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B Introduction

e Parametric cost estimating should be a natural extension of Model-Based Systems
Engineering

« COSYSMO can be seamlessly integrated into the SysML-based modeling environment

* A use case: integrating COSYSMO with MagicDraw

* Benefits and future work
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B What do we mean when we say MBSE?

* Model/data repository provides a single source of truth!
e Cost model is another model
« Estimate is another piece of data within repository

}®:- No Magic BAE SYSTEMS

) INSPIRED WORK
© 2017 BAE Systems and No Magic



B COSYSMO — Parametric Cost Model for Systems

4 Size Drivers and 14 Cost Drivers

| # Requirements
I # Interfaces

I

# Scenarios 1 Size
I -
I

| # Algorithms
+

[
| Volatility Factor
______ Jd

COSYSMO

‘ Effort

Effort

Multipliers

I
| _ -8factors ' Calibration
| - Team factors l
I -6 factors I
| Schedule driver I
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B Basic Cost Estimating Relationship (CER)

PHys = A-SSE - CEM

e PHys = systems engineering effort in person-hours under nominal schedule
eSS =system size, determined by the four size drivers

e CEM = composite effort multiplier, determined by the fourteen cost drivers
e A= productivity constant, typically derived from historical project data

* E =nonlinearity for the productivity curve, representing a diseconomy of scale
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B Four Size Drivers

1. Number of System Requirements
2. Number of System Interfaces
3. Number of Critical Algorithms

4. Number of Operational Scenarios

Each weighted by: 1) Levels of complexity; 2) Degrees of reuse
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B Driver Counting/Classification Rules

Degrees of Reuse

 “Generalized Reuse Framework”

I/alfd;st_et; For
Reuse

Conceptualized ' Designed For
For Reuse Reuse

Level of Complexity

° HEaSy”
«  “Nominal”
o “Difficult”

Design
Implemented

Adapted for

Adopted for
Integration

Integration

New

] Easy
# of System Nominal

Requirements Difficult

# of Interfaces
Difficult

fominal

Mominal
Difficult
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B Development for Reuse (DFR) Process

Category Required Activities Delivering (for reuse)
No DFR « N/A e Little / accidental
Conceptualized * Analysis * Functional & Logical

For Reuse

Designed For
Reuse

Constructed For
Reuse

Validated For
Reuse
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* Architecture development

* Analysis
* Architecture
e System design

* Design

* Build

e Unit test
* Design

* Build

e System test

architecture
1 1 Concept of Ou
Physical design of Sperafions | Verifcation
Vali da! o
SyStem Cancephailad Dedinition h“ﬂ;:d (ahon
for Reven - Architecture and Yatidation
lc ration,
Ihhdti Test, and
Design Verification
Impl ted t Designed for """"
mpiemented System Reuse - Implameniation - Mm.
or component
T
Activity-based Modal
Validated and
deployed system or
component
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B Development with Reuse (DWR) Process

Category

Required Activities

Leveraging (existing)

New
Design Modified

Design
Implemented

Adapted for
Integration

Adopted for
Integration

Managed
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Develop anew
Revamp of existing

Design & implement from
logical architecture

Implement from design
Build-to-print

Adapt from existing
implementation
Tailor to integrate

Integrate per instructions
V&V testing

Manage
Inspect

New concept

Logical/functional
architecture
Loncapt of . 0’"‘?'“

. . ow:g! Verification i Hanaged
Physical design of e w _ B e i An
system A N verficapion

Architecture and Validation
Sodfffed™ - mt
Built system or v esign B
sign Verification -E.
component “Dasign y Implemeniadion A m'!
Tiane: )
Build system or Activity-based Model
component
Integrated & verified

system or component
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B COSYSMO 3.0 with the Generalized Reuse Framework

Where:

Total Project Effort = DWR Effort + DFR Effort

PM pwriorm = A Z
k

r

+A,- Z Z W, (W o + W Vo + Wy Wy )

k q

PMpwr = effort in Person Hours/Months (Nominal Schedule)
A, = DWR constant derived from historical project data

k = {REQ, IF, ALG, SCN}

r = {New, D. Modified, D. Implemented, Adapted for Int.,
Adopted for Int., Managed}

w, = weight for defined levels of size driver reuse

nominal”, or “difficult” size driver

LIS

w, = weight for “easy”,
@, = quantity of “k” size driver

E, =represents diseconomy of scale in DWR
CEM = composite effort multiplier for DWR
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Z W, (W, @ +W, Dy Wy Py )

Where:

