34th Annual INCOSE

international symposium

l'l . .. /3 .
1 .v’ Dublin, Ireland
/ July 2 - 6, 2024

Enhancing Capabilities of Parametric Diagrams with Opaque Behaviors
By Sean Densford, Daniel Brookshier, and Barry Papke

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 1



Agenda

Problems

Term With

Definitions Simulation

Value of
Mixing Bridging the
Simulation Gap with : Case .
with Structured Alternatives Pros/Cons Studies Conclusion
Crosscutting Expressions
Information

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 2




Terms and Definitions

Simulation Information

* Model data that is available during the runtime of a simulation

Cross-cutting Information

* Model data that is calculated from other model information, such as number of requirements

Structured Expression

» Atool feature in Cameo that allows model parsing of cross-cutting information based on relationships, logic, and/or
code

Opaque Behavior

» Areusable model element that holds scripts and/or Structured Expressions

/ Opaque Expression

» An expression that allows another language instead of UML/SysML to be used for evaluation
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Difference Between Cross-cutting Information
and Simulation Information

Cross-cutting Citei
i nfo rm ati O n iS Metric Suite: | Requirement Satisfaction Filter: | 7

I | t d f # I &L Date I &= Scope I &% Requirements | L Satisfied Requirements I L, Satisfied Requirements Percentage
Ca Cu a e rom 1 [2024.01.0818.25 B3 1 Systern Requirements |36 26 100

model information, |

SUCh as the number E E comanche 3 Rocket: Comanche 3 Rocket [Idle] EComanche 3 Rocket@11bb18b8

Of reqUirementS that - [V fCross_Section : area[square metre] 0.0005
are Sat|Sf|ed =M fCurrent_Acc : acceleration[metre per secon... 0.0000
. . - [V fCurrent_Alt : distance[metre] 0.0000

°
SI mUIat|On . ~[¥ fCurrent_Drag : force[newton) 0.0000
Informatlon IS /Current_Mass : mass[kilogram] 0.2186
CaICUIated from ~ ¥ fCurrent_NF : force[newton] 0.0000
Val ues d u rlng =M /Current_Vel : velocity[metre per second] 1.0000
: ~ [V Drag_Coeff : Real 0.7500
ru ntl me - [ dT: time[second] 0.1000
Rocket_Diameter : distance[metre] 0.0248

Snippets From Cameo 24x
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Problem with Simulation

) T h e re i S a ‘ moe j «constraint»

d | sconne Ct b e tW een {moe ={10/(bestCase-w orstCase))T(value-bestCase)+10}
Parametric Diagram 0 nll e
Simulation and

Model Data

worstCost : Real bestCost : Real

El LVl bestMass : Real =|21.0

EHEI worstMass : Real = 86.0
EEEworstCost : Real = 86.0
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What is the Value of Integrating the Two?

Cross-cutting information in

simulation

» Calculate value properties based
off real time model metadata

f » Automate taking information from
multiple sources to set values
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Bridging the Gap: Simple Example

~\

Create an Opaque Behavior using a Structured
Expression

J

~\

| Create a Constraint Block with desired value
properties

J

Create a Constraint with a script to invoke the opaque
behavior
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Bridging the Gap: Structured Expression

Create an Opaque thawor using a — arg1 — Metachain to get Optics Cost
Structured Expression
. md arg2 — mapKey input to function
Containment PR v
=% é wa B Body and Language
B- [<] Model
- (] Alternatives Edit Body and Language ml arg3 — Metachain to get Battery Cost
Ei]" o Requirements Select language from the language list an
B[] Results
@-[ SimConfig
A i A e  arg4 — Metachain to get Solar Panel Cost
- . Relations
|54 Trade study analysis Language:
B Objective f StructuredExpression (recommended) . .
E Satellite Trade Study Analysis — arg5 — Metachain to get OpthS Mass
@ B uc Body:
i B Worst Case and Best Case ) Body
B @Zu'f getBestWorstCases{ mapKey : String ) B+ @ generateBestWorstCaseMap —<
- arg7 = Solar Panel - Mass = argb — Metachain to get Battery Mass
B % arg = Battery - Mass
E}nab arg5 = Optics - Mass
B} ¢ argl = Optics - Cost
i [€] arg2 = mapKey .
- Py arg3 = Battery - Cost mmd arg7 — Metachain to get Solar Panel Mass
- fy argd = Solar Panel - Cost
T —— Create parameter... \
& Simulation - [# Create operation... \

i
|
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Bridging the Gap: Scripting a Map

