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Why Should Systems Engineers Care About
Cost Estimating? Or About COSYSMQO?
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Cost baseline is part of the technical baseline throughout the project lifecycle!




A Quick Review of COSYSMO

History

4 Size Drivers and 14 Cost Drivers -

| # Requirements |

|} ouereces 1 Size

:#Algorithms : Drivers ‘

------ COSYSMO | mmm) Effort
Effort )

Multipliers |
;- I-Tpﬁic;ti;nTac_tor_s k . .
-8 factors Calibration
- Team factors

I -6 factors

2000 COCOMO -Boehm
2005 COSYSMO —Valerdi
2007 SysML Standard - OMG

2014 General Reuse Framework -
Wang, Roedler, Pena, & Valerdi
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SIZE DRIVERS AND THE GENERAL REUSE FRAMEWORK

« The General Reuse Framework (GRF) extends COSYSMO with the concepts of “Development With Reuse

(DWR)” and “Development For Reuse (DFR).”

Four Size Drivers

Requirements (REQ)
System Interfaces (IF)
Algorithms (ALG)
Operational Scenarios (SCN)

Three Difficulty Levels
Six DWR Reuse Levels
Four DFR Reuse Levels

16.0

14.0

12.0

10.0

DWR Category Weights

Easy
# Of_SVStem Nominal
Requirements Difficult

Easy
# of Interfaces Nomjnal
Difficult
Easy
# of Critical Algorithms pminal

# of Operational

Scenarios Difficult

35

8.0
6.0
4.0
20
0.0 -+
New Design Modified Design Adapted for Adopted for Managed
Implemented Integration Integration
® Nominal Requiremen ts ®m Nominal Interfaces
= Nominal Algorithms ® Nominal Scenarios
DFR Category Weights

Conceptualized for Designed for Reuse  Constructed for Reuse  Validated for Reuse
Reuse

m System Requirements m System Interfaces

m Critical Algorithms W Operational Scenarios
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REVIEW OF COSYSMO WITH THE GENERAL REUSE FRAMEWORK

The COSYSMO Cost Estimating Relationship (CER) with the GRF

SE EffOrt - (ADWR'SSEDWR'CEMDWR )+ (ADFR'SSEDFR'CEMDFR)

Where:  SE Effort = total systems engineering effort in person hours
SS = System Size (sum of each size driver count for DWR and DFR)
E = nonlinearity for the productivity curve, representing a diseconomy of scale
A = calibration constant, typically derived from historical project data
CEM = composite effort multiplier (cost drivers)

EDWR
PH ... = Apyr |:Z(Zwr (We,kq)e,k W, @ W, , Dy )ﬂ -CEM pyp
k r

To¢laborate the.math;.we get:

EDFR
+ Appg l:z [Z w, (We,k \Pe,k W,k LPn,k T Wik lPd,k )H -CEM ppp
q

k

6 DWR Levels x 3 Difficulty Levels x 4 Size Drivers = 72 unique DWR SS Counts
4 DFR Levels x 3 Difficulty Levels x4 Size Drivers = 48 unique DFR SS Counts

DS sisrevies



Background

* In 2017, we developed an approach to implement
COSYSMO and the GRF in a SysML model.

* That work demonstrated the feasibility of the approach:

— Simplied the identification and assignment of size driver
properties

—_Automated the counting of size driver elements

— Made.the-sizing data a property of the architecture model.

* Size driver-counts-could be exported to a COSYSMO cost
model tool.



Convergence of COSYSMO with MBSE Today

 This paper advances the previous work by:
— Updating the COSYSMO Size Driver Counting Rules specifically for SysML
— Further Automating the Counting Process

— Implementing the complete COSYSMO CER within the modeling tool (allowing full calculation of
the system size and the total SE effort from within the model.)

— Using Advanced Queries to review completeness, correctness, and consistency of the sizing
driver assignments
« The objective was to:

— Investigate how much of the COSYSMO cost estimation process could be implemented and
automated in a SysML modeling tool

— .. Evaluatethe usability, benefits and impact

* Disclaimer

— The implementation and.the examples shown were developed and demonstrated with CAMEO
Systems Model/CATIA-Systems Architect:

— The profile described is.a proof of concept, not a product.
— All features were created using out-of the box capabilities of the modeling tool.
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ORIGINALLY A DOCUMENT BASED APPROACH

» Developed before the release of SysML and the widespread
adoption of MBSE, the sources for COSYSMO size drivers were
document-based systems engineering artifacts:

Counting rules reflected the subjective nature and wide variability of
content in the source documents.

Many of the documents referenced as size driver sources do not exist
early in the program when the cost estimation activity is most needed.

Counting and recording the size estimate was a manual process using
spreadsheets.

System N ||
Architect

Sizing data.was poorly maintained, managed separately from the design
artifacts.

Systems engineering-continues to view parametric cost estimation as a
pricing activity.

Labor Intensive!

D7S DASSAULT
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COSYSMO AND THE AGE OF MBSE

« SysML with advanced modeling tools:

- Open standard systems modeling language

Provides a common, consistent set of model elements to SVSML wnh

represent each of the four size drivers

Provides a level of rigor, consistency and repeatability in the Advanced

counting process.

