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e A Common Combat System Deployed Across Multiple Fleets SRy
USN: Los Angeles (SSN 688), Ohio (SSGN 726), Seawolf (SSN 21), Virginia (SSN 774), Ohio

Replacement (SSBN)
RAN: Collins (SSG 73)
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Federates Multiple Subsystems from Multiple Program Offices and Vendors
Sonar, ESM, Imaging, Tactical Control, Weapons Control, Communications, etc.

SWFTS Manages Subsystem Interfaces and System I&T

Continuous improvements in process and tools have reduced the cost of

. change and of SWFTS System of Systems Engineering
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Ahat SWFTS-MBSE is and is not ?zf

What SWFTS-MBSE is: What SWFTS-MBSE is not:
* Federated Integration Tool ° Simulation
— Documentation management — Will not simulate parts of the
- k Automation system
Ta°s MBSE reduces effort for SWFTS SE * Code (-;eneration or Code
tasks Repository

— Will not generate or store code

— History, Decisions, Tribal except subsystem interfaces

Knowledge, Tribal Belief, etc. (IDL/GPB)
captured * Artificial Intelligence
e Documentation Generation — Will not replace Good
— Reuse among communities Engineering
* Will not find Engineering
e Communication errors/issues

All Fed d . * will find inconsistencies in
- ows a Federated community to documentation making good

communicate more effectively engineering easier
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sical Model Organization
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Hierarchy of Models Supporting

AM SUBMARINE Engineering

B-E5 Data

Subsystem Models

B DISR Library [DISR Standards Library.mdzip]
B3 Model Organization
B3 SWFTS Top Level
[E UJTL Library [UJTL Library.mdzip]
B-Eg UML Standard Profile [UML_Standard_Profile.xml]
BHEg Matrix Templates Profile [Matrix_Templates_Profile.xml]
B-Eg Report Profile [Report Profile.mdzip]
g SoaML Profile [SoaML Profile.mdzip]
BHEg SysML Profile [SysML Profile.mdzip]
E-Eg UPDM Constraints [UPDM Constraints.mdzip]
g UPDM Customization [UPDM_Customization.mdzip]
BE-Eg UPDM Profile [UPDM Profile.mdzip]
B-Eg UPDM Tables [UPDM views profile.mdzip]
[ Utils
BB CS2 Subsystems
BE-E3 Communications Subsystems
B3 C4l Services Subsystems ———
@ AlS Content Diagram CS2 Subsystems | [y CS2 Subsystem Dagras ||
B GCCS-M ‘
= SUBLAN prp— [ Communicatons
—&= CSRR ‘
B-E3 EW Subsystems
B-E3 Imaging Subsystems = o
&= ISIS |
=1 1SIS 2
= Photonics (VA) L ]
&= suels " A
—E3 Navigation Subsystems
3 RADAR Subsystems ] —)
—E3 Ship Control Systems s %sm %\
B[ SONAR Subsystems
B0 Tactical Control Subsystems | =
[% Platforms [Host Platforms #1] R |
Structure

i Code engineering sets
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Submarine Capabilities Model

Platforms Model

Software Mode),

Data Model

T s 2 ganerk represetaton of o two lvls of the CS2 data
model rom the vew of the subsystems. The two levels o the
model are distingushed by what s wii the controlof

|SWFTS-SE and what s not

[Diagram name | CS2 Data levels|

(Author bogibson
[Creation date_|7/5/107:59 A
I 75110 904 AM

Systom ntartaces and system functons (is.
— types

AISR: AISR
\

[ —

Configurations

wepka : extify

wapsa : extifg

o I
STOA: STOA 5 SensorRepons i o v
‘ oveny T [

57 SensorRepdns  [Cv.1 Vision [ ) Shio Setety 1]

Ship Safety

Author bogibson

Creaton date | 74/10 359 PM |

Modiscation date | 7/5/10 858 AM |

The necessary capabiies are dentfied 1o acheve the
desived afect. These capabilies wi be the key pont where
|Systoms, Services, and Operationalviews (OV, SV, SvcV)
| ave comects fo vaceabaty