E

.CEM,

E,

.CEM,

PMpeg = effort in Person Hours/Months (Nominal Schedule)
A, = DFR constant derived from historical project data

k = {REQ, IF, ALG, SCN}

g = {No DFR, Conceptualized, Designed, Constructed,
Validated}

w, = weight for defined levels of size driver reuse

nominal”, or “difficult” size driver

LIS

w, = weight for “easy”,
@, = quantity of “k” size driver

E, =represents diseconomy of scale in DFR
CEM, = composite effort multiplier for DFR
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B COSYSMO Cost Modeling Process

________________________________________ Develop Calibrated

Step 1: Determine | Cost Data

Define the System System Size
of Interest

by

I \

Step 3: Calculate\‘,

Apply Reuse SE Cost

Category/Complexity
Properties

Count System Size
Parameters

T e Em Em o wm wm wm w

T M S O SR SN SR M MR SR MR MR AN EM EE M M N AR M M R S S R e

———————————————————————————————————————

Step 2: Determine Characterize the
Lifecycle Cost Drivers Producing

Organization
Define the Producing
Organization

T o S R M SN N M M M R N N M AN M M R EE SN M MR N MR MR N M AN M A AR R e

SE Effort Cost

o

Tn o mm mm mm mm mm mm Em mm mm Em oam mm Em Em Ew Em

These steps can be naturally achieved in an MBSE modeling environment...
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B An Integrated COSYSMO-SysML Modeling Use Case

Classify

SysML

«  Develops design artifacts

i Define Drivers: Levels
and cost estimate Architecture of Complexity &
simultaneously Artifacts Categories of

Reuse

Export

Identify4  \ ____------ Drivers &
Size Drivers Classifications

' Analyze
- .!! y ]

Define

Systems Assess i
Engi ,'
ngineer ;. COSYSMO
Assess Cost :'I
Drivers 0
Performs quick-turn, -

Create &
Report
Estimate

“what-if” DTC analysis
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B Define Scope of the “System of Interest”

bdd [Package] 1.0 UAV System Context[ UAV Logical System Structure (WBS Level 3)1 lJ

WBS Level ablocks

UAV System

wblocks \ «blocks

WABS Level blocks [

Air Vehicle

Recon Payload Ground Control Station
—]

«blocks wblocks sblocks
Airframe ] Imager Command and Control Subsystem

sblocks : “h'";:” ablocks
Propulsion F e erver Launch and Recovery Equipment

wblocks
WBS Level 3= sblocks L | Sensor Data Link sblocks

Air Vehicle Subsystems

Cayload Controller

Ground Control Systems

wblocks
ablocks Payload Elevator ablocks
Avionics F Transport Vehicles
wblocks

\

Example SOI
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B Identify Size Drivers While Defining System Architecture

This is the natural systems engineering design process.
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B Maintain the Levels of Abstraction, Consistency and Traceability

« Example SOI Context Level
* 300 RE

- 9IF

« 11 ALG

« 3 SCN

Bl [Fackage] 1.0 UMY System Costet [ UAV Logcal 5

viem Structure (WIS Level 301 |

wbocks | T ablcka
Imager (Command and Control Subsystem
abbcls | -
bty
w Launch and Recovery Equipment F
abiocis R
Senaor Data Link akicshs
Ground Control Systems
oo | |
Payload Elevator
.
Paylaad Controlier

ibd [Block] UAV System [ UAV System (Level 2 Sizing Structure) [

air Vehicle : Air Vehicle

Logistics S
«fully
Transport Physical IF
Status [ Msn Data ECS Electrical Power | Sensor installation Physical
«fully
Elec Pwr IF
ECSF
1ins Data IF
LLStalus G} ful

Tuws [Msn Lot J_?‘:Eatmgandtuuh (Elecirical Power  |senscr tallation Physical F
o - LI —

recon Payloam: - Recon Payload |
h

L2 LOS FC RO Fiight Control

L2 Transport Ul

AV Transoirt Physical IF

L2 Sensor Data |

ground Control Station : Ground Control Station

Logistes IF
[

SensorData SensorC2 Mission Data |Mission C2

L2 Mission Dafa
12 Mission C2

ensor Data

sensorC2

L2C2Data F

Lugistics IF
L2 Payload Logistics IF

7
Tine canencnate
L2 LOS Sensor Data IF

LOS Sensor Data

L2 AV|Logistics IF

ission Data
e e
©2 Elements : C2 Elements [ |

ission CZ

L2 GCS Logistics IF

Logistics IF
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B Maintain the Levels of Abstraction, Consistency and Traceability

