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The Space Vehicle (SV) Lab currently supports two other the programs in 

addition to StarSat.  Some of the same personnel are used to support these programs.  

Their support contractor, SV Support, provides dedicated personnel and so no significant 

interdependencies are expected with respect to SV Support.  The US LV Office and 

RocketCorp support multiple programs as well.  Many of the same resources are used to 

support these programs.  Finally, RangeCorp has another customer, the Rocket Launch 

Group (RLG), with a current program.   

Figure 15 shows a visualization of the support entities and support 

interdependencies for StarSat: 

 

 

 

 

 

 

 
 
Note that all three SV Lab programs are interdependent with each other, as are all 

of the programs supported by the LV Office.  StarSat and the RLG-1 program are also 

interdependent with each other because of their use of the same range.   

With these interdependencies identified, we can now evaluate the strength of each 

interdependency. Table 6 shows the support interdependencies for StarSat:  

 

Figure 15.  StarSat Support Interdependencies 
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Table 6. StarSat Support Interdependency strengths 

Program StarSat Dependency 
Strength 

Dependencies upon 
StarSat 

BigSat 4 2 

NovaSat 3 3 

EagleSat 3 3 

SV Lab A 3 3 

SV Lab B 3 3 

SafeSat 3 3 

QuickSat 3 3 

LittleSat 3 3 

RLG 1 2 2 

 

 
With the exception of BigSat, each program supported by the US LV Office 

shares a Level 3 – Dependent interdependency.  The reason is that a major part of each 

program, the launch vehicle, is supported by the same office and the same contractor: 

RocketCorp.  BigSat, however, is the highest priority program and so is less dependent 

upon the other programs.  This also means that the other programs are more dependent 

upon BigSat.   

The SV Lab programs and the StarSat program also share a Level 3 – Dependent 

interdependency because the SV Lab is responsible for major portions of each program: 

the SV for StarSat and other systems for the other programs. 

The RLG-1 program and the StarSat program share a Level 2 – Associated 

interdependency.  The reason is that while they both use the same range, they are 

administered by different support agencies and contracts.  RangeCorp is a contractor to 
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the LV Office for StarSat and a contractor to RLG for the RLG-1 program on a separate 

contract.  The LV Office is not part of the RLG program.   

StarSat Systems Interaction Requirements Interdependencies  

To evaluate this factor, we will decompose the StarSat program operationally (see 

Figure 16).  The major questions are: Who, or what systems, will StarSat interact with in 

the field?  What is driving the need for StarSat?  What systems or equipment will users 

need in order to use StarSat?  Are any of these systems currently in development? 

 

 

 

 

 

Figure 16. StarSat operational interactions 

 
StarSat interacts with several different types of field equipment, a dedicated 

control station, and several portable ground stations.  In the case of StarSat, the field 

equipment with which StarSat will interface already exists and is already in service.  

Therefore, even though there is a systematic interdependency with this equipment, there 

is no programmatic interdependency because the equipment is not part of a current 

acquisitions program in the development or procurement phase.  The ground and control 

stations are being developed internally by the StarSat program, so there are no external 

programmatic dependencies for these items either.   
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For the StarSat program, we do not identify any programmatic systems 

interaction requirements dependencies.  There are certainly operational dependencies and 

interdependencies at the systems and component levels; however, there are no 

dependencies identified based on programs for systems that are under development or 

that have not yet been fielded.   

Measurements 

Now that we have used the Interdependency Factors to identify program 

dependencies and interdependencies and the Interdependency Levels to measure program 

dependencies, we are ready to integrate the first-degree dependency measurements.  

Table 7 summarizes the measured program dependencies and interdependencies for all 

four factors for the StarSat program: 

 

Table 7. StarSat Dependency links and strengths at start of program 

Factor\Strength 4-Mandatory 3-Dependent 2-Associated 1-Tangential 0-Independent 

Funding 0 2 0 0 Not Measured 

Technological 1 0 1 0 Not Measured 

Support 1 7 1 0 Not Measured 

Requirements 0 0 0 0 Not Measured 

Totals 2 9 2 0 - 

 

 
We have identified 13 dependencies for the StarSat program.  Of these, the 

Technological and Support dependencies on the BigSat program for the FireBird LV and 

LV Office support are Level 4 – Mandatory dependencies.  Nine more are Level 3 – 
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Dependent and are funding- and support-related.  There are two Level 2 – Associated, 

dependencies that are related to Technological and Support factors.  No Level 1 – 

Tangential or Level 0 – Independent dependencies were observed.  Figure 17 shows the 

full network of identified program dependencies for the StarSat program: 

 
 

 

 

 

 

Figure 17.  StarSat program dependency links at program start 

 
Note, however, that the BigSat, NovaSat and EagleSat programs are all depended 
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data in Table 7 is appropriate.  The program manager has a complete view of how the 
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Interdependency Factors but did not depend upon any other programs, then we would say 

that we are dependent on only one program: NovaSat.  Even though there are four 

dependencies, one for each factor, we are only dependent on one program.  Accounting 

for all interdependency links to the program may lead to undue emphasis of the 

importance of that program or may make the original program being measured appear 

more dependent than it actually is.  In cases where we have multiple links to a single 

program we may wish to take the strongest links to that program and disregard the 

weaker links.   

The proper approach depends upon the situation.  For vulnerability assessment 

and protection, it may be best to account for all interdependency links.  This approach 

avoids the loss of dependency information and the potential failure to recognize program 

vulnerabilities.  To measure overall program dependency characteristics, however, it may 

be more appropriate to account for only one unique program dependency per program.  

This thesis will take the second approach for the remainder of this example because we 

are demonstrating overall dependency measurement for the StarSat program.  Table 7 is 

then modified as shown in Table 8 below: 

Table 8. StarSat program dependencies 

Factor\Strength 4-Mandatory 3-Dependent 2-Associated 1-Tangential 0-Independent 

Funding 0 2 0 0 Not Measured 

Technological 1 0 1 0 Not Measured 

Support 0 5 1 0 Not Measured 

Requirements 0 0 0 0 Not Measured 

Totals 1 7 2 0 - 



 

60 

For BigSat, we determine that technological interdependency is stronger than the 

support interdependency, so the support interdependency is disregarded.  This is up to the 

discretion of the program manager as the two links for BigSat are both Level 4 – 

Mandatory.  The interdependencies for EagleSat and NovaSat are both Level 3 – 

Dependent for funding and support.  The choice of which to disregard is again left to the 

program manager.  In this case, let us say that the program manager believes that 

disruptions due to agency funding are somewhat more likely than disruptions due to a 

common support agency.  Then the support interdependency links are disregarded.  Table 

9 lists programs with first-degree dependency connections to StarSat. 

At this point the number of links in the table matches the number of programs 

upon which StarSat is dependent. This method of assessing dependency and 

interdependency links is useful if we wish to determine the number of programs 

depended upon rather than the total number of interdependency links.  However, the 

program office should keep in mind that multiple links to a given program may exist with 

additional dependencies and vulnerabilities.   

Second-Degree Interdependencies 

We have evaluated the programs upon which StarSat is directly dependent or 

interdependent.  However, this initial group of programs may not be the only programs 

which could affect StarSat.  Each of the directly connected programs may depend upon 

other second-degree programs.  Those second-degree programs may in turn depend upon 

third-degree programs.  If any of these higher-degree programs are adversely affected, 

those effects could propagate back to StarSat.  
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We will only measure up to second-degree dependencies in this example.  To 

account for second-degree programs, we run the dependency model for each of the first-

degree, or directly connected, programs.  Table 9 summarizes the results for the StarSat 

program showing second-degree depended-upon programs for each of the directly first-

degree programs (see Appendix B for calculations and data).  Program names have again 

been masked for the Second-degree programs. 

 

Table 9. List of StarSat second-degree dependencies 

First-Degree Program Second-Degree Program Dependency strength (for First-
Degree Program) 

BigSat BigSat Funding 1 2 

 BigSat Funding 2 2 

LittleSat LittleSat Funding 1 3 

 LittleSat Funding 2 2 

 LittleSat Requirements 1 2 

 LittleSat Requirements 2 2 

 LittleSat Requirements 3 3 

QuickSat QuickSat Funding 1 3 

 QuickSat Requirements 1 4 

 QuickSat Requirements 2 4 

SafeSat SafeSat Funding 1 2 

 SafeSat Technological 1 4 

RLG-1 RLG Funding 1 3 

 RLG Funding 2 3 

 RLG Requirements 1 4 

 RLG Requirements 2 3 
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We can then use Equation 2 to find the level of dependency for StarSat on each of 

the second-degree programs. The results are shown in Table 10.  (See Appendix B for 

calculations.) 