- Advanced tool features, such as custom tables that can MOdelil‘Ig TOO'S

execute complex queries using structured expressions
and custom scripts

Can parse the model and automatically count the number of //
model elements in each of the 72 DWR and 48 DFR size driver
categories.

- _Wide Adoption-ef MBSE

< Models are much-more complete, much more rigorous
and available ' much earlier.in theproject than documents.

- Modeling tools enable the'sizing data to-become

attributes of the architecture where it belongs! Wﬁ@]@ A@]@[@ﬁ:ﬂ@[ﬂ
of MBSE

D7S DASSAULT
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THE COSYSMO PROFILE

« The COSYSMO profile defines stereotypes for the DWR and DFR reuse levels and Difficulty level.
« When applied to a model element the, DWR, DFR and Complexity properties are implemented as Tag

Values.

» The profile also include advanced scripts, structured expressions and Parametric Diagrams the automate
the counting and calculation of system size and total SE effort.

«DWR Efforts
«extendedRequirement:s

EO/AR HIIRS

Profile Diagram COSYSMO Profile [ COSYSMO Profile ]J
1
«profiles
COSYSMO Profile
th
1 Metrics Specification
Stereotypes th
Metrics Specification
astereotypes -1s COSYSMO DFR Algorithm Sizing Data
DWR Effort DWR Category -n: COSYSMO DFR Interface Sizing Data
[Element] New ins COSYSMO DFR Requirement Sizing Data
:-‘°?iﬁe¢ e -1 COSYSMO DFR Scenario Sizing Data
A Jory : DWI ’ mpome .1: COSYSMO DWR Algorithm Sizing Data
+DWR_Cat DWR C: e
“DWRDiffcuty - Diffcuty AR e v+ COSYSMO DWR Interface Sizing Data
+DWR Selected : Boolean & Diffi ins COSYSMO DWR Requirement Sizing Data
sanedec = i COSYSMO DWR Scenario Sizing Data
Easy = 9
Nominal
sstofootypes «enumeration» it
DFR Effort
[Element] 2::‘;::990” Opaque Behaviors
ot Design «valueType» [E] &, getDFRAIgMa|
DRy Dty o Consiucted CER Category & JetDFRCERMap
+DFR Selected : Boolean [akdated Very Low &, getDFRIFMap
Low &k, getDFRReqMap
Nominal &, getDFRScnMap
Han &, getDWRAIgMap
ety Hon &, getDWRCERMap
= &, getDWRIFMap
&, getDWRReqMap
&, getDWRScnMap

DWR Selected = true
DWR_Category = Managed
DWR_Difficulty = Nominal

Id = "AV-2.5.1"

Text = "The EO/IR payload
shall acheive a daylight

NIIRS of 7.2 and a nighttime
NIIRS of 5.2."

verifyMethod = Demonstration

2% @ &

[E EO/IR NIRS

-~ [B] Traceability

- [&] Behaviors

~[B] Relations

Receptions

—[&] Inner Elements

- [B] Usage in Diagrams
Usage In

Template Parameters
~[B] Constraints

Instances

Operations

-] Attributes

~[&] Ports

~[&] Sub Requirements

- [B] Documentation/Comments
- [B] Navigation/Hyperlinks

Tags

Profile: | <ALL>

ot iz [ ~ (=]

® 8

¥ | Select tag and click Create Value to

- <> «AbstractRequirement»
O Derived

O DerivedFrom

[ 1d = "AV-2.5.1"

O Master

O RefinedBy

O VerifiedBy
DWR Effort»

O risk
O source

V| SatisfiedBy = Detect EO/IR Target
ext = "The EO/IR payload shall acheive a d.
racedTo = Conduct EO/IR ISR (Land), Cond;

[T] DWR Selected = true

’| DWR _Category = Managed
DWR Difficulty = Nominal
- [E «extendedRequirements

>

>

Remove Value Edit Value

A

create new value for it.

DASSAULT
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PROFILE FEATURES: SIMPLIFIED ASSIGNMENT OF REUSE CATEGORIES AND

DIFFICULTY

 Features of the Generic Table in CAMEO made the assignment of DWR, DFR and Difficulty levels an
efficient process.

- In a Generic Table or a Requirements Table, create a New Custom Column for DWR, DFR and Difficulty Stereotypes.

- The sizing analyst can first select the model elements to be included in the count and filter the table to show only
selected requirements.

- Clicking in the cell to present the enumerated list of possible values and then click on the value.

X Select Columns

Select columns

Quick Filter for fast column search.

=8l (=] = ex

Select the columns that appear in the Requirement Table. Use
categorized or alphabetically views for easier column selection and

X
N
= Sl
BN

Base Classifier [ false A
Bounds [ false

Class [ false

Classifier Behavior [ false

Client Dependency [] false

Collaboration Use [ false

DFR Selected true

DFR_CER _Category [] false

DFR_Category [[] false

DFR _Difficulty [[] false

DWR Selected true

DWR _CER _Category [ false

DWR _Category true

DWR Difficulty true

LN [ PN v
(Name)

(Description)

Q ]Type here to filter properties

OK

Clear All

Cancel

# 2 Name Text e O DWRSelected | O DWR Categ..| O DWR Difficulty
Method
2 AV-2 B [’ AV-2 System Component Descriptions (] <undefined>
3 AV-21 (&l AV-2.1 SAR/GMTI Capability true New Fasy
4 AV-22 (R AV-2.2 Communications Relay Capability M true Adopted V| * Nominal
LOS and BLOS command and New
5 AV-24 [ Av-24LOS and BLOS control links shall (T) contain a Demonstral||v/| true Modified Difficult
primary and a secondary link. Implemented
6 AV-25 B [ AV-25 EO/IR Capability (W] <undefined> Adapted

AV-25.1 Cel AV-2.5.1 EO/IRNIIRS

The EO/IR payload shall acheive a
daylight NIIRS of 7.2 and a nighttime  Demonstrat |/ true
NIIRS of 5.2.

