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

* Implemented reusable SysML building blocks
— Based on S0S/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 affordabllity trade studies
iInvolving diverse “-ilities” (see MM slides)
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MIM Panorama for Naval/Marine Vessels

Ship Design, Analysis, and Operation

(pro-forma)

Based on HMX 0.1
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MIM Panorama for Naval/Marine Vessels — FACI/INABNRIZG
Ship Design, Analysis, and Operation (pro-forma — for SERC RT46 Phase 2 eporDEcsZoiies)
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FACT Highlights

Contact: Tommer Ender et al. @ GTRI

SysML-Based Environment for Advanced Trade Studies
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Cost/Effort Modeling Background

COCOMO Models to Support Systems and
Software Engineering Effort Estimation

COCOMO 81

Software Cost Models

Other Independent Estimation Models
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2002
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2000

L]
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1998

Software Extensions
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July 2013
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Cost/Effort Modeling: Further ApplicaticRs

e 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.

e 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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INCOSE

g1 = hml‘ ™

The 4 Pillars of SysML

Automotive Anti-Lock Braking System Example — www.omgsysml.org

1. Structure

2.

sd ABS_ActivationSequence [Sequence Diagramy

stm TireTraction [State Diagramy

=
MIJI]EI.IHG i
LANGUAGE

Behavior

interaction

act PreventLockup [Activity Diagram] )

bdd [Package] Structure [ ABS Structure Hisrarchy ])
==hlock== ==hlock== ==hlock==
Lihrary;: Anti-Lock Library::
Electronic Comrind [Black] Anti-Lock Cortroller [ Basic
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State
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3. Requirements

Copyright © Georgia Tech and InterCAX. All Rights Reserved.

4. Parametrics

and MBSE: A Quick-Start Course




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

documents
system model

operational concepts

analysis &

simulation
CAD models " models

Copyright © Georgia Tech and InterCAX. All Rights Reserved. SysML and MBSE: A Quick-Start Course



Developing Systems
With SysML.: Unified, Connected, Consistent, Explicit

documents

operational concepts
spreadsheets

analysis &
| simulation
models

Copyright © Georgia Tech and InterCAX. All Rights Reserved. SysML and MBSE: A Quick-Start Course
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Healthcare SoS Case Study [Lane 2009

Laboratory
System

Patient
Management
System

Health Care
Network -~ )

Imaging

Pharmacy
System

Management
System

Aspect Formula Calculated
Effort
SoSE effort Effort = 38.55*[(( S0Scz / $051q)* (S05msg)" ™ * EMsgs.cz) + ((S0Sam / S0S1reg)* 40.41
(Equation 5) ( 505 1g) ™ * EMispsam*OSF)] /152
=38.55%[((50 / 52) * (52)"70 % 2.50) + (20/52)%(52)"°%* 0.47 * 10%)] / 152
Pharmacy System | Effort = 38.55%[(1.0+CSsosap) * ((ISBgScs.hﬁ'CSm.sﬂsz)" (CSTreqsosz)" ™** EMes crusose) + 22.02
effort (CSnom505'CSTreqose) * (CSTregso) ™ * EMcsnensos] /152
(Equation 4) =38.55 *[ (1.15) * ((50/70)*(70)% * 1.06 + (20/70) * (70)%%%0.72] / 152
Laboratory Effort = 38.55*[(1.0+CSsosap) * (g%gscs:uxfcsneqsﬂsz)' (CSreqsose) ™ EMes camsosz) + 19.55
System effort (CSponsos/CStreqsose) * (CSmregsose)  * EMcsnansos] /152
(Equation 4) =38.55 *[ (1.15) * ((50/50)*(50)% * 1.06 + 0] / 152
Imaging System | Effort = 38.55%[(1.0+CSsosap) * ((S0Scoutoe/CSamgsose)* (CSmmagos)” "™ EMescamsosa) * | 1955
effort (CSpomsos/CSreqsose) * (CStregsose)  * EMespamsos] /152
(Equation 4) =38.55 *[ (1.15) * ((50/50)*(50)% * 1.06 + 0] / 152
New infrastructure | Effort = 38.55*EM*(size) */152 3343
component effort =38.55 1.0 * (100)*% / 152
(Equation 1)
Total Effort: 13496

CONSTAUCTIVE SYSTEMS ENGINEERING COST MODEL )
# Ricardo Yalerdi

ENTER SIZE PARAMETERS FOR SYSTEM OF INTEREST

1.0

University of Southern California

Easy

Nominal

Diifficut

# of Systern Reguirements

# of System Interfaces

# of Algorithms

# of Operational Scenarios

SELECT COST PARAMETERS FOR SYSTEM OF INTEREST
Requirernents Understanding L
Architecture Understanding
Level of Service Reguirements
Migration Complexity

