time dynamic 

organizing construct to deliver capabilities across specified epochs [Garvey, 2008]. 

 

Creating capability portfolios is a complex management and engineering analysis activity. Once a 

capability portfolio’s hierarchy and its elements are “defined” it is managed by a team to ensure its 

collection of technology programs and technology initiatives combine in ways to deliver one or more 

capabilities to the enterprise. Thus, one can take a supplier-provider view of a capability portfolio. 

 

In this context, a capability portfolio is represented as a directed graph whose entities are nodes that 

depict the direction, strength, and criticality of supplier-provider dependency relationships. Algorithms 

are designed to measure levels of capability inoperability due to degraded performance (or failure) in 

supplier and program nodes where mutual relationships exist between them. 

 

We approach this problem from the perspective of graph theory. Graph theory enables (1) a visual 

representation of complex interrelationships between entities and (2) the design of a new calculus that 

provides a way to measure and trace the effects of dependencies between entities as they affect many 

parts and paths in a graph. The idea behind FDNA is best illustrated by the graph in Exhibit 1. Here, a 

simple capability portfolio is shown. It consists of three capability nodes and six program nodes. 

Mathematically, Exhibit 1 illustrates a special type of graph known as a directed graph. 

 

 
 

Exhibit 1 

An FDNA Graph: A Capability Portfolio Context 

 

A graph may also be viewed in terms of parent-child relationships. A parent node is one with lower-level 

nodes coming from it. These nodes are called child nodes to that parent node. Nodes that terminate in a 

network are sometimes called leaf-nodes. Leaf-nodes are terminal nodes in that they have no children 

coming from them [Garvey, 2008]. 
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FDNA Fundamentals 

We begin with a discussion of dependence and what it means in the FDNA methodology. In an FDNA 

graph, dependence is a condition that exists between two nodes when the operability of one node relies, to 

some degree, on the operability of another node. This is illustrated in Exhibit 2. 

 

 
 

Exhibit 2 

An FDNA Graph Models Dependency Relationships 

 

What is meant by operability? Operability is a state where a node is functioning at some level of 

performance. The level of performance achieved by a node can be expressed by a measure of value, 

worth, or “the utility it yields” [Bernoulli, 1738]. In FDNA, a node’s measure of value is called its 

operability level. Value is analogous to a von Neumann-Morgenstern (vNM) utility, a dimensionless 

number often expressed in “utils”. In FDNA, we define what a node produces as its measure of 

performance (MOP) and the value of what is produced as its operability level or its measure of 

effectiveness (MOE). 

 

In a dependency relationship between nodes, contributions to the dependent node from other nodes are 

context specific to the natures of the supplying nodes. Contributions result from the achievement of 

outputs by nodes that reflect their performance. For example, suppose node  produces and supplies 

coolant fluid to various engine manufacturers. A measure of performance for this node might be the rate 

with which it produces coolant fluid. Suppose a production rate of 9000 gallons per hour means this node 

is performing at half its full operability level. If one-hundred utils means a node is wholly operable and 

zero utils means a node is wholly inoperable, then a performance level of 9000 gallons per hour is worth 

50 utils of value. We can continue to assess the value (or worth) of other performance levels achieved by 

 to form what is known as a value function. Exhibit 3 illustrates such a function. 

 

 
 

Exhibit 3 

An Example Value Function for the Operability Level of Node  
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An FDNA graph can be viewed as a topology of receiver-feeder node relationships. A receiver node is 

one whose operability level relies, to some degree, on the operability level of at least one feeder node. In 

FDNA, a node may be a feeder and a receiver node as shown in Exhibit 4. 

 

 
 

Exhibit 4 

An FDNA Graph is a Topology of Receiver-Feeder Nodes 

 

In FDNA, a receiver node’s operability level is influenced by two properties of dependency. The first is 

the strength with which a receiver node’s operability level relies on the operability level of feeder nodes. 

The second is the criticality of feeder node contributions to a receiver node for it to achieve its operability 

level objectives. Respectively, we call these the Strength of Dependency (SOD) and the Criticality of 

Dependency (COD) constraint. These concepts are illustrated in the following narrative. 

 

In Exhibit 2, suppose receiver node  is a widget production machine and feeder node  supplies 

coolant and lubricant fluids for the machine’s engine. Suppose the machine is wholly operable when it is 

producing 120 widgets per hour; that is,  utils. Without any supply of fluids from  

suppose  can only produce 80 widgets per hour. Suppose a production rate of 80 widgets per hour is 

worth 55 utils; that is,  utils when . This implies the baseline operability level of 

, denoted by , is 55 utils. Suppose the fluids from supplier node  are ideal for lowering the 

operating temperature of the engine and increasing the output of the widget production machine. Without 

these fluids the engine’s temperature will rise, its parts will wear, and the machine will decline from its 

baseline operability level of 55 utils and eventually become wholly inoperable (0 utils). 