Adopted
Managed Easy

A

DASSAULT
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PROFILE FEATURES: AUTOMATION OF THE COUNTING PROCESS

* When executed, scripts parse the model, count the
number of model elements in each of the DWR and
DFR size driver categories and write the totals to their
respective Size Driver Block Value Properties.

» The scripts are a combination of Stereotypes,
Enumerations, and Opaque Behaviors.

1

Stereotypes

«stereotype»
DWR Effort
[Bement]

© Dassault Systemes | Confidential Information | 2023

atributes
+DWR_Category : DWR Category
+DWR_Difficulty : Difficulty
+DWR Selected : Boolean

«stereotype»
DFR Effort
[Bement]

attributes
+DFR_Category : DFR Category
+DFR_Difficulty : Difficulty
+DFR Selected : Boolean

«profilex»
COSYSMO Profile

1 [— |

Opaque Behaviors Metrics Specification

& getDFRAIgMap th

v getDFRCERMap Metrics Specification

getDFRIFMap £ COSYSMO DFR Algorithm Sizing Data
5 getDFRReqMap Ens COSYSMO DFR Interface Sizing Data

% getDWRAIgMap
2% getDWRCERMap

s COSYSMO DFR Requirement Sizing Data
£ COSYSMO DFR Scenario Sizing Data

15 COSYSMO DWR Algorithm Sizing Data
£ COSYSMO DWR Interface Sizing Data

£ COSYSMO DWR Requirement Sizing Data

1

Enumerations

[E| CER Category
CE DFR Category
Difficulty

5 DWR Category

fms COSYSMO DWR Scenario Sizing Data

WX Specification of Opaque Behavior getDFRReqMap [Read-Only]

Specification of Opaque Behavior properties

Specify properties of the selected Opaque Behavior in the properties specification table. Choose the Expert or All options from the Properties drop-down list to
see more properties.

Specify properties of the selected Opaque Behavior in the properties specification table. Choose
PR [ the Expert or All options from the Propenies drop-down list to see more properties.
FRReqMap Al (@2l & | =%
ocumenttion/Comme[Jfl B8 24 B =3 ot o
avigation/Hyperlinks Bl Opaque Behavior
Usage in Diagrams
i~ Bl Usage In Qualified Name
2 Attributes
Ports
i Operations
h Receptions
3 [E] Parameters
E- © in mapKey: String
} Documentation/C
Navigation/Hype'
Inner Elements
Relations
Connectors
Tags
Constraints
Traceability
Allocations
ehaviors
emplate Parameters
- B Inner Elements
5] his function searche:
H Documentation/C
Navigation/Hype'
+ Usage in Diagrar
15 Inner Elements nclude
- Bl Tags Name
i Constraints The name of the NamedElement.
E Traceability

© in mapKey: String
(=P
e >

Owner
Body and Language
Applied Stereotype

0" encoding="UTF-8"

onSpecification orde

ue”

omagic.com/schema:

true” www3.0rg,

="callExpressionSpecification” includeCustomTypes

(i}

Q Type here to filter properties

Close Back Forward

Properties: All v

tructuredExpression/2013">

LSchema-instance”>

Help l

par [Block] Model[ [2%) Model 1/[

«constraint»

:DWR_Req_Values adapEasy

{getDWRs}

10_DWR_R_Adaptedforint_Easy : Real =28.0

Script named getDWRs

calls getDWRReqMap

13

@xz} getDWRRegMap( mapKey : String )

2S

DASSAULT
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PROFILE FEATURES: AUTOMATIC CALCULATION OF SYSTEM SIZE AND TOTAL

SE EFFORT

« The COSYSMO CER is implemented with Constraint Blocks in Parametric Diagrams.
- When the Parametric Diagram is executed, the profile calculates system size and SE effort.

 All properties at each level are displayed in the variables pane of the simulation window and saved as a
sizing instance.

DWR_CER : DWR_CER

th

«constraint»
DWR_CER : DWR_CER_Total

{DWR_CER=RU*AU*LSR*TR*MIG*DOC*DIP*DRL*STC*PTC*PEC*PC*MC*TS}

Total_Effort «constraints
System_Total : System Total E
{Total_Effort=Total DWR=Total_DFR}

DWR Total : DWR Total

F

ptal

«constraint»

