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Research Questions

* How do system-specific characteristics impact the successful
development of systems of systems for capability-based
acquisition?

* How do system interdependencies impact the development
process?

— How do disruptions propagate in complex networks of
Interdependent systems?

— How can we guantify the cascading effects of development risk?

» Objective: Answers to these guestions can increase the
probability of success in systems of systems development
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Methods of Approach

« Simulation Approach

— Developing Computational Exploratory
Model (CEM)

— Discrete-event, stochastic simulation
based on steps in DoD SoS SE Guide

 Analytical Approach
— Based on probability and network theory

— Analysis of expected delay propagation
for arbitrary SoS network configurations
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CEM Development via NPS Acquisition Research
Program Grants ('08-present)

Year 1

Year 2

Current
research
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Current Research Efforts

» System risk (R,,) as a function  R_ (i,r)=a, (l— m(i,r)” )
of system readiness-level (m)

— Similar to TRL metric and SRL

metric proposed by Sauser et al.

« SoS risk a function of system | g Reiemens
. g requirementcapanllil
risk and topology and strength

of SySte m inte I‘depe ndencies Systems

system capabilit
class-A system (sy P y)

— Disruptions propagate to dependent
systems

— Cascading effects of disruptions
captured

class-C system
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System Risk and Interdependencies

- Candidate families of systems can have different combinations of system-
risk and interdependency strengths
— These characteristics have different impact on development success

Strongly dependent systems

expected implementation time [time-steps]

Independent systems 0.2
maximum inherent risk, o, 0 o dependency strength, S(i,j)
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Comparison of Alternatives

« What effect does the number of systems and
Interdependencies have on development time?

— If candidate systems can provide same capability-level, which
one should be favored?
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expected implementation time [time-steps]
expected implementation time [time-steps]

0.2

. . . 0 o . . .
maximum inherent risk, o, dependency strength, S(i,j) maximum inherent risk, o, 0 0 dependency strength, S(i,)
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Observations
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three-system network
— five-system network

Fm—mr-obeor —rno4— ————— _— ————— ————— —— - —— - [

* Five-system SoS has largest
completion time (regardless of
dependency strength)

— Different dependency strengths
can still lead to faster
development
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* Number of systems and system-
risk alone insufficient to describe
the risk profile of a S0S

w
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expected implementation time [time-steps]

— Strength of interdependencies o S S i
IS important network ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
characteristic 0 01 02 03 04 05 06 07 08 09 1

dependency strength, S(i,j)
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Reflections on CEM

» Exploratory model helps identify markers of
failure and success

« Understand the system dynamics so that a
motivator for PMs is identified

» Understand cascading effects of risk and
requirement changes
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Balancing Capability Potential and Risk Among

between capability and
development time

Alternatives
260 ‘ ‘ 9
- Added rudimentary capability Q  simultaneous implementation | |
estimation o the CEM 240 O seqL‘JentlaI |mplem?ntat|on ——Q”*””*’T”o 77777
200 - A SO|LJti0n6
« Enable tradeoff studies 200 - \

» Examines a Pareto frontier for
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Solution 1 o)

expected completion time [time-steps]

alternate configurations of an 9
Airborne Laser Platform used 120 | soltion2 1 = . < ution 4
in missile defense \ Solufion3 SOHNT
> 00 Yo N\ 8\\ V. .
applications ° 8 8
8(()).75 0i8 0.‘85 019 0.55 1

ABL capability-level 10
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Analytical Approach

* Based on network and
probability theory

« Capture and quantify the
cascading effect of risk

— Delay propagation as a 22,022
metric for comparing the
performance of SoS
networks

* Enable the design of
networks that reduce

(minimize) impact of risk

T33,D33

T3F D3F

T1F, DIF
T11, D11 1
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Ongoing/Future Work

* Analytical model for delay propagation

« Capability-module

» Tradeoff between development time and capability
* Dynamic time-scales

» Ongoing data search to test the CEM

12
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Discussion
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Back-Up Slides
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System Risk and Interdependencies

« Candidate families of systems can have different
combinations of system-risk and interdependency strengths

» These characteristics have different impact on development success

Independent systéhﬁéi y
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Readiness-level, m(i,r)
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expected implementation time [time-steps]
N
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0 0 dependency strength, S(i,j) Implementation time-step

maximum inherent risk, o,