 

Table 10. Summary of StarSat second-degree dependencies 

Program 
StarSat 

Dependency 
Strength 

BigSat Funding 1 2 

BigSat Funding 2 2 

LittleSat Funding 1 2.25 

LittleSat Funding 2 1.5 

LittleSat Requirements 1 1.5 

LittleSat Requirements 2 1.5 

LittleSat Requirements 3 2.25 

QuickSat Funding 1 2.25 

QuickSat Requirements 1 3 

QuickSat Requirements 2 3 

SafeSat Funding 1 1.5 

SafeSat Technological 1 3 

RLG Funding 1 1.5 

RLG Funding 2 1.5 

RLG Requirements 1 2 

RLG Requirements 2 1.5 

 

When we add these to the ten first-degree dependencies previously evaluated, the 

overall dependency measurement for the StarSat program changes dramatically.  We now 

have 26 dependencies, ranging in strength from 1.5 to 4.  These are shown in Table 11: 
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Table 11. StarSat total program dependencies; 1st and 2nd degree 

Program Degree Dependency 
Strength 

Dependency 
Factor(s) 

BigSat 1st 4 Tech, Support 

NovaSat 1st 3 Funding, Support 

EagleSat 1st 3 Funding, Support 

SV Lab A 1st 3 Support 

SV Lab B 1st 3 Support 

SafeSat 1st 3 Support 

QuickSat 1st 3 Support 

LittleSat 1st 3 Support 

QuickSat Requirements 1 2nd 3 Requirements 

QuickSat Requirements 2 2nd 3 Requirements 

SafeSat Technological 1 2nd 3 Tech 

RLG 1 1st 2 Support 

LittleSat Funding 1 2nd 2.25 Funding 

LittleSat Requirements 3 2nd 2.25 Requirements 

QuickSat Funding 1 2nd 2.25 Funding 

Solar Panel Initiative 1st 2 Tech 

BigSat Funding 1 2nd 2 Funding 

BigSat Funding 2 2nd 2 Funding 

RLG Requirements 1 2nd 2 Requirements 

LittleSat Funding 2 2nd 1.5 Funding 

LittleSat Requirements 1 2nd 1.5 Requirements 

LittleSat Requirements 2 2nd 1.5 Requirements 

SafeSat Funding 1 2nd 1.5 Funding 

RLG Funding 1 2nd 1.5 Funding 

RLG Funding 2 2nd 1.5 Funding 

RLG Requirements 2 2nd 1.5 Requirements 
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Depending on the scope of the measurement, it may be appropriate to evaluate 

third-degree and even higher interdependencies.  These higher-degree dependencies are 

evaluated in the same way that second-degree interdependencies are evaluated.  These 

higher-degree relationships have in the past had significant effects upon programs.  High-

degree interdependencies, especially when they are high-level interdependencies, can 

propagate effects through multiple degrees to affect a program, in some cases even 

causing catastrophic effects.  For the purposes of this example, we have limited 

measurement to first- and second-degree interdependencies.  However, the importance of 

searching out and measuring higher-degree interdependencies cannot be overstated.   

Dependency Strengths 

Based on Table 8, we can calculate the first-degree dependency metrics for 

StarSat.  The average program dependency strength is 2.9, the Standard Deviation of the 

dependency strengths is 0.539, and the single maximum dependency strength is Level 4 – 

Mandatory (see Appendix B for calculations).  The first-degree dependency 

measurements can be summarized as shown in Table 12: 

 

Table 12. StarSat first-degree dependency summary 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 10 1 2.9 0.539 4 1 
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 We can also calculate metrics for second-degree program dependency strengths as 

well as total program dependency strengths.  The average strength is 2.016 with a 

standard deviation of 0.56 for second-degree program interdependencies (see Table 13), 

and an average strength of 2.36 with standard deviation 0.7 for all measured program 

interdependencies (see Table 14).  

 

Table 13. StarSat second-degree dependency summary 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 16 2nd only 2.016 0.56 3 3 

 

 

Table 14. StarSat total program dependency summary at program start 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 26 2 2.36 0.7 4 1 

 

 
These measurements show how strongly the StarSat program depends upon other 

programs.  Table 11 can also help determine the most heavily depended-upon programs, 

which can help program managers find the best ways to protect against adverse effects. 
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Take Action 

The program office should be aware of developments, progress, or obstacles 

within the other programs which StarSat is dependent upon.  From Table 11 we can see 

the most critical programs to StarSat.  These are the programs to which StarSat is the 

most vulnerable for interdependency effects.    The most critical dependency is on the 

BigSat program.  Adverse effects to BigSat, which is the lead program for development 

of the LV, could have high potential to disrupt StarSat.  The same is true for any second-

degree programs which BigSat depends upon.  If these second-degree programs are 

disrupted, the effects could spread through BigSat to StarSat.  The program office should 

carefully monitor the status of the BigSat program in order to prepare for and prevent 

adverse interdependency effects.  Additionally any of the programs which share support 

offices, particularly the LV Office and the SV Lab, should be monitored. 

The program office can work to implement mitigation strategies in case of 

adverse effects in these areas.  These strategies may be technical or contractual in nature, 

or may involve changes to concepts of operations.  Once program dependencies have 

been identified and measured, the program office can best determine how to protect 

against adverse effects from depended-upon programs. 

 Continuing Measurements 

The program office should continue to evaluate program interdependency for 

StarSat throughout the life of the program.  While the model provides an accurate snap-

shot-in-time assessment of program dependencies and interdependencies, these 

interdependencies will change as programs progress or are completed, and as new 
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programs emerge.  At the conclusion of a program, the program interdependencies will 

likely be very different from the interdependencies at the inception of the program.  By 

repeating the dependency and interdependency measurement process for StarSat as 

programs evolve, the program office will maintain awareness of changing program 

dependencies and changing vulnerabilities based on those dependencies.  The program 

office should determine how often to conduct interdependency measurements in order to 

maintain an accurate and current assessment of program interdependency. 

StarSat Interdependency Reassessment Two Years Later 

We will briefly illustrate continuing measurements by applying the MCIMM 

model to StarSat two years after program start.  We will focus on the total program 

dependency measurement. 

 
Funding  

The Funding Interdependency Factor can change greatly as programs are 

completed or as new programs emerge.  This is the case with StarSat.  Two years after 

program start, the EagleSat and NovaSat programs have been completed.  These 

programs no longer influence StarSat.  However, the SSDO is now funding two new 

programs: UltraSat and NewSat.  These two new programs draw funds from the same 

source as StarSat and are therefore interdependent with the StarSat program.  Figure 18 

shows the updated funding interdependencies for StarSat: 
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Figure 18.  StarSat Funding Interdependencies at two years after program start 

 
However, the UltraSat program is very high priority.  If any adverse events 

occurred prior to the completion of UltraSat, funds would be pulled from the other two 

programs in order to keep the UltraSat going and to avoid a delay.   

Conversely, the NewSat program is lower priority and is very far from being 

fielded.  If there were an adverse effect to NewSat, the program would have time to 

recover and would likely not require additional funds, especially from higher priority 

programs.   

This program priority characteristic effectively means that StarSat sees the 

UltraSat and NewSat missions at different interdependency levels.  UltraSat would be at 

Level 4 – Mandatory, while NewSat would be at Level 2 – Associated.  UltraSat would 

see StarSat as Level 2 – Associated, and NewSat as Level 1 – Tangential.  That is, 

UltraSat funds would never be taken to compensate for an adverse effect to the NewSat 

program.  NewSat would see UltraSat as Level 4 – Mandatory and StarSat as Level 3 – 

Dependent.  These interdependencies are summarized in Table 15: 
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Table 15. Funding interdependency for StarSat two years after program start 

Program\Program depended upon UltraSat NewSat StarSat 

UltraSat - 1 2 

NewSat 4 - 3 

StarSat 4 2 - 

 

 
This situation is illustrative of the differences that program priority can have on 

program interdependencies and thus shows why it is important to consider program 

priority when measuring interdependency.  It also illustrates that funding 

interdependencies are not always the same strength both ways between two programs.   

Technological 

Technological dependencies can change as technologies develop or even as 

technological development efforts fail.  Once a new technology or process has been 

fielded or successfully proven by another program, that dependency may be able to be 

reduced or retired.   