1.00

Technology Risk

Diocumentation

# and diversity of installations/platform
# of recursive levels in the design
Stakeholder team cohesion

Personneltearn capahility

Personnel experience/continuity

Process capability
Multizite coordination
Tool support

Zr|Z|ZZ|Z(T|Z|=Z|Z(=Z| T
3 W I':‘ o P
f=1 =

composite effort multiplier —

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 200€
Using SysML Building Blocks: Sel

[ o oy
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b e e o
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L
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S e |
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eqgn0 : CS_TreqSoSE Eqn
eqn1 : CS Effort Egn
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Primitive SOI Effort Model \
infrastructure components [0..*
«blocks
Primitive SOI Effort Model sds
constraints SoS-affected CS Effort Model
egnl : Effort Egqn
valwes

cf_A : Real = 38.55
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Implementation Results
Good verification compared to original results

Original Results Summary [Lane 2009]

(subject to known corrections & round-off)

SysML-Based Results Summary

s0s1 : SoS5 Total Effort Model

=1

.

Aspect Formula Caéfflfﬂﬂieﬂ /o sose effort: person-months ="40. 485734666062 356"

or total effort : person-rmonths =‘i@}?852?231 q2"
5 /
SoSE effort Effort = 38.55*[(( SoScg. / S0Strq)* (S0STieg) ™ * EMsos.cz) + ((SoSam / S0Stieg)* 4041 ¢
(Equation 5) ( 5057reg) "™ * EMsosam*OSF)] /152
=38.55*[((50 / 52) * (52)"%9* 2.50) + (20/52)%(52)1%* 0.47 * 10%%)] / 152
Pharmacy System | Effort = 38.55*(1.0+C:Ssosump) * ((S0Scsator CSTrmgsose)* (CSmmasese) ™ EMescrasose) + | 2465 ol || B e e s GV O El iy |
effort (CS non505/C Sreqiose) * (CSTreqsose) - * EMcsnmsos] /152 —e| effort: person-months ="24.73153975295236"
(Equation 4) =38.55 *[ (1.15) * ((50/70)*(70)"%° * 1.06 + (20/70) * (70)*"**0.72] / 152
Laboratory Effort = 38.55%[(1.0+CSsosap) * (g%gscsmcfcsmq%sﬂ* (CSreqsose) ™ * EMcs.crasoss) + 19.55 o
System effort (CSnonsos/CSTreqsase) * (CStmeqsose)  + EMcsnomsos] /152 ~}— | cs2-lab-maqt-sys : SoS-affected CS Effort Model =1
(Equation 4) =38.55 *[ (1.15) * ((50/50)*(50)"* * 1.06 ~ 0] / 152 | effort - person-months = "1 9.61184247237527"
Imaging System | Effort =38 55*(1.0+CS sosa) * (S0 csanoc/CS raggose)* (CSrregsose) ™* EMcs cpusose) + 19.55 &
effort (CSponsos'CS1regsose) * (CSqreguoss) 0 EMcepamsos] /152
(Equation 4) =38.55 *[ (1.15) * ((50/50)%(50)*% * 1.06 + 0] / 152 i e oy T —
New infrastructure | Effort = 38 S5*EM*(size)l /152 3343 \ e~ =
CO]]]]}OI.IEH‘-EEOTI :3355:&101(100)106!152 ’ '\ effort pEfSDr'I-rT'IDr'IthS="1 QE1184247237522"
(Equation 1)
Total Effort: -
i \ ic1-he-network : Primitive SOI Effort Model [ |

effort : person-months ="33.433419257 46677 4"

See also live demo.
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Healthcare SoS Case Study [Lane 2009] ImpleémeERied
Using SysML Building Blocks: DNA Signature

Healthcare IT Network o ethT

Effort Model S 4 L2s
(an infrastructure component; | < " T St
a primitive system; ) 2 S O

Healthcare SoS Effort Model (a top-level SoS)