DWR_Total : DWR_Total
{DWR_Size_Total=REQ+F+ALG+SCN}

REQ

ALG

BCN

DFR Total : DFR Total

«constraints
DFR_Total : DFR_Total
{DFR_Size=REQ+IF+ALG+SCN}

O
O
Ol

BCN

DWR Multipliers : COSYSMO Profile DWR jers | ’—‘
[DWR_CER
DWR_A : Real |—\DWR-CER
DWR_A L]
:l «constraints
DWR_Effort : DWR Effort
DWR_E : Real =
-—— DWRE ] {OWR_Effort-DWR_A'DWR_Size"DWR_E'DWR_CER) —(DWR_Size
|_] DWR_Size_Ty
DWR_Effort
Total_DWR
ETotal_ DFR
DFR_Effort
DFRA :\ «constraint»
dFR_Multipliers : COSVSMD Profile DFR_Multipliers DFR_Effort : DFR Effort DFR_Siz
e {DFR_Effort=DFR_A*DFR_Size"DFR_E*DFR_CER} DFR_§ize
DFR_A : Real —
DFR_E : Real ["—CE“
DFR_CER : DFR_CER
th

DFR_CER

«constraint»
DFR_CER : DFR_CER_Total

{DFR_CER=RU*AU*LSR*TR*MIG*DOC*DIP*DRL*STC*PTC*PEC*PC*MC*TS}

ALG

R

3 Variables X | o© Breakpoints X I 00 Watch X |

Name

e U _IVIUIT U IS - O DIV § BTG L VI L

B} (¥ DFR Total : DFR Total
&} CF) DWR_CER : DWR_CER
‘ [Pl DWR Multipliers : COSYSMO Profile DWR Multip...
& CFl DWR Total : DWR Total
& CBl DWR_ALG : DWR_ALG
B DWR_IF : DWRLIF
¥ DWR_REQ: DWR_REQ
B B DWR_SCN : DWR_SCN
& [T DWR_Total : DWR_Total DWR_Effort DWR_Siz...
- T ALG:Real
- _C] DWR Size_Total : Real
- O IF: Real
E REQ: Real
b 0 SCN : Real
B <] DFR_Effort : DFR Effort{System_Total.Total_DFR_...
B <] DWR_Effort : DWR Effort{System_Total.Total_D...
= ¥ System_Total : System Total {hours to Months.M...
i O Total_DFR _Effort : Real
_O Total_DWR_Effort : Real
O Total_Effort : Real
B hours to Months : Hours to Months {MM=size Driv...

Value

[TV

DFR Total@6eda8581
DWR_CER@1947d48e
COSYSMO Profile DWR Multipliers@324d7829
DWR Total@1657b684
DWR_ALG@f30712c
DWR_IF@744b95ee
DWR_REQ@667e47e8
DWR_SCN@6a8c202
DWR _Total@371bb98a
160.6400

2318.2200

137.9200

48.1000

1971.5600

DFR Effort@13a157df
DWR Effort@5ee1c6fd

TUIIC L DIV U O T W U 1O

ESystem Total@35e60c3d

0.0000
77858.2748
77858.2748

Hours to Months@455d6c9e JLT
/D SUSTEMES
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PROFILE FEATURES: THE COMPOSITE EFFORT MULTIPLIER IS IMPLEMENTED
AS A BLOCK

« Cost Drivers are represented by a Cost Driver Block with Value Properties for the fourteen cost drivers.
« A Cost Driver stereotype allows the rating level to be applied to each cost driver value property.

« A custom script translates the rating level (Very Low to Extra High) into the numerical values that determine
the Cost Effort Multiplier.

# | Name | O DWR_CER_Category | 1 n " V(_ary E>.(tra
1 # and diversity of installations/platforms  Very Low S ‘ — Cow oW Nominal High ~High  High
DLl P:Z?'c':::“t Drivers 2 # of recursive levels in the design Low | i ReqL.urements UnderStar?dmg EEN e U IS S
values - : . . |2 Architecture Understanding 162 127 100 081 065
Requirements Understanding : Real B, M Architecture Understanding Nominal ‘ s [P —— t 062 079 100 132 174
AcecireUndesonny el | O Documenation Norinl |3 LewlofSenis Requrement i [ | [ [
Migration Complexig('l: Real ‘ 5 [ Level of Service Requirements Nominal ] 4 Migration Complexity 1.00 124 154 210
Eﬁiﬁmﬁgﬁfrﬁgﬁal | 6 Migration Complexity Nominal \ 5 Technology Risk 070  0.84 100 132 174
Sonddhert ot pttorstoms fes | | 7| C3 utiste coodnaton ow 6 Coumenaor 02 08t 10 115 128
Stakeholder team cohesion : Real | 8 [ Personnel experience/continuity Very High | 7 #and diversity of installations/platforms 100 123 151 200
:g:zgg:grte?prgr(i::#::/lgtg[n:ﬁs:;;: Real | 9 Personnel/team capability High ‘ 8 # of recursive levels in the design 080 089 100 121 146
ﬁ'ﬁf@iﬁfﬁf&?ﬁ'ﬁ%&fﬁ Igleal | 10 = Proce.ss R . i . } 9 Stakeholder team cohesion 150 122 100 081 066
Tool support : Real | 11 Eeiu't:e::e"ts Under:ar.\dlng \|\/1ery H'glh ‘ 10 Personnel/team capability 148 122 100 081 066
{ Tt:(hen oc: = ge; :::1 s NZ::::I R Personnel experience/continuity 146 121 100 082 067
14 Tool support Extra High ‘\ 12 Process capability 1.46 1.21 1.00 088 077
13 Multisite coordination 133 115 100 090 080
14 Tool support 134 1.16 100 08 073

D7S DASSAULT
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SO, WE MADE APPLYING SIZE DRIVER PROPERTIES EASY AND WE
AUTOMATED THE COUNTING PROCESS!

