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Waterfall Model (Benington 1956, Royce 1970)

Requirements

Design

Implementation
Verification

Maintenance
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V Model (~1980s)

Concept of Validation
Operations
Requirements Verification
System Design Integration

SU bsystem DeSign .................... Testing

Implementation
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W Model (recent 5-10 years)

Concept of

. S Val I d atl O n
Operations
Requirements [ ¥ Verification
System Design .................... Integration
Subsystem Design .................... Testing

Implementation

- Virtual models
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Model Based Continuous Engineering (MBCE)

Operations/
Maintenance

Deployment /
Manufacturing

Monitoring/
Market Analysis

Customer Validation
Requirements
System Verification
Requirements
System Design Integration
Subsystem Design Testing

Development
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Architectural Design

= System Complexity is increasing — manual decisions no longer possible
= Solution approaches:

— Levels of Abstraction
«  Mapping from Layer i (Requirements) to Layer i+1 (Architecture)
— Separation of concerns
+  Multiple viewpoints: functional, technical, geometrical, safety, timing, ...
* Modeling Viewpoints vs. Analysis Viewpoints
* Independent asynchronous development
— Tools

* Modeling
— Component Based Design
* Analysis
— Domain specific tools
— Extension of modeling tools
— Black box integration
— Custom optimization modeling
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IBM’s Architecture Optimization Workbench Concept

1. Describe system through different 2. Derived Data Schema for Input and
SysML views, including design output structures

alternatives, constraints and goals name g e
el | By 7 G1AD S 13 S8 TS TS AAPRIER
. . e .

Architecture

Optimization
through Design
Space Exploration
iterations 3. Automatic translation(via an
interchange format) into

: Optimization solver
4. Optimized architecture back e —

annotated to SysML model
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Concise modeling = SysML views + Data

SysML view Catalog Data
Tablel

Pattern Table2

£ % \ Table3 - connectors

Optimization & Back annotation

+

Resulting SysML view

-
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AOW uses Concise Modeling

i
[FERaT=

2100
@ rocsmon

| Gomponen: omi

Large systems architectures are difficult to model

— Lots of elements and details

— Time consuming

— Error prone

Concise Modeling — SysML models combined with tabular data
— SysML depicts the system composition rules

— Tables contain instantiations (catalogs of types and inventories of parts)
Component libraries

Optimization fills missing attribute values or inventory tables
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Semantic Middleware (SEMI)

= Paradigm shift: from Classification-by-Containment to Classification-by-Property
— suggested by Parsons and Wand (2000) for information management
— define things that possess properties
 hierarchy of properties
— no a-priory classification, open world assumption
— classes are defined by set of properties
- things could belong to many classes
— Instance, class and property bases
= Main API: AttributeSet(A), where A is a set of attributes
— returns instances that have all attributes in set A
— e.g., AttributeSet({Cost}) returns all instances that have attribute “Cost”

= Domain specific ontologies

= Design Space Exploration (DSE) ontology
— Attributes could be either variables or parameters
— 1sSelected
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Pluggable Analysis Viewpoints

= from

totalCost =

Z Z SensorType[j].Cost - sensor[i][j] + -

jESensorTypes iESensors

+ Z Z SwitchType[j]. Cost - switchl[i][]

jESwWitchTypes ieSwitches

= to

totalCost(i) = 2 isSelected(j) - Cost(j) Vi € AttributeSet(totalCost)
jeAttributeSet({Cost})

13 © 2015 IBM Corporation




AOW allows for Multi Objective Optimization

Optimization Problem Calculation of Efficient Frontier ~ Multi Objective visualization

Formulation (CPLEX) A
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AOW Vision: Accelerate Smarter Architectural Decisions

Definition of design
alternatives

= Manual process

— Mostly based on individual undocumented experience

O — Lots of reuse of previous designs

Analysis

— No assurance for solution optimality
— Each additional design — linear effort
= No formal capture of designs
— Modeling for specific analysis types

Review

Architectural template
definition

=)

With AOW

—

=)

Automated Design
Space Exploration

Faster design

Smarter designs
Transparency, traceability
Knowledge capture and reuse

Optimization Capabilities in the
hands of Architects
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PORTALS

= PORTALS is a research project whose goal is

— to create tools to assist requirements engineers in incrementally
raising the formalization level of system requirements, and

— to use formalized requirements to

« provide feedback on the quality of the requirements (e.g., identifying
omissions and contradictions), and

- create downstream artifacts (e.g., models, monitors, tests, code)
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PORTALS Architecture

Formalized
Requirements

T
Engineering
Knowledge

Base
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Personas and interactions

i ;.;
Requirements Systems
Engineer Engineer

Compose Feedback
requirements on
consistency Make design
decisions

Reason about
requirements
and models

Portals — Rhapsody

Generate Optimization
Artifacts .
Hybrid

Node-RED

Traceability

Gy

Doors NG

Simulation
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EEE——
Scenario 1: WorkRight Fall Shield

wsnee-e 1o REQUIrEMent in DOORS

B 488: Fall Shield

Format [Normal[ - | Font [Arial]-| size [10]-] B 7 U & = = | B = &
- - 8= = = KT F -t EEsRARR Y A

If an employee falls, the system shall send an SMS {o the employee's manager.

3. Process Model

2. Paraphrase by PORTALS
If "an employee" falls then "the system" shall send

[an abstract entity] "an SMS" (direction) "manager"
of "the employee's”

Enery:
if an swployes falls, tha system shall send an SHS to the amployes’s manager.

4. Implementat
in Node-RED )

<) sendaRoleEnlly (=) Senda Role Eniily MAXIMO = O
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Scenario 2: loT Pump

wmsnee-s 1. REQUIrement in DOORS
| 487:Too much vibration
Format Font |ariall~| Size [10[-| B 7 U & = x| ENE

- -8 E KT i BE R @ F E- T

[f the pump's vibration exceeds 100 Herz for two minutes, a technician shall be sent to the pump within 24 hours.