It is also important to determine if there are any new programs that will use the 

technologies that StarSat itself is developing.  These programs could add to or change the 

ways in which our program is depended upon. 

 In the case of StarSat, one of the major technological dependencies, the solar 

panel program, has been retired.  The LV development under BigSat is the only 

remaining technological dependency as shown in Figure 19:   
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Figure 19.  StarSat technological dependencies at two years after program start 

 
 
The strength of the dependency is unchanged because the LV is still critical to the 

StarSat program.  The new state of the technological dependencies for StarSat is shown 

in Table 16: 

 

Table 16. Technological interdependency for StarSat two years after program start 

Program\Program depended upon BigSat 

StarSat 4 

 
 
 
Support 

The Support Interdependency Factor changes as agencies and contractors take on 

new obligations and fulfill old ones.   Two years after the start of StarSat, the LV Office 

and RocketCorp have completed support for EagleSat and NovaSat but have started 

support for three new programs: the BrightSat program, UltraSat, and FarSat.  

RangeCorp has completed support for the RLG-1 program, but has also started support 

for LittleSat.  Additionally, the SafeSat program has decreased in priority.  There are no 

changes to support from other entities.  Figure 20 shows the updated interdependencies 

for the Support Interdependency Factor for StarSat. 
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Figure 20.  StarSat support interdependencies at two years after program start 

 
Table 17 shows the updated support interdependency strengths for StarSat two 

years after the start of the program.  Notice that although the StarSat dependency on 

SafeSat has decreased, SafeSat still has a Level 3 dependency on StarSat.     

 

Table 17. Support Interdependencies for StarSat two years after program start 

Program StarSat Dependency 
Strength 

Dependencies upon 
StarSat 

BigSat 4 2 

SV Lab A 3 3 

SV Lab B 3 3 

UltraSat 3 3 

FarSat 3 3 

BrightSat 3 3 

QuickSat 3 3 

LittleSat 3 3 

SafeSat 2 3 
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interdependency measurements as summarized in Tables 20 and 21 will help ensure that 

mitigations and protection strategies for adverse interdependence effects are kept up-to-

date.  Again, these two summary tables are most useful in assessing program dependency 

and vulnerabilities to interdependency effects 

StarSat Criticality 

So far we have focused on identifying and measuring program dependencies for 

the StarSat program.  Now that the program dependencies have been measured we will 

look more closely at the programs which are themselves dependent upon the StarSat 

program.   

There are two possible methods to measure program criticality.  The first is to 

attempt to measure the dependencies of other programs by simply applying the MCIMM 

model ―in reverse,‖ as discussed in Chapter III. We will call this the manual method.  The 

second method is to have all other program managers measure their programs for 

dependencies using the MCIMM model and see which ones identify StarSat as a 

depended-upon program.  

The first method can be difficult to apply because it is limited by the measurer’s 

knowledge of other programs.  The second method is currently difficult to apply because 

no tool exists at this time to collect, integrate, and analyze those data.  However, such a 

tool could be developed that would automate this process.  This method will be referred 

to as the Automated Method.   

For this example, we will use the manual method, which is that of estimating the 

dependencies of other programs upon StarSat ourselves.  We will apply each of the 



 

77 

Interdependency Factors, looking for programs which depend upon StarSat.  The Funding 

and Support factors are fairly straightforward because, as indirect factors, they are two-

way.  That is, they measure interdependencies rather than dependencies.  However, the 

strength of the interdependency each way may be different.  The Technological Factor is 

more difficult because it is generally one-way.  The Systems Interaction Requirements 

factor may show both dependencies and interdependencies and so may be one- or two-

way. 

For this example we will limit the scope of the criticality measurement to first-

degree dependent programs.   

Funding Criticality 

The same programs which StarSat depends upon with respect to the funding 

depend upon StarSat.  At program start, these are the EagleSat and NovaSat programs, 

and two years later they are the UltraSat and NewSat programs.  The difference in terms 

of program criticality vs. program dependency lies in the program priorities.  At program 

start, all three programs are of equal priority.  Thus, StarSat has a Level 3 – Dependent 

criticality to the EagleSat and NovaSat programs, which matches its own Level 3 

dependencies upon those programs.  StarSat funding criticality is shown in Table 22: 

 

Table 22. StarSat Funding Criticality at program start 

Program\Program depended upon StarSat 

EagleSat 3 

NovaSat 3 
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However, two years later, the programs have different priorities and consequently 

the dependency and criticality levels do not necessarily match.  We determined that 

StarSat has a Level 4 – Mandatory dependency upon UltraSat and a Level 2 – Associated 

dependency upon NewSat.  However, the reverse is not true.  UltraSat, being a higher-

priority program, is less dependent upon StarSat.  It would only have a Level 2 – 

Associated dependency upon StarSat.  If an adverse effect were to occur on the StarSat 

program, the UltraSat mission would most likely be unaffected.  Resources would likely 

not be pulled from UltraSat to assist StarSat.  For NewSat, the opposite is true because it 

is lower priority.  If an adverse effect were to occur to StarSat, it is possible that 

resources would be moved from the NewSat program, affecting cost, schedule and 

possibly performance.  So while StarSat has a Level 2 – Associated dependency upon 

NewSat, the NewSat program has a Level 3 – Dependent dependency upon StarSat. 

 The criticality of the StarSat program with respect to the Funding 

Interdependency Factor two years from program start is summarized in Table 23: 

 

Table 23. StarSat funding criticality two years from program start 

Program\Program depended upon StarSat 

UltraSat 2 

NewSat 3 

 

Technological Criticality 

To evaluate StarSat criticality from a technological standpoint, we must examine 

any new technologies, processes, materials, or data being developed internally by StarSat.  
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These include the SSP payload and the rapid development process.  At program start, no 

other programs were identified which depended upon these technologies.  The same is 

true two years later.  StarSat is not critical to any other programs from a technological 

standpoint. 

 This is not necessarily a weakness of the StarSat program.  In fact, if the StarSat 

technologies have not been developed to a sufficient Technology Readiness Level (TRL), 

then it would not be good for other programs to try to incorporate those technologies 

early on.  As the technologies are matured and proven through the StarSat program, they 

may be more likely to be adopted by other programs.   

Support Criticality   

Like the Funding Interdependency Factor, the Support factor is fairly simple to 

evaluate because the interdependencies identified earlier are two-way.  All programs 

upon which StarSat depends with respect to the Support Interdependency Factor depend 

on StarSat.  The degree to which they depend on StarSat may not match the degree to 

which StarSat depends upon them.  For example, BigSat and UltraSat are high-priority 

programs.  Their dependency levels upon StarSat are subsequently lower and would only 

be Level 2 – Associated rather than the Level 3 dependency of StarSat upon them.  

Likewise, at two years into the program, SafeSat has a Level 3 dependency upon StarSat, 

even though at that point StarSat only has a Level 2 dependency upon SafeSat.   Program 

priority should be considered when examining program criticality.  Table 24 shows the 

StarSat program criticality links at program start and at two years into the program:  
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Table 24. StarSat Support criticality at program start and at two years later 

Program\Program depended upon 
StarSat 
(Start) 

StarSat  
(Two Years) 

EagleSat 3 - 

NovaSat 3 - 

BigSat 2 2 

LittleSat 3 3 

QuickSat 3 3 

SV Lab 1 3 3 

SV Lab 2 3 3 

SafeSat 3 3 

RLG-1 2 - 

UltraSat - 2 

BrightSat - 3 

FarSat - 3 

 

Systems Interaction Requirements Criticality 

To evaluate program criticality with respect to the Systems Interaction 

Requirements Interdependency Factor, we look at current acquisition programs for 

systems which will interact with or depend upon the StarSat system operationally.  Note 

that this does not include fielded systems, only systems still in acquisition.  The reason is 

that we are measuring program criticality rather than systems criticality.   

 For StarSat, there are no systems under development which will depend upon the 

system operationally.  All systems which will interact with StarSat have already been 

fielded.  (In fact, the StarSat system was specifically designed to integrate with legacy 
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systems and not to depend on new systems.) At this time, StarSat is not critical to any 

other acquisitions programs because all systems with which StarSat will interact are 

already in service. 

 It is critical to understand that this factor does not reflect the operational 

importance of the program being evaluated.  The Systems Interaction Requirements 

Interdependency Factor is only a means to determine if there are other acquisitions 

programs which are dependent upon or interdependent with a certain program.  This 

factor can help find and evaluate these programmatic dependency links.  It does not 

measure the degree to which other systems depend upon the program, and it is not a 

measure of operational criticality or usefulness.  The Systems Interaction Requirements 

Interdependency Factor does not measure operational importance.  It simply helps to 

identify dependent or interdependent acquisition programs. 