BUT WHAT DO YOU COUNT?

2
DS sistevies
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UPDATING COSYSMO SIZE DRIVER COUNTING RULES FOR SYSML

« While the mechanics of
counting size drivers in a
SysML model proved
almost trivial, the question
remains “which ones do you
count?”

* In collaboration with Dr.
Ricardo Valerdi and Dr. Gan
Wang, we revised the size
driver counting rules to be
specific-for.counting in a
SysML.model.

* We-selected-the model
elements that most Closely
corresponded to the original
COSYSMO size driver
definitions.

Criteria

Name

Scope (optional): | 1.1 Air Vehicle Spec Filter: ¥ Context (optional): @ | Drag elements from e )
4| 2w Name Text ey, | O DWRsdected | O DWR Categ ‘ © DWR Diffculty
AT [ AV-1 System Requirements ) <undefined>
2 Av2 8 @ AV-2 System Compor ined
3 Av21 [E AV-2.1 SAR/GMTI Adapted Difficul
4 AV-22 & AV-2.2 Communic: 1 Adopted Nominal |
5 AV-24 [8 AV-24 LOS and BLOS Demonstrai ] true Managed Nominal il
6 AV-25 8 [@ Av-2.5 EO/IR Capability (=] <undefined:
The EO/IR payload sh,
7 Av2si [ AV-25.1 EO/R NIRS daylight NIRS of 7.2 Demonstrat 7] tr Nominal
NIIRS of 5.2
The EO/IR payload shall (1) provi
targe
8 AV-252 [8 Av-25.2 EO/IR Geolocation Analysis ] true Managed Nominal |
obable (CEP) at 3-5
The EO/IR payload shall be able to
9 Av2s3 AV-253 EO/IR Search detect a 10 m object atarange of 5 Demonstrat 7] true Managed Norminal
.
The EO/IR payload shal be capable
10 AV-254 2.5.4 EO/IR Track of automatic tracking of a selected Demonstrat ] true Managed Nominal |
target.
The EO/IR payload shall provide
11 jAv-255 L2 AV-255 EO/IR Manual Control '“a":?'hzfo‘:": ‘act [Activiy] Conduct EO/R Surveilance [ Conduct EOIR Surveilance ] J
The EO/IR
2 Av-256 [E AV-2.5.6 EO/IR Laser llumination and Rar ‘H;;SH/“U:‘:
“alocates calocates calocates calocates
ground Segment : Ground Segment AVIONICS : Avionics VSS : Vehicle Subsystems PL: Mission Payload
M
! ]
| i I |
| I v |
e Provide
| output,_[ DWREforts 7 | | ey !
| 9% Transmitav || | |
T :1; i Status. | il | |
: Record an -_——— )
‘ Display AV ': Lout & | =
i —— | | Provide !
T DWREforh ) | - Coong ) |
: Provide BLOS F!
! Communications \ !
| i |
v
= [,mnput L input (" : Execute EO/IR
Payload Cmds e, o > "Payload Cm
! -3
S | -
T
Payload Stat £O/R Payjoadfstat
Empces saivs i el I 2 Conduct Comms Relay
|
B ot Bl 2 > Conduct EQ/IR ISR (Land)
Display EOIR 4—
isplay EOIR com borfrows [ .
S ——— 3 > Conduct EQ/IR ISR (Maritime)
‘ DWR Efforts L |
:Provide LOS
- 1 -
S st | - 5@) s 4 2 Conduct Inspection and ID of Target
Activity
5 > Conduct Post Flight
[—— - .
6 © Conduct Pre-Flight
7 > Conduct SAR/GMTI ISR (Land)
8 2 Conduct SAR/GMTI ISR (Maritime)
5] s Data: EOMR Sens Dot F
I ] !

E

‘SARIGUT Payiad Crds

F
sssss T Payidd Staus
Sensor Data - ~SAR/GHT Sesor Dt .

‘SARIGHT Sensor Data L‘r

O Perform AOG Recovery
2 Perform Automated Launch, Flight and Recovery
2 Perform Manual Launch, Flight and Recovery

DASSAULT

(o] Transport, Assemble and Disassemble ]
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SAMPLE SYSTEM MODEL

The system of interest is the Air Vehicle segment of a larger UAV system.

bdd [Package] System Structure [ System Structure ]/l

«blocks |exoe
External Operational Element r

«block» |
-1 UAV System ]

‘bbck’ RFV o o - ——
lstandard Refuel Vehicle I‘—

(sor — bkl T T T

I GS

! B Y Iv’ ground Segment [ 0 ’

«block» |erc | Air Vehicle { Ground Segment |

Standard Ground Power Cart |- ¥ i1 g | g
AF l PROPl VSSl

«block» | «block» «block»
Airframe | Propulsion Vehicle su bsystems

PL

«block» ]
ission Payload
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e Eack Eon‘:‘::k:oad J
S «blocks ‘ Automatic Flight Control Y
Auxiliary Power Subsystem | v e ‘ S
S «block» Communication/ldentification SAR/GMTI Payload
Electrical Subsystem i cl?lol:lf» — ‘
= «blockx | R monioning System | COMM Relay Payload |
anuronmental Coptrol Subsystemrl T e I
FCcs «blocks —)Lwi ion Computer/Pr ing
QRS subayatom | wiBS |
«blocks gEeiGuidance |

HS

Hydraulic Subsystem
Fs blocks

Fuel Subsystem
LG «blocks

Landing Gear |
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COUNTING SIZE DRIVERS IN SYSML

- The paper provides full description of SysML size driver counting rules and required model content:

- Requirements - Requirements in the Systems Specification Package of the SOI.