bdd [Model] Data [ Interelationships between SWFTS MBSE Models U

SoS Domain l
Submarine Capabilities Model
’__C_a_p:blllty Generic Configurations HW Model
W i «block» =B «block»
/._,,—— e — Configuration Generic Hardware Generic
Capability T
— — «block»
/,.»» — Flight Configuration Generic P S —> HWCI
TEAM SUB A 1.
( o arts
Capability in Time Flight Name —1 = =
«satisfy» T
. Flight Config At Time SW Model
«requirement» 0.°
K - — N parts
Capability Requlromo‘n: T ~|Time *blocks
-~ Software Generic
~ references
o i
Platform 1 Configuration At Time N1 «blocky
1.° | swcl
parts
«block» «block» Fhat 0. (| i
Test Facility Fleet references
2y «block»
B S anaric Subsystem Models
1 «block»
«blocky» «block» Subsystem Generic
Test Facility At Time | | Fleet At Time
«block» Interface Model ?
Submarine Flight 1
0.° «subsystem»
Docis M~ 1. Subsystem At Time
T Interface Generic
«block»
fECmane ? Network Model
«block» SU=EY
Interface Definition «blocky
Network Generic
00
«block»
Submarine At Time
{FlightConfigurationAtTime XOR SubmarineConfigurationAtTime} —>1 «block»
e Enclave
1.
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ical Model Layout

Requirement:

Platform Requirements

Performance/Reliability
Requirements

Functional Requirements

Interface Requirements
Data Requirements
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Capability

Model Structure:

Configurations Module

Allocations Module

Services Module

Interface & Data Module

Concept:

Configurations

Allocations

Service
Definitions

Interfaces

Data Types

Example:

VA

Alert Server

Alert
Service

alert_cs

alert_t



Interface Baseline Model Size j

e ~35 subsystems from ~20 program offices
* ~3,500 interface requirements

* ~150 services

e« ~3 700 model elements for interfaces

— Interfaces, methods, data structures

e >15,000 relationships between model
elements

e 517563 model elements

LOCKHEED MARTIN‘
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eability

 Document based SE approaches require expensive
manual processes to maintain full traceability

 Model based SE provides a fully-related view of the
federated system of systems

Requirements

Systems Function

Capability

LOCKHEED MARTIN'
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Requirements Traceab

e 00 SWFTSRequestReply - alertServer_cs [Read-Only]
SWFTSRequestReply relationships to other el o §
The Relations node contains a list of relationships which relate the selected SWFTSRequestReply with other elements. Create outgoing or incoming -
relationships to this SWFTSRequestReply. Use the relationship specification button to edit properties of a specific relationship. «SWFTSRequirements
The Alert Server originator shall provide data in accordance with the IDL.
Id ="20510"
originator = true
~ i | cac A - e provider = false
b & & = Hlstorvl (D alertServer_cs [Interfaces_And_Data:Alerts:Alert Server] VI recipient = false
 Relati system = false
O alertServer_cs i Relations Text = "The Alert Server originator shall provide data in accordance with the
B+ Docum»entéuon[Hyperlmks 8, =2 8% gz IDL.
— Usage in Diagrams g v - N
I [E) Signal Receptions : Name | Element [ Direction | Hement | | — — ——————— —
B+ [B] Operations || B satisfy «SWFTSRequirement»
— Attributes : O alertServer_cs [Interfa And_Data:Al P ] 20550 The Alerts Server shall persis’ The Alert Server provider shall provit::_lol;a!minimum of 15 recipient interfaces to
g is Data.

— Template Parameters

@) alertServer_cs [Interface 25 The C3IMT application shall ¢

N
vy ud uN wN

s_And_DatazAl — - -
B Inner Elements 4 A '@120529“
- B Relations O alentServer_cs [Interfaces_And_Data:Al ; 20 The Alert Server provider sha g:f;&?r":-“:ese
B Tags () alertServer_cs [Interfaces_And_Data Al [ 20510 The Alert Server originator sk recipient = false

N

— [Bl Language Properties
— Related Requirements g
. Traceability g (O alertServer_cs [Interfaces_And_DatasAl

system = false
«satisfy» Text = "The Alert Server provider shall provide for a minimum of 15 recipient
interfaces to this Data.”

