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 What are Complex Product Families (CPF) with High
Variability?

e Systems Engineering for CPF: the Traditional
Approach

 Model-Based Systems Engineering for the SWFTS
Product Family

e Future Research
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Ict Families

e Definition: A Product Family is a group of products
derived from a common product platform.

— Chrysler K-cars, Boeing 747

* Product Families are commonly developed across
Lockheed Martin to tailor base product platforms to
varying applications

— Atlas V, F-35, Aegis

* Product Families also emerge through technology

evolution
— F-16, AN/UYQ-70, Atlas

Product Families Enable Effective Reuse of Engineering Investment
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omplex Product Families (CPF) Combine =

* Major Versions for Different Applications
— Aegis for Cruisers, Destroyers, Frigates, Corvettes

— F-35 Versions for Conventional Take-Off, STOVL, Naval
Aircraft Carrier Operations

e Variants within Versions
— Atlas V 401, 402, ..., 552, 5H1, 5H2

Multiple Generations/Baselines
— Technical Refresh, Capability Enhancements

Export Considerations

Product Families May Have Many Dimensions of Complexity
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aditional Systems Engineering Approach =

4.

Document Initial Product Platform

Branch Documentation Package for Each
Subsequent Family Member

Manually Maintain Correlation Between Document
Tree Forks — Or Not

Manually Trace Bugs, Obsolete Components, etc.
Between Family Members — Or Not

Maintaining Complex Product Families Is Labor Intensive and Error Prone
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Product Famlly Example: SWFTS jék

are Federated Tactical System

* A Common Combat System Deployed Across Multiple
Fleets

— USN: Los Angeles (SSN 688), Ohio (SSGN 726), Seawolf (SSN 21),
Virginia (SSN 774), Ohio Replacement (SSBN)
— RAN: Collins (SSG 73)

* Federates Multiple Subsystems from Multiple Program
Offices and Vendors

— Sonar, ESM, Imaging, Tactical Control, Weapons Control,
Communications, etc.

 SWEFTS Manages Subsystem Interfaces and System I&T

SWEFTS Reduces Maintenance and Training Costs while Maximizing Capabilities
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Each Class May Have Multiple Flights
— Los Angeles Flights 1, 2, Improved
— Ohio SSBN (Trident I, Trident 1) and SSGN
— Virginia Flights 1, 2, 3, 4, ...
Within Flights, Ships May Vary Significantly
— SSN 23 is 100 feet longer than sister ships
— TEMPALTs and SHIPALTs for New Sensors,
Weapons, etc for At-Sea Testing or Special
Operations are Common
Multiple Deployed and/or Managed Baselin
within Flight
— Annual SWFTS baselines (denoted TInnAPBmm)
— Subsystems Updated on Varying Cycles
— Individual Boats Updated on ~4 Year Cycle

eS

VIRGINIA

TI02

. 688/688i
TI06/APBO7

688/688i
VIRGINIA
S SEAWOLF

688/688i
VIRGINIA
SEAWOLF
SSGN
Collins

688/688i
SSGN
38 SEAWOLF

Over 21 Dimensions of Variation Must Be Managed in SWFTS

LOCKHEED MARTIN'

ENGINEERING

10



Modeling Approach

Tierl Tier2 Tier3

SWFTS MBSE
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gineering Data Model ﬁ

* Common Submarine Combat System is Modeled in UML,
SysML, and SoaML using UPDM

— XML Representation Stored in Database

e Supplemental Information Also Stored in Database and in
Associated Document Repositories Linked Into Database

 Modeling Tool Profiles and Web Services Built Around
Model Repository

— Enable Engineers in Various IPTs to Access Models Through Task-
Specific Interfaces (Spreadsheets, Database Queries, etc)

— Produce Required Systems Engineering Artifacts as Reports from
Model Repository
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op Level SWFTS Model Organization

Content Diagram Model Organization [ TEAM SUB Model Organization U
[
F'Ieet Submarine Capabilities Model A SWFTS SE
Requirements Process SWETS-SE
Groups, IWS5 Reengineering e e
Allocations and
Definitions

Fleet Platform y_

W et ems Platforms Model erface Data Model Al

and Update
Cycles
Subsystem Models SWFTS Engineering Process A twork Topology A
| Network Splinter
MO,CI?IS o Software Model Hardware A Group
Individual
Subsystems to
Support PARMS
SWEFTS Tech
T Insertion Group
Configurations N
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bdd [Model] Data [ Interelationships between SWFTS MBSE Models U