 Second-Degree Programmatic Criticality  

Once we have determined the first-degree programs which depend upon StarSat, 

we can evaluate the programs with second-degree or higher dependencies on StarSat.  

This evaluation is done by applying the criticality measurement method to each of the 

first-degree dependent programs in order to identify the programs that depend upon them.  

StarSat is critical to these newly identified programs with a second-degree criticality.  

We will not measure second-degree criticality in this example, but it is important 

to be aware that a given program may still be highly critical to other programs separated 

by several degrees of dependency.  It may be appropriate to account for third, fourth, or 
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even higher degrees in order to accurately determine how critical a given program is to 

other acquisition programs within the DoD.   

Programmatic Criticality Measurement 

We can now integrate the program criticality measurements from the four 

Interdependency Factors to determine the programmatic criticality of StarSat to other 

acquisitions programs.  As stated previously, this is only a measure of programmatic 

criticality.  It does not reflect systematic or operational criticality.  It is a tool to help 

determine how an acquisition program may impact other acquisition programs.   

Tables 25 and 26 summarize the program criticality measurements for StarSat:  

 

Table 25. StarSat first-degree program criticality 

Program Dependency Strength 
(Program Start) 

Dependency Strength 
(Two Years) 

Dependency Factor(s) 

EagleSat 3 - Funding, Support 

NovaSat 3 - Funding, Support 

LittleSat 3 3 Support 

QuickSat 3 3 Support 

SV Lab 1 3 3 Support 

SV Lab 2 3 3 Support 

SafeSat 3 3 Support 

NewSat - 3 Support 

BrightSat - 3 Support 

FarSat - 3 Support 

RLG-1 2 - Support 

BigSat 2 2 Support 

UltraSat - 2 Support 
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Table 26. StarSat program criticality summary 

Time Number of 
Dependent 
Programs 

Degrees of 
Criticality 
measured 

Average 
Criticality 
Strength 

Std Dev of 
Criticality 
Strength 

Maximum 
Criticality 
Strength 

Number of 
Maximums 

Program 
Start 

9 1 2.778 0.416 3 7 

Two Years 
Later 

10 1 2.8 0.4 3 8 

 

 This example demonstrates program criticality measurement for the StarSat 

program.  These programs would be affected at least to some degree if StarSat were 

disrupted.  With this knowledge, we can see the importance of protecting StarSat against 

adverse effects, not just for its own sake, but also for the sake of the programs which 

depend upon it.  

Limitations of the Criticality Measurement 

The manual method used above maybe subject to bias if program personnel are 

the ones executing the measurement.  Personnel may wish to make the program seem 

more critical than it actually is.  One possible way to avoid this bias is to have a 

disinterested third party apply the model to take the criticality measurement for the 

program.  However, this may not always be possible.   

The automated method is not subject to this bias.  This method would collect 

program dependency data and integrate and analyze it for specific measurements.   This 

method could be integrated into existing DOD program management tools.  If this were 

to be done, it would provide a complete picture of program dependency and 

interdependency within the DoD, including higher-degree dependency measurements and 
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program criticality measurement.  Program managers would have to evaluate the first-

degree dependency and interdependency relationships for their programs.  These first-

degree evaluations could all be integrated to determine the full scope of dependency or 

criticality for any desired program. 

At this time no specific tool exists for this task.  However, a suitable database tool 

could easily be created which would allow program managers to input program 

dependency data and would then integrate that data to create a complete and accurate 

dependency and/or criticality measurement.  This idea is discussed as an area for future 

study in Chapter V. 

Future prediction of Interdependency 

We can also use the model to predict future interdependency relationships for the 

program based upon expected progress and changes to the programs.  For example, if 

programs that share funding interdependencies are expected to be complete or fielded 

within a certain timeframe, then we may be able to predict a reduction in interdependency 

links for that future timeframe.  Likewise, if we expect new programs to enter 

development which will share funding or support sources, we can make interdependency 

predictions based on expected program parameters.  Also, if we expect new programs to 

emerge which will depend upon our program, then we can make a prediction of future 

program criticality.   

This is an example of a possible way to use the MCIMM Model.  While this 

particular concept may be useful, validation and verification of this application is beyond 

the scope of this thesis. 
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Summary 

This chapter presents a simplified yet appropriate application of the 

interdependency measurement model to an acquisition program.   We have been able to 

demonstrate dependency and criticality measurement to include higher-degree 

interdependency relationships.  We have shown how the model can help identify specific 

vulnerabilities of a program based on programmatic dependencies and interdependencies.  

We have also shown how program interdependency can change with time as programs 

progress and new programs evolve.  Finally, we have demonstrated a measure of program 

criticality by using the model to determine how the program is depended upon by other 

programs. We have pointed out the potential bias and difficulty of using this method of 

criticality measurement and have suggested a possible alternate method which may be 

more accurate. 
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V.  Conclusions and Recommendations 

Chapter Overview 

This chapter presents the conclusions of the research and its significance and 

application in DoD program management.  It also provides recommendations for 

directions for future research in the area of program dependency and interdependency 

measurement. 

Conclusions of Research 

The MCIMM model can be used to measure program interdependency 

characteristics for a DoD acquisition program.  These measurements can show us the 

ways in which DoD programs may impact each other.  The model can be used to account 

for higher-degree interdependencies or dependencies with programs which are not 

directly connected.  These higher-degree dependencies can be strongly connected to a 

program and can cause severe program effects.  The MCIMM model provides a way to 

capture these interdependencies allowing program managers to protect against possible 

vulnerabilities.   

Significance of Research 

Until this time there has not been an adequate model for use in measuring 

program interdependencies.  The MCIMM model is the first maturity model to be used to 

measure program dependency and interdependency. The maturity model concept is well-

suited to this application because it can provide an accurate and quantitative measurement 
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of program interdependency.  By using the levels within the MCIMM model, program 

managers can fully and accurately characterize program interdependency qualities. 

Recommendations for Action 

The MCIMM should be used to measure program interdependencies within DoD 

acquisitions.  With this model and the accompanying understanding of interdependency 

impacts, programmatic decisions can be analyzed in the larger context of their effects on 

other programs.  Programs can also be better protected from interdependent effects if 

program interdependencies are better understood.  The MCIMM model provides the 

method to reach that understanding.   

Investigation should also be made into implementation of the automated 

interdependency and criticality measurement method outlined in the previous chapter.  

The implementation of this method would allow DoD program managers to make the 

most effective use of the MCIMM model and could provide acquisition leaders with a 

full and complete understanding of all program interdependencies within the DoD.    

Implementation of this method could require program managers to enter first-

degree program dependencies, including dependency strengths, into an online, database 

application.  All program first-degree program dependency data would be stored on a 

shared database.  If the first-degree data for all DoD acquisition programs is correctly 

entered, then any degree of dependency for any DoD program could be calculated 

automatically.  For example, in order to calculate a second-degree dependency for 

Program A, we must know the dependencies for a first-degree program, Program B.  If 

the program manager for Program B has entered the Program B first-degree dependency 
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data into the database, then the associated second-degree dependencies for Program A 

may be automatically calculated by the computer application.  This calculation is possible 

because the first-degree dependencies for Program B are the second-degree dependencies 

for Program A.  The program manager for Program A does not have to enter, or even 

know, the Program A second-degree dependencies because they will have already been 

entered as first-degree dependencies for other programs.  A computer program 

incorporating Equation 2 from this thesis could then determine the strength of each 

second-degree program dependency to Program A.  This capability exists for any degree 

of program dependency measurement and would allow automatic calculation of second-, 

third-, fourth-, and higher-degree dependencies automatically.  A notional example of a 

potential output of such a computer application is shown in Table 27: 

 

Table 27. Notional example of automated interdependency measurement 

Program A 

Degree Dependencies 
Mean 

Strength 
Std Dev Max 

# of 
Max 

1st 8 2.8 0.63 4 2 

2nd 46 2.21 0.75 4 2 

3rd 175 1.51 0.45 3.8 1 

4th 454 1.02 0.54 3.3 1 

∞ 672 1.27718 0.45 4 4 

 

This method could be integrated into current web-based, DoD program 

management tools or statusing programs.  The potential benefits of having an integrated 

database of all program dependencies and interdependencies for all acquisition programs 

within the DoD are enormous.  Program decisions could be evaluated to determine how 
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they could potentially affect all other DoD programs to any specified degree of distance.  