- System Interfaces - Connectors between the SOl and External Systems and between the Level 1 Subsystems in the
System Internal Block Diagram.

- Algorithms - Activities in Level 1 Subsystem Functions that will require development or modification of algorithms.

- Operational Scenarios - Operational scenarios in CONOPS documents, enterprise architecture operational views,
etc. (Create Use Cases as proxies for the operational scenarios.)

X ‘act [Activity] Conduct EO/R Surveilance [ Conduct EO/R Surveilance ] J hl
Scope (optional): | 1.1 Air Vehicle Spec . | Filter: ¥ Context (optional): @ | Drag elements from t
ad Name Text ,X:‘:Zd O DWR Selected ‘ © DWR Categ. ‘ o DWR,Dwﬂcuny‘ z Name
:z:; Ez: ground Segm‘::r:‘:?:;:und Segment Avlmrluc”;fu: nnnnnn VSS:VEI::;‘:ZC;‘:;:)'MEN 1 C:) Conduct Comms Re'ay
Av-2.1 ] true -
vz e ® 2 2 Conduct EQ/IR ISR (Land)
2
v2s ot we | i N [ 3 > Conduct EOQ/IR ISR (Maritime)
6 AV-25 a AV-2.5 EO/IR Capability (] <une ! e ! | : ro\fl e 1 -
’ ! e T < © Conduct Inspection and ID of Target
Av-251 @ AV-251 EO/RNIRS trat ] true —L T ‘ | ‘ | o
DAy —,&J R 5 2 Conduct Post Flight
= ) = s | [ + Provide D =
8 Av-252 [E AV-2:5.2 EO/IR Geolocation M true : ‘ Pfxz:ﬂg:os ’(’I | > S D c::) Conduct pI'E‘Fllght
‘Communication: |
! 7 ol @
| i onduct SAR/GMTI ISR (Land)
. : Send EONIR output |
9 Av2s2 [E AV-253 EO/IR Search tral ]t | payosa cmas | ZOR Fayhachmds 8 O Conduct SAR/GMTI ISR (Maritime)
|
0 Av2s4 [ AV-25.4 EO/IR Track trat (] tru ‘ “Recordand ) _input I 9 C:D Perform AOG ReCOVery
Display EOMR | (o
Payload Status | EO/R Payloadfstatus = E
| Avass 8 41255 EOMR anud Contl o Do — : 10 2 Perform Automated Launch, Flight and Recovery
2 Jvase B8 A1 256 EO/ Lser Humiatonan ar T2 P ( alsartan et ‘ 1 2 Perform Manual Launch, Flight and Recovery
Kansor Data EO/R Sendor D
) | 12 O Transport, Assemble and Disassemble
: Provide LOS
& ’VE:ﬂu.nce _ @ ‘Communications )
Activity
I -
DASSAULT
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EXAMPLE: COUNTING SYSTEM INTERFACE (IF) IN SYSML

Model all Level 1 internal
and systems external
interfaces with Ports,
Interface Blocks and
Connectors in the System
Internal Block Diagram.

Include lItems Flows.

ibd [Block] UAV System[ AV Functional Interfaces ] )

["standard Refuel Vehicle : Standard Refuel Vehicle
| [l

| standard Ground Power Cart: Standard Ground Power Cart |
]

Gnd Power Out : Standard Gnd Power Cart Connector
«fully

| GPS:GPS

Fuel Out : Standard Fuel IF

VSS: Vehicle Subsystems AVIONICS : Avionics

ECSVO:ECSFF

400 Hz In : ~400 Hz IF
BLOS Comm : UHF Satcom

400 Hz Out : 400 Hz IF

LOS Comm : MRT/CDL

AV Flight Cmds
Fit Control IF : AV Fit Control SS IF

| FCS : Flight Control Subsystem I

LOS Comm : MRT/CDL

GS: Ground Segment

nhm Transiever Cmds

Cooling Out : Cooling IF Comm Relay IF : Comm Relay

AV Posttion,
AV Status -
P Favez:es Flight Control IF
Comm TranSiever Stalus L oM Relay F : Comm Relay
EO/IR Payload Status
-

LG: Landing Gear

Cooling In : ~Cooling IF

0/R Payl‘oad Cmds
<

EO/IR Payload Control : EO/IR Pa C2F

>

A
EO/R Sensor Data

EO/IR Sensor Data Out : EO/IR Se Data F

- SAR/GMTI Payload Control : SAR/GMTI P, C2F g

SAR/GMTI Paylo3d Status

<
SAR/GMTI Payload Cmds

or Data Out : SAR/GMTI Sensor Data IF =]

=
Payload C2 : EO/R Payload C2 I

[=] Mission Data : ~EO/IR Sensg

Payload Control : SAR/GMTI Pa;

SAR Sensor Data In : ~SAR/GMTI Se

PROP : Propulsion

'S Comm :
fulls

HF Satcom

«fully
LOS Comm : MRT/CDL

«fully
BLOS Comm : UHF Satcom

>
SAR/GNTI Sensor Data

BLOS Comm : UHF Satcom

r Data IF

fload C2 IF

nsor Data IF

Ay
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EXAMPLE: COUNTING SYSTEM INTERFACE (IF) IN SYSML

In CAMEOQO, create a White Box ICD Table for the SOI.

