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SysML Building Blocks for Cost ModelingSysML Building Blocks for Cost Modeling 
Initial Work in RT46 Phase 2 (OctInitial Work in RT46 Phase 2 (Oct--Dec 2013)Dec 2013)

• Implemented reusable SysML building blocks
– Based on SoS/COSYSMO SE cost (effort) 

modeling work by Lane, Valerdi, Boehm, et al.
• Successfully applied building blocks to 

healthcare SoS case study from [Lane 2009]
• Provides key step towards affordability trade studies 

involving diverse “-ilities” (see MIM slides)
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MIM Panorama for Naval/Marine Vessels MIM Panorama for Naval/Marine Vessels 
Ship Design, Analysis, and Operation Ship Design, Analysis, and Operation 
(pro(pro--forma)forma)
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MIM Panorama for Naval/Marine Vessels MIM Panorama for Naval/Marine Vessels —— FACT/ITAP RT46FACT/ITAP RT46 
Ship Design, Analysis, and Operation Ship Design, Analysis, and Operation (pro(pro--forma forma —— for SERC RT46 Phase 2 report Dec 2013)for SERC RT46 Phase 2 report Dec 2013)
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Trade Studies with Diverse Trade Studies with Diverse ““--ilitiesilities”” [DNA Signature View] [DNA Signature View] 
MultiMulti--Domain, MultiDomain, Multi--Behavior, MultiBehavior, Multi--Fidelity, ... Fidelity, ... (pro(pro--forma)forma)

ITAP Future Work
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FACT HighlightsFACT Highlights 
Contact: Tommer Ender et al. @ GTRIContact: Tommer Ender et al. @ GTRI
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SysML-Based Environment for Advanced Trade Studies

ITAP Future Work
(integrating cost modeling w/ FACT)
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Cost/Effort Modeling BackgroundCost/Effort Modeling Background

July 2013 31© USC CSSE
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Cost/Effort Modeling: Further ApplicationsCost/Effort Modeling: Further Applications

• Current RT46 work (for SE effort modeling):
– COSYSMO (for single system-of-interest = SOI) - Valerdi et al.
– COSYSMO+ (for systems-of-systems = SOS) - Lane et al. 

• Potential future extensions 
(for full system cost/effort modeling):
– Size Isn’t Everything! Andy Nolan and Satpaul Sall (Rolls Royce), 

COCOMO Forum, 2010. 
– Proxy Estimation Costing for Systems (PECS), 

Reggie Cole (Lockheed), COCOMO Forum, 2012.

• Related work
– Modeling “Should Cost” and “Will Cost” Using Model-Based Systems 

Engineering, Ricardo Valerdi, Dan Galorath, Quoc Do, COCOMO 
Forum, 2012. [Shows SysML/Rhapsody interface with SEER-H]
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definition use

The 4 Pillars of SysML 
Automotive Anti-Lock Braking System Example – www.omgsysml.org

1. Structure 2. Behavior

3. Requirements

sd ABS_ActivationSequence [Sequence Diagram]

d1:Traction
Detector

m1:Brake
Modulator

detTrkLos()

modBrkFrc()

sendSignal()

modBrkFrc(traction_signal:boolean)

sendAck()

interaction
state 
machine

stm TireTraction [State Diagram]

Gripping Slipping

LossOfTraction

RegainTraction
activity/
function

4. Parametrics
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Developing Systems 
Without SysML: Ad-Hoc, Disconnected, Inconsistent, Implicit

analysis & 
simulation

modelsCAD models

spreadsheets
operational concepts

documents
system model
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Developing Systems 
With SysML: Unified, Connected, Consistent, Explicit
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Healthcare SoS Case Study [Lane 2009]Healthcare SoS Case Study [Lane 2009]

Recursive application of 
COSYSMO concepts for each 
constituent system in SoS, 
plus considerations specific to 
SoS top-level.
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Healthcare SoS Case Study [Lane 2009] Implemented Healthcare SoS Case Study [Lane 2009] Implemented 
Using SysML Building Blocks: Using SysML Building Blocks: Selected SysML DiagramsSelected SysML Diagrams
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Implementation ResultsImplementation Results 
Good verification compared to original resultsGood verification compared to original results

See also live demo.See also live demo.

Original Results Summary [Lane 2009]Original Results Summary [Lane 2009]
(subject to known corrections & round(subject to known corrections & round--off)off)

SysMLSysML--Based Results SummaryBased Results Summary

24.65

137.59
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Healthcare SoS Case Study [Lane 2009] Implemented Healthcare SoS Case Study [Lane 2009] Implemented 
Using SysML Building Blocks: DNA Signature ViewUsing SysML Building Blocks: DNA Signature View

Healthcare SoS Effort Model (a top-level SoS)

Size Drivers of
SoS Capability Reqs

Cost Drivers of
SoS Capability Reqs

Pharmacy System 
Effort Model

(a constituent system)

Healthcare IT Network 
Effort Model

(an infrastructure component;
a primitive system; )
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Model ExecutionModel Execution

TopTop--Level SysML InstancesLevel SysML Instances
(bdd view - after solving in ParaMagic)

Tool for Solving SysML Instance StructuresTool for Solving SysML Instance Structures
(object-oriented spreadsheet-like tool)
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Summary & ObservationsSummary & Observations
• Created cost modeling building blocks in SysML 
• Applied to healthcare SoS case study [Lane 2009]
• Challenges 

– Creating reusable building blocks takes time (like s/w libs)
– SysML tools need better interactions with tabular data

• Benefits
– Enables better knowledge capture

• More modular, reusable, precise, maintainable, complete (e.g., units), ...
• Acausal; better verification & validation vs. spreadsheets; ...

– Enables swapping in/out alternative subsystem designs
– Provides patterns that are easy-to-apply in other cases

• Provides key step towards affordability trade studies 
involving diverse “-ilities”
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Proposed Future WorkProposed Future Work

• Demonstrate building block usage 
in other more complex case studies

• Interface cost modeling with system 
design models (via MIM patterns)

• Include cost modeling in diverse 
“-ilities” trade space contexts

• Demonstrate in sponsor case studies and 
enable production deployment 
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Full Disclosure: Georgia Tech & InterCAX LLCFull Disclosure: Georgia Tech & InterCAX LLC
– Some of this material presents products, tools, services, and/or examples that 

are developed by InterCAX (www.intercax.com) and/or Georgia Tech 
(www.gatech.edu), including the ParaMagic® tool for SysML parametrics 
execution, and/or SLIM, and/or similar tools.

– The intent is to present vendor-independent concepts and examples in an 
objective educational way that participants will find helpful. References are 
made to commercial products by InterCAX and non-commercial tools by 
Georgia Tech for the purpose of making these concepts concrete. Participants 
are responsible to evaluate these products and tools for themselves and to 
investigate similar products and tools by other organizations where applicable.

– Note that Dr. Russell Peak (a member of the Georgia Tech research faculty) 
has a business interest in InterCAX LLC per the following: InterCAX LLC is a 
spin-off company that has commercialized technology from Dr. Peak’s 
Georgia Tech group. Georgia Tech has licensed technology to InterCAX and 
has an equity stake in the company. Dr. Peak is one of several business 
partners in InterCAX. 
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