An adverse effect to one program could be mitigated by other programs in advance if the 

full scope of program interdependencies is known.  The value of a tool that would allow 

application of the MCIMM model to all programs within the DoD, and automatic 

calculation of high-degree program dependencies, cannot be overstated.  The MCIMM 

model provides a method for measuring program interdependency accurately and 

quantitatively.  Use of a computer-based tool for automatic dependency tracking and 

calculation may be the best way to effectively implement the MCIMM model in the DoD. 

Limitations 

 The scope of this research has been limited to DoD acquisitions systems.  While 

the research and model may be applicable to other areas, such a civil or corporate 

program management, demonstration or validation of the model in those areas is beyond 

the scope of this thesis.  

 The model only provides a snapshot-in-time measurement of program 

interdependency.  For this reason, it is important that the program office apply the model 

multiple times during the life of a program.  The program manager may decide to 

measure program interdependency on a time-based interval (monthly, quarterly, annually, 

etc) or on an event-based interval (at program milestones or upon emergence of a new, 

interdependent program).  At the very least, program interdependency should be 

measured at the start of a program.  The frequency of additional measurements is at the 

discretion of the program manager, with the understanding that interdependencies can 

change dramatically over the life of a program.   
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The model does not explicitly include measures of probability of disruption 

because of adverse effects to an interdependent program.  Rather, the model provides 

guidelines for evaluating interdependency based on the potential severity of a negative 

impact in any of the four Interdependency Factors.  This restriction is not necessarily a 

weakness, as the model is designed to increase awareness of potential pitfalls caused by 

interdependencies with other programs.  When strong program interdependencies are 

identified, the program manager may use an estimate of the probability of disruption 

when determining how to respond to those interdependencies, whether through resource 

allocation or through development of other mitigation strategies.  The Interdependency 

Level of a connected program should not be adjusted based on the probability of 

disruption.  The Interdependency Level is only used to determine the possible magnitude 

of a negative impact, not the probability of that impact. The program manager should use 

probability to determine how to respond to interdependency at a given Interdependency 

Level.  

Finally, the model is limited by measurer’s knowledge of other potentially 

interdependent programs.  This thesis establishes guidelines for identifying program 

interdependencies using the four Interdependency Factors.  However, the measurer may 

be unaware of the existence of a potentially interdependent program.  If this is the case, 

then some, possibly significant, interdependencies may be unaccounted for.  

Recommendations for Future Research 

This thesis has addressed high-degree interdependencies, meaning 

interdependencies with programs that are connected thorough intermediate programs.  
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While this thesis has presented algorithms to account for the strength of these higher-

degree program dependencies, further study into the effects of distantly-related programs 

would be useful.  A study of the applicability of algorithms used in social network 

analysis may also provide insight into the nature of high-degree interdependency 

relationships. 

A study into implementation of the automated interdependency and criticality 

measurement method would also be beneficial.  This could be a software program 

implemented into existing DoD program management software tools or some database 

program.  A study into the potential requirements, implementation methods, and concepts 

for use of this program would be extremely useful. 

Additional studies into the correlation of specific interdependency metrics with 

program outcomes would serve to further establish the validity of the model.  Such 

studies have already been done with interdependency measurement factors such as Ne 

and S(i,j) (Flowe, et al., 2010, Mane & DeLaurentis, 2011), and has helped to establish 

the importance of program interdependency measurement.  Specific study into the 

correlation between average program interdependency levels, maximum interdependency 

levels, the number of program interdependencies, and program outcomes may help 

program managers to make the best use of program interdependency metrics derived 

from the MCIMM model. 

Finally, researchers might seek to determine whether any of the Interdependency 

Factors are particularly likely to become manifest in the current DoD acquisition 

environment.  Such research may enhance understanding of the nature of program 
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interdependency.  In other words, researchers could seek to determine if certain 

Interdependency Factors, such as Support or Funding, are generally more widespread 

than other factors.  They could also examine whether certain Interdependency Factors are 

more likely to manifest in particular types of programs.  Research could also seek to 

determine if there is any difference in the way in which adverse effects originating from 

different Interdependency Factors propagate. 

Summary 

We have discussed the significance of this research in measuring DoD acquisition 

program dependencies and interdependencies.  The MCIMM model gives the program 

manager a powerful tool for measuring program interdependency characteristics and 

determining the ways in which one program may have impacts upon another.  As the 

acquisitions world continues to expand and becomes increasingly complex, program 

interdependencies will become more and more important.  The MCIMM model provides 

a structure and methodology for fully evaluating these interdependencies.  Use of the 

MCIMM model will lead to greater awareness of program dependency and 

interdependency relationships, better –understanding of program management decisions, 

identification of difficult-to-find program vulnerabilities, and a greater probability of 

program success in the increasingly interdependent acquisition environment.   
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Appendix A – Interdependency Metrics Equations 

 

The following is a summary of the measurement equations used with the MCIMM 

model: 

 

Number of Dependencies 

The number of dependencies is determined by counting the number of programs 

having dependency connections to the program being measured.  It is an integer value.  In 

this thesis we have counted the number of programs which are dependent or depended-

upon, rather than the number of dependency links or connections.  This is important 

because a single program may have multiple dependency links.  For example, a single 

program may be connected through both Funding and Technological dependencies.  

Therefore, the number of connected programs and the number of connections, or links, 

could be very different.  

 The number of dependencies is calculated by using the Interdependency Factors 

presented in the MCIMM to determine the number of programs with dependency 

connections to the program being measured. 

 

Strength of Dependency 

 The strength of a first-degree dependency is found by applying the 

Interdependency Levels in the MCIMM model.  The dependency is evaluated against the 

criteria established for each level of the model.  When the appropriate level is 
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determined, the dependency is assigned a numerical value commensurate with that level.  

The value will be between 0 and 4. 

 Degree of Interdependency 

 The degree of interdependency is as the number of steps between a program and 

the program being measured.  If a program can directly influence another program then it 

has a first-degree dependency connection.  A program which can influence another 

program by affecting an intermediate program has a higher-degree dependency.   

The maximum degrees of dependency measured are determined when setting the 

scope of the measurement.  It may be appropriate to measure only first-degree 

connections or it may be appropriate to measure much higher degrees.  As the degree of 

dependency increases, the strength of the dependency connection to the original program 

generally becomes weaker.  However, higher-degree dependencies can often have 

significant effects to a program. 

 

Higher-Degree Dependency Strength 

 Higher-degree dependencies are measured in a two-step process.  First, the 

strength of their dependency with an immediately connected program is measured.  For 

example, for a second-degree program, the dependency connection with a first-degree 

program would be measured.  The dependency with the original program is then 

calculated using Equation 2, repeated here:  
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Average Dependency Strength 

When all program dependencies have been measured, the average dependency 

strength   , can be calculated.  This value is the mean of all measured dependency values. 

The formula for this calculation is given by Equation 3 below: 

 

   
 

 
          

Equation 3. Average interdependency strength    

 
In this equation, N represents the number of dependencies measured, and        

        are the individual strengths of each dependency  

 

Standard Deviation of Dependency Strength 

 The standard deviation of dependency strength can tell us how closely the 

different dependency strengths are gathered around the mean value.  Large standard 

deviations mean a greater variety of dependency strengths.  Smaller values mean that 

most dependency strengths are close to the mean value.   

This standard deviation of dependency strength is calculated with Equation 4. 

 

   
 

 
         

 

   

 

Equation 4. Standard deviation of dependency strength 



 

97 

For this equation, N again represents the number of dependencies measured,     is 

the individual strength of each dependency, and      is the average dependency strength. 

 

Maximum Dependency Strength 

 The maximum dependency strength is determined by examining the dependencies 

measured.  The maximum strength indicates the most significant potential effects to the 

program based on interdependencies.   

 

Number of Occurrences of the Maximum Strength 

The number of occurrences of the maximum strength is also determined by 

inspection.  This is the number of programs that manifest the highest level of 

interdependency observed, and therefore have the potential for the most significant, or 

most severe, interdependent effects.   

 

Summary 

These are a few of the metrics that can be obtained using the MCIMM model and 

are the metrics used in the examples in this thesis.  Table 28 provides a summary of these 

metrics with their definitions, uses, and methods of calculation. 
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Table 28. MCIMM metric summary table 

Metric What it is How to Calculate it What it Tells Us 

Number of 
Dependencies 

The number of 
dependencies up to or at 
a certain degree  

Sum the number of 
programs with 
dependency links (NOT 
the number of links) 

How many programs 
have a dependency 
relationship with the 
program being measured 

Degrees 
Measured 

The magnitude of 
separation of the 
dependencies measured 

Predetermined by the 
scope of the 
measurement 

The extent to which 
distant dependencies 
have been measured 

Average 
Dependency 
Strength 

The average level of 
dependency connection 
for the program.  