Structured Expression

Create an Opaque Behavior using a ]

s % Q &

E- [5] Model
B[] Alternatives
B3+ [7] Requirements
- [ Results
-3 SimConfig
B[] System model
£ [ Trade study analysis
@ .7 Relations
i & Trade study analysis

Edit Body and Language
Select language from the language list an

Language:

//Define a map to hold the Key as the name of each array and the Value
as the size of each array
//sum worst by min{) and best by max()

def costMassMap =
['worstCost':argl.value.max( )+arg3.value.max( )+argd.value.max{ ), 'bestCos

- E9 Objective f StmucturedExpression (recommendei) t':argl.value.min( )+arg3.value.min{ )+argd.value.min( ),

gsatﬂ"“e“ﬂde StudyAnalysis - 'worstMass' :arg5.value.max( )+arg6.value.max( )+arg7.value.max( ), 'bestMass
= uC 3 i = - -

& 8 Worst Case and Best Case © Body :arg5.value.min( }+arg6.value.min( )+arg7.value.min( )]

B & getBestWorstC B- & R -

J‘./' £ Simulation
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Bt A, arg7 = Solar Panel - Mass
B, argh = Battery - Mass
Ele'ﬁ arg5 = Optics - Mass
B &% argl = Optics - Cost
i [€] arg2 = mapKey
B &y arg3 = Battery - Cost
B¢ argd = Solar Panel - Cost
- [# Create parameter...

- [# Create operation...
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//Call the map using arg2 string from the user
costMassMap[arg2]




Bridging the Gap: Binding the mapKeys

value properties

Create a Constraint Block with desired ]

|

Worst Case and Best Case
E worstCaseCost : Real
-0 bestCaseCost : Real
i~ O] worstCaseMass

E bestCaseMass
- {1 getBestWorstCases=/*Written by Sean Densford 3/15/..
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worst

Mass : Real

«equal»

w orstCaseMass

l bestMass : Real I

«equal»

bestCaseMass

<Ll

- n

:Worst Case and Best Case
{getBestWorstCases}

«constraint»

L]

|_|

w orstCaseCost

«equal»

bestCaseCost
«equal»
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‘ w orstCost : Real I | bestCost : Real |
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Bridging the Gap: Expressing the Opaque Behavior

the opaque behavior

Create a Constraint with a script to invoke ]

%
The following are a set of calls that use a key (i.e worstCost,
bestCost, etc) to grab the corresponding
value from the map getBestWorstCases and sets them egual to the
corresponding constraint parameter to be

: binded to the value propert

S=_JWorst Case and Best Case %/ AERPESEX

.+ _O worstCaseCost : Real

H }"jgloeﬂfaseCost:Real worstCaseCost = ExpressionHelper.call(behaviorExpression,

. [ worstCaseMass fuane=tust _ _ _

; émfij BestC asiol bestCaseCost = ExpressionHelper.call(behaviorExpression,

i ;’ estiasew ass "hestCost" )3

i 1} getBestWorstCases=/*Written by Sean Densford 3/15/... —_ worstCaseMass = ExpressionHelper.call{behaviorExpression,
"worstMass");
bestCaseMass = ExpressionHelper.call{behaviorExpression,
"bestMass");
S—
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Alternatives

et —=3 Create a simulation behavior that matches the
soanrar ey Structured expression

> consoe

i
[ A mpena
et
I
B i
g s

= - Complex scripts

. r
piect e s YTy

. Urﬁfrfﬁ"eu- e W Y
e WBTE L funee L ey -
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Alternative: Why Can’t We Directly Use a Structured Expression?

 Default Value

— Works in evaluation,
but not Simulation

— Nothing to tell the
model to express the
opaque behavior

: Worst Case and Best Case
{getBestWorstCases}

L1 []

worstCaseCost bestCaseCost
wequaly

B Default Value

Edit Default Value
Select language from the language list and specify body in a dedicated editor.

Language: History:
StructuredExpression (recommended) v & (THIS: Property = wo.. ~
Body: Parameters:
& [T——— Operation from... &  Edit Use as... Remove Name Argument
! stWorst]
- THIS [V worstCost : ..

“ [#] Create operati

Operation Name: | getBestWorstCases1

Behavior: |&F getBestWorstCases

B B THIS = worstCost
5-F) OrderedSet(Size = 1)

L 210

| worstCost : Real I

| bestCost : Real ]

-»

wequal» «wequaly
worstCase bestCase
«constraint»
e cost :uc

{moe = (10/(bestCase-w orstCase))*(value-bestCase)+10}

val
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TradeStudy Satellite Trade Study Analysis is started.