« Example SOI Level 1

* Payload Controller

- 8IF
« 250 REQ
« B8ALG
« 1SCN
* Payload Elevator
« 2IF
« 100 REQ
. 2ALG
« 2SCN
* Imager
- 3IF
< 300 REQ
« BALG
< 3SCN
* Image Server
* Sensor Data Link
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r~ .
b [Boci] Recen Payioed | Recon Payiced |J
L3 Payioad Status £ s
L Sener Cata L3 Payisad Sansor Dans £
Ispnw Data Out Status Out
e semert i Soserciol, paylosd Controlier : Paylosd Controlier
| ——
Power wear Cmes | Sensor G Sutes i |TDL 0wt
L3 mapie Gma ¥
— Wan Data |
Sensor Couk
L Ectrcal ower L3 Rayload Power F FTiger oL st out L3 magat , e
W W
Tvretens st
) . L-2 Payjped Video F 01
| asing and Coctng _ uoewseemE | =
== e Ve LILOSCata P LOS Senser Data |
Elevator Crds image Server : image Server
o mayioad Elevator : Payioad Elevatar Tosieo Out
o L3 Vi F 02
Woeom  [oam o1 LOS Data
40r Data Link : Sensor Data Link
- «huls
Senser nataiaten Prysesi £ Logascs F

e s e

The level of abstraction chosen for the sizing estimate directly
affects the quantity of sizing elements.

The key is to maintain consistency with the approach used

across projects and with that used for calibration.
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B Applying Reuse Categories and Levels of Complexity

* Reuse category and complexity are simply properties of the model elements
being considered

* There are multiple methods to assign properties to model elements in SysML

« Different tools provide different capabilities for defining model element
properties and calculating model metrics

« The approach shown in this presentation was selected because it took
advantage of advanced tool features in the tool (MagicDraw™) that resulted in

the lowest total effort to assign and count sizing elements
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B Create COSYSMO Profile and Metrics Rules (Non-Recurring)

 COSYSMO sizing elements are created as new
stereotype elements:

» Stereotypes are a core SysML feature
* Defined in a Profile Package
* Metrics rules and measurements are a tool
specific feature:
« Multiple methods exist to determine the
numbers of each sizing element

* The COSYSMO profile and metrics set are
created once as a separate project and
reused:

* The are applied (reused) on each new
system project when generating sizina

Profile Diagram COSYSMO Profile| COSYSMO F‘ruﬂleu

+DWR_Effort : DWR Effort
+DWR_Complexity : Complexity

wprofiles
COSYSMO Profile
th
wsterectypes ustereotypes
DWR Effort DFR Effort
[Element] [Element]
artnbures alinbuies

+DFR_Effort : DFR Effort
+DFR_Complexity : Complexity

estimates

5 DFR Reuse Categories
6 DWR Reuse Categories

3 Levels of Complexity for each (Easy, Nominal, Difficult)
4 Sizing Elements Types (REQ, ALG, SCN and IF)

wenumerationx wenumerations wenumeration»
DWR Effort DFR Effort Complexity

New No Easzy

Modified Concept Naominal

Implemented De=ign Difficult

Adapted Constructed
Adopted Validated

Managed

eMetricSukes |1 «Metric Sutas [re shetricSutes [
COSYSMO Interface Sizing Data COSYSMO Algorithm Sizing Data COSYSMO Scenario Sizing Data
(lagel = Package] {laugot = Package] el = Packagu)

A potential of 132 individual pieces of sizing data:
(5+6) x 3 x4 =132

+DWR Mameu Easy: Real [1]
+DWH_Adopted Easy Heal [1]
«+DWR_Implemenied_Easy . Real [1]
«+DWR_Modified_Easy: Real[1]
.+DWR_Managed_Easy . Real [1]
+0WR ™ Agapted Hominal Heal [1]
+DWR_Adopted_Nominal - Real [1]
+0DWR_Iimplemented_Nominal ' Real
+0WH_ModiBed_Nominal - Real (1]
.+DVWR_Managed_Nominal - Real [1]
+DWR_Agapted_Difficult - Real [1]
+DWR_Adopled_Dificull Real [1]
+DWE_Implemented_Difcull Real [1]
+DWR_Modifed_Dilicull. Real [1]
+0DWR_Managed Diffcult - Real [1]

-+DWR_Adapten_Easy: R
S+OWH_Adopled_Easy H
»+DWR_Implemented_Ca._
*+DWR_Modified_Easy: R
=+DWR_Managed_Easy

»+0WH_Adapled_Nomina
=+ DWR_Adopted_Nomina..
«+DWR_Implemented Ne
»+0WH_Modified_Nomina
~+DWR_Managed_Nomin.
WH_Adapied_Difficult