   
 

 
          

The general level of 
dependency strength for 
the program 

Std Dev of 
Dependency 
Strength 

The closeness of all 
dependencies in general 
to the average value 

   
 

 
         

 

   

 

How close all 
dependencies are to the 
average value 

Maximum 
Dependency 
Strength 

The level of dependency 
of the strongest 
dependency connection 
for the program 

Largest value of Si in 
the set S 

The strength of the 
strongest dependency 
links for the program 
being measured 

Number of 
Maximums 

The number of programs 
exhibiting the maximum 
level of dependency 

Number of occurrences 
of the largest value of 
Si 

The number of programs 
having the strongest 
dependency links 
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Appendix B – StarSat Interdependency Calculations 

 

The StarSat program was measured for first- and second-degree program 

dependencies at program start and at a point in time two years later.  The program was 

also measured to determine first-degree program criticality at the same times.  These 

measurements were presented in Chapter IV.  This appendix shows the calculations used 

to determine those measurements.   

For the example case we presented six metrics to characterize the dependencies of the 

StarSat program.  These were: the number of dependencies, the degree of dependency 

measured, the average strength of the dependencies, the standard deviation of the 

dependencies, the maximum strength of the dependencies, and the number of occurrences 

of the maximum strength.  The calculations of these metrics are presented here. 

 

First-Degree Dependencies at Program Start 

The MCIMM measurement process identified ten first-degree dependencies for 

StarSat using the Interdependency Factors.  The strengths of those dependencies were 

then measured using the Interdependency Levels.  The results are summarized in Table 

29. 
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Table 29. StarSat first-degree dependencies summary 

Program Dependency 
Strength 

Dependency Factor(s) 

BigSat 4 Tech, Support 

NovaSat 3 Funding, Support 

EagleSat 3 Funding, Support 

SV Lab A 3 Support 

SV Lab B 3 Support 

SafeSat 3 Support 

QuickSat 3 Support 

LittleSat 3 Support 

RLG 1 2 Support 

Solar Panel Initiative 2 Tech 

 

Number of Dependences 

 For the StarSat first-degree measurement at program start, ten programs were 

identified upon which StarSat is dependent.  The value of this metric then, is 10. 

 

Degrees of Dependency Measured 

 This value is set when determining the scope of the measurement.  At this point 

the value is 1 because we have only measured first-degree dependencies. 
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Average Strength of the Dependencies 

 Table 25 presents the strength of each dependency.  To determine the average 

value of the dependency strengths,   , we apply Equation 3, where N = 10 and Si is the 

strength of each dependency.    

  We than have the following: 

   
 

  
                          

 
Standard Deviation of Dependencies 

 With the average dependency strength calculated, we can find the standard 

deviation of the dependency strengths.  This is calculated with Equation 4. 

   
 

  
                                         

 
Maximum Strength of Dependencies 

 Examination of the first-degree dependencies as shown in Tables 8 and 25, shows 

that the maximum dependency strength is Level 4 – Mandatory.  The value of this metric 

is 4. 

 

Number of Occurrences of the Maximum Strength 

Again, by examining Tables 8 and 25, we can see that there is one instance of the 

maximum dependency strength.  The value for the metric is then 1.  This dependency 

manifests with the BigSat program. 
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First-Degree Dependency Summary at Program Start 

 With the metrics calculated as above we can summarize the first-degree program 

dependencies.  This summary was shown in Table 12 and is repeated here. 

 

Table 12. StarSat First-Degree dependency summary 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 10 1 2.9 0.539 4 1 

 

 These metrics show the general characteristics of the StarSat first-degree 

dependencies.  We can see that there is one highly critical program with most other 

programs being at Level 3.  This effectively shows us that most of the first-degree, 

depended-upon programs at program start could have significant effects to StarSat. 

Second-Degree Dependencies at Program Start 

The second-degree programs were measured in much the same way as the first 

degree programs, but with an additional step.  The MCIMM model was applied to each of 

the first-degree programs to identify additional, second-degree program dependencies 

(See Appendix C), and to determine the strengths of these second-degree programs upon 

the first-degree programs.  The unique second-degree programs, and the dependency 

strengths of the first-degree programs, are summarized in Table 9, repeated here.   The 

additional step is to determine the strength of each second-degree dependency with 

StarSat using Equation 2. 
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Table 9. List of StarSat second-degree dependencies 

First-Degree Program Second-Degree Program Dependency strength (for First-
Degree Program) 

BigSat BigSat Funding 1 2 

 BigSat Funding 2 2 

LittleSat LittleSat Funding 1 3 

 LittleSat Funding 2 2 

 LittleSat Requirements 1 2 

 LittleSat Requirements 2 2 

 LittleSat Requirements 3 3 

QuickSat QuickSat Funding 1 3 

 QuickSat Requirements 1 4 

 QuickSat Requirements 2 4 

SafeSat SafeSat Funding 1 2 

 SafeSat Technological 1 4 

RLG-1 RLG Funding 1 3 

 RLG Funding 2 3 

 RLG Requirements 1 4 

 RLG Requirements 2 3 

 

Second-Degree Dependency Strengths 

Once the second-degree programs have been identified, we can calculate the 

strength of each second-degree dependency with Equation 2.  The calculations for each 

second-degree program are shown below.  For second-degree calculations we set x = 2. 

 
BigSat Funding 1:                    

BigSat Funding 2:                    

LittleSat Funding 1:                       
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LittleSat Funding 2:                      

LittleSat Requirements 1:                     

LittleSat Requirements 2:                     

LittleSat Requirements 3:                      

QuickSat Funding 1:                       

QuickSat Requirements 1:                   

QuickSat Requirements 2:                   

SafeSat Funding 1:                      

SafeSat Technological 1:                   

RLG Funding 1:                      

RLG Funding 2:                      

RLG Requirements 1:                    

RLG Requirements 2:                      

  
Now that these dependency strengths have been determined we can measure the 

other metrics. 

 

Number of Dependences 

 For the StarSat second-degree measurement at program start, 16 unique programs 

were identified upon which first-degree programs are dependent.  The value for this 

metric is 16. 

Note that in Appendix C, many more second-degree programs are identified for 

the firs-degree programs, especially for the Support Factor.  However, these programs are 
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already identified as first-degree programs for StarSat.  So while QuickSat depends upon 

BigSat, BigSat is already identified as a strong first-degree dependency for StarSat, and 

so it is not counted as an additional second-degree dependency.   

It is possible though, that a program may have a stronger second-degree effect 

than its first-degree effect.  For example, if BigSat had a Level 4 – Mandatory 

dependency upon QuickSat, the second-degree dependency value for StarSat upon 

QuickSat would be Level 4 – Mandatory, as well.  This is higher than the first-degree 

dependency value which is only Level 3 – Dependent.   While this is not the actual case 

for the StarSat example, the program office should be aware of the potential that second-

degree dependencies may be just as important as, or even more important than, first-

degree dependencies.  

 

Degrees of Dependency Measured 

 We ware only measuring a single degree of dependency: the second-degree 

dependencies.  Because only one degree is being measured we note this as ―2nd only.‖ 

 

Average Strength of the Dependencies 

 We have calculated the strength of each second-degree dependency already.  We 

again use Equation 3 to determine the average value of the second-degree dependency 

strengths.  For this case, N = 16 because we have 16 second-degree dependencies.    
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Standard Deviation of Dependencies 

 With the average dependency strength calculated, we can find the standard 

deviation of the dependency strengths.  This is calculated with Equation 4. 

 
 

  
                                                              

      

 

Maximum Strength of Dependencies 

 The maximum strength of the second-degree dependencies for StarSat is 3.   

 

Number of Occurrences of the Maximum Strength 

There are three instances of the maximum dependency strength.  These are for 

systems interaction requirements dependencies for LittleSat and a Technological 

dependency for SafeSat.  

 

Second-Degree Dependency Summary at Program Start 

 With the metrics calculated as above we can summarize the second-degree 

program dependencies as shown in Table 13 (repeated here).  

 

Table 13.  StarSat second-degree dependency summary 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 16 2nd only 2.016 0.56 3 3 
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 These metrics show the general characteristics of the StarSat second-degree 

dependencies at program start.  We can see that there are several other significant 

programs which may have been missed had we confined measurement to first-degree 

dependencies only. 