90 of 90 alternatives evaluated for Satellite Trade Study Analysis trade study (9 sec).
Winning configuration: : optics3, : #2, : 3-axes SP

Winning score = 0.0

WARN: 35 alternatives obtained the same winning score.
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Alternative: Manual Process

Criteria & [ System model
Classifier: I Battery | .~ Scope (optional): | Drag elements from the Mc B~ ,7 Relations

Excel Import Status: [] New [] Updated [[] Obsolete [ Unchanged g" E Model

] , B & 2-axes sP
B Relations )
B9 cost : Real = 20.0 . ' =
i~V totalCost : Real E [V bestMass : Real = 21.0
B 03 mass : Real = 20.0 g milbestCost @ Real = 21.0
[ : :
L e e B~ (W worstMass : Real = 86.0
B Relations LRI orstCost : Real = 86.0
QW) cost : Real = 30.0 . rm
i--[1 totalCost : Real

Criteria i
" Classifier: | Optics .. Scope({optional): i Drag elements from the Model Browser $- m mass . Rea] = 1 0.0
# e [¥ cost : Real [V totalMass : Real

= optics0 = & Attached SP

=l optics1
=l optics2
= optics3
= optics4
6 =l optics5

# | Name ‘

v s w N =
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Pros/Cons of this Method - Performance

Evaluate Operation Performance X

Evaluate Operation Performance

Diagnostics help determine the reasons behind slow tool operations if they are caused by the

PY 1 execution of expressions (e.g. derived properties, smart packages, legends, validation rules)
AVOId S n eed to Sea rCh defined in the model. Matrix and table building can also be analyzed.
the model manually for

P( )S all values i s
o Aut t Calculati I 100,00% Performance Diagnostics
U Oma eS a CU a IOn [SRR B 84.62% - 132ms - [1] Building Diagram: Diagram ‘Instance Table1'

Process b8+ 0,64% - 1ms - [6] Column 0 #: Diagram ‘Instance Table1
w8 0.64% - 1ms - [6] Column 1 Name: Diagram 'Instance Table1'

EJ- 4 833% - 13ms - [1] Validation: Constraint 'Suspended Autochanges'
S0 7.69% - 12ms - [1] Expression Script JavaScript Rhino: Constraint 'Suspended Autochanges'
1.92% - 3ms - [1] Validation: Constraint 'Invalid Connector'
1.28% - 2ms - [1] Validation: Constraint ‘Invalid Connector’
0.64% - 1ms - [1] Validation: Constraint 'Invalid owned element of ConstraintBlock’
0.64% - 1ms - [1] Validation: Constraint 'Suspended Autodisplaying'
0.64% - Tms - [1] Validation: Constraint 'Invalid Tagged Value'
- 0.64% - 1ms - [1] Validation: Constraint 'Out of Date Texts'
0.64% - 1ms - [1] Validation: Constraint ‘NumberlUniqueness'
0.64% - 1ms - [1] Validation: Constraint ‘Parameters Synchronization of Call Behavior Action'

« Code could be
optimized; this was not
iInvestigated thoroughly

Trade Study Example

Close Help

~

~
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Case Study — Parametric Cost Estimation

COSYSMO

The Constructive Systems
Engineering Cost Model (COSYSMO)
estimates the system engineering
effort by calculating a value called
System Size.

System Size is determined by
counting the number of size drivers:
— system requirements (REQ)
— system interfaces (IF)
— system algorithms (ALG)
— operational scenarios (SCN.)
Each size driver has two properties

that have weighted values: Reuse
Level and Difficulty.

2-6 July 2024

1

System
Size

Size
Drivers

Reuse

Level

Difficulty
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Level
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Case Study — Quick Background on
CO SYS M O Difficulty

There are 6 Design With Reuse (DWR) S— -
levels and 3 Difficulty levels in
COSYSMO.
«  Each level has a numerical weight. 1.9 4.0 9.0
*  This results in 72 possible DWR 1.9 3.8 9.8
4

categories (4 size g:lrivers X 6 reuse Operational Scenario (SCN) 6. 13.6 26.3
levels x 3 complexity levels).

. There are rules to determine which REQ,
IF, ALG, or SCN size driver model
elements to include in the cost estimate.

« The system engineer needs to select the
size driver model elements and assign
the reuse level and difficulty level.

/«  The problem:

— The only data in the model are the
reuse and complexity levels (string
value types).

— The numerical weights are not
value properties in the model (real
value types.)