Q

3. Process Model

2. Paraphrase by PORTALS

if "vibration" of "the pump’'s"” is greater than 100 Hz
(duration) 2 min then "?" shall send [a role entity]

"atechnician" (duration) 24 hr; (direction) "the
pump"

4. Implement.
In Node-RED

© 2015 IBM Corporation



Engineering Knowledge Base: WorkRight Catalog

/ Events \ / Devices / Systems \

( " Fever Smart

¥4 Accelerometer Temperature

. |

‘ Orientation i -
3
&3

¥4 Vibration
' Tl SensorTag
Send SMS '
_ Accelerometer

¥4 Device ID
‘ Temperature l
“ Device ID i

O

/ Actions

Send
SMS

Vibrate

N

4 Services I

Q

h /
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Engineering Knowledge Base: loT Catalog

/ Events \ / Devices / Systems \ 4 Actions N/ Services

~
Send @

(amEn SMS r. 1

. . Ny

I Accelerometer I

Location

J&)

Device ID

o /
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FAME: Framework for Affordability Modeling & Evaluation

= Joint project with Lockheed Martin

= Currently: Tools exist for product optimization and operations optimization with no
links in between

= Goal: Reduce operating costs by optimizing the product (and not the operations)

Designing Airplanes Building &Operating Airplanes

N

Information
Gap

Englneen;{g' Manufacturing Maintenance Operation

I —

* Use design models to find optimal operation strategies (e.g. maintenance)
» Use desigh models for asset management tools customization

25
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FAME Use Case: Unmanned Underwater Vehicle

= Metrics

— Production costs (up-front materials &
fabrication)

— Mission costs (vessel & crew for vehicle
deployment & recovery)

— Maintenance costs (planned upkeep &
corrective repairs)

— Availability (is the vehicle operational when
it is needed)

= UUV designs are valuated using LM
Palm Beach CAUSE analysis tool
5y (Conceptual Automated UUV Sizing

Environment)

P \'

Lra e Datecthonnil
Ned Sko Matcm
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FAME New Capabilities

= Definition of libraries to capture reusable common metrics and
processes

— Key metrics: life cycle cost & system availability

= Expansion of user viewpoints feeding optimization

— External legacy analysis models
* Ability to protect IP of source models through “Black Box” integration

— EXxisting operational data from procurement, fabrication, and operations &
maintenance systems

© 2015 IBM Corporation
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FAME

Optimization
Engine

SysML Model

Concise Model

External Data
Sources

Operatlonal | .

Legacy Systems T
Simulations "/gi




Metrics for Affordability
Component Catalogs

FAME Data Sources

Production Cost A4

PR Reliability

Planned & Unplanned
Maintenance Costs

-

Mean Down
Time

Total Lifecycle Cost
What is the total cost profile over the

Library useful life of the system?
Metrics

System Availability
Will the system work as
required, when required?

External / User-Defined Metrics




Metrics Library Concept
= SysML Parametric Diagram notation captures the attributes and formulas
that define Goal Metrics for the optimization

= Blocks define sets of attributes required of architecture elements to support
computing the given metrics

— Block elements are classification-by-property attribute sets

— Architecture elements can inherit attribute sets
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FAME Metrics Library

System Availability

itsLogisticsElements:LogisticsEl

totalMTTR

par [Package] TotalAvailabilityMetric [TotalAvailability] )
md 1 «AttributeSety
1 «SetResolver» itsTotalAv ailability Elements: Totals
- ta «Attributex» 1 «SetResalver»
Constraints > TotalAvailability:float TotalMDTCalc
i} «sow_optimization» {{taCalc} forall(i) ta[i] = mttf[i] / (mdt[i] + mttf[i])} -
mittf «Attribute» Constraints
< TotalMT TF:float {1 «sow_optimization» {{mdtCalc} forall(i) mdt[i] = logTime[i] + mttr{i]}
i mdt mttr
i
Atributer < [
TotalMDT:float i
=
«Attributen TogTime
TotalMT TR:float
<
«Attribute»
TotalLogTime:float totalLT
il «SetResolver»
«Attributen S TotallogTimeCalc
sysld:int “
Constraints
LH{{LT Calc1} forall(i) totalLT[i] = sum(n) logTime[n] * (1 - exp(-logTime[n] / mttf[n mttf[n] / sum(n) 1/mttf[n
o Ic1} forall(i ILTTi logTi logTi / mttf] / mttf[n] / /mittf]
id i i id
o L seiten U 1 SefFiters [ L O O O
BB Syn BBSync n /r TogTimefN  mitfA
Constraints Constraints
- 1 «AttributeSet»
i {{sync} sysld[K] = id[i]} (" {{sync} sysid[n] = id[il} n h . A
E% K’_\ [ G
syE!'dT «Attribute»
subSysld:int
1 AttributeSet»
i H «Attribute»
1 LogisticsTime:float
«Attribute»
subSysld:int «Attribute»
irTim MTT F:float
«Attribute» fepairTin «SaResd‘\er»
RepairTime:float TotalMTTRTimeCalc
~ Constraints [
«Attributex» . . i
MTTF-float mttf LT Calcl} forall(i) totalMT TR[i] = sum(K) repairTime[K] / mttf[k] / sum(k) 1 / mttf[K]}
>
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FAME Metrics Library

System Availability

par [Package] TotalAvailabilityMetric [TotalAvailability] )

|
mdl L e Metric formula is entered as a constraint property
) TotalAwilaniiCalc pemmmee 2 in simplified OPL notation
s Tm.A;ii}%m * Does not require attribute filtering expression
«sow_optimization» {taCalc}forall() tali] = mtei] / (mati] + et} | ,mme» in the formUIa' provided by attribute bIOCkS
Attribute values for each 1 Tj’/“{m”'“a‘ - Able to use local attribute names, shorter
subsystem are provided from /m;.‘*;;’g“ﬁ;m €T than model attribute names
CAUSE (MTTF) and concise — g e
catalog (Repair Time). } TotaIMTTRfloat .
Y | subs
1 «AttributgSet»
itsMTTREIgmentg MTTR Element «AY
1 7 Logistics
«Attripute»
subSysid:int At
L |
«Attribute» fepairT! rgj \l—l «SetResadver» MTT
/ RepairTime:float TotalMTTRTimeCalc
> H Constraints [
«Attribute» 7 ) . N totalMTTR
\ MTTE:float : %D}{{LTCalcl} forall(i) totalMT TR[i] = sum(K repairTime[k] / mttf[K / sum(k) 1 / mttf[K]}
Repairt ime:float - HLT T z/l’l
M“T‘\.:.":;":‘;Tgat mitr BH{LT Calcl} forall (i) totalMT TR(] = sum (K repairTime[K] / mttf[K] / sum() 1 / mttf[k]wtmalMTTR
>
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FAME Metrics Library

System Availability

par [Package] TotalAvailabilityMetric [TotalAvailability] )

|
mdt 1 «AttributeSet»
1 «SetResdver» itsTotalAv ailability Elements: Totals
- ta «Attribute»
Constraints P TotalAvailability:float
{0} «sow_optimization» {{taCalc} forall(i) ta[i] = mttf[i] / (mdt[i] + mttf[i])}
mttf «Attribute»
[« TotalMT TF:float

«Attribute»

«sow_optimization»

mdt

TotalMDT:float

«Attribute»

TogTime *

«SetResolver»
TotalMDTCalc

Constraints

tCalc} forall(i) mdt[i] = logTime[i] + mttr{i]}

mttr

nay

«SetResolver»
TotalAvailabilityCalc

L]

idy

i «SetFilter»
BBSync_copy

Constraints
HsyNJ sysid[K = id[il}
SVSIGN K

Y
1 L AttributeSet»
itSMTT}

ments:MTTRElement

Constraints

r it «sow_optimization» {{taCalc} forall(i) ta[i] = mttf[i] / (mdt[i] + mttf[i])}

ta

1 «AttributeSet»

itsTotalAv ailability Elem ents: Total,

LA

ttribute»
subQysld:int

AN

«Attribuiyy
RepairTimeXNoat

rep

«Attribute»