 

From this, we see the widget production machine not only relies on the performance of its fluids supplier 

to improve its baseline production output, but it has a critical dependency on this relationship to ensure its 

operational effectiveness. Thus, SOD and COD capture different but important effects of feeder-receiver 

node relationships on their operability levels. Where SOD captures the effects of relationships that 

improve baseline operability levels, COD captures whether such relationships could involve losses or 

constraints on these levels. FDNA permits this loss-gain dualism to compete within its calculus – a 

dependency dualism that models a mix of positive or negative effects that complex receiver-feeder node 

interactions can have across a topology of multi-nodal relationships. 

 

From this, the operability level of a receiver node  that depends on the operability level of feeder node 

 can be expressed by the general function 

 

   (1) 

 

where  is the operability level of ,  is the strength of dependency fraction,  is the criticality of 

dependency constraint, and  is the operability level of . 

 

N1

Nj

Feeder and 

Receiver Node
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Np

Receiver Node
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If, in Equation 1, the function f is defined by a principle known as the weakest link then 

 

   (2) 

 

One form of the function g that satisfies the above discussion about  is 

 

   (3) 

 

One form of the function h that satisfies the above discussion about  is 

 

   (4) 

 

More generally, the operability level of node  that is dependent on the operability levels of h feeder 

nodes ,  ...,  is 

 

   (5) 

where 

 

  

 

  

 

  

 

  

 

and  

 

Assessing  and  

There are many ways to determine strength and criticality of dependency between nodes in an FDNA 

graph. This discussion illustrates a few approaches. We begin with determining the strength of 

dependency parameter . This is followed by a discussion on the criticality constraint . 

 

A receiver node’s baseline operability level can be used to determine . With this, we can ask the 

following: What is the receiver node’s baseline operability level (utils) prior to receiving its feeder node’s 

contribution? If the answer is 0 utils, then . If the answer is 50 utils, then . If the 

answer is 70 utils, then  and so forth. Thus,  can be solved from the expression 

 

 

 

where x is the receiver node’s baseline operability level prior to receiving its feeder node’s contribution. 

The greater the value of  the greater the strength of dependency that receiver node  has on feeder 

node  and the less ’s operability level is independent of ’s level. The smaller the value of  the 

lesser the strength of dependency that receiver node  has on feeder node  and the more ’s 

operability level is independent of ’s level. Next, we present a way to assess criticality of dependency. 



Second International Symposium on Engineering Systems 

Massachusetts Institute of Technology, Cambridge, Massachusetts, June 15-17, 2009 

 

9 
 

 

Criticality of dependency (COD) enables the operability level of a receiver node to be constrained by the 

operability levels of its feeder nodes. This allows a receiver node’s operability level to be limited by the 

performance of one feeder node, if appropriate, even when the receiver’s other feeder nodes are wholly 

operable. In general, the criticality of dependency constraint is the operability level  (utils) such that 

the operability level of receiver node  with h feeder nodes can never be more than  for all i, 

where , , and  is the operability level of feeder node . 

 

We can also characterize this constraint in terms of degradation in a receiver node’s operability level, 

where degradation is measured from an operability level that has meaning with respect to the receiver 

node’s performance goals or requirements. For example, in a single feeder-receiver node pair (as in 

Exhibit 2) the criticality of dependency constraint can be viewed as the operability level  that receiver 

node  degrades to from a reference point operability level (such as its baseline operability level) when 

its feeder node’s performance level has zero operational utility (no value or worth) to . 

 

Formulating FDNA Equations 

The following illustrates how FDNA equations are formulated from an FDNA graph. The approach 

shown scales to an FDNA graph of any complexity. Consider Exhibit 5. 

 

 
 

Exhibit 5 

A 3-Node FDNA Graph with 3-Dependency Points and 2-Receiver Nodes 

 

The FDNA equations for the relationships in Exhibit 5 are as follows: 

 

     

 

        
where 

  the strength of dependency fraction between  and ,   

  the strength of dependency fraction between  and ,   

  the strength of dependency fraction between  and ,   

  the criticality of dependency constraint between  and ,   

  the criticality of dependency constraint between  and ,   

  the criticality of dependency constraint between  and ,   
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Nj
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In an FDNA graph, the number of dependency equations equals the number of receiver nodes. The graph 

in Exhibit 5 has two receiver nodes. These are  and . The operability level of  is a function of the 

operability level of  and the operability level of . The operability level of  is also a function of the 

operability level of . Hence, we have two dependency equations for the FDNA graph in Exhibit 5. 

 

Computational Illustration 

This section presents an FDNA operability analysis of the graph in Exhibit 1, which is shown below as 

Exhibit 6 for convenience. 