Design With Reuse

Design Design Adapted Adopted | Managed
Modified Implement o] for
ed Integration | Integratio
n

. 0.67 0.56 0.43 0.39 0.22
2.80 1.87 1.58 1.21 1.09 0.61
4.10 2.74 2.31 1.78 1.59 0.89
14.40 9.61 8.10 6.24 5159 3.13
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Case Study — Quick Background on
COSYSMO

Once the system size has been calculated, it must be applied to the Cost Estimating Relationship (CER) equation:

SE Effort = A-SizeE-CEM
Where:

SE Effort = total systems engineering effort in person hours
A = productivity constant

Size = System Size

E = productivity curve coefficient

CEM = composite effort multiplier

Expanded to show the full calculation:

Epnr
PHToraI [Z(Z W, (W ,k(De,k + wn,k(Dn,it + wd,k®d,k)]i| ' CEMDWR

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Case Study — Assign Reuse Level and
Complexity

 Requirements Example

— Selections are made by applying a reuse level and complexity as stereotypes:

+ Selected
—  True/False
* Reuse Level
— Adapted, Adopted, Managed, Implemented, Modified, New
» Difficulty
—  Easy, Nominal, Difficult
Criteria
Scope (optional): | 1.1 Air Vehicle Spec Filter: | V= Context (optional); @ | Drag elements from the Model Brow
X Verify .
# Ald Name Text O DWR Selected O DWR Categ.. | O DWR Difficulty
Method
I AV-1 [El Av-1 System Requirements 8 <undefined>
2 VA\I-2 E [’ AV-2 System Component Descriptions , B <undefined> 7
3 _AV—2.1 Rl Av-2.1 SAR/GMTI Capability _ true Adapted Difficult
4 |AV-22 [R’l AV-22 Communications Relay Capability true Adopted Nominal
LOS and BLOS command and
5 AV-24 CE Av-24 LOS and BLOS control links shall (T contain a Demonstral @ true Managed Nominal
primary and a secondary link.
2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Case Study — Parse the Model for Size Drivers

* Analysis scripts were written to parse the model, count the number of model elements in each of
the size driver “buckets,” and write the totals to their respective Size Driver Blocks.

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

For example, the Opaque Behavior ‘getDWRRegMap’ calculates how many requirements there
are in each reuse level and difficulty category.

par [Block] Model § Model ] |

{ «constraint»

:D¥R Req_Values Eadap&sy 10_DWR_R Adapte dforint_Easy : Real = 280
Script named getDWRs || {getDARs}

— 1 \ y
calls getDWRReqMap

& getDWRRegMap( mapKey : String ) |
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Case Study — Calculate the Totals for Each Size Driver

Astructured expression
maps the requirement

par [Block] DWR _REQ_RAW_Court [ DWR _FEQ_DWR Values | J

counts

« Each value property is
bound to a constraint
parameter
corresponding to a
mapKey

«constraint»
. :DWR_Req_Values
{OetDWRs}

:
r
)
il
W
Hl
]
]
]

3
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Case Study — Apply Reuse Level and Difficulty Weights

DWR _REQ_Count : DWR _REQ_RAW_Count

* Reuse level and .
difficulty weights , .
. ‘ 01_DWR_R_New._Easy : Real = 28.0 Il Blees o, *;:emﬁf;;": = — «constraints
are a p p I | ed tO [“Z-W-“-“ew-“"mi""' : Real = 23Ff ::tx::’% {DWR_R_News=1 .U‘(R_NB_V\r_E'ﬂ‘.ﬁR_h_lewli_Nﬂ 0+R New_D*4.5)} E’M~ i mﬁﬁ?ﬁéﬁ;ﬁ:‘z;m&m;
ea Ch Of th e 6 | 03_DWR_R_New_Difficult: Real = 28.0 | ——] ‘ | -

[ 04_DWR_R_DesignMod_Easy : Real = 2.0 l__, R_DM_N n s "
reuse levels fO r |95_DWR_R_Designhod_Nominal : Real = 28.0 }_ﬁg DA o Dmod VR Ree Do C adid gy

R DW_D ) (DWR_R_DM= 0.9"R_DM_E*0.5+R_DM_N* 0+R_DM_D"4.5)}
eac h Of th e 4 [ 06_DWR _R_DesignMod_Difficutt : Real = 26.0 l[ J