Submarine Capabilities Model

SoS Domain l

—_C.a_pabllity Generic

Configurations|
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HW Model
i iy «block» =B RBIoCKs
/»,7—- = — —— Configuration Generic Hardware Generic
Capability T
- .y «block»
o o Flight Configuration Generic A HWCI
/7~ Teamsus s s
| capability in Time Flight Name — = s
«satisfy» T
: Flight Config At Time SW Model
«requirement» 0.°
S S parts
Capability Requlromo‘n: T — «blockn
-~ Software Generic
references
-
- -
Platform l 1 Configuration At Time I «block»
1.° | swel
parts
«block» «block» Fhat 0. (| i
Test Facility Fleet references
= block:
Subm:rlno ;.M e Subsystem Models
«block»
«block» «block» Subsystem Generic
Test Facility At Time | | Fleet At Time
EEED Interface Model T
Submarine Flight 1
0.° «subsystem»
Rbkicks M~ 1. Subsystem At Time
T Interface Generic
«block»
frmmine ? Network Model
«block» WLl
Interface Definition «block»
Network Generic
00
«block»
Submarine At Time
{FlightConfigurationAtTime XOR SubmarineConfigurationAtTime}) «block»
e Enclave
1.
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Hierarchy of Models Supporting

AIM SUBMARINE Engineering

B-E5 Data

DISR Library [DISR Standards Library.mdzip]
3 Model Organization )
£ SWFTS Top Level g = | P
UJTL Library [UJTL Library.mdzip] (B e e e o IR (T
£ UML Standard Profile [UML_Standard_Profile.xml] Submarine Capabliities Model EeTa S
g Matrix Templates Profile [Matrix_Templates_Profile.xml] = Ej/ T — W
g Report Profile [Report Profile.mdzip] \ e Sl [ — =
g SoaML Profile [SoaML Profile.mdzip] =t | Ly [ o rane_Tsvo Seey

g SysML Profile [SysML Profile.mdzip]

g UPDM Constraints [UPDM Constraints.mdzip]

=g UPDM Customization [UPDM_Customization.mdzip]

g UPDM Profile [UPDM Profile.mdzip]

g UPDM Tables [UPDM views profile.mdzip]

Utils

5 CS2 Subsystems

BE-E3 Communications Subsystems

B-E3 C4l Services Subsystems -
@ AlS Content Diagram CS2 Subsystems | [y CS2 Subsystem Dagras || Data Model
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—E3 Navigation Subsystems

3 RADAR Subsystems ] )

—E3 Ship Control Systems s ’:sm ﬁ\
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t@ Structure

i Code engineering sets
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S
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Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

[

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1
Interface Data Model A Hardware Model A
|
Configurations A
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Submarine Capabilities Model
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ties Decomposition

u =-1-

world's oceans submerged with real time

Text = "Submarines shall be able to traverse the

feedback of the distance to the ocean floor ™

CV-1 Vision [ [igj Ship Safety | Diagram name | Ship Safety
Author bcgibson
sVisions & | | Conceptual fleet vision for a Creation date | 7/4/10 3:59 PM
Ship Safety submarine to be supported by the
lﬁ combat system Modification date | 7/5/10 8:58 AM
sRealizes\Visions
I
«requiremants _F(
«DesredEffects
Safe Submerged Navigation Desired effects appear as requirement

|stereotypes with UPDM L1 compliance.
These desired effects can be traced to
DOORS and allocated to test events

T

sAchievess

ablock s clb- — —
«Capabiity » O
Distribute Bottom Distance

The necessary capabilities are identified to achieve the
desired affect. These capabilities will be the key point where
Systems, Services, and Operational views (OV, SV, SvcV)

are connects for traceability
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«CORBAInterface»
TowedBody_ev

«CORBAOnReway »+TowedBody Status_ev( Towe...
«CORBAOnReway »+TowedBodyAttitude_ev( Tow...

Tutracen
«subsystem» l
SONAR — — —- - — — — 4 «block»
o | «tracen NPES-.SonarSettings-.TowedBody_ev-active
| ,L parts
tracep — — — — — — — — -Originator 3
«subsystem» Lo o «tracew — — — — — — — SProvier{Satisfies = The Towed Array data produci..s — — — — - «sati
paCh - — — — — — T«racex— — — — — — — — DRecever(Satisfies = The Towed Array data recipi...c 1 " isfy»
L L] I |
| I ! U I
, e . i . !
«subsystem» | | I | | | I
cctc [ — T — — — — — o | |
i | | ) |
«satisfy» | | | «satisfy» |
w — = —-—-—-——-—t_—fy—-—-—T«satisz» | I |
«satisfy» | ) |
| |_ - Tasatisfyn» T T T = — 1 | l I sattsfy» |
| . I ! | | .
| | | [ I ' I |
| | | | lasatisfy» | | |
| W | [ I b . » I "
= «requirement»
| «requirement» | T ' The Towed Array 34 Attitude ! «requirement»
| The Towed Array 34 Attitude | «requirement» | provider shall provide | The Towed Array 34 Status
recipient shall receive Towed The Towed Array 34 Status | Towed Array 34 Attitude at a | recipient shall receive Towed
| Array 34 Attitude at a | Data provider shall provide rate when the Towed Array 34 Status when the
| rate when the Towed Array | for a minimum of recipient | Array 34 is deployed in | status changes in
34is doplg:o&lneaggordanco interfaces to this data. | accordance with the GDD. | accordance with the GDD.
w e L = -
| - — | Id = "GRL-42022 | Id = "GRL-42014" | Id = "GRL-42011"
| Id= 95L-42015 | Text="" Text="" Text="
| Text = | | |
I | | |
W N v W

«requirement»

data in the

coordinate system.

The Towed Array data
recipients shall consume

Id = "GRL-42101"
Text=""
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«requirement»

The Towed Array data
producing subsystem shall
produce data in the

coordinate system.

Id = "GRL-42100"
Text=""

«requirement»

The Towed Array 34 Status
provider shall provide
Towed Array 34 Status when
the status changes in
accordance with the GDD.

Id = "GRL-42010"
Text=""

«requirements»
The Towed Array 34 Status
Data provider shall provide
fora
interfaces to this data.

Id = "GRL-42023"
Text=""
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onceptual Data Model Constructs %‘9

*The Conceptual Data Model (CDM) identifies the TEAM SUB data sources and their
relationships to CDM constructs to document understanding of the organization’s
processes from an enterprise perspective leveraging MBSE artifacts

CDM Constructs Current Source UPDM/SysML Artifacts

Mission | FRD, ORD, CDD Capability Views (CV)/Use Cases

Operational Views (OV)/Sequence Diagrams
Capability CONOPS Capability Views (CV)/Use Cases
Desired Effects FRD, SIFT, STRG Capability Views (CV)/Requirements Diagrams
Systems IPSS, SILC Systems Views (SV)/Block Diagrams
Services [IDB, IDL Services Views (SvcV)/Block Diagrams

Operational Activities § CONOPS, SIFT Operational Views (OV)/Activity Diagrams

Standards IPSS, GRL, GDD, DISR, § Standards Views (Std)/Block Diagrams
FORCENET, DIEA
System Functions FRD, P-SPEC Systems Views (SV)/Sequence & Block Diagrams
Performers IDB Operational View (OV-2)/Block Diagrams
Interfaces lIDB, SILC System Views (SV)/Block Diagrams
Services Views (SvcV)/Sequence Diagrams
EVUCNIMEEY ITANTIIN
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rine Platforms Model

Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1
Interface Data Model A Hardware Model A
|
Configurations A
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Platforms Model
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e Supports Maintenance of SWFTS Baselines
* Provides Hook to Future Expansion of MBSE
Support of SHIPALTS, TEMPALTS, etc.
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Functions and Services Model

Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1
Interface Data Model A Hardware Model A
|
Configurations A
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Functions and Services Model j

* Functions and Services that can be traced to
system capabilities
— Functions/Services are allocated to platform
subsystems

— Traced to Operational Activities, Requirements,
etc.
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cV-1 Service Context

SvcV-1 Services Context Description [ = Diagram name | Distribute Bottom Distance
Author begibson
Capability from lﬁ» Creation date 7/4/10 4:05 PM
SN Sefety CV-1 shblocks Modification date | 7/5/10 9:07 AM
Dis te Bottom Distance
A
I
Traceability between I _l“ExDose” uSupoonsOperahonalAciwg s«OperationalActivity » <>
service and capability | e Bottom
| Distribution
N
N
Traceability to operational |
aspects of the architecture
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SvcV-10c

N Diagramname |expandedBottomSounding_ev

Originator and Recipient ports -
frog the SV-1 S Author begibson

Creation date 7/4/10 3:26 PM
Modification date | 7/5/10 9:10 AM

I
I

&% «ServiceMessage»
' 1: bottomSoundingUpdate(bottomSounding=) This is a conceptual view of the details
T of the individual interfaces and how
| messages flow between the originator
and the recipient
I
| I &% «ServiceMessage»
1 2: push(data=)
I
I

These methods show the
direction of the flow of
interfaces
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Subsystems Model

Content Diagram Model Organization | TEAM SUB Meodel Organization U

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
1 1
Interface Data Model A Hardware Model A
|
Configurations A
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Content Diagram SWFTS Subsystems [ SWTFS Subsystem Diagrams ]/l
[ | [ |
C4l Services Communications
[ [ .
Imaging Information Warfare
[ ) |
Navigation Radar
[T | [
Ship Control SONAR
[ | [ |
Weapons and Countermeasures Tactical Information Management

LOCKHEED MARTII.
ENGINEERING 28




DODAEF 2 for Subsystem Acquisition Support

Content Diagram Data| Structure ]J

| ] [
Capability vnewJ Operational View Systems View
o G
CV-1 Vision D OV-1 High Level D OV-5 Operational SV-1 Resource D SV-7 Resource D
. Operational C pt Activity Model Interaction Performance Actual
Graphic Specification Parameters Matrix
CV-2 Capability D OV-2 Operational D OV-6a Operational SV-2 Resource D SV-8 Capability D
Taxonomy . Resource Flow Rules Model Communications Configuration
Description Description Management
CV-3 Capability [3 OV-3 Operational [} OV-6b Operational SV-3 Resource [ SV-9 Technology & [
Phasing . Resource Flow State Transition Interaction Matrix Skills Forecast
Matrix Description
CV-4 Capability [3 OV-4 Organizational [3 OV-6c Operational SV-4 Functionality [3 SV-10a Resource [9)
Dependencies . Relationships Chart Event-Trace Descripti C
Description Specification

CV-5 Capability to [}
Organizational -

CV-6 Capability to [
Operational .
Activities Mapping

CV-7 Capability to [
Services —
Mapping

== |

|

Data and
Information View

SV-5 Functionto  [3
Operational Activity
Traceability Matrix

SV-10b Resource [
State Transition
Description

SV-6 Systems Data [9
Exchange Matrix

DIV-1 Conceptual [
Data Model

T

DIV-2 Logical Data
Model

All Views

AV-1 Overview & [3 T

Summary Information

AV-2 Integrated D
Dictionary

DIV-3 Physical Data
Model

Fm-i Standards 9
Profile

Fuv-a Standards [
Forecast

SV-10c Resource D
Event-Trace
Description

PV-1 Project Portfolio [3)
Relationships

PV-3 Project to
Capability
Mapping

O

PV-2 Project O
Timelines




em Example — SONAR Domain

bdd [SV-1] SV-1] SONAR Top Level Domain Diagram U

wexternaly
Ocean Environment

«domainy
SONAR Domain

L

«externaly
OBTT

«externaly
Host Position Service

«externaly
Tactical Information System

«externaly
Time Service

«externaly
Host Hotel Services

«externaly
Data Storage Service

wexternaly
Network Services
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Subsystem Example —

AR Component Hierarchy

bdd [SV-1] SV-1[ Sonar Domain Components U
«domain»
SONAR Domain
«subsystem» «subsystem» «subsystem»
LWWAA TB-16 BQQ-10
«subsystem» «subsystem» «subsystem»
LAB Array TB-23 wsQ-9
«subsystem» «subsystem» «subsystem»
AR-740-US TB-29 WLY-1
«subsystem» «subsystem» «subsystem»
Sail Array TB-33 WLR-9
«subsystem» «subsystem» «subsystem»
VA Chin Array TB-34 WLR-12
«subsystem» «subsystem» «subsystem»
VA SA Thales Karriwarra TA WLR-17
«subsystem» «subsystem» «subsystem»
OH SA Thales Namara TA Thales Scylla
«subsystem» «subsystem» «subsystem»
Seawolf SA Scylla Bow Arrray TSMS
«subsystem» «subsystem» «subsystem»
LA SA Scylla Flank Array DAWG
«subsystem»
Acoustic Intercept
Array
«subsystem» «subsystem» «subsystem»
Cavitation Ship Noise High Frequency
Hydrophones Monitoring Array Arrays
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Subsystem Example —

Domain Flow

ibd [Domain] SONAR Domain [ SONAR Domain U

1:SONAR and Control

: Thales Karriwarra TA

) ) 1: SONAR and Control Thales Scylla unnamed2 : SONAR Alerts
: Sound . Thales Namara TA 1: SONAR and Control : Host Hotel Services

unnamed3 : SONAR Track

£
H
I

: Sound S TB-16 1: SONAR and Control

unnamed2 : TA control : Host Position Service
1: SONAR] and|Control
i
unnamed1 : TA control o e vices
unnamed2 : TA control m
: Data Storage Service
1: SONAR] and|Control
_ Time Service
unnamed2 : TA control

1: SONAR] and|Control

: Sound

: TB-23

: Sound

: TB-

a]
3
[]

: Sound

: TB-33

O unnamed1 : Sound unngmed1 : BONAR Alerts
: Ocean :
E unnamed2 : TA control 1: SONAR and Control BQQ-10 unnamed2 : SONAR Alerlts
PN AR Aler
Sound 1: SONAR] and|Control unngmed2 : BONAR Track
unnamed3 : SONAR Tragk

: Tactical System

F

unnamed2 : TA control

1: Sound .
: Scylla Bow Arrray 2 : SONAR and|Control

{ 2 : SONAR and|Control
1: SONAR and|Control
1: SONAR and|Control

: SONAR and|Control

o
—S01 : VA Chin Array : SONAR and|Control
1:SONAR and Control : WSQ-9 unnamed2 : SONAR Tragk

—Slnm : SONAR and|Control : SONAR Measurements and Control TTsms ; 1: SONAR Alerts

2 : SONAR and Control med1 :
[ [
2 : SONAR and Control .
pnnamed1 : Sound = Arrays 2 : SONAR and Control : WLR-17 ""nam@m : SONAR Alerts
2 : SONAR and Control TWLR® 1: SONAR Alertts
linnamed? : Sound g 2: SONAR and Control uﬁ
4[5- y 3
i . 1:SONAR and Control 2 unnamed2 : SONAR Alerts
pmnamsd?. ; Sotnd [j: Ship Noise Monitoring Anaylj 2: SONAR and Control T WLY-1 n

. B . s
1: Sound : Acoustic Intercept Arra : : SONAR and Control 1: SONAR and Control : AR-740-US . unnamed2 : SONAR Alerts
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Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1
Interface Data Model A Hardware Model A
|
Configurations A
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etwork Topology Model

Networking Diagram | Notional Submarine Network ]J

O «Ethernet»

#Systems
«Internet» Submarine Radio Room
SubLANU
«Ethernet»
«Ethernet»
«Internets «Internet»
SapLAN SubLAN S
«Ethernet»
O «Ethernet» «Systems
«Internet» Cross Domain Solution
StrikeLAN
«Ethernet»

«Ethernet»

O Q «Ethernet» O

«Internet» «Internety «Internet»

LOCKHEED MARTIN' EsmLAN TacLAN SonarLAN
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ace Data Model

Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
| 1
Interface Data Model A Hardware Model A
|
Configurations A

LOCKHEED MARTIN‘
ENGINEERING 35




VO Interface Model Levels

bdd [Model] Data| CS2 Data levels ]J

Diagram name |CS2 Data levels

Author bcgibson

SWFTS-SE and what is not.

model from the view of the subsystems. The two levels of the
model are distinguished by what is within the control of

This is a generic representation of the two levels of the CS2 data Creation date 7/5110 7:59 AM

Modification date | 7/5/10 9:04 AM

«block» =
Sonar System interfaces and system functions (i.e.
— — —|Contact Data Server) types
Sonar Sensor Reports : Sonar Sensor Reports - . - |
—_—
g it Reod, g | «block» =
> ensor Reports
TSMS : TSMS ]/ o~ [EEREETC
STDA : STDA EI SensorReports  [--| | SDS: Sensor Data Server
wsp6a : extifg N Overla
AI&R : AI&R & Y
‘ 0 CDS : Contact Data Server
\ wsp5a : extifg Overlay N
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AMFTS Interface Data Model

DIV-3 Physical Data Model | BottomSounding-DIV3 U Diagram name | BottomSounding-DIV3

Author bcgibson
Creation date 7/4/10 3:16 PM
Modification date | 7/5/10 9:03 AM

JIDL interfaces are initially imported
from the IDL and typed as Service
Interfaces for use by UPDM

Because of inheritance in IDL
expandedBottomSounding_ev
includes the push method from
the PushConsumer interface

«CORBAStructs o‘

bottomSounding_t

IDL structures are imported from
+bottomSoundingValidity : validData_t [1}{|DLOrder = "27) — |the IDL and typed as Data
RBAEI«M»MMM«KMOBOHM ﬂoat [1](|DLOrder = 3 ) ‘ Elements for use by UPDM

QGORBAElenmt»'laﬁTrmsducer&lfaceToBottom float [1}{IDLO rder
«CORBAElementy+aftTransducerValidity : validData_t [1}{|DLOrder =
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Hardware

Content Diagram Model Organization | TEAM SUB Meodel Organization ])

Platforms Model

Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1 1
Interface Data Model A Hardware Model A
|
Configurations A
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* Pick-list of specific hardware and software
options (brand, model, configuration) for a
particular TI/APB baseline available to
subsystems for implementation

e 1U, 2U, 4U servers, blades
* Backbone and edge switches

RAID and NAS devices

OS (linux distribution, MS Windows version)

 Middleware (CORBA ORB, etc)

* Etc.
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Content Diagram Model Organization | TEAM SUB Meodel Organization U

Platforms Model

1

Submarine Capabilities Model A

Software Model

1 1
Subsystem Models SWFTS Engineering Process A Network Topology A
[ 1
Interface Data Model A Hardware Model A
|
Configurations A
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SWETS Baseline Conﬁgurations /

* Leveraging collections of components from
Subsystems Models, Software Model, Hardware
Model, Network Model, and Interface Model,
build catalogs for each baseline (TInn, APBmm,
etc.)

e <<include>>items from baseline Catalogs to build
Configurations for Classes in the Platform Model

* Subclass Configurations to Flights and
Submarines in the Platform Model as required to
capture variations
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Server;|
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DELL R815 AN A ® tiches «catalogSection» N
= N g © Power Supplies [~ ~ ]
«block» \E@ = import»
SUNFIRET1000 _ | |
= N tal
«block» = N «impo}» LI
SUN FIRE T2000 N N T1 12 Catalog
A N _|
«block» =g~ 4~ _ B}
SUN FIRE X2100 M2 ~ _import» «catalog-Sechon» |l _ — — —
- I ort N Cabinets
«block» = e '\«”E'o 2ES \\ |
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/

/
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/
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Anticipated Benefits of MBSE for
SWFTS
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eed for Change

 SWEFTS Systems Engineering efforts have increased steadily in the past 3 years and
Systems Engineering resources are stretched
— Increasing number of Baseline Change Requests (BCR) processed per year
— More concurrent baselines (baselines not retired) and more subsystems being
added
— Expanding System of Systems role, and Principal Systems Engineer IPT and
Architecture Working Group support

"Engineering Bud t

M Total BCRs

B eBCRs
eBCR = Equivalent BCR
(deprecates replications)
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ems Engineering Core Trend =

* The efficiency to perform the SWFTS System Engineering has
been improved through continuous process improvements,
but we're reaching the limits.

— DOORS automated Requirements Baseline Management, but
Interfaces (IP addressing, IDL, etc.) are still managed manually

* The future growth in SE will drive the need for more SWFTS SE
funding

— In order to meet the continually increasing needs of the fleet without
increased funding, the SWFTS SE process must become more efficient

* MBSE affects larger scope

* SWEFTS (Capabilities Definition & Baseline Management), JCIDS/ISP,
and Subsystems

e implies larger potential savings

MBSE Will Enable a More Efficient System Engineering Process
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e,

* Expect 13% additional savings to SE from MBSE

— 25% in Capability Definition

— Another 10% over DOORS in Baseline Management
* Savings won’t be seen until 4% year

— 2 years to implement model

— 1 year transition overlap with current process
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Future Research



of SWFTS Product Family Bz

e Extend Current SWFTS MBSE Prototype to Full
Information Model
— May Discover Additional Limitations in UML, SysML, SoaML,
and UPDM Standards. If so, Work With Standards Bodies as
Needed to Update
* Develop Tool Ecology Around SWFTS Model to Support
Process Re-Engineering
— Validate in Parallel with Current Process Using TI12/APB11
 Extend SWFTS MBSE Towards TEAM SUBMARINE
Enterprise Architecture
— Assess Interactions of Proposed Baseline Change Requests
— Directly Support Selected Subsystem Providers
— Interface with Shipyard Models to Enable Integrated Ship
Performance Impact Assessments
— Support Full Life Cycle
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