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The Evolution of Systems Over Time

«  Systems change over time in structure, functionality, capability, adaptability, etc.
«  Systems can be configurable in bother behavior and structure
— New software can be added to a smart phone

— New hardware components and software applications can be installed on a laptop
— More radical changes usually require a new platform

1982

Mobira Senator
Finnish company
Mobira Oy, 2
precursor to Nokla,
introduced its first
car phone, the Mobira
Senator NMT-450. It
welghed about 22
pounds.

Going Mobile | The evolution of the cellphone

!

3t
&

1984
Motorola
DynaTac 8000x

The first coliphone
to be offered
commercially hit
the market priced
At $3595(%9.237 In
2012 dollars) and
welghed just under
2 pounds.

I/

Sourte WSJ fisaahy Photes: Netla (3, Moterola (30, Elackdenry. E700s00n, Adsocited Press

1992

Nokia 1011

The first digital
handheld phone,
the Nokia 1011
would become
the company’s
best-scling
phone ever,

First phone with a
touch screen and
smartphone features
(pager, calculator,
address book,
sond/receive faxes,
games and emall).
Cost about $900.
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2000
Ericsson R380
The first device
marketed a5 a
smartphone.

BlackBerry 5810

Made by
Research in
Motion, the 5810
was a caliphone
with organizer
functions and a
keyboard for
thumbs; 3 wired
headsot was
mandatory.

Motorola Razr

Was part phone,
part fashion
accessory. In
the Razr's

first four yoars,
Motorola sold
more than 110
méllion units.

The Wal Soreet Joumal



Exactly the Same, Only Different

The paradox of the Ship of Theseus — Plutarch

— If you take all the parts of a system (Theseus’ ship) and replace them, is it the
same ship?

Abe Lincoln's axe

— Lincoln was well known for his ability with an axe, and axes associated with
his life are held in various museums.

— Are they all “Abe Lincoln’s Axe™?
Systems change over time
— System lifeeycle of design, manufacture, deployment, maintenance, retirement
— Changes for-mission-based configurations
— Changes due-to_maintenance
— Etc.
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Modeling S%/stems In SysML

 Are System A and System B

bdd [Package] Svstem Model[ System Model ]J_J

ZProxys
eblocks
USB A USB Port
System A ’J_‘ "

Valles

Serial Mumber : String =

HD KK os
wblocks wblocks wblocks winterfaceBlocks
500G Hard Disk | | 32G Memaory Windows 10 USB Port

How about System

bdd [Package] S}rs’(é'l’nﬂjlldel[ System Model ],J

L Proxys

sblocks Ijusa;a:usa Port
system C EProxyn
values USerB : USB Port
Serial Number : String =
HD I 0s
wblocks wblocks eblocks winterfaceBlocks
500G Hard Disk | | 32G Memory Windows 10 UsSB Port

e same System?

bdd [Package] Syetem Model[ System Model ]JJ

wPrOXY»
ablocks
USB A ; USB Port
System B ’J_‘ "

VaILeS

Serial Mumber : String =

HD MK os
wblocks wblocks ablocks winterfaceBlocks
500G Hard Disk | | 32G Memory Windows 10 UsSB Port

Does this help

bdd [Package] System Model S§stem Model b
[ HProxys

blocks ljusaA:usa Port
System A

values

Serial Number : String =

HD MK os
wblocks wblocks kK wblocks winterfaceBlocks
500G Hard Disk | | 32G Memory System C Windows 10 USB Port
partE KProXys
“HD : 500G Hard Disk . .
AMM 320G ME!ITIDW [] USB A : USB Port
05 : Windows 10

HProxys
USB B : USB Port

values

*Serial Mumber ; String = I:']
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Inherltance In Object-Orientation

Inheritance is the concept in which one
class inherits the attributes, (properties &
relationships) and methods of another
class. The inherited class is the Parent
class, the class that inherits the properties
Is the Child class.

« Along with the inherited properties and
methods, the child class can have its own
properties and methods.