S—— - - - i
l 07_DWR_R_Designimp_Easy : Real = 28.0 TR
DWR_REQ_Dimp : DWR_Req_Dimp I DWR_R_IMP BB
{DWR_R_IMP= 0.7%(R_DI_E*0.5+R_DI_N*1.0+R_DI_D*4.5)} '— mnbd [

size drivers e e

DWR_REQ_ADA : DWR_Req_ADA E%—I

us | n g con Stra | nt ‘ 03_DWR_R _Designimp_Difficult: Real = 20.0 | —
(DWR_R_ADA= 0 B*(R_ADA_E'0.5+R_ADA_NM 0+R_ADA_D*.5)} - |

bIOCkS |n a 10_DWR_R_Adsptedforint Easy : Real = 20.0 | FADER
(11_M_R_ﬁdnwedﬁllm_unminalrﬁeat:ZB.II ] R_ADA_D

p a ra m et rl C ‘ 12_DWR_R_AdAptedforint_Difficult : Real = 28.0 |__J—
diagram to Ra00E L

l 13_DWR_R_AdOptedforint_Easy: Real = 28.0 I-— DWR_REQ_ADO : DWR_Req_ADO i
- = :‘ {DWR_R_ADO= 0.4*(R_ADO_E*0.5+R_ADO_N*1 .0+R_ADO_D*4.5)}

compute each o ot 75 [
size driver total. (SR o2 |

g
(1R LR

[

[24

[15 DWR_R_Managed_Easy : Real = 28.0 | B_MAN E cconstraints
R ! — DWR_R_MAN
| ] DWR_REQ_MAN : DWR_Req_MAN PARR R_MAN
TR i Rea e | - | {OWR_R_MAN= 0.2/(R_MAN_E'0.5+R_MAN_N'1 0+R_MAN_D'4.5)} Sy

= J R_MAN_D =
[

l’ 18_DWR_R_Managed_Difficult : Real = 28.0 F—
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Case Study — Calculate Size Drivers and Apply
CER coefficients

* The four size drivers are
totaled and the resulting

total SE effort is
calculated, using

constraint blocks in a
parametric diagram as

well.
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par [Block] DAR Total [ DWR Total ])
DWR_ALG : DWR ALG
ALG_New «constraint» DWR_ALG_Total ALG
- DWR ALG_Total: DWR ALG |
! Total
ALG DM
< {DAR ALG_Total=ALG_NewaL [ JC-MAN
i G_OM+ALG_D+ALG_ADA+ALG_
= ADO+ALG_MAN} _ALG_ADD
ALG_AET
“ ~ DWR_SCN:DWR_SCN
th
|
SCN_New -
— «constraint»
SCN
‘ DWR_SCN_Total : DWR DR SCN Tatal
SCN_CW _SCN_Total
| = {DVWR_SON_Total=SCN_New +SCN sy a0
soug [ BRSER UL
! - SEN_MAN
SCN_ADA

DWR_REQ : DWR_REQ

«constraint» th
DWR_Total : DWR_Total -
LSize_TURFEQHFALGE —|RED DAR R Tota Dw:fc,'.:._fm}fza,. R New
S DWR. REG Total
RIoM | {DAR R Total=R_New R_MAN
- +R_OM+R DHR_ADA+
i R_ADO+R_MAN} — R_ADO
r — R_ADA
DWR_IF : DWR_IF
th
i IF_New
N DWR F Total «constraint» i
5 e = =% DWR_IF_Total : DAR
F_ADO IF Total IF_OM
m - {DAR_IF_Total=IF_Ne —F_DOI
DAR_Size_Total F_MAN w+F_DM+F_DIHF_AD

A+F_ADGHF_MAN} | IF_ADA

www.incose.org/symp2024 #INCOSEIS
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Case Study — Why is this so powerful?

None of the numerical values needed to calculate the total SE
4 4 effort are in the model.

» The only data in the model are the reuse and difficulty values (strings.)
* There is no way to know which model elements need to be counted ahead of
time.

The entire set of scripts and parametric diagrams is
implemented in a reusable profile.
* The profile also contains the reuse level and difficulty weights.

Page not found

* When applied to any model, the scripts parse the model, count the elements and

mpute size driver totals and system size in memory at runtime.

o mworstCost:
A Real . . .
o The computed results can be written back to value properties if
% | desired.

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

24



Case Study - COSYSMO Before and After

Before
Ran metrics to get Manually input metrics . .

After

L7
§ oo
| ‘\\
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Conclusion

« Applications
— Automate Manual Inputs
— Mixing simulation data with cross-cutting data

« (Case

Studies

— Automated Trade Study
— COSYSMO

 Whatis your Use Case?

2-6 July 2024

3 Step

Pattern

Create an

i Create a
Opaqlljjsei nBeQ avior Constraint Block
Struct%red with desired
Expression value properties
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Create a
Constraint script
that invokes the

Opaque Behavior
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