MTTF:float \

Total MTTR &
Logistics Time
Computed from
Subsystems

«Attribute»

TotalAvailability:float ToOtal

from

«Attribute»
TotalMTTF:float

«Attribute»
TotalMDT:float

MTTF
CAUSE

3

ﬂﬂribute»
TotalMTTR:float

«Attribute»
TotalLogTime:floa

«Atfribute»
sysld:int
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FAME Metrics Library

System Availability

par [Package] TotalAvailabilityMetric [TotalAvailability] ) |
m di 1 «AttributeSet»
1 «SetResolver» ] itsTotalAv ailability Elements:Total,
- ta «Attribute» «SetResolver»
Constraints O 3 TotalAvailability:float TotalMDTCalc
{0} «sow_optimization» {{taCalc} forall(i) ta[i] = mttf[i] / (mdt[i] + mttf[i])} - ape .
w | ewmm ] em Availability is a Goal

“Forall i” > foreach " |

«SOW_

mat Metric Optimization,

<

candidate instance of the |
vehicle architecture, Aq

:I

i computed at
1
IogTime+

metric is computed
[

m d¢ 1 «AttributeSet»

1 «SetResolver»
talAvailabilityCalc

L] itsTotalAv ailability Elem ents:Total,

B —

VConstrai nts

idVy iv
i «SetFilter»
BBSync_copy

ta r Attribute»
N TotalAvailability:float
it «sow_optimization» {{taCalc} forall(i) ta[i] = mttf[i] / (mdt[i] + mttf[i])} S

MTTF Total :

(n) 1/mttf[n]}

mittf «Attribute»
TotalMT TF:float

, «Attribute» <€

Constraints A
Hsyr\ sysld[W = id[il} 0 i
VSN K

Y
1 AttributeSet»
itsMTT! \\ ments:MTTRElement

ttribute»
subQysld:int
\ rep

«Attribuly» - —
RepairTimeXNoat
«Atfribute»
MTTF:float

D TTotal + MTTF T;)tc

TotalMDT:float

-t
oy

«Attribute»
TotalMTTR:float

«Attribute»
TotalLogTime:float

«Attribute»
sysld:int

oy —

Tota
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Catalog Data

= Subsystem catalogs include key parameters differentiating physical options for
each subsystem
— Reliability Parameters

* Maintenance Frequency
* Maintenance Duration
*  Redundancy

— Cost Parameters
* Per-Mission Operations Cost

Energy Catalog

int int int int float float float

id Yenergy type IN_ENERGY specificE energy fuel_cell type  MissionCost MaintenanceFreq MaintenancePlanCost

3500000 1 68 1 0 18 600

3500000 1 39 1 0 18 1000

3500000 1 62 1 0 18 400

3500000 1 69 ’ . " 18 800

3500000 2 68 Propulsion Catalog 18" 1200

3500000 2 68 - A0 Qa0

3500000 > 68 int ‘ﬂoat float float float ﬂoa_t

3500000 2 B8 id IN_SUB_propulsor_type IM_SUB_propulsor_ducted IN_WEH_ propulsors_num IN_SUB_propulsor_redundancy MaintenanceFreq
13500000 1 0 1 0 35
13500001 1 1 1 0 35
13500002 2 1 1 0 35
13500003 1 0 2 0 35
13500004 1 1 2 0 35
13500005 2 1 2 0 35
13500006 1 0 2 1 35
13500007 1 1 2 1 35
13500008 2 1 2 1 35

A ANnA- 1A

X — - X . Egorporation
*NOTE: Numerical values are fictional, not actual, and intended only to demonstrate the functionality of FAME. .



Integration of Legacy Analyses
= LM CAUSE is represented in FAME as a black box entity to protect IP

= Inputs & outputs are captured as an approximation model connected to the
UUV Concise Model

= FAME can also integrate legacy analyses as white / gray box models

Input Combinations CSV inputs/outptuts table(s)
*Payload |22 =
=Payload = Size Vehicle Dimensions
= Size * Weight Vehicle Weight
= Weight = Power Subsystem Sizes
= Power =Mission Subsystem Weights
=Mission * Range Vehicle Reliability
= Range = Speed Vehicle Cost
" Speed oA HEE
* Depth = Current EEE
= Current ® Salinity
= Salinity *Design Constraints = EE
=*Design Constraints *Subsystem Configuration |
=Subsystem Configuration == ==

38 © 2015 IBM Corporation




Operational data integration

= QOperational data provides the opportunity to enhance trade assessments
with real measured cost and performance values for trade options

= Operational data is often in a format that does not readily support direct

processing in trade metrics

= Challenge: how to integrate Operational Data with Data for Optimization?

Operational data

«DataSet»

«DataSet»

Procurement tData ProductionData
Values Values
S parthfst:doublé ' = assemblyDuration:double
H s::);: ii?Ra‘E'dQUb © = labor:double
= partLeadTime:double & laborRate:double
H prodiD:int = prodID:int
= SupplierID:int = subSystemID:int
= SupplierName:string = supportMaterialsCost:double
H suppQualityRating:double = systemID:int
4 Systemid:int = vehicleID:int

«DataSet> | |, DAt

«DataSet>»
t

Values
= downTime:double

Values

= faultDate: doubl

[ duration:double

= frequency:double
B mai Drint
B ime:d... B
= PartiDzint 5 vehicleModel :double
=] Drint = vehicleStability: double
B
[ vehiclemD:int 5 vehRecoveryTime:double

= faultiD:int

= faultLevel:double
= missionID:int

[ partID:int

[ systemID:int

= vehicleID:int

+ Large data set

« Different structure / sources/

formats

Catalog data

Energy

subSystemiD
1001 100
1002 200
1003 50
1004 400
1005 20

How to fill the

Manufacturing Cropulsion
LabOl‘ T|me subSystemiID Cost
attribute with e —
measured 003 78

. 2004 50
Operational T
Data?

+ Catalog data — small data set
* Input for the Optimization
Engine




Operational data integration

Operational data Catalog data
Eoreotio —_— Energy

Val
e Values

= partCost:double

= partDefectRate:double = assemblyDuration:double

= labor:double

= partID:int
P = laborRate:double

= partLeadTime:double
= prodiDrint =] prodID:int
H SupplierIDrint = subSystemID:int
= SupplierName:string = supportMaterialsCost:double
= suppQualityRating:double = systemID:int
= SystemId:int = vehicleID:int
saL Eiizie]
« etr «DataSet» «DataSet»
MaintD:fnZel.og v’"u"fm’m"“ PartFaiIuareeRecnrd Database Excel Pro pu Ision
Values Values
S:uwnﬂrv::dc;rble H faultDate:double §) f m““mlu‘ Cost
i Emdoratondoi H faultiD:int . 2001 £0
Drint 5 . E faultLevel:double 2002 70
maintenanceTime:d... vehiclnstiD:double issionID:int —
Braeranceined || | B oot | Agaregate  Prediction 2003 18
= Drint. gvemdes!abmty double E systemID:int —
= vehicleID:int = vehRecoveryTime:double = vehicleID:int VY » 2004 50
% 2005 70
Filter Merge
* Large data set
+ Different structure / sources/ . Catalog data — small data set
formats « Input for the Optimization
Engine

Use data flow
definition & apply
data transformation

*NOTE: Numerical values are fictional, not actual, and intended only to demonstrate the functionality of FAME.