Each row in the table represents a Connector.

The Port Features column shows the properties of the Interface Block that types the Port at each end of the

connector.

Add New Custom Columns for the DWR, DFR and Difficulty stereotypes.
Reuse Levels and Difficulty are derived from the Port Features (i.e. Interface Blocks).

# ‘ Part A Port A | 4 FZ::":s [tem Flow Port B ‘ Port B Features | Part B | © DWR Selected ‘ © DWR_Category © DWR_Difficulty
1 |CE® AF: Airframe 13 Engine Mount: Engine Mounti... ]:I Engine Mount: ~Engine Moun... IEI PROP : Propul... (m] <undefined>
2 |[® PL: Mission Payload ] Payload Mount : ~Payload Mo... || Payload Mount : Payload Mou... ,E] PROP : Propul... [®] <undefined>
3 | VSS : Vehicle Subsystems | I3 VSS Mount : ~VSS Mounting P... 13 vSS Mount : VSS Mounting Pr... \C® AF: Airframe  |[W] <undefined>
[ in ECS Statu out ECS Status : AV Flt Cntl SS St
4 |[® VSS : Vehicle Subsyst ut ECS1/0 : ECSIF utECSI/O : ~ECSIF [® AVIONICS : A... [ t Modified Nominal
haciesubestens || oSl [H out ECS Crr | i in ECS Cmds : Flight Control Cm| i iy S
[H inout AV Fli| 4 I¥ AV Flt C out AV Flight Cmds and Status|
5 |CB VSS : Vehicle Subsystems |1 inout Fit Control IF : AV Flt Con...| — o L o ;” T3 inout Fit Cntrol IF : AV Fit Cont...| — o 97 =MEE NG =R g AVIONICS - A... [ true Modified Difficult
AV n
[ inoutEngin| ™ M E eC (8 inoutEngine C ds: Engin|
6 |[B VSS : Vehicle Subsystems | ] inout Engine Cmd/Status : Pro... inoutEngin < Engfnc : B inout Engine Cmd/Status : Pro... IaEERgmeSomiTan "9 proP : Propul... [] true Implemented Nominal
ngine > | |
7 |CB VSS : Vehicle Subsystems ] out 12V Out : 12V IF [F out 12V Cu Hin12Vin :~12VIF in 12V Current : 12V DC Curreni|(® PL: Mission P...|[] false
& |[® VSS : Vehicle Subsystems T3 out 400 Hz Out : 400 Hz IF [F out 400 Hz ! T3 in400 Hz In : ~400 Hz IF in400 Hz Current : 400 Hz AC Ci|®] AVIONICS : A... true |Adopted Easy
9 | VSS : Vehicle Subsystems ] out 400 Hz Out : 400 Hz IF out 400 Hz | B in400 HzIn : ~400 Hz IF in400 Hz Current : 400 Hz AC C([®l PL: Mission P... |[] true Adopted Easy
10 |® PROP : Propulsion 13 out Bleed Air Out : Bleed Air IF |8 out Cooling T3 inBleed Air In : ~Bleed Air IF in Cooling Air : Bleed Air |CEI VSS : Vehicle ... [m] <undefined>
11 |C# VSS : Vehicle Subsystems | ] out Cooling Out : Cooling IF [8 out Cooling T3 in Cooling In : ~Cooling IF in Cooling Air: Bleed Air [#] AVIONICS : A... [m] <undefined>
12 | VSS : Vehicle Subsystems | ] out Cooling Out : Cooling IF [8 out Cooling T3 in Cooling In : ~Cooling IF in Cooling Air: Bleed Air [# PL: Mission P... [m] <undefined>
13 | VSS : Vehicle Subsystems |0 out Fuel Out : Fuel IF [# out Fuel : JF T3 inFuel In: ~Fuel IF in Fuel : JP4 ‘El PROP : Propul... [®] <undefined>
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USING ADVANCED QUERIES TO ENSURE ESTIMATE QUALITY

size drivers.