 

Total Dependency Calculations for StarSat at Program Start 

With both the first and second degree dependencies measured we can summarize 

the total StarSat program dependency measurements at program start.  

 

Number of Dependences 

 The total number of program dependencies is simply the sum of the number of 

dependencies for each degree measured.  In this case we have 10 first-degree 

dependencies and 16 second-degree dependencies.  The total number of dependencies at 

the start of the program is 26.   

 

Degrees of Dependency Measured 

 We have measured first and second degree dependencies.  The value for this 

metric is then 2. 

 

Average Strength of the Dependencies 

 We can combine the average strength of the first- and second-degree 

dependencies to find the total average strength.  There are 10 first-degree dependencies 

with an average strength of 2.9, and 16 second-degree dependencies with an average 
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strength of 2.016.  The total average dependency strength is can then be calculated with 

Equation 3.   

    
      

 

  
                          

 
Standard Deviation of Dependencies 

 With the total average dependency strength calculated, we can find the standard 

deviation of the dependency strengths.   

 

  
 

  
                                                                     

     

 
Maximum Strength of Dependencies 

 The maximum dependency strength for all program dependencies at program start 

is Level 4 – Mandatory.   

 

Number of Occurrences of the Maximum Strength 

There is one instance of the maximum dependency strength.  This dependency is 

on the BigSat program. 

 

Total Program Dependency Summary at Program Start 

 We can summarize the total program dependencies to include first- and second-

degree dependencies.  This summary was shown in Table 14 and is repeated here. 
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Table 14. StarSat total program dependency summary at program start 

Program Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

StarSat 26 2 2.36 0.7 4 1 

 

Calculations for Dependencies Two Years after Program Start 

The same steps detailed above are used to calculate the program dependency 

characteristics two years into the program.  We will focus on the total dependency 

measurement rather than the overall averages and metrics for first- and second-degree 

program dependencies separately.   

We must still calculate the individual strengths of each dependency starting with 

the first-degree dependencies.  Using the MCIMM model ten first-degree 

interdependencies were measured.  These are shown in Table 30 below.  

 

Table 30. StarSat first-degree dependences two years after program start 

Program Dependency 
Strength 

Dependency 
Factor(s) 

BigSat 4 Tech, Support 

UltraSat 4 Funding, Support 

SV Lab A 3 Support 

SV Lab B 3 Support 

QuickSat 3 Support 

LittleSat 3 Support 

FarSat 3 Support 

BrightSat 3 Support 

SafeSat 2 Support 

NewSat 2 Funding 
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Second-Degree Dependency identification 

 The second-degree dependencies were identified and measured as before.  

Appendix C for shows the dependency strengths between the first- and second degree 

programs.   

 

Number of Dependences Two Years Later 

 For the StarSat dependency measurement two years after program start we 

identified ten first-degree programs as shown in Table 29, and 15 second-degree 

programs as shown in Appendix C.  The value of this metric is 25. 

 

Degrees of Dependency Measured 

 This value is set when determining the scope of the measurement.  For this 

measurement the value is 2 because we are measuring first-and second-degree 

dependences.   

 

Second-Degree Dependency Strengths 

With the updated dependency measurements the new second-degree program 

dependencies can be calculated.  The equations are given below.  We will only show 

those second-degree dependencies which are new are different from the previous 

measurement.  Note that the second-degree dependencies associated with SafeSat are 

recalculated.  This is because of the change in the SafeSat first-degree dependency level 

from Level 3 to Level 2.   
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SafeSat Funding 1:                    

SafeSat Technological 1:                   

FarSat Funding 1:                       

BrightSat Funding 1:                       

BrightSat Funding 2:                       

  
Now that these dependency strengths have been determined we can measure the 

other metrics.   

 

Average Strength of the Dependencies 

 Table 20 presents the strength of each dependency.  It is repeated here.  To 

determine the average value of the dependency strengths,   , we apply Equation 3, where 

N = 25 and Si is the strength of each dependency.  Note that rather than sum each 

individual dependency, we multiply by each level of dependency strength by the number 

of times it occurs.  For example, there are two Level 4 dependences.  We represent this 

with 2(4) rather than 4+4.   

  We than have the following equation for the average dependency strength two 

years after program start: 
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Table 20. StarSat program dependencies two years after program start 

Program Degree Dependency 
Strength 

Dependency 
Factor(s) 

BigSat 1st 4 Tech, Support 

UltraSat 1st 4 Funding, Support 

SV Lab A 1st 3 Support 

SV Lab B 1st 3 Support 

QuickSat 1st 3 Support 

LittleSat 1st 3 Support 

FarSat 1st  3 Support 

BrightSat 1st 3 Support 

QuickSat Requirements 1 2nd 3 Requirements 

QuickSat Requirements 2 2nd 3 Requirements 

LittleSat Funding 1 2nd 2.25 Funding 

LittleSat Requirements 3 2nd 2.25 Requirements 

QuickSat Funding 1 2nd 2.25 Funding 

BrightSat Funding 1 2nd 2.25 Funding 

BrightSat Funding 2 2nd 2.25 Funding 

FarSat Funding 1 2nd 2.25 Funding 

SafeSat 1st 2 Support 

NewSat 1st 2 Funding 

SafeSat Technological 1 2nd 2 Tech 

BigSat Funding 1 2nd 2 Funding 

BigSat Funding 2 2nd 2 Funding 

LittleSat Funding 2 2nd 1.5 Funding 

LittleSat Requirements 1 2nd 1.5 Requirements 

LittleSat Requirements 2 2nd 1.5 Requirements 

SafeSat Funding 1 2nd 1 Funding 
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Standard Deviation of Dependencies 

 With the average dependency strength calculated, we can find the standard 

deviation of the dependency strengths.  This is calculated with Equation 4. 

   
 

  
 
                                          

                                                

 
Maximum Strength of Dependencies 

 Examination of the first- and second-degree dependencies as shown in Table 20 

shows that the maximum dependency strength is Level 4 – Mandatory.  The value of this 

metric is 4. 

 

Number of Occurrences of the Maximum Strength 

We also note that there are two occurrences of Level 4 dependency.  There are 

with the BigSat and UltraSat programs.  The value for the metric then is 2. 

 

Dependency Summary Two Years after Program Start 

 With the metrics calculated as above we can summarize the program 

dependencies.  This summary is shown as part of Table 21 and is repeated here: 

 

Table 21. StarSat program dependency summary two years from program start 

Time Number of 
Dependencies 

Degrees of 
Dependency 

measured 

Average 
Dependency 

Strength 

Std Dev of 
Dependency 

Strength 

Maximum 
Dependency 

Strength 

Number of 
Maximums 

Program 
Start  

26 2 2.36 0.7 4 1 

Two Years 
Later 

25 2 2.44 0.729 4 2 

Change -1 0 0.08 0.029 0 1 
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Criticality Measurement 

 The StarSat criticality measurement in our example is limited to first-degree 

criticality.  In order to accomplish this measurement, all programs which depended upon 

StarSat are identified and the strengths of their dependencies measured.  This was done in 

Chapter IV and summarized in Table 25 which is repeated here: 

 

Table 25. StarSat first-degree dependency summary 

Program Dependency Strength 
(Program Start) 

Dependency Strength 
(Two Years) 

Dependency Factor(s) 

EagleSat 3 - Funding, Support 

NovaSat 3 - Funding, Support 

LittleSat 3 3 Support 

QuickSat 3 3 Support 

SV Lab 1 3 3 Support 

SV Lab 2 3 3 Support 

SafeSat 3 3 Support 

NewSat - 3 Support 

BrightSat - 3 Support 

FarSat - 3 Support 

RLG-1 2 - Support 

BigSat 2 2 Support 

UltraSat - 2 Support 

 

 
Number of Criticalities 

 At program start, nine other programs depend upon StarSat to some extent.  Two 

years later, ten programs depend upon StarSat.  The values for these metrics are 9 and 10.  
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Degrees of Criticality Measured 

 For this example we determined to measure only first-degree criticality.  The 

value of the metric is 1. 

 

Average Strength of the Criticalities 

 Base on Table 25, we can calculate the average criticality strength at program 

start and two years after program start.  We use Equation 3 for this calculation.  At 

program star, N = 9.  At the two-year timeframe, N = 10.  

  We than have the following equations for the average StarSat criticality strength: 

 
At program start: 

   
 

 
                          

 

Two years after program start: 

   
 

  
                          

 

Standard Deviation of Criticalities 

 Now that we have calculated the average criticality strength, we can determine the 

standard deviation of the criticality strength.  This is calculated with Equation 4. 