WR_Adopled_Diflicult

}I]WH Implemented [
+DWR_Modificd_Difficull
fane }D\N’R Mana_qpﬂ Difficurt

+DWR_Adapted_Easy: R
+DWR_Adopted Fasy H
+DWR_Implemenled_Ca .
+DWR_Modified_Easy R
+DWR_Managed_Easy

+0WR_Adapted Nomina
+DWR_Adopted_Nomina..
+DWR_Implementad_No
+DWHR_Modifiea_Nomina
+DWR_Managed_Nomin_..
+DWR_Adapted_LDiMcult

+DWR _Modified_Dificull
cOefnitions+DWR_Managed_Ditscult
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B Apply Reuse Categories

* Application of re-use category and complexity is a trivial effort:
» Create generic table and select element type and package scope.
« Select the new stereotypes from the “show columns” pull-down.
« Select the cell in the table and apply the reuse category and complexity.
* Once selected, the tool applies the properties as tag values to the model element.

Interface Count Example

| MName | ¢ DWR_Effort | & DWR_Complexity | & O DFR% = Tags
10 Electrical Power Adapted Easy ) ];'53“50"‘:2 Profile: | <ALL> v | selact

----- UUsage in Diagrams for it.

]:S Heating and Cooling Adapted Easy H Conmectars = oer (B IIE -y B2 Em
Logistics IF Modified Mominal i i .

: Provided/Required Interfaces s «allocateds ~
T3 L0s sensor Data Adapted Nominal Inner Elements i & allocatedFrom

Relations

T3 Mz Data mented Morminal =3 i O allocatedTo
T sensor c2 Adopted ~ [MNominal Constraints [']EI «BasicInterval»
T sensor Data Mew - [B] Interface Block Properties 8 :;x

]:I smwe el b= | ||| = Language Properties B> adeprecateds

[T-R - R R "R T S IOV I I S

Implemented ¢ e O deprecatedReason
| B “# «DFR Efforts

e & DFR_Complexity

T3 sensor Installation Physical IF

H ‘e O DFR_Effort
El- %@ «DirectedFeature»

El-## <DWR Efforts

Properties selected in the table are < - bwe_complexty = omina

L. (5) DWR_Effort = Adopted
i % <EndPathMultiplicity »

actual properties of the model
element.
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B Apply Reuse Categories

* The process of applying re-use categories
and complexity level is repeated for each

of the four sizing categories (REQ, IF, ALG

and SCN)

* If requirements are managed in an
external requirements management tool,
sizing metrics for requirements can be
easily calculated by applying properties in
that tool, and using spreadsheets or other

applications to sum each category.

}®:-No Magic
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=B

Criteria

Element Type: | Activity

e [ AddNew [ Add Existing... hid |

- * B Export

Scope {optional): | L2 System Functions

20

i@ G 0§ G 00% v

Filter: | C1-

# | Name | < Allocated To | ¢ DWR_Effort | ¢ DWR_Complexity |
1 T4 enter area stare mode & Recon Payload Adopted Mominal
2 T4 Monitor Sensor Status & Recon Payload wdapted Mominal
3 T perform gyro alignment & Recon Payload adopted Mominal
4 Th Point at Location £ Recon Payioad Adapted Mominal
5 Th record metadata £ Recon Payioad Implemented Mominal
& T record streaming image & Recon Payload Adopted Easy
7 T4 Report Sensor Status =] recon Payioad Adapted Mominal
3 Tk Slew £ Recon Payload Adapted Mominal
9 Tk Store Search Plan = Recon Payioad Implemented Mominal
10 T Stow for landina 3 Recan Pavinad Adonted Mominal
11 Criteria
Element Type: | Test Case Scope (optional): | System Operational Scenarios Filter: |
# Name <» DWR_Effort & DWR_Complexity
1 T4 Payload Stow and Deploy Scenarios Adapted MNominal
2 T Sensor Visibility Scenarios Adapted Mominal
3 T4 Target Tracking Scenarios Adapted Difficult
¥ i Em i [ AddNew [} Add Existing... 2liE . ? B Export (@ @ [
Criteria
Element Type: | Full Port, Proxy Port Scope {optional): | Recon Payload
# | MName < DWR_Effort | » DWR_Complexity |
1 ]:I Electrical Power Adapted Easy
2 ]:I Heating and Cooling Adapted Easy
3 Modified Nominal
4 T3 Los sensor Data Adapted Mominal
5 T3 Msn Data Implemented Mominal
3 T3 sensor 2 Adopted Mominal
7 ]:I Sensor Data Adopted Easy
] 10 status Adopted Easy
9 T3 sensor Installation Physical IF Modified Nominal
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B Run the Metrics Tool and Calculate Sizing Element Counts