2% 0,51 - s8] [ETAP_case_studses.mdoip - U home | peak | projects\ 201 3-10-gtri-serc-Rap\2_ltems\Model']
¥ modes #2299 [mot [sox1 1, eanda .
B ¥ rock [sost]
B ¥ eora : Bitert Sum Egn
B [ ezt ¢ Bifert SumEgp
B W sant s Effort Totsl Egn
B ¥ sant : S0 Effort Egn
- 7 eorts : 505 _Treq Lan
—Fda
~Fde
Rt
L 7 constuent srstems
- constivent systems [0]
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B F ol 1 3ot
B 7 oD : £5_TrgSolSE By
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= eftet
[y et pon_sod
657 sde_son
EI! I eds_ron_sos
|- P s Setmn
|- I s TeeaSalE
B F cds_ses
B ¥ constiuent systens [2]
[ inhastructure components.
B 7 s _Sa5CR
B sk SR
BFF ol SR
B o s
= ¥ toed effort
= soe afforn
|- conatient systems effort
| ¥ etvsstructune comgonents effort
- s

Cost Drivers of
SoS Capability Reqgs

Pharmacy System
Effort Model
(a constituent system)

Size Drivers of
SoS Capability Reqgs
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Model Execution

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

=10 x]

Top-Level SysML Instances

Type I Causality I Values |
otal Effort Model ... 505 Tokal Effart Model =) (bdd view - after So|v|ng in ParaMag IC)
] cf A Real qiven 33,550
-0 of B Real given 1,060
-] constiuent systems effork person-maonths ancillaty 63,955 — s081: So5 Total Effort Model E_
-] em_505-CR Real ancillary 2.500 sose effort: person-months ="40. 4857 34666062 356"
L em_So5-MR Resl ancilary 0.466 total effort : person-maonths = T852T231 g
[T infrastructure components effort person-months ancillary 33.433 e )
- U] osf Real given 0.100
-] sos_CCR Real ancillary 50.000
- 1] sas_MR Real ancillary 20.000
[ sos_Treq Real ancillary 52.000
[ sose effart person-months ancillary 4045 /4 es1-pharmacy-sys : SoS-affected CS Effort Model [ |
-] tatal effort person-months target effart: person-rnonths = @39?5895235"
[-[F cds_505-CR ... Cosk Dirivers e
H-[F] cds_So5-MR. \oo (Cosk Drivers
E-[F] constivent systems So5-affected C5 Effort Model[0,7]
El-canstiuent syskems[0] ... Sn5-affected 5 EFfart Maodel | csz-lah-mgpﬁs : SoS-affected CS Effort Model E_
e ot e iy 2o effort | pafaon-months = *18.61184247237522"
-{1] EM_CSnonsos Real ancillary 0721
-] 505 _CSalloc Real ancillaty 50.000
LD A Real awen 38,550 ) es3-imaging-sys : SoS-affected CS Effort Model [
0 cf B Real qiven 1.060
-] £5_305s0p Real qiven 0.150 effort persnn-mnntHS:"1 Q6118424723752
-] cs_Treq3oSE Real ancillaty 70,000
1] effort person-months target
[-{F] cds_nion_sos \oo Cosk Drivers
B-CF cds_sos ... Cost Drivers | | — ic1-hec-network : Primitive 501 Effort Model =
L7 s _non_sas 1 Stee Drivers effort : person-months = "33 4334182574667 74"
[-{F] sds_sos ... Size Drivers
[-constivent syskems[1] ... S05-affected 5 EFFort Model
[-constiuent systems[2] ... So5-affected 5 Effart Maodel ;I

Expand Caollapse All Solve | Reset ||_ Preserve Refs  Update ko SyshL |

~root { 505 Total EFfort Maodel )

Marme |...]... Relation
[z i em_505-CR = cds_505-CR.composite effort mulkiplier ¥ A|
&23 i em_505-MR. = cds_So3-MR.compaosite effart multiplier v
24 I sos_(CR = sds_303-CR,equivalent number of nominal regs IVJ
&25 i s05_MR = sds_505-MR.equivalent number of nominal reqs ¥
eqnl |Y tokal effort=sose effort+constivent systems effort+infrastructure components effort ¥
eqnza |Y constiuent systems effork=sumiconstiuent syskems, effort) ¥ LI
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Summary & Observations -

e Created cost modeling building blocks in SysML
* Applied to healthcare SoS case study [Lane 2009]

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

e 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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— BW1: Trade study capabilities (FACT)
— BW3: Cost modeling capabilities (COSYSMO ...)
— BW4: Implementation enablers (MBSE/SysML ...)

e Results from Stage 1 work (Oct-Dec 2013)
— Building blocks and case study implementation

e« Summary & observations
=) Proposed future work
« Selected bibliography

25



Proposed 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
“-llities” trade space contexts

 Demonstrate in sponsor case studies and
enable production deployment
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Full Disclosure: Georgia Tech & Inter€AX

— 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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