Operational data integration

Operational data

«DataSet»
ProcurementData

Valses
= partCost:double
= partDefectRate:double
= partiD:int
[ partLeadTime:double
= prodID:int
= SupplierID:int
=] SupplierName:string

«DataSet»
ProductionData

Values
= assemblyDuration:double
5 labor:double
= laborRate:double
=] prodID:int
i subSystemID:int
i supportMaterialsCost:double

= suppQuali = systemID:int
= SystemId:int = vehicleID:int
«DataSet»
«DataSet» «DataSet»
i Jeficoreriomare PartFailureRecord
vaies Values
= downTime:double H faultDate:double
= frequency:double S fauttpint
Deint H faultLevel:double
= maintenanceTime:d... S vehiclelnstiD:double = missionID:int
H PartiD:int S vehicleMode:double H partID:int
N = vehicleStability:double B
D:int = = systemID:int
i vehicleID:int = vehRecoveryTime:double = vehicleID:int

* Large data set
« Different structure / sources/

formats

EXCELT
T )
Database Excel

>

Aggregate  Prediction

—»
3> >
—»

Filter Merge

[
Vew Toss Gumetige Widow Wep

RN XY

Ik R 5O

Catalog data

Energy

subSystemiD Cost

1001 100 25

1002 200 30

1003 50 28

1004 ik 17

1005 20 i3
Propulsion

» Catalog data — small data set
* Input for the Optimization
Engine

Solution: IBM SPSS Modeler

*NOTE: Numerical values are fictional, not actual, and intended only to demonstrate the functionality of FAME.




Operational Data Integration

Cataloa data for Propulsion

The IDs to correlate with

Catalog ID Cause data
id ) IN_SUB_propulsoIN_SUB_propulsor_ductecIN_SUB_propulsor_redu IN_SUB_propulsor_r MaintenanceFr MaintenancePlanCo MaintenanceUnPlanCc LogisticsTime  NumOfSpares RepairTime name
16100000 1 1 0 1 35 4000 6000 6000 1 24 Single_Duct_NoRed
16100001 1 0 1 2 35 6000 6000 4000 2 18 Double_Open_Redun

CAUSE data for Propulsion

Extract from the
Manufacturing

The CAUSE Input _ CAUSE output Operational Data
data ID configuration
id ‘IN_SUB_propuIsor_num IN_SUB_propulsor_redundancy IN_SUB_propulsor_type IN_SUB_propulsor_ducted OUT_propulsor_volume OUT_Propulsor_Diameter Configld MC_mittf_effective LaborTime UnitCost
38000000 1 0 1 1 46623.73928 1.854019446 1 1414788.57¢
38000001 1 0 1 1 25056.1019 1.507277846 2 1414788.57¢
38000002 1 0 1 1 29362.26699 1.58912605 3 1414788.57¢
38000003 2 1 1 0 30295.79777 2.538524122 4 1414788.57¢
38000004 2 1 1 0 15009.18252 2.008299673 5 1414788.57¢
38000005 2 1 1 0 17916.54636 2.130503092 6 1414788.57¢
38000006 1 0 1 1 40343.11383 1.766702423 7 1414788.57¢

Manufacturing data

UUV production data mJoEeIed after SAP schema Additional data input supports

e ™\ mapping operational data to
Manufacturing Procurement RefvVehVol RefVehkWh
Program 1D Part Name PartNurmiber Qty UnitCost Labor (hrs) Labor (hrs) [inAZ) (kW) Catalog Element CatalogID Catalog Mame

*NOTE: Numerical values are fictional, not actual, and intended only to demonstrate the functionality of FAME. |




The SPSS Process for Energy

/ Prepare the Data \ “Prediction | [ Output )
Models

getig @
@ / eeeee
——
get right total unit.. FilterUnitCost

g 2 AN Y,
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SPSS Results for Energy