 

At program start: 
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Two years after program start: 

   
 

  
                                

 

Maximum Strength of Criticality 

 The maximum strength of criticality for StarSat both at program start and two 

years later is Level 3 – Dependent.   

 

Number of Occurrences of the Maximum Strength 

There are six instances of the maximum criticality value at program start and 

seven instances two years after program start.  The values for the metric are then 7 and 8. 

 

Dependency Summary Two Years after Program Start 

 With the criticality metrics calculated, we can summarize the program the 

program criticality as below.  This summary is shown in Table 26 and is repeated here: 

 
Table 26. StarSat program criticality summary 

Time Number of 
Dependent 
Programs 

Degrees of 
Criticality 
measured 

Average 
Criticality 
Strength 

Std Dev of 
Criticality 
Strength 

Maximum 
Criticality 
Strength 

Number of 
Maximums 

Program 
Start 

9 1 2.778 0.416 3 7 

Two Years 
Later 

10 1 2.8 0.4 3 8 
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Appendix C – Second-Degree Dependency Analysis for StarSat 

 

 In order to calculate the StarSat second-degree dependencies, the MCIMM model 

was applied to each first-degree program.  The tables following show the analysis used to 

determine the second-degree interdependencies of the StarSat program.  Each first-degree 

program is analyzed in turn.  Table 31 identifies second-degree dependencies at the start 

of the program, while Table 32 identifies second-degree dependencies two years after the 

start of the program.  Note that the accuracy of this analysis is limited by the analyst’s 

knowledge regarding the first-degree programs and their dependencies.  .   

 The strength of each second degree program dependency for the associated first-

degree program is determined using the Interdependency Levels in the MCIMM model. 

Once all of the second-degree dependencies have been identified and measured, 

the unique second-degree dependencies need to be isolated.  Notice that for these 

programs, all of the second-degree Support dependencies have already been accounted 

for as first-degree dependencies for the StarSat program.  They are stronger as first-

degree dependencies than they are as second-degree dependencies, and so we do not 

count them again here.  The unique second-degree dependencies are highlighted in 

Tables 31 and 32. 

Once the unique second degree dependencies have been indentified and their 

dependency strengths to the first-degree programs measured, we can proceed with 

measuring their second-degree strengths with the StarSat program.  This is done using 

Equation 2.  The calculations are shown in Appendix B.  
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Table 31. Second-degree dependencies at program start 

 

 

Program Dependency 

Strength
Program Strength Program Strength Program Strength Program Strength

Funding BigSat Funding 1 2 LittleSat Funding 1 3 QuickSat Funding 1 3 SafeSat Funding 1 2 NovaSat 3

BigSat Funding 2 2 LittleSat Funding 2 2 QuickSat Requirements 1 2 SafeSatTechnological 1 3 StarSat 3

(Same program as  below) (Same program as  below)

Support LittleSat 2 BigSat 4 BigSat 4 BigSat 4 BigSat 2

QuickSat 2 QuickSat 3 LittleSat 2 LittleSat 3 QuickSat 1

SafeSat 2 SafeSat 3 SafeSat 2 QuickSat 4 SatSat 1

EagleSat 2 NovaSat 3 EagleSat 2 EagleSat 1 NovaSat 3

NovaSat 2 StarSat 3 NovaSat 3 NovaSat 3 StarSat 3

StarSat 2 StarSat 3 StarSat 3

Requirements LittleSat Requirements 1 2 QuickSat Requirements 1 4 SafeSatTechnological 1 4

LittleSat Requirements 2 2 QuickSat Requirements 2 4 (Same program as  below)

LittleSat Requirements 3 3

Technological BigSat 4 BigSat 4 SafeSatTechnological 1 4

BigSat 4

At Program 

Start

BigSat LittleSat QuickSat SafeSat EagleSat

Program Strength Program Strength Program Strength Program Strength Program Strength

Funding EagleSat 3 RLG Funding 1 3

StarSat 3 RLG Funding 2 3

RLG Requirements 1 3

RLG Requirements 2 3

Support BigSat 3 StarSat 2

LittleSat 3

QuickSat 3

SafeSat 3

EagleSat 3

StarSat 3

Requirements RLG Requirements 1 4

RLG Requirements 2 3

(Same programs as  above)

Technological

At Program 

Start

NovaSat RLG 1 SV Lab 1 SV Lab 2 Solar Panel Initiative

None 
Identified
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Table 32. Second-degree dependencies two years after the start of the program 

 
 

 

Program Strength Program Strength Program Strength Program Strength Program Strength

Funding BigSat Funding 1 2 LittleSat Funding 1 3 QuickSat Funding 1 3 SafeSat Funding 1 2 StarSat 2

BigSat Funding 2 2 LittleSat Funding 2 2 QuickSat Requirements 1 2 SafeSatTechnological 1 4 NewSat 1

(Same program as  below) (Same program as  below)

FarSat 2

Support LittleSat 2 BigSat 4 BigSat 4 BigSat 4 BigSat 3

QuickSat 2 QuickSat 3 LittleSat 2 LittleSat 3 LittleSat 2

SafeSat 2 SafeSat 3 SafeSat 1 QuickSat 4 QuickSat 3

UltraSat 2 UltraSat 3 UltraSat 3 UltraSat 4 SafeSat 1

BrightSat 2 BrightSat 3 BrightSat 3 BrightSat 3 BrightSat 3

FarSat 1 FarSat 2 FarSat 2 FarSat 2 FarSat 2

StarSat 2 StarSat 3 StarSat 2 StarSat 3 StarSat 2

Requirements LittleSat Requirements 1 2 QuickSat Requirements 1 4 SafeSatTechnological 1 4

LittleSat Requirements 2 2 QuickSat Requirements 2 4 (Same program as  below)

LittleSat Requirements 3 3

Technological BigSat 4 BigSat 3 SafeSatTechnological 1 4

BigSat 4

 Program Start 

+ Two Years

BigSat LittleSat QuickSat SafeSat UltraSat

Program Strength Program Strength Program Strength Program Strength Program Strength

Funding BrightSat Funding 1 3 UltraSat 4 FarSat Funding 1 3

BrightSat Funding 2 3 StarSat 3

Support BigSat 3 BigSat 4

LittleSat 3 LittleSat 3

QuickSat 3 QuickSat 3

SafeSat 2 SafeSat 3

UltraSat 3 UltraSat 4

FarSat 2 BrightSat 2

StarSat 2 StarSat 3

Requirements

Technological BigSat 4

BrightSat NewSat FarSat SV Lab 1 SV Lab 2 Program Start 

+ Two Years

None Identified
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Appendix D – Checklist for Applying the MCIMM Model 

 

Step 1: Determine the Scope of the Measurement 

 To what degree of dependency will we measure? 

Will the measurement be confined to a certain office or agency or will it 

encompass all DoD programs? 

Step 2: Use the MCIMM Interdependency Factors to Identify Program  

Dependencies 

Funding: Where does the money for the program come from and who else gets 

money from that source? 

Technological: What programs are developing something new that is needed for 

our program? 

Support: What other programs are supported by the agencies, organizations, 

contractors, or other entities responsible for supporting our program? 

Systems Interaction Requirements: What in-development systems will our system 

depend upon operationally?  What in-development systems will depend upon us? 

Step 3: Use the Interdependency Levels to Measure the Interdependency Strengths 

Step 4: Evaluate Higher-Degree Dependencies as Required 

 Apply MCIMM model to each lower-degree program  

 Use Equation 2 to determine dependency strength for higher-degree 

dependencies. 
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Step 5: Collect Measurements 

 Total programs depended upon 

 Average dependency strength 

 Standard deviation 

 Maximum strengths, number of maxima 

 Other factors as necessary or helpful 

Step 6: Take Appropriate Action 

 Plan mitigations to protect program against interdependent effects 

 Monitor critical programs for disruptions 

Step 7: Reassess Program as Needed 

 Determine frequency of measurements, when to take measurements 

  Quarterly 

  Annually 

  Monthly 

  Based on program events 

 

 

 

 

 

 

 

 

 Scope the 
Interdependency 

Measurement 

Use Factors to 
Identify 

Interdependencies 

Use Levels to 
Determine 
Strengths 

Evaluate Higher 
Degree 

Interdependencies 

Collect 
Measurement 

Results 

Take    Appropriate 
Actions 

Re-Assess Program 
as Needed 
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