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ITAP Future Work

(integrating cost 

modeling w/ FACT)
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SysML-Based Environment for Advanced Trade Studies
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RT137 ITAP:  SysML 
Building Blocks for Cost Modeling

Russell Peak, Jo Ann Lane, Ray Madachy

Objectives

Accomplishments & Observations

• Contribute key capability towards goals of ITAP, which is the
“-ilities” Tradespace and Affordability Program (RT46/113/137)

• Provide model-based affordability analysis for tradespaces 
that include diverse complex “-ilities” 

Russell S. Peak, PhD
Georgia Tech   
Russell.Peak@gatech.edu

Jo Ann Lane, PhD
USC 
JoLane@usc.edu

• Implement cost modeling concepts as SysML building blocks

— Based on SoS/COSYSMO systems engineering cost (effort) modeling  
work by Lane, Valerdi, Boehm, et al.

— Provides generic, reusable knowledge capture

• Apply SysML building blocks to system-of-systems (SoS) case studies

• Characterize broader applications for affordability trade studies

Approach (Oct 2013 - Dec 2015)

• Leverage and extend several current bodies of work (BWi):

— BW1: Trade study capabilities (FACT/ERS/Cortex)

— BW2: Patterns for model interoperability (MIM)

— BW3: Cost modeling capabilities (COSYSMO ...)

— BW4: Implementation enablers (MBSE/SysML ...)

• Incorporate other “ilities” via BW3-like modeling in future phases

Overall Approach

• Created cost modeling building blocks in SysML 

• Successfully validated via two healthcare SoS case studies:

— Base complexity (Case 1) and increased complexity (Case 2) 

• Characterized integration approach and application usages:
— By other tools: FACT/ERS/Cortex, …
— With other capabilities: risk analysis, schedule analysis, …

— In normal system models: idealization algorithms for sizing/costing factors

— Via user-friendly interfaces: OpenMBEE for model-based wikis  

• Benefits:
— Enables better knowledge capture (e.g., includes units):      

— More modular, reusable, precise, maintainable, complete, ...
— Acausal; better verification & validation vs. spreadsheets; ...

— Enables swapping in/out alternative subsystem designs
— Provides patterns that are easy-to-apply with many systems/SoS

• Provides key step for affordability trade studies with diverse “-ilities”
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c1. Sim/Analysis Templates
(of diverse behavior & fidelity)

ECAD & MCAD Tools

Libraries & Databases
Classification Codes, Materials, 

Personnel, Procedures, …

CFD

Flotherm, Fluent, …

General Math

Mathematica,

Maple, Matlab,…

b0. Federated 

Descriptive Models

Evacuation

Mgt.

Damaged

Stability

2D

d0. Sim/Analysis Building Blocks

Tribon, CATIA, NX, Cadence, ...

e0. Solver

Resources

a0. Descriptive

Resources

3D

FEA

Abaqus, Ansys, 

Patran, Nastran, …

Operation Mgt. Systems

…

Propeller

Hydro-

dynamics

Evacuation Codes

Egress, Exodus, …

Navigation

Accuracy

Systems & Software Tools

DOORS,

MagicDraw, 

Studio, 

Eclipse, …

c2. Trade Study Templates

…

Discrete Event

Arena, Quest, …

c0. Context-Specific Models
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Cost Model Building Blocks (d0)

COCOMO, COSYSMO, etc.
Software Engr

Cost Models

Systems Engr

Cost Models
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Tradespace Exploration (c2)

FACT Core Implementation Enabler: 

SysML/MBSE/MBE

BW3

BW1

BW4

BW2

MIM Patterns (a0-e0)

BWj = body of work j

brought together in ITAP project

ITAP Future Work

BW2BW2: Patterns for Model Interoperability (MIM): Patterns for Model Interoperability (MIM)
MIM Panorama with Envisioned ITAP Synergies: MIM Panorama with Envisioned ITAP Synergies: Ship Design, Analysis & Operation Ship Design, Analysis & Operation (pro(pro--forma)forma)