« This-allows us-to define common
characteristics as.well.as variations

 This can have both-positive-and negative
effects.

https://www.deviantart.com/pheeph/art/ZeFrenchM-Contest-Big-Snowball-1823¢
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An Example Taxonomy In the Animal Kingdom

« Animals are warm blooded or cold blooded

« Warm blooded animals are either mammals or birds

« Cold blooded animals are lizards, snakes or fish

« The taxonomy implies that child classes have the same attributes as their parent class

5V-1 Systems Interface Description [[‘,”ﬁ SWV-1 Animals Diagram ]/J

aMaturalResources
Animals

I

aMaturalResources r@

Cold Blooded
aMaturalResource aMaturalResource aMaturalResources aMaturalFesources aMaturalFesources
Mammals Bircs Lizards Snakes Fizsh
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Inherited Properties

¢ Properties Al'© [ sv-1 systems Interface Description [ 45 SV-1 Animals Diagr m],J

Inherited from
the parent _
class -

e -

properties
both constrain
and enable
the child class
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Problems With Inheritance and Where to put Attributes

« Let’s take the example of how
to categorize locomotion.

o L ocomotion has four typeS' s¥-1 Systems Interface Description [@ =V-1 Animalz Locometion Diagram ]J
nvéra%?éalgr?’ limbs and aMaturalResources @ | cMaturalResources @ L aNaturalResources
' Sight Animal LocomationMea
— Adding a property to a class s "'*m;s R FReans
means all child classes T — X ‘T‘
inherit that property. Digestion
— So where do we attach
them? o - o— @ aMaturalResources aMaturalResources
«  Allmammals have limbs, Hearing Undulation Wings
rlght? MaturalResource MaturalResource
—  Well, yes and no. by e » y = y
— Marine mammals have fins.
— Bats also"have wings.
. All-fish have-fins, right? NatraResourse: ) et ()
—.—Some-fish such as'the Warm Blooded Cold Blooded
hagfish do not.
— Mud fishes, Garnai, Axoletls, T‘ T
and loaches have fins and
legs.
. FIying fish can glide for up to «NaturalResources @ l“ﬂﬂlﬂ_ﬁﬁﬂur{ﬂl @ l“ﬂﬂl_ﬂﬁﬁﬂur{ﬂl @ :Hami_HEourml @ «NaturalResources
650 feet on their “wings”. Mammals Birds Lizards Fish Snakes
. Duck-billed Platypuses, etc.

© 2021 SSI



Use of Defined Systems in IBDs

. Complex A & B include System A & D. Complex B adds C & E

. Item flows defined between D & A in Complex A populated in Complex B
. Inherited USB A item flows to USB D can be populated, Send to C added
. New item flows remain within their contexts.

bdd [Package] System Model[ Complex System Model ]J

=0 sblocks =0
System D
USB D : USB Port

SE
*Proxys
eblocks eblocks ublocks
Complex A Complex B System E
T 1
Ll
USBE: USB Port
SA 54 sC G Proxys
wblocks wblocks
System A System C
pars pars
HD : 500G Hard Disk "HD : 500G Hard Disk
MK ;. 32G Memory AWM ;326G Memory
05 : Windows 10 E—— 05 : Windows 10
values values
Serial Number : String = ASerial Number : String =
proxy ports proxy ports
USB A : USB Port *USE A USB Port
USB B : USB Port
azignals azignals wzignals wzignals
Send to A Send to C Send to D SendtoE

SA : System A

HD : 500G Hard Disk

MM : 32G Memory

05 : Windows 10

Zend to A

ibd [Block] Complex A[ Complex A ]J

5D : System D

UsB O : USB Port

endto D

USB A : USB Port

ibd [Block] Complex B[ Complex B ]J

S8 System A

HD : 500G Hard Disk

MM : 32G Memory

05 : Windows 10

[
k|

Send to A

~USB A : USB Port
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USBE D : USB Port

Sendto D
A J

Send to A,

Sendto C
-

SC: System C

“USB A USB Port

U3B B : USB Port

Sendtp C

Sendto D
¥

Sendtp E

=

*HD : 500G Hard Disk

AMM : 32G Memory

205 Windows 10

‘ 5D : System D

SE: System E

USB E: USB Port




The Evolution of System Configurations

« UAF provides the ability to model systems and their evolution over time
« Adding new parts to a system configuration implies that it is a New system

« Example configuration:

— The Base Configuration is made up of Systems, A, B & C
— The internal resource flow diagram configures them as shown below
— The different systems each contain two resource ports and connectors.