|Conﬂgld|id |name |UnrtCost |t0taILabor | |Cor‘|ﬂgld |id name Lol |
1.000 4800000 Engy Batt Secondary 121439 _ 21 818 1.000 4800000.0_.. EFIQV Batt Secondaw 21.818 121439636
16.000 4800000 Engy Batt Secondary 121439 21818 16.000 4800000.0... Engy Batt Secondary 21.818 121439.636
34.000 4800000.... Engy Batt Secondary | 121439... 21.818 34.0004800000.0... Engy Batt Secondary 21.818 121439.636
13.000 4800000.... Engy Batt Secondary = 121439 21.818 13.0004800000.0... Engy Batt Secondary 21.818 121439 636
Ejrgggjgggggggﬂqv Eag gecongaw lgligg glg]g 4.0004800000.0... Engy Batt Secondary 21.818 121439.636
. _...Engy Batt Secondary .
52 000 4800000 Engy Bt Secondary 121430 91818 31.0004800000.0... Engy Batt Secondary 21.818 121439.636
% 000 4300000 E 22.0004800000.0... Engy Batt Secondary 21.818 121439.636
. _...Engy Batt Secondary 121439 21.818
28.000 4800000 Engy Batt Secondary 121439 51818 7.0004800000.0... Engy Batt Secondary 21.818 121439.636
19.000 4200000__._ Engy Batt Secondary 121439 21818 Pred I Ctlo n S 28.0004800000.0... Engy Batt Secondary 21.818 121439.636
10.000 4800000.... Engy Batt Secondary = 121439... 21818 19.0004800000.0... Engy Batt Secondary 21.818 121439636
25.000 4800000._.. Engy Batt Secondary 121439 21218 [Z%# Regression 10.000 4800000.0... Engy Batt Secondary 21.818 121439.636
18.000 4800002.... Engy Batt FutureSec $nulls Snull$ B Generaiized Linear 25.0004800000.0... Engy Batt Secondary 21.818 121439.636
33.000 4800002.... Engy Batt FutureSec Snull$ Snulls = 18.000 4800002.0... Engy Batt FutureSec 21.818 121439.636
R R i 0001500020 Enm ot Fuwete: 51516 1214000
24,000 4800002 Enqy Batt FutureSec $null$ $null$ S 30.0004800002.0... Engy Batt FutureSec 21.818  121439.636
5100014800002 Ena Butt Futwetoe T Sots—Soult] o 2700048000020 Engy Batt FutureSec 21818 121439 636
36.000 4800002 Engy Batt FutureSec 3null$ Snull$ X C8RTree 24.0004800002.0... Engy Batt FutureSec 21818 121439.636
15.000 4800002..._ Engy Batt FutureSec Snull$ Snull$ A cHap 21.0004800002.0.__ Engy Batt FutureSec 21818 121439 636
12.000 4800002.... Engy Batt FutureSec Snull Snull$ o 36.0004800002.0... Engy Batt FutureSec 21.818 121439636
9.0004800002_... Engy Batt FutureSec Snulls Snulls ﬁ Neural Net 15.000 4800002.0_.. Engy Batt FutureSec 21.818 121439636
6.000 4800002.... Engy Batt FutureSec gnullg gﬂullg | Linear 12.000 4800002.0_. Engy Batt FutureSec 21818 121439636
3.000 4800002.... Engy Batt FutureSec Al ul 9.000 4800002.0... Engy Batt FutureSec 21818 121439636
35.000 4800001__.. Engy Batt Primary 337237 23.000
O —En ! 6.0004800002.0... Engy Batt FutureSec 21818 121439636
. _...Engy Batt Primary 337237 23.000
26.000 4800001.... Engy Batt Primary 337237 23.000 3.0004800002.0... EFIQV Batt FutureSec 21.818 121439636
17.000 4800001 Engy Batt Primary 337237 23.000 35.0004800001.0.. Engy Batt F’I’irﬂar‘g.r 23.000 337237.500
8.000 4800001.... Engy Batt Primary 337237 23.000 11.000 4800001.0... Engy Batt Primary 23.000 337237.500
29.000 4800001.... Engy Batt Primary 337237.... 23.000 26.0004800001.0... Engy Batt Primary 23.000 337237500
%gggiggggglgﬂw gag E!I’T‘Iﬁw gg;ﬁg; %gggg 17.000 4800001.0__. Engy Batt Primary 23.000 337237500
. —...Engy Batt Primary . ;
35000 4800001 Engy Batt Primars 337937 22000 8.0004800001.0... Engy Batt Primary 23.000  337237.500
23000 4300001 E : 29.000 4800001.0... Engy Batt Primary 23.000  337237.500
1 _...Engy Batt Primary 337237 23.000 .
2.000 4800001 Enqy Batt Primary 337937 93,000 14.000 4800001.0... Engy Batt Primary 23.000  337237.500
20.000 4800001 Enav Batt Primary 337237 23.000 5.000 4800001.0... Engy Batt Primary 23.000  337237.500
32.0004800001.0... Engy Batt Primary 23.000  337237.500
23.0004800001.0... Engy Batt Primary 23.000  337237.500
2.0004800001.0... Engy Batt Primary 23.000  337237.500
CAUSE does not have cost 20.000 4800001.0... Engy Batt Primary 23.000  337237.500
predICtlon fOI‘ Future Battery SPSS pred|ct|0n Capab|||ty
evaluates Future Battery Unit

Cost

A ANA- 1A A A~

X — . . . orporation
*NOTE: Numerical values are fictional, not actual, and intended only to demonstrate the functionality of FAME. .
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EMI. Engineering Management Integrator

SE cycle vs Project Management Gantt

Cooperation instead of twisting arms

IBM Research — Technion collaboration (Prof. Avy Shtub, Michal lluz)
Integration of AOW with Project Team Builder (PTB)
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Time Management for Architecture Optimization

= Multi-mode Resource Constrained Project Scheduling Problem (MRCPSP)
— project activities have several operational modes
— each mode has its own duration and required set of resources
— precedence constraints between activities
— resources have a final capacity

— solution defines the mode in which each activity is executed and schedules the activities

= Adjusting MRCPSP to AO
— Synchronization of mode selection with architectural decisions

— Part time job intensity

— Variable period lengths

47 © 2015 IBM Corporation




Mathematical formulation - model

AO-MRCPSP Minimize {Cpax, D }
Subject to
le-j=1 VieA
JEM;
Vie < X5 VieAjeEM;,teP
w-?itSZyit Vi€EALtEP
JEM;
yitZZyjt Vi€EAtEP
JEM;

Sit < Sit41 VieAteP|t<T
fit < firm1 VieEAtEPIt<T
Sie = i Vi€EALtEP
fie 1= VieAteP
Ve < fre Vi€Ai €IP,tEP

jEM; tep jem;
Z(Sit —fipe <e Z X d; VieA
tep JEM;

CiZTmax_thpt VieA
tepP

Coax 2 C;  Vi€EA

max =—
”"fzizzyf“"f'k VkKERLtEP
Vi JEM;
Upe 1 VkKkERLtEP
_ Yrep UkePt
k YierPr
B = Uy Uy by
keR
A= Z Z X;;a;
i€eA jeM;
D=A+B
injnquhi VieA
jem;
Xij» Vier Sie: fie € {01} 0= yjp, Upp, Uy £ 1 Ci, Cnax 4, B,D = 0
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a7
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19

(20)
2D
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Mathematical formulation - AOW

Minimize Original objectives, Objectives (1) (23)
Subject to
Original architectural constraints (24)
Constraints (2) - (22)
Subsystem/component type synchronization constraints (25)
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EMI Process

activities

subsystems modes Parﬁ_ttu u:)tlmal
technologies resources architectures
m costs /\

SE Product PM Project

Architectural

Project

Parameters Parameters
Definition Definition

new product new project project time and cost
parameters parameters time buffers

resource buffers

Optimization

Simulation

52
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Airbus Group, Doors Management System

Development and Analysis of a Simplified Doors Control System

* Monitor and Control Passenger Doors, Emergency Exits, and Cargo Doors

* Design a system out of existing components for best weight, cost, power etc.

X © 2015 IBM Corporation




Development and Analysis of a Doors and Slides Control System

Structure

*Passenger Doors, Emergency EXxits,
and Cargo Doors

Geometrical

L Actuate J

Design metrics
Weight, Cable length, Power distribution, Mapping, Allocation, Reliability ...
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DMS: From user story to model

Functional

!
pe— |
i e
osedionung | Closedtenmg_Clove
z T
B AR
1 Ao i
i 7 o
OV -S|
ks i i T
Dota Concentrator | - = -
\ et | —
2., Cluster of Data -
e ConnnmmnsEADs

% Allocation

LT

Eeers e

&
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AOW - AO
e —————

systemWeight systemCost systemPower
200: 2,600 7]
. 3051
2,650+
2504
3101
2,700
300+
315+
/ 2,750+
320+
350+
|[:][3[:] Showing all 4 rows
iterationid } system Weight } systemCost | systemPower } ™ 1
1 358.26 2597.5 320.22 W
2 195.26 2773.5 302.02 i
3 355.26 2613.5 322.02 il
4 198.26 2757.5 300.22 i
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DMS: Results [1/2]