July 2013 31© USC CSSE

BW3BW3: Cost/Effort Modeling Capabilities: Cost/Effort Modeling Capabilities

definitiondefinition useuse

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
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stm TireTraction [State Diagram]
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4. Parametrics

BW4BW4: MBSE/SysML as Implementation Enablers: MBSE/SysML as Implementation Enablers
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Top-Level SysML Instances
(bdd view - after solving in ParaMagic)

Tool for Solving SysML Instance Structures
(object-oriented spreadsheet-like tool)

Case Study 1:

Model Execution

Recursive application of 

COSYSMO concepts for each 

constituent system in SoS, 

plus considerations specific to 

SoS top-level.

(B1) Healthcare SoS Case Study1 [Lane 2009]

Original Calculations 

and Results [Lane 2009]

• Analysis of alternatives (AoA)

– Subsystem/component upgrades

– Levels of capability option 

performance within SoS

– Interoperability assessments 

for alternatives

• System/component retirement 

(or replacement) assessments

• Capabilities vs. costs

Case Study: Military Operations SoS

Ambulance:
• Cardiac monitor

• IV infusion pump

• Camera

• Laptop

Level 1 Trauma Center:
• Emergency workstations 

• Audio communication

• Video communications

• Patient information

• Cardiac monitor information

In-Patient 

Systems

Case Study: Emergency Response SoS

(C) Applications and Candidate 

Future Case Studies

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

Original Calculations & Results [Lane et al.]

etc.

Original Schematic

Good comparison 

(subject to errors
in round-off)

(B2) Healthcare SoS Case Study2: 

Results Verification 

Selected 

SysML Diagrams

(A) Cost Modeling Concepts 

Implemented as SysML Building Blocks

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; )

Case Study1: Full SysML Model - DNA Signature View

© Ricardo Valerdi, University of Southern California

ENTER SIZE PARAMETERS FOR SYSTEM OF INTEREST

Easy Nominal Difficult E N D

# of System Requirements 10 20 7 60 0.5 1.0 5.0

# of System Interfaces 10 10 8 89 1.1 2.8 6.3

# of Algorithms 20 15 10 221 2.2 4.1 11.5

# of Operational Scenarios 5 5 4 223 6.2 14.4 30.0

593

SELECT COST PARAMETERS FOR SYSTEM OF INTEREST VL VL-L L L-N N

Requirements Understanding H 0.77460 1.85 1.59 1.36 1.17 1.00

Architecture Understanding H 0.80623 1.62 1.44 1.27 1.13 1.00

Level of Service Requirements H 1.31909 0.62 0.70 0.79 0.89 1.00

Migration Complexity N 1.00000 1.00

Technology Risk N 1.00000 0.70 0.77 0.84 0.91 1.00

Documentation H 1.13137 0.82 0.86 0.91 0.95 1.00

# and diversity of installations/platforms N 1.00000 1.00

# of recursive levels in the design N 1.00000 0.80 0.85 0.89 0.95 1.00

Stakeholder team cohesion VL 1.50000 1.50 1.36 1.22 1.11 1.00

Personnel/team capability N 1.00000 1.48 1.34 1.22 1.10 1.00

Personnel experience/continuity N 1.00000 1.46 1.33 1.21 1.10 1.00

Process capability EH 0.68000 1.46 1.33 1.21 1.10 1.00

Multisite coordination L 1.15326 1.33 1.24 1.15 1.07 1.00

Tool support N 1.00000 1.34 1.25 1.16 1.08 1.00

1.09632 composite effort multiplier

241.8 38.55 1.06

1.0

 SYSTEMS ENGINEERING PERSON MONTHS

equivalent size

Healthcare IT Network 

Effort Model

(an infrastructure component;

a primitive system; )

pro forma parameter values

DNA Signature

(equation graph)

Original Spreadsheet

(for comparison)

Healthcare SoS

Case Study1 

Subset of SysML Model - DNA Signature View