* There are two fundamental relationships to review:

- Traceability (Completeness and Correctness)
- Consistency of DWR, DFR, and Difficulty assignments

E--[7] 01 Operational Scenarios- e

Sy
- g i
5]
B P2 2
2 P22 E
] 2 i 5 &5 g
£ E & 2 8
: v 5 2B RLs
S & i cO2
i E o s2 G &0
e Sz | 2Th
> ® I i > £ c
g3ess ) BHgIES
T > Ky
« g o §E g 8’1
w0085 g £ 5 ¢
E v x g 2002230
g g oo 22 x e TG
ESS 28 i g 2l
S 00 20 fx x5 5§
OwWwwSsSaacwvug s o
i il wie i v ] L
T T 8T8 888 e e e 8
444434445558
€ £ € € £ € € £ €T £ §
O O 0 0 O O 0O O T & T o
OO0 O0OU0UU0UUU0UUadar
ANANANNANNNN A
(ONONONOMONONONONONMONONO)
21 27 27 21 6 8 22 22 2 28 28 8

Bl [ 1.1 Air Vehicle Spec
. [®] Av-1 System Requirements
E [®] Av-2 System Component Descriptions
i~ [R] AV-2.1 SAR/GMTI Capabiity 2
[R] Av-2.2 Communications Relay Capability 1/
LOS and BLOS
EO/IR Capabilty
2.5.1 EO/IR NIRS
; .2 EO/IR Geolocation
i~ [E] Av-2.5.3 EO/R Search
I [ AV-2.5.4 EO/R Track
. [E Av-2.5.5 EO/IR Manual Control
[El Av-2.5.6 EO/IR Laser Hlumination and Ranging

7 A

N N NN NN
NNYNNNY N
NNYNNNY N

-3 Performance Characteristics
-3.1 System Operations

3.1.1Time On Station 6
Mission Planning
3.2.1 Pre-Flight Programming 3 e e
V-3.2.2 In-Flight Programming

A 27

The matrix above shows traceability between
Requirements and Operational Scenarios.

While not part of the original COSYSMO counting rules, there are clear relationships between each of the

Criteria
Element Type: = Activity Scope (optional): | 03.2 Activities
# Name Satisfies ‘é;fegm‘ E:feg:r’: ’[")Efﬁgj‘l'tv: Req DWR Difficulty
4 €3 Conduct Pre-Flight
5 ©3 Conduct SAR Surveillance
[El AV-2## EO/IR Search O Managed Nomina
6 €3 Detect EO/IR Target -2.5.1 EO/IR NIIRS O Implemented | © New O Nominal Difficult
AV-19 Payload Options
. £3 Detect GMTI Target ‘jv-zm SAR/GMTI Capabil O Adapted Difficult
), O New
R [’ A O Adapted Difficult
N A O New
[E A\ O New Difficult
9 ecute EO/IR Payload Cmd O Managed Nomina
£3 Execute GCS Flight Commands AV-3.3.2 Takeoff Abort O Adopted O Ne O Difficult Difficult
£3 Execute GMTI PL Cmds [El AV-19 Payload Options O New Difficult

ALG DWR
Category

Req DWR
Category

ALG DWR

Difficulty

Req DWR Difficulty

O Managed
O Implemented | © New O

O Nominal

Nominal

O Difficult

9 Geolocate GMTI Target

H 18

[El AV-19 Payload Options

O M
anaged O New

O Difficult

The table above shows DWR and Difficulty of Algorithms
compared to the Requirements they Satisfy.

A

DASSAULT
SYUSTEMES



© Dassault Systémes | Confidential Information | 2023

23

COSYSMO COST ESTIMATION PROCESS WITH MBSE

lterate

Step 1: Develop the
System Architecture

As a SysML model
Must be sufficiently
complete.

Step 2: Assign Size Drivers
Reuse Category and Difficulty
(REQ, IF, ALG and SCN)

Step 2a: Identify Size Driver _
Elements Step 3: Compute System Size and

SE Effort

Step 2b: Determine/Assign (Hit the Run Simulation Button!)
Reuse Category and Difficulty

Size driver counting is fully
automated

 Calculation of system size and
effort is fully automated

Simplified with less labor and more rigor » Results are saved within the

Sizing properties are properties of the architecture model or can be

architecture model exported .

Cross cutting views enable quality review 975 DAssAULT

Step 2c: Review for
Completeness and Consistency



COSYSMO with MBSE simplifies the labor
intensive tasks and lets the Systems
Engineer focus on the important things!

Tasks for the Systems Engineer « Tasks for MSBE Toolset

— Design the System — Maintain Sizing Data as part of the

— Identify Sizing Elements System Architecture

— Provide efficient User Interface to apply

— Determine Reuse Category and Sizing Parameters

Complexity

—  Analyze Results — Automates Counting

Mo — Calculates System Size and SE Effort
:,Q : — Provide Cross Cutting Views for Analysis

v BN

=<

W
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SUMMARY, CONCLUSION AND NEXT STEPS

 The Tool and the Method

The COSYSMO profile simplifies the assignment of size driver properties and automates the counting and calculations.
The rigor and structure of SysML, along with sound modeling practices, enable a more repeatable counting process.
The semantic relationships between model elements provides strong traceability between size driver elements.

- Advanced queries in tables and matrices enable a review of completeness, correctness and consistency of size driver
assignments.

« The SE Process

The convergence of COSYSMO with MBSE makes the sizing activity a responsibility of the system engineer/architect.

The size driver properties become properties of the architecture model as opposed to data maintained separately and
disconnected from the system architecture.

= Requires sufficient model content and fidelity and some specific modeling patterns.
<~ Enables the project to perform quick cost trades earlier in the lifecycle.

-~ The ability toraccess the-sizing'data for each size driver, for each DWR/DFR category, allows the cost analyst to review
and validate the size estimate:

* Next Steps

- Developing cost model calibration data foer SysML Models
- Industry use and feedback to validate new counting rules
- Case Study with an Actual SOI D7S DASSAULT
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