1. SysML modeling

DMS_Technical

1.4 “eoxpand ptimizad tochnioals
doorClosedSensors_R:DoorClosedSensor

14 cexpand optimz=s tectnioals butput output
doorCic . L:DoorCk B

doorl atchedAndLockSensors |2RDCs

1.2 cexpand optimize techricals
1.2 “eexpand,optimized.technicals. output doorLatchedAndLockSensors|
. LiDoorLatche[ |-
1
‘:‘ 1.4
RDCs:RDC
network |-
1 1}
: Lhetworkiports]
1.6 optimasd techn | T2 copand optmizes tchmical
13 “xpand optemized techncat switches:Switch . contrallers_R:Controller
network| controllers_LiController netwar

p1

switches2:Switch [ 1

13 o, P, lcontrol

2. Run Optimization and show alternatives

D systemPower systemWeight systemFailure systemCablesLength systemCost Finished at
Zece337c-adb3-4ac8- May 23, 2013
hiah 702de3al co4a 500.44 89220 5.066E-5 13830.00 3385.50 111254 A6
3232chf2-0383-4500-811a- May 23, 2013
520643079003 460.44 a84.20 3B02E-5 1383000 3704.50 11-10:54 Abd
51235 1450 0o 14,175 75
r
+ o ..
g E
7]
3
gsasu =
o i
5 g
q
ol A
S o
in., n
450 448,93

3.Visualize the alternatives
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DMS: Results [2/2]

1. SysML modeling

DMS_Technical

1.4 “eoxpand ptimizad tochnioals
doorClosedSensors_R:DoorClosedSensor

14 cexpand optimz=s tectnioals butput output
doorCic . L:DoorCk B

doorl atchedAndLockSensors |2RDCs

1.2 cexpand optimize techricals
1.2 “eexpand,optimized.technicals. output doorLatchedAndLockSensors|
. LiDoorLatche[ |-
1
‘:‘ 1.4
RDCs:RDC
network |-
1 1}
: Lhetworkiports]
1.6 optimasd techn | T2 copand optmizes tchmical
13 “xpand optemized techncat switches:Switch . contrallers_R:Controller
network| controllers_LiController netwar
p1 et

(control

2. Run Optimization and show alternatives

D systemPower systemWeight systemFailure systemCablesLength systemCost Finished at
Zece337c-adb3-4ac8- May 23, 2013
hiah 702de3al co4a 500.44 89220 5.066E-5 13830.00 3385.50 111254 A6
3232chf2-0383-4500-811a- May 23, 2013
520643079003 460.44 a84.20 3B02E-5 1383000 3704.50 11-10:54 Abd
51235 1450 0o 14,175 75
r
+ o ..
g E
7]
3
gsasu =
o i
5 g
q
ol A
S o
in., n
450 448,93

Duration

942 sec

938 sec

3.Visualize the alternatives

[
T i
e 72 3
[ReT— v
PR PR
Pre— — Pr——p——
s e PR
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Project Team Builder (PTB) model

I

//
/

/

Cligplbiil el Crwrolidom

[—

P Loyl
"

¥ iRy

[; Planned mm Started | Finished  Spit j

Curren ,g):;

7T

ValveMechDesign

ValveHardwareDesign

VahiaCrfruaral

g

LatchedAndLockSensorHardware Desig

LatchedAndLockSensorSoftwareDesign

ClosedSensorHardwareDesign

Task

i
tmated s

ClosedSensorSoftwareDesign

Controllerl

ControllerHardwareDesign

rirlla ey

ControllerLogicalDesign

AFDXNetworkDesign

SystemsEngineering

§ 9 10 1 1 B U B B T B VBN A N B UDE K TN
Period

Resource Usage

SeniorSoftwareEng

(@ Feasibie @ Over Limit|

Estimated Finish|
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AOW - PM

Benefit projectCost projectTime
52+ 7 32+
4,500+ /""
514 33
50 v 34
45504
49 / 35
481 7 36+
4 4,600+
a7 37+
/ //’
7
%Y d 36+
[E] ()C)[) snowingall 6 rows
iterationId 1 Benefit } projectCost f projectTime | [ }
1 52 4573.5 38 ™
2 52 4600.75 36 ™
3 52 4643.75 34 B
4 46 4494.25 36 =
5 46 4521.5 34 ™
6 46 4555.75 32 ™
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AOW: AO-PM

luw‘du

Iterationl... systemW... systemC.. systemP.. projectTi.. projectC..

1 1953 27755 30202 46 4662.5
2 1953 27755 30202 48 4635.25

_ W}@H Finish Period (5 J (i A

[iﬁanned = Started i Finished  Split ]

ValveMechDesign
ValveHardwareDesign
ValveSoftwareDesign

LatchedAndLockSensorHardwareDesig

Final Cash [3510 |
Total Cost [ | ‘_
timated-fimsh
System Benefit
—

LaichedAndLockS P W
I g
rl fardvareDesign
Controllarl y
ControllerHardwareDesign
ControllerSofiwareDesi

AFDXNetworkDesig

SystemsE:
Y 2]

1
0 1 2 3 4 5 6 7 8§ 9 0 un 12 1B MU 15 ¥ 7 B 1B 2N A 2 B U B K
Period
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DANSE: Design for Adaptability and evolutioN in System of systems Engineering

Loughborough T ”"‘f: : I , OFFIS
University | ; Co-ordinator

THALES

INRIA | A L { :
Rennes X, e P Airbus Germany

SODIUS RO e B ] Advanced Laboratory on
| ] - Embedded Systems

Airbus France ¢ ' ._ ; ] i IBM Research - Haifa

N E _ il Israel Aerospace
(technical support) Industries
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Scenario Overview

Perform Concise Optimization
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Full model (UPDM)

Entire Model View ¥ | A

=44 CCC
EHEm ArchitecturalDescriptions
=3 DoDAF20_DecentralisedArchitecture
=3 Packages
=53 «System View Pkg» Technical_D
(& Constraints
=0 Object Model Diagrams
ResourceRoles
1§ Stereotypes
=HE Systems
- «FMU,FMI» Customer
- «FMU,FMI» DetailedDesal
- «FMU,FMI» NationalC41
- «FMU,FMI» NationalNetwork
- «FMU,FMI» Region
#-H «FMU,FMI» Reqular_Desal_Plant
- «FMU,FMI» Reservoir
#H-H «FMU= NewRes
=K sos
=1-J Resourcelnterfaces
""" Y itsNationalNetwork_itsRegion
""" Y resourceinterface_15
""" Y resourceinterface_5
""" Y resourceinterface_60
""" Y resourceinterface_f1
""" Y resourceinterface_66
----- Y resourceinterface_67
[+--& ResourcePorts
=@ ResourceRoles
----- [g itsCustomer
----- [5 itsNationalC4l
----- [g itsNationalNetwork
----- [g itsRegion
----- ['g itsRegular_Desal_Plant
----- [g itsReservoir
- Structure Diagrams
H-J Components
H- 0 Object Model Diagrams
H-0 Packages
B
-0