V-1 Systems Interface Description [@ =%-1 Base Configuration Diagram ]’J

«CapabilityConfigurations @’J
Base Configuration
]
aSystems (:] aSystems [:] aSystems
System A Systemn B System C

5V-2 Systems Internal Resource Flow Description [@ Base Configuration ]’J

aResourceRoles @ aResourceRoles @
54 Ejrst-emh 58: Ejrstemﬂ

F‘1 I F'-'-1 iy

aRezourceRoles
| |5C System C @ #PT 1
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Configuration Modifications

V-1 Systems Interface Description [@ =W-1 Initial Diagram ]J

 The Base Configuration will be
modified over 3 phases resulting In
the following:

V1 adds System 1
V2 adds Systems 1 & 2
V3 adds System 3

Systems A, B& Careinall 3
configurations, so we have V1-V3
child-classes-of the Base
Configuration.

This relationshipas well as-the
connections are inherited as
shown in the following diagrams.

aSystems
System A

aSystems aSystems
System B System C
alCapabilityConfigurations I-ﬂ,:}

Base Configuration :

I

11

aResourcelnterfzces @

«CapabilityCon figurations ,@’J eCapabilityConfigurations ,é aCapabilityConfigurations @f
Configuration V1 Configuration V2 Configuration V3
aSystems Sy stems aSystems
System 1 System 2 System 3

aResourcelnterfaces @
12

aResourcelnterfaces @
]
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Internal Configurations

The new configurations have modified Systems B & C
System is 1 added to the configuration V1, Port P8 is added to System C
Systems 1 and 2 are added to the configuration V2, Port P5 is added to

System B

5V¥-2 Systems Internal Resource Flow Description [@ Configuration %1 ])

P1:

5V-2 Systems Internal Resource Flow Description [@ Configuration W2 ]’J

sResourceRolkes @ P22 sResourceRolkes @
SA : System A 5B: Systemﬂ
P4: 11

aResourceRoles @ P7. N
5C: Systemc

Pa:13

P11: 13

[
cFRiesourceRoles @
51: System 1

P1:N1

«ResourceRoles @ P32 «ResourceRoles @
SA Eystem.h 5B : System B

P4d: N1 P52

«ResourceRoles @ P71
s5C: Eystemc

PE: 13

P11:13

[ ]
aResourzeRoles @
New 51 : System 1

P12 12

sRezourceRoles @
52: System 2
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The Problem with Additive Components

« System 3 has been added,

Systems 1& 2 have been removed.

 Ports P5 & P8 added in
configurations V1 and V2 are still
parts of Systems B & C

 Not a big deal if just an extra port?
What if they were:

LLarge/heavy systems?
Safety-eritical systems?

Energy hungry systems?
Unwanted software?

Creating an access vulnerability?
Etc.

5V-2 Systems Internal Resource Flow Description | @ Configuration W3 ])

=21 eResourceRoles @ P22
SA : System A

T

P3: E@ SB: System B
= 1
Ll

aResourcaRoles @

L)

P4:I PS5 :

aRezourceRoles @ P71
3C : System C
P2 13
J

Pg 12

P10 12

1
aRleso I_Hlule
urce @

53 System 3

[z
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Resultlng System Configurations

The figure on the right shows the
different components and their
parts and ports.

* The figure below shows the
repopulated Base Configuration
diagram.

~ _ _ - - - £ ol Y R

5V-2 Systems Internal Rezource Flow Description [@ Baze Configuration ]'J

«ResourceRoles @ _ «ResourceRoles @
SA : System A F2:12 P3 12 SB: System B
3 .
] P5: 12
P1:N 1
P4
cResourceRoles @ BT

SC : System C

5V Systems Interface Description [ﬂ SW-1 Diagram ]/J

aSystems aSystems aSystems
System A System B System C
parts parts poris

eRezourcePorts P1: 1
eRezourcePorts P2 2

eRezourcePorts P4 : 1
eRezourcePorts P3
wResourcePorts PS5 :

2
2

zRezourcePorts: P& : 1
zRezourcePorts: FF : 1
«RezourcePort: P& : 13

|

aCapsbility Configurations

Base Configuration

T
iy

I

«ResourcePort: PO : 12

wGapahilityConfigurations @’] «CapahilityConfigurations @’] «CapahilityConfigurations @’]
Configuration W1 Configuration V2 Configuration V3
aSystems C] aSystems C] aSystems l:l
System 1 System 2 System 3
ports ports ports
zRezourcePortes P11 13 zRezourcePorts P12 ; 2 zRezourcePorts P10 : 2

"1

aResourcelntarfaces @

12

aResourcelntarfaces @

aResourcelnterfaces @
13
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Updated Configuration

Inheritance from the base
configuration has been removed.