 
 

Exhibit 6 

An FDNA Graph: A Capability Portfolio Context 

 

The FDNA equations for the relationships in Exhibit 6 are as follows: 

 

   

  

   

  

  

 

From these equations, Exhibit 7 presents the resulting operability analysis as feeder nodes in Exhibit 6 

lose operability (say) over time periods t1, t2, and t3. 
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Exhibit 7 

An FDNA Operability Analysis of the Capability Portfolio in Exhibit 6 

 

  

1Cap1 0.90 4Cap3 0.85

3Cap1 0.45 53 0.30

3Cap2 0.65 31 0.15

6Cap3 0.90 21 0.28

1Cap1 10.00 4Cap3 15.00

3Cap1 55.00 53 70.00

3Cap2 35.00 31 85.00

6Cap3 10.00 21 72.00

P2 100 P2 75 P2 50

P5 100 P5 75 P5 50

P4 100 P4 75 P4 50

P6 100 P6 100 P6 100

P3 100.00 P3 92.50 P3 85.00

P1 100.00 P1 95.94 P1 91.88

PCap1 100.00 PCap1 96.48 PCap1 92.97

PCap2 100.00 PCap2 95.13  PCap2 90.25

PCap3 100.00  PCap3 89.38 PCap3 65.00

P3 170.00  P3 145.00  P3 120.00

P1 172.00  P1 147.00  P1 122.00

PCap1 110.00 PCap1 105.94 PCap1 101.88

PCap2 135.00 PCap2 127.50 PCap2 120.00

PCap3 110.00 PCap3 90.00 PCap3 65.00

P3 100.00  P3 92.50  P3 85.00

P1 100.00  P1 95.94  P1 91.88

PCap1 100.00 PCap1 96.48 PCap1 92.97

PCap2 100.00  PCap2 95.13 PCap2 90.25

PCap3 100.00 PCap3 89.38 PCap3 78.75

COD portion of receiver node operability level

SOD portion of receiver node operability level

OUTPUT: Then these receiver nodes are functioning at these operability levels...

FUNCTIONAL DEPENDENCY NETWORK ANALYSIS (FDNA)

INPUT:            ij  Strength of Dependency (SOD)                                                         

INPUT: IF these feeder nodes are functioning at these operability levels ...

A CAPABILITY PORTFOLIO

INPUT:             ij  Criticality of Dependency (COD)                                                     

Time t1: If operability levels 

of feeder nodes P2, P5, P4, 

and P6 are:  

Time t2: If operability levels of feeder 

nodes P2, P5, P4, and P6 are:  

Time t3: If operability levels of feeder 

nodes P2, P5, P4, and P6 are:  
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3. CONCLUSION 

 

This paper presented a brief introduction to Functional Dependency Network Analysis (FDNA). FDNA 

was developed to model and measure dependency relationships between suppliers of technologies and 

providers of services these technologies enable the enterprise to deliver. 

 

The importance of the dependency problem in enterprise engineering is many-fold. Primary is enabling 

the study of ripple effects of failure in one capability on the operability of other dependent capabilities 

across an enterprise. Providing mechanisms to anticipate these effects early in design enables engineers to 

minimize dependency risks that, if realized, may have cascading negative effects on the ability of an 

enterprise to deliver services to users. 

  

The motivation for FDNA came from the need to address dependency problems that could not be fully 

expressed or solved in matrix-based protocols, such as those that characterize input-output (I/O) models 

in economic science. FDNA equations are constructed from mathematical graphs in ways that enable 

solutions to be derived by a composition of functions; that is, FDNA equations are algebraically 

formulated by a composition of functional dependency relationships across a mathematical graph. This 

strategy avoids matrix algebra and linear system solution issues (such as stability) that sometimes arise in 

matrix-based input-output approaches.  

 

The FDNA structure is visualized by graph theory to represent and model a range of complex dependency 

relationships between entities. FDNA has the potential to be a generalized modeling approach for a 

variety of dependency problems, including those in the domains of input-output economics, critical 

infrastructure risk analysis, and non-stationary, temporal, dependency analysis problems. 

 

Additional research areas include the following: 

 

● Analytical Scalability: Research how to approach risk analysis in engineering enterprise systems 

that consist of dozens of capability portfolios with hundreds of supplier programs. Explore 

representing large-scale enterprises by domain capability portfolio clusters and investigate a 

concept for portfolio cluster risk management. 

 

● Non-stationary Considerations: Extend the FDNA calculus to address non-stationary, temporal, 

dependency analysis problems. Explore how FDNA can expand and integrate into time-varying 

modeling and simulation environments, such as those in systems dynamics methods and tools. 

 

● Optimal Adaptive Strategies: Research how to optimally adapt an engineering system’s supplier-

provider network to reconfigure its nodes to maintain operability if risks that threaten these nodes 

are realized. Consider this problem in stationary and non-stationary perspectives. 

 

In summary, FDNA is a methodology that enables management to study and anticipate the ripple effects 

of losses in supplier-program contributions on dependent capabilities before risks that threaten these 

suppliers are realized. FDNA identifies whether the level of operability loss, if such risks occur, is 

acceptable. This enables management to better target risk resolution resources to those supplier programs 

that face high risk and are most critical to the operational capabilities of a portfolio. 
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