Profiles
Settings

-

sv-1 systems interfzce description bde S

Reservoir

<Syatem P AT
Regular_Desal_Plant

Menu emulation

What command to test?

e

|Export to smC

|v|

coe
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Importing to Rhapsody SysML project

ibd [Froject] SysML ¢

mport, and populate a

E-ﬁs’ ‘S:\‘c'SMLCCC

-0 C t 1

=] Inctjt[a?ﬁiglnglgék Diagrams u tO m atl C al Iy
- Packages
[ Profiles

Menu emulation @

What command fo test?
|Imporl from SMC |v|

e

Structurel/yg3 SeSBDD* x

bdd [Project] SysML_C DD]

— =
DoDAF20_Decent: chitecture

Library (REF)
DetailedDesal NewRes

«Block, FMU,FMI» | Block, FMUs»

ecture

B2 Packages
=3 Technical_D
=2 Blocks «Block, FML,FMU» «Block, FML,FMUs» «Block, FMLFMU»
[ «FMIFMU>» Customer NationalC41 Customer Regular_Desal_Plant
[ «FMLFMU> NationalC41 /I\l /]\ /]\
[ «FMI,FMU» Regular_Desal_Plant
[ «FMILFMU> Reservoir
[ «FMU,FML= DetailedDesal
1 «FMU,FMI» NationalNetwork «Blockor
[ «FMU,FMI» Region Sos
[ «FMU>» NewRes i
= SoS |
=5 connectors |

. Y9 itsNationalNetwork_itsRegion

Y resourceinterface_15
-9 resourceinterface_5
-9 resourceinterface_b0
-9 resourceinterface_61

Y resourceinterface_66
. Y9 resourceinterface_67
H-(2 FlowParts o o
=2 Parts
-5 itsCustomer
(g itsNationalC41
g itsNationalNetwork
--[g itsRegion
-5 itsReqular_Desal_Plant
-5 itsReservoir
- Constraints
-2 Stereotypes
E-53 PredefinedTypes (REF)
(-3 Profiles

«Block, FMU,FMT»
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Decision variables

' ibd [Package] bTechnical [IWTSphysical]

X

«inventory,technical» 0..20

«optimized,technical» >
physIWTS.ExistingWaterSourceEntity:WaterSourceConcise

hysIWTS.NewWaterSourceEntity:WaterSourceConci

Attributes
E «inventory» currWaterCapacity:float
' «catalog» fixedOperCost:int
E «catalog» foundlngCost int

Altributes
E «inventory» currWaterCapacity:float
' «catalog» fixedOperCost:int
E «catalog» foundmgCost int

aterCa m
imized,inventory» isCancelled:RhpBoo!
«optimized,inventory» isUsed:int
= «catalog» maxWaterCapacity:int
= «inventory» name:RhpString

E «catalog» sourceType:RhpString
] «catalog» supplyDepOpCost: float

E «catalog» maxWaterCapacity:int
& «inventory» name:RhpString

E «catalog» sourceType:RhpString

] «catalog» supplyDepOpCost: float

@ g Lo ®
' monitoringData monitoringDa:ta water :
_______________________________________________________________________ R P el SRR R e Rty water
1.% iechnicab Tk «technical» 1 ﬁmcat»
physIWTS.ControlCenteri:ControlC physIWTS.Reservoirl:Reserv physIWTS.National_Pipes_Network

67
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68

Excel tables (inventory & catalog)

|4 B 1 c | D | E | F G
1 lint int int int float 'RhpString
2 id ‘maxWaterCapacity foundingCost fixedOperCost supplyDepOpCost sourceType
3 1000000 10000 300 Desal_Large
4 1000001 5000 1000 Desal_Medium
5 | 1000002 6000 300 Ground_Water_Medium
6 | 1000003 2500 300 Ground_Water_Small
7 1000004 100000 100 Grand_National_Lake
8

]
4 4> W Types  Instances . c_physIWTS#9 | c_WaterSourceConcise#10 (M u 1

|4 8| | b_| E l F | 6 H I
1 int int intv int float float RhpBoolean RhpString

2 |id ‘owningPart c_id Yisused futureWaterCapacity currWaterCapacity isCancelled name

3 1700000 1000000 2000 DesalL1

4 1700001 1000000 2000 DesallL2

5 1700002 1000001 1000 DesalM3

6 | 1700003 1000001 2500 DesalM4

7 1700004 1000001 5000 DesalM5

8 1700005 1000001 500 DesalM6

9 1700006 1000002 700 GroundM1

10 1700007 1000002 700 GroundM2

|11 1700008 1000003 200 Grounds3

12 1700009 1000003 2500 GroundS4

13 1700010 1000004 70000 GrandLakel

14

4 4« » M| 7 c WaterSourceConcise#10 | i_ExistingWaterSourceEntity#17 < [l i I
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Goals and constraints

=-(C) «catalog» physIWTS o
B@ Attributes {futureWaterCapacitySupplyCost = sum(n in
: attrSet_futureWaterCapacity_float) futureWaterCapacity[n] *