System A is the only common system
between the 4 configurations, so,
inheritance is of no benefit and in fact
complicates things.

However, systems B & C can benefit

Common elements are in the parent
class.

Child classes add new ports.

The-Base.configuration contains the
“original*versions.of Systems A, B
andC

Configuration V1-contains System A,
Base B, and V1-2 system C

Configuration V2 contains System A,
V1 System B, and V1-2 system C

Configuration V3 contains System A,
Base B, and V3 System C

5V-1 Systems Interface Description [|’”_§| SW-1 Updated Configuration Diagram ])

aSystems
System A

zRezourcePorts P1: 1
zRezourcePorts P2 : 12

paris

«cCapsbilityConfigurations @

Base Configuration
aSystems aSystems
Base System B Base System C [
paris poris
zRezourcePorts P4 . 1 zRezourcePort» PG ; 1
zRezourcePorts: P3 : 2 zResourcePorts PF . H
Vi t:m' B aSystems aSystems
EEEm V1-2 System C V3 System C
pans " A
A - - : ports pors
“:EEEEE;E:EEE: E; i E *zRezourcePort: PG : M fzRezourcePorts P& : 1
HRESDL.rcEPcrt“”MZ" -2 hzRezourcePorts PF . 1 hzRezourcePorts PF . 1
N ) sResourcePorts PG : ~13 #ResourcePorts PO ; ~I2

i

aCapabilinyConfigurations @

aCapahbilinyConfigurations @

aCapabilinyConfigurations @

Configuration V1 Configuration V2 Configuration V3
aSystams O aSystams aSystams O
System 1 System 2 System 3

pors

gResourcePorts P11 : 13

porns

zResourcePorts P12 : 12

pors

gResourcePorts P10 ;- 12

aResourcelnteriaces @
1

eResourcelnterfaces @
2

aResourcelnteriaces @
13
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Internal Configurations

5W-2 Systems Internal Resource Flow Description [@ Configuration W1 ]) 5V-2 Systems Internal Resource Flow Description [ @ Configuration W2 ]’J
P10 T @ P2:2 P32 aResourceRoles «ResourcaRoles
SA : System A £3 ResourceRoles £3
5B : Base System B . .
[E v S Sﬂtem A £3 P2 1z L V1 5B:V1 System B
F] F
. =
P& I zResourceRoles @
PG I aResourceRoles @ P71 W1-2 5C :V1-2 System C P71
S5C 1 V1-2 System C —
i PE:~13
P& ~I3
5W-2 Systems Internal Resource Flow Description | @ Ceonfiguration V3 ])
P11 P11:13 P12 12
[ — I
«RecourceRoles @ T urceRoles 8 P22 P32 aResourceRoles @ ]
51: System 1 SA : System A Base 5B : Base System B aFesourceRoles @ aFesourceRoles @
— 51 : System 1 52 : System 2
P41
*~  This-modified
aResourceRoles P71

unwanted parts;
maximizes reuse
and creates fit for
purpose
structures.

V3 5C V3 System C

€3

I

PG ~12

P10 12

=
aResourceRoles @
53: System 3
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DoDAF/UAF and System Changes over Time

 The UAF Resource interaction diagrams are used to define system
structure
— Shows how resources (systems, roles, posts and organizations) interact
— Created from systems, system nodes and organizations
— Defined system configurations can be linked to project deployments
— System configurations will change over time
— _Each configuration is modelled in a separate context

—However,.changes to a system in context affects the system in all
contexts

* Project viewslink canfigurations to time and capability.
— Actual elements are also linked.

© 2021 SSI



Example Automotive Factory Model

Problem Statement: Powerhouse Engines (PE Inc.) is an automotive
supply company providing internal combustion engines. PE Inc. finds that
It has gradually become less competitive over the years largely due to
their outdated technology and largely manual processes. Foreign and
domestic competitors have started to cut into their business and the
stakeholders are concerned that the company's loss of market share will
accelerate and that they will eventually become insolvent. To combat this,
the-shareholders have proposed an investigation into strategies and
technologies such as Augmented reality, Robotic assembly systems, 5G,
Al, Additive-manufacturing, outsourcing of select manufacturing and IT
systems, Battery teehnology, Data analytics, Hybrid/electric engines, etc.
These technologies will be.rolled out over a 3-phase technology
deployment plan.