* Run the metrics tool to generate a metrics table with counts for
each reuse category/complexity combination.

e Separate tables are create for each sizing element type H 67 ¢ &« Usmmmsiticiess. 2 @ - 0 X
(REQ, IF, ALG and SCN) X 4 [z] w) Ecwwrmn 5]
) ) Paste %' Fn'm Alwgn‘ment Nur:mEr 52::1‘:“"5' céu; Edizmg
* Metrics tables can be exported to Excel for input to the cost — -
R11 - fe v
mOdeI- A B c D EF GH I J KL MNOTPAQ

; UAV System Model Metric

* Depending on the tool, other methods may be available to
determine sizing counts:

* Export of element tables and count externally.

Criteria 2 8 & &aaaoaabaaaaaaaad
e = r - - - - T = E = 3 1|2017.05.26 17.30 O 1| of of o] 4 3| 2| 0f 1] 0] Of 0] 0] O
Metric Suite: | COSYSMO Algorithm Sizing Data | 4. | Scope {optional); | Drag elements from the Model Brow {j | | ... | FAiter: | Q- s [ 2l201705251730| of 1| of of of 2] 3] 2] of 3| of of o of o
- e Sl L 5 [ 3l2017.052617.31] o] 1 of of of o[ 2 af of af 1] of o of o
6
DWR DWR DWR.
5 DWR._ DWR_ i DWR_ = o 7 L
£ Add Date Documentation 25 Acapited ey 25 Adopted_Easy oL Implemented_ | A Modified_Easy b Managed_ | Adapped_ & Report @
af Easy Easy Mominal ——
| Estimate for initial ROM
1| [o17.05.25 17.30 |0.00 1.00 0.00 0.00 0.00 la.00 3.00 2.
|
I 1 Updated based on changes 1.00 |
2| [2017.05.26 17.30 | [from XY2Z 0.00 1.00 .00 0.00 0.00 4,00 3.00 ij
| I
Updated for submittal gate [
3| [2017.05.26 17.31 | [review |0.00 1.00 |0.00 ||j,|:uj |0.00 4.00 2.00 1.
| | I

The metrics tables shows the history of metrics
calculations.

| A documentation column can be added to record
}®: No Magic rational and other data for each metric calculation.
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B Analyze Estimate Result
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o 4 s i By o
= 1 Bt Toma Ly e
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- 7 L Yoo M Ll
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B Conclusion

« Parametric cost estimating can be seamlessly integrated into Model-Based Systems
Engineering:

« Sizing data becomes a property of each model element
* The model repository provides a single source of truth

» Libraries can be created to maintain and revise reuse category and complexity
consistent with changes in project lifecycles

* Rigor of MBSE with SysML and the automated features of the tools provide a
practical and efficient mechanism to develop sizing models of legacy systems in
order to establish a calibration baseline

* Feasibility of COSYSMO integrated into a SysML-based modeling environment
demonstrated with MagicDraw:

* All methods shown are existing features of the SysML language or the toolset
* Feasibility of tool-tool interfaces enabled by reusable profiles and templates:

« Create once, reused again and again

« Can be applied to new SysML models

}®: No Magic BAE SYSTEMS
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B Key Benefits

« Seamless integration of cost estimation with the system design and modeling process:

Providing consistency and traceability.
* Sizing data becomes a property of the model element.
Enabling rapid-turnaround “what-if” architecture trade analysis
Promoting Design-To-Cost.
Enabling design reuse.
Economic impact early in system lifecycle and an integral part of architecture
Culture change for systems engineers:

* Shift of mindset and right behavior in design
* Systems engineering for economic goals

Application of Model Based Systems Engineering — LET THE TOOLS DO THE WORK

}®: No Magic BAE SYSTEMS
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B Next Steps

« Design Patters and Guidelines for Sizing Estimation

» Develop guidelines and standards for levels of abstraction, design patters and
identification of model elements that should be included or excluded from the
sizing counts.

* Design Patters and Guidelines for Developing Calibration Data

* Develop guidelines and standards for modeling existing/delivered systems with
known cost data for calibration of cost model equations.
« Tool-Tool Data Exchange

» Develop an export/report format that can be used as direct input to the calibrated
cost estimation tools.
e Commercial Plugin

* Develop a tool plug-in or template that can be obtained as an off-the-shelf module
with all required COSYSMO model stereotypes, pre-defined counting metrics and
export formats to further automate the sizing collection and estimation process.
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Dr. Gan Wang, BAE Systems
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