g «catalog» name

~~~~~ = «catalog» requiredWaterSupplyCapacity SRy DeRORL osHl:

= «derived, optimized=» currentTotalWaterSupplyCapacity

@[ «derived,optimizeds currentWaterCapacitySupplyCost o

= _«optimized,sow_goal_attribute» futureWaterCapacitySupplyCost {futureWaterSupplyCapacity = sum(n in

attrSet_futureWaterCapacity_float) futureWaterCapacity[n]}

i o}
Eophimizec, {futureWaterSupplyCapacity >= requiredWaterSupplyCapacity}

=-(2 Constraints
- (D} «sow_optimstjon» calcFutureWaterSupplyCap '
-2 Tags -
= Constraints 0 )
{0} «sow_constraint,sow_optimizati®®y meetingDemand / SRR s e e

: o i currentWaterCapacitySupplyCost}
“{[} «sow_constraint,sow_optimization» hnincreasingSupplyCost

= s o L

SRR TS TS oo 0..20 «optimized,technical»
ttribute : futureWaterSupplyCapacity in physIWT e bR s BT g TySIVE WaterSourceEntity:WaterSourceConcise
| General | Description | Relations | Tags | Properties | | General | Description | Relations | Tags | Propetties Attributes

E «inventory» currWaterCapacity:float
E «catalog» fixedOperCost:int

=/ Concise =I/ Concise ‘& «catalog» foundingCost:int
I=I| sow_goal_attribute =l sow_goal_attribute E «optimized,inventory» futureWaterCapacity:f...
action ) Vmaximize . a&ion - hinimize E «optimized,inventory» isCancelled:RhpBoolean
" descrlptlon e s Frre E S S M
isEnabled isEnabled ? «catalog» maxWaterCapacity:int =
pnonty : 1 priority 1E3 = «inventory» name:RhpString
" ; E «catalog» sourceType:RhpString

E «catalog» supplyDepOpCost:float

© 2015 IBM Corporation
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Setting optimization parameters

[

1] |874d9221-6 d9d-4d4c-8d94-026eba2fa2di

Load Model from file: |D:Work\DANSEwaterlWTSconcise_newMWTSconcise xls

Merge Destination with external sources: [ |

Loading .mod template from file: \DADM4.0.5_WSicom.ibm.sow.concisepluginirestopt_gen_MNovZ014.tmod

|

Loading .dat template from file: \DADM4.0.5_WS\com.ibm.sow.concisepluginirest\opt_gen_Nov2(014 tdat

|

Saving .mod to file: |DAWork\DANSEWwatelWTSconcise_newllWTS1.mod

|

Saving .dat to file; |DAWork\DANSEwaterlWTSconcise_new\lWTS1.dat

|

Run Optimization:
Optimization iterations limit ’:E
Optimization alpha treshold: |0.0001
Back-annotate optimization resufts: [|
Optimization Run Time per iteration{sec) ’E
Start Time for polishing (sec)| 60}
Memory Limit (Mb) | 2,000/
Relative optimalitygap(o |
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Running optimization

I

=@ = |

DMA iteration number 4

100%

[ Optimization run properties | Solverinfo | Outputleg | Errorlog |

Gomory fractional cuts applied: 2

Root node processing (before b&c):

Real time = 0.11sec. (15.33 ticks)
Parallel b&c, 8 threads:

Real time = 0.02 sec. (0.10 ticks)
Synctime (average) = 0.00sec.
Waittime (average) = 0.00sec

Total (root+branch&cut) = 0.13 sec. (15.43 ticks)
(Card(setOf_ExistingWaterSourceEntity_17) =11
(Card(setOf_itsPhysWTS_48) =1
(Card(setOf_Reservoir1_38) =1
(Card(setOf_ControlCenter1_22)=1
(Card(setOf_MNew\WaterSourceEntity_24) = 100
(Card(setOf_Mational_Pipes_MNelwork_30) =1
i[Card(tcons)=10

Card(nodes) =115

iICard(physMNodesindex) = 35

iCard(parts) = 150

Card(altrSet_parntStereotype_Interface) =0

| Abort H Finish iteration and stop H Start optimization H Show optimal solutions
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Snake diagram

| £ Concise Plugin

= @] = |

12,000,000

13,000,000

14,000,000

15,000,000

17,000,000 |

18,000,000

1@ [:] [:] D Showing all 5 rows

futureWaterCapacitySupplyCost futureWaterSupplyCapacity

16.000,000-

iterationl... } futurew... } futurew...

I ”18430000 ”184300

12000000 120000

i 71453565...7 7145357
1625280... 162528

1727306... 172731

(o b w N R

EEEEEE

Choose goals file... Choose model xis..
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One of optimal solutions

flowport_1
{3}

1

«Blocke

OptimizedSolution.National_Pipes_Network_Network__30:Network

1 «Block»
OptimizedSolution.R irl_R ir__3800000:R <
flowport_2
1 E] «Blocke
OptimizedSolution.ControlCenterl_ControlCenter__2200000:ControlCenter

1 OptimizedSolution.GroundS3_1700008:WaterSourceConcise_1000003

{3

flowport_8

{3

flowport_14

1 OptimizedSolution.DesalM6_1700005:WaterSourceConcise_1000001

{3

flowport_8

{2

flowport_14

1 OptimizedSolution.DesallL2_1700001:WaterSourceConcise_1000000

E3g

flowport_8

@

flowport_14

1 OptimizedSolution.GroundM2_1700007:WaterSourceConcise_1000002

flowport_8 £ flowport_14 3l
1 WW_IWam_IM
flowport_8 £ flowport_14 3

1 OptimizedSolution.DesalM5_1700004:WaterSourceConcise_1000001

flowport_8 £ flowport_14 3

1 OptimizedSolution.GroundM1_1700006:WaterSourceConcise_1000002

flowport_8 £l flowport_14 3

1 OptimizedSolution.DesallL1_1700000:WaterSourceConcise_1000000

Attributes
E «inventory» currWaterCapadity:float=2000.0
E «catalog» fixedOperCost:int=0
E «catalog» foundingCost:int=0
5 «optimized,inventory» futureWaterCapacity:fioat=0.0

flownart 8 flownort 14

1 OptimizedSolution.NewW. ntity_W. ise_1000004___

flowport_8 E2 flowport_14 £

1 OptimizedSolution.NewWaterSourceEntity_WaterSourceConcise_1000004__:
Atributes

E «inventory currWaterCapacity:float

5 «atalog» fixedOperCost:int=0

B «catalog» foundingCost:int=0

E «optimized,inventory» futureWaterCapacity:float=100000.0
E «pptimized,inventory> isCancelled:RhpBoolean=0.0

E <«optimized,inventory» isUsed:int=1

E «catalog» maxWaterCapacity:int=100000

E <inventory» name:RhpString

E «catalog» sourceType:RhpString=Grand_National_Lake

‘ 1 OptimizedSolution.GrandLakel_1700010:WaterSourceConcise_1000004

E3

= «ta\alo%supplyDepOpCost:ﬂoat:lO0.0

flowport_8

{#

flowport_14

1 OptimizedSolution.DesalM4_1700003:WaterSourceConcise_1000001

flowport_8 &

flowport_14 £

1 OptimizedSolution.DesalM3_1700002:WaterSourceConcise_1000001

flowport_8 flowport_14
1 OptimizedSolution.itsPhysIWTS_IsraelWaterSupply_900000__48:IsraelWate
Attributes

E «derived,optimized» currentTotal\ SupplyCapacity:float=87100.0

E «derived,optimized» currentWaterCapacitySupplyCost:float=1.843E7

E «pptimized,sow_goal_attribute» futureWaterCapacitySupplyCost:float=1.2E7
E «optimized,sow_goal_attribute» futureWaterSupplyCapacity:float=120000.0
E «catalog» name:RhpString

E «catalog» requiredWaterSupplyCapacdity:float=120000.0

flowport: 8-

flowport 14 ®

|

¥

.
——
= e

© 2015 IBM Corporation




74

Agenda

From SE to MBCE
AOW background
PORTALS

FAME

EMI

DANSE

Summary
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Summary

= New paradigm — Model Based Continuous Engineering

= Model generation using free and restricted input
— support from reusable Engineering Knowledge Base is mandatory
— reusable structural and analysis libraries

= Open World Assumption
— Power of incompleteness — mediate what is common
— Property based semantic middleware (SEMI)
— Integration of external data sources, legacy tools, and operational / lifecycle data

= Ontology based concepts and property-defined sets enable building reusable
libraries for lifecycle optimization and analysis

— Current reusable libraries: mapping, reliability, resource allocation, interface compatibility,
power distribution, voltage drop, data flow, total availability, lifecycle cost, project
management... (ongoing extension)
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