© 2021 SSI



High Level Manufacturing Concept for
Powerhouse Engines

« Defines the high-level
concepts for Powerhouse
Engines

« The part supplier could be an
external company, an internal
casting department, or an in-
house 3D printer.

« All 3 will be deployed over the
3 phases of teehnology
Introduction.

* / Robots and other
technologies will be
Introduced as well.

OW-1 High-Level Operational Concept Graphic [ HighLevelManufacturingConcept Gra phl:s]J

AL : Assembly Line
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Whole Life Enterprise Phases

 The Global Enterprise is
divided into 3 phases: As-Is
and Automation | & Il

« Existing capabilities are
documented in the As-Is
phase

 High-Speed Comms,
Augmented Reality, and Data
Analytics in Auto |

« Automated Assembly, Flexible
Manufacturing and Additive
Manufacturing.in Auto Il

¢ ~Additional Goals.forthese
phases are alse.assigned-to
the phases

« Systems will be defined to
Implement the Capabilities
and Goals

CV-1 Vision [@ CW'-1 Diagram ]J

aActuslEnterprisePhases
Global : Enterprise

aEnterpriseGoals F
Document Factory Processes

aWholeLifeEnterprises
Enterprise

aTemporalParts [3
PH : Phase éﬁ

«EnterprisePhases [ 1
Phase -

aEnterpriseVisions &
Be the Top Supplier
for Our Products

aCapabilitys @
High Speed Communications
T ho
«Capabilitys (E“. " - B
Augmented Reality “, ~
h e N
- ~— " _aExhibi
aCCapabili ) . -
e nryT @I . Lo
Data Analytics & — L gfxhibitss
= - ~ <EA
S, S

—
. aExhibitss

-

«Capabilitys (.f“-, -

<Capatilitys ke Bk
Additive Manufacturing —

Automated Assembly
- _HuExl‘ib =
«Capabilitys (c) - |-
Flexible Manufacturing [ - _=Exhibity

S»

shctuslEnterprisePhases
As ls : Phase
{endDate = 2021-05-01T19:12:12-08:00,
goal = Docurment Factory Processes,
res purcefrchitectureCfEnterprsePhase = SW-2
Manufaciuring Enterprise As s,
startDate = 2021-04-01T19:12:48-08:00}

enterprisePhase = [T As Is

Id="1"

Text = "The architecture shall reflect the
existing systems and manual processes. "

aEnterpriseGoals F
Lower Variable Costs

Exhibits Capability =
(€ )Communications

enterprisePhase = [_Eukutn ration |
id="2"
Text = "The incremental improvements shall

~, | {endDate = 2022-04-01T19:14:16-08:00,

goal = Lower Variable Costs, Increasa
Praduction Efficiency.

gtariDate = 2021-05-02T19:13:56-08:00}

G

tf{:lAss.e mbly decrease errors,waste, and defective
tf JLogistics products.”
(C)Product Test
(€ )Part Supply EnterpriseGoals E
?&IM aintenance Increase Production Efficiency
\£JDesign enterprisePhase = [T Autornation |
tf,lCaImratlnn Id="3" '
fff"G aging Text = "The incremental improvements shall
{E)Quality Management decrease production time, improve
= fE JSecurity efficiency, and autoate instructions.”
{E}Gwernance
< aEnterprizeGoals. F
-E“thz‘& wActuslEnterprisePhases F’T—I B i [ ad Tame
it Fag— Automation | : Phase e enterprisePhase = rﬁﬁutnmﬁun 1]
ld="4"

Text = "Additive manufacturing, and flexible
manufacturing shall decrease part lead time
by shifting manufacturing in house. "

eActuslEnterprisePhases FT—'
Automation Il : Phase bl
fendDate = 2023-04-01 T19:15:34-08:00,
goal = Deorease Parts Lead Time, Minimize
Staff Redudiions and Layaffs,
startDate = 2022-04-01T19:15:19-08:00}

aEnterpriseGozls 13
Minimize Staff Reductions and Layoffs

enterprisePhase = [—Euﬂmtn rnation 11

Id="5"

Text = "The addition of automated assembly
shall not force mandatory |ayoffs. Education
and retraining shall be provided for all staff
whose jobs have been