B Interface Realization

£ ServiceProvider [Services

B usage

«SWFTSRequirements
The C3IMT application shall connect to client/server CORBA interfaces to

(D alertServer_cs [Interfaces_fnd_Data:Al =] originatingUser [Services:Alerts:Ale

|
|
(O alertServer_cs [Interfaces_And_Data:Al €mmmmme E RecipientUser [Se Alert | determine operational status of those interfaces.
(D alertServer_cs [Interfaces_And_Data Al €mmmme- E MonitoringUser [Se Ale I«satxsfy» Id ="80025"
| originator = false
| provider = false
=== === =i recipient = true
| system = false
| | Text ="The C3IMT application shall connect to client/server CORBA interfaces
| to determine operational status of those interfaces.”
| «satisfy»
|
|
|
| «SWFTSRequirements
| ‘ The Alerts Server shall persist Alerts Kinds for the purpose of being used upon
| | start or restart.
/" Create Outgoing... | |  Create Incoming... | | | Id = "20550"
| wsatisfyr ____|originator = false
| | provider = true
X Close Back Forward Help | ! | recipient = false
| | system = false
| Text="The Alerts Server shall persist Alerts Kinds for the purpose of being used
| | | upon start or restart.”
| ‘ |
«SWFTSRequestReply» ()
alertServer_cs
+postAlert()
+postAlertBatch()
+getTimeOfLast()
+getAlerts()
+getAlertsSince()
+mergeWithMasterAlertKindsList()
+acknowledgeAlerts()
+dropAlerts()
+getAlertDataSeq()
+getAlertData()
+clearAlertsBy SubSystem()

LOCKHEED MARTIN'
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«SWFTSServiceDefinitionDiagram»
package AlertServer[ [g AlertServer

Y

> -
Alerts -

/ [ «SWFTSOriginatorRole» \

originator : OriginatingUser ‘ Alris

Collaboration

—>

Role

— >

~ {locator = NPES- ALERTS-.Alert_Server_ev-active}

«SWFTSCollaboration»
AlertServer Service

«SWFTSProviderRole»
server : ServiceProvider
{locator = NPES- ALERTS-.Alert_Server_cs-active}

«SWFTSProviderRole»
«SWFTSOriginatorRole»

eventChannel : EventChannel

«SWFTSRequestReply» ()

Interface

«Providers
ServiceProvider

«Providers

Responsibility
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) EventChannel |

> alertServer_cs

+postAlert()

+postAlertBatch()
+getTimeOfLast()

| +getAlerts()

- —1 +getAlertsSince()
+mergeWithMasterAlertKindsList()
+acknowledgeAlerts()
+dropAlerts() =
+getAlertDataSeq()
+getAlertData()
+clearAlerts By SubSystem()

«SWFTSPublishSubscribe» ()
alertServer_ev

+alertPosted|() k—
~| +alertPostedBatch()
+alertsAcknowledged()
+alertsDroppedy()
+alertKindsReorder()

Alerts

—— - — = RecipientUser

UNCLASSIFIED

. N
«SWFTSRecipientRole»
client : RecipientUser

«Users
- OriginatingUser

«Users

13



jlences Define Interface Methods

interaction AlertServer Service [ [ffi| AlertServer Service U UNCLASSIFIED
ROIE \\
«User» «Provider»s «Provider»s «User»
originator : OriginatingUser server : ServiceProvider eventChannel : EventChannel client : RecipientUser
T 1 1 T
| 1: postAlert(alert=) I [ I
L | |
| |
2. alertPosted(alert=) I |
3 |
3. alertPosted(alert=) :
|
T |
| | T
| | |
| I 4: getAldrts() |
| !
|
| |
| |
| |
Method | . |
| | | L]
| | |
| | | |

Return information is part of the method definition

LOCKHEED MARTIN'
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«SWFTSServiceAllocationDiagram»
«SWFTSPatternRename»

package AlertServer| [g“ AlertServer]/

Collaboration Use

Subsystem

Allocation

Role Binding

Configuration
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«SWFTSServiceAllocation»
AlertServer
«SWFTSSubsystems |
t1A |
originator _. 9 m
: S
chent/
-
- i
i Y cﬁem_
«SWFTSSubsystem» |server ~ «SWFTSCollaborationUse» —~ — _ — — — — =
— : CC-TC v noel — —1 PP : AlertServer Service )
- =~ /
B ——— -~
-2
~
client ™ o
originator  «SWFTSSubsystems |

: CC-WC ‘

«SWFTSSubsystems |

: C3IMT

«SWFTSBaselineConfiguration»
TI10_APB11-SW.2

P

/>

«SWFTSBaselineConfiguration»
T10_APB11-VA.2

P

«SWFTSBaselineConfiguration»
TI10_APB11-LA.2

—

«SWFTSBaselineConfiguration»
| TI10_APB11-GN.2

«SWFTSBaselineConfiguration»
2| TI10_APB11-LR.2

«SWFTSBaselineConfiguration»
| TI10_APB11-VA3.2
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Complexity

* Multiple Concurrent and Overlapping Baseline
Configurations

— Several concurrent iterations of the Systems
Engineering “V”

— Overlapping Advanced Development, Production
Development, Deployment, Maintenance Cycles

* Baselines deployed in 2002 are being actively
maintained

* Maximizing Reuse Between Baselines
— Defining ever-growing library data sets

LOCKHEED MARTIN'
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onstructing Catalogs from Libraries

pkg [Package] Diagrams [ Example Catalog Construction IJ

LOCKHEED |
ENGINEE

«modelLibrary »

Hardware Library

Tl Hardware <catalogs
Tl 10 Catalog
Server;| «Rationale»
«catalogSection» Specific cabinets,
«block» = | Cabinets m — — — — — | _|switches and
DELL R710 < ot pow er supplies are
= — _«|mport» imported fromthe Tl
«block» = = e ot Hardw are
DELL R715 ciborts «°asa‘ R «catalogSection» lnfr?_structure
N o A D, = i ervers Displays section
«block» \ B & = P T
DELLR810 _ 4 — — — === /
«importy | — "~ ~ | \ i
«block» = .- e A \ / /
«mporty | ~ «catalogSection» " /!
DELL R815 N A Swtich «catalogSection» N ;
== ING RS Power Supplies [~ ] /1
«block» \QG -~ import» / /!
SUNFIRET1000 _ | / I
= \
N
«block» = ~ «impo}t»\ coatalog» 5 /1
SUN FIRE T2000 ~ N Tl 12 Catalog /%4
=3 N
«block» = I i~ 4 NN — ] / /1 \
SUN FIRE X2100 M2 import» «caaog. ection» | _ — — N
- oort \ Cabinets 11
«block» = | = <8 nI)O P \\ | !/ \
SUN FIRE X2200 M2 | — _ «mporty ™ —
—|— — —_ |Z| «catalogSection» ; /1 )
«catalogSection»
Servers A /|l |
Displays
P / |
—| o e ~—_| /
Infrasturcture Displays ; N I
«catalogSection» y AN
Swtich «catalogSection» y |
B cc Power Supplies N |
A |
Cable Library
«Rationale» =
«block» «block» «block» «block» «block» «block» «block» ﬂs glﬁl[y dsirggﬁp‘??otlg
Catée Infiniband FireWire 800 | |USB 2.0A eSATA | |120/20 Power | |250/80 Power Locking thep Displayssllibrary
section

18



0gs Simplify the Configuration Task =

* Catalogs frame alternative views of the model

for the engineer

e Utilize the catalog as an active filter of the

model

— Reduces the scope of the
library without duplicating
the elements

— Provides utilization
assessments for elements
across multiple baselines
and baseline configurations

LOCKHEED MARTIN‘
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o
o

o B8 B Y B [1110cCatalog v

&l T110 Catalog

£ Cabinets

[ Displays

[ Power Supplies

[ Servers

—E DELL R710

—E DELL R715

—E3 DELL R810

—E DELL R815

—E] SUN FIRE T1000
—E] SUN FIRE T2000
—E SUN FIRE X2100 M2
— [ SUN FIRE X2200 M2
B swiiches
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Assembling Baselines from Catalogs

E-{Z) Data
B Diagrams

B[ Configurations
-7 Relations
£ pata GROUP
EJ PROCESSING RACK
= mova
THOVA
B[ Hardware Catalog

£ TMP

&5 TI10

—[] Hardware Profile
B Hardware Library
E-E3 TIHardware

&5 Zoom Ej Document Properties % T110 Cata

O &8 x

Hardware Library

BEE:-1=04

£ [ 1110 catalog v |

TI10 Catalog
3 Cabinets
B[ Displays
[ Power Supplies
[ servers
E] DELLR710
E] DELLR715
£ DELL R810
] DELL R815
£ SUN FIRE T1000
£ SUN FIRE T2000
=] SUN FIRE X2100 M2
=] SUN FIRE X2200 M2
B[ Swhiches
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&3

‘sEP\HEln.

\,

>

bdd [Package] Configurations [ THOVA ])

«block»
Unit

parts
: Server [0..Y]
: Switch [0..4]
: Cabinet Infrastructure [0..%]
: Power Supply [0..*]

«block»

PROCESSING RACK =]

«block»
«configuration»

«block»
Enclave

THOVA

«block»
DELL R815

«block»
DELL R815

«block»
DELL R815

parts
: Unit [0..4)

4001

4002

«block»
PROCESSING RACK

«block»
PROCESSING RACK

references
400Xa32: DELL R815
400xa33 : DELL R815
400xa34 : DELL R815

references
400Xa32: DELL R815
400xa33 : DELL R815
400xa34 : DELL R815

4003

«block»
PROCESSING RACK

references
400Xa32: DELL R815
400xa33 : DELL R815
400xa34 : DELL R815

=
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of Li

* Libraries and catalogs improve the quality and
efficiency of the baseline configuration process

* Reduce duplication and inconsistency of element
definitions

* Manage the complexity faced by systems
engineers

* Provide intuitive tools for engineers to develop
complex systems with maximum reuse

LOCKHEED MARTIN
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Observations

 MBSE is improving efficiencies in how SWFTS-
SE artifacts are managed and created

— Reduced labor to identify potential impacts
— Reduced time to modify subsystem allocations
— More consistent, higher quality products

e Subsystems are able to utilize new
information captured through SWFTS service-
focused model based approach

LOCKHEED MARTIN' )3

ENGINEERING



onclusions j

« SWFTS Model Based Systems Engineering improves
SE efficiencies

* Subsystem impact are minimized by generating
legacy-style artifacts

 MBSE enables SWFTS to maintain the engineering
qguality needed to continue evolving a federated
System of Systems

 MBSE has potential to evolve into a full-lifecycle
Team Submarine Enterprise model

LOCKHEED MARTIN'
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e SWETS Product Family Model =

* Extend Current SWFTS MBSE Prototype to Full

Information Model
— May Discover Additional Limitations in UML, SysML, and

UPDM Standards. If so, Work With Standards Bodies as
Needed to Update

* 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

LOCKHEED MARTIN'
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Extension of SWFTS SoS Model to TEAM }//’7
BIMIARINE Enterprise Model

SWFTS MBSE

UPDM

NMOd dO01L
SNOILVYYH43dO

1[1qgesseds]
354N aNS INVAL

dnN WOoLLOd
SINILSAS

Requirements (DOORS
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Projected ROI for SE&

* 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 4t year

— 2 years to implement model

— 1 year transition overlap with current process

LOCKHEED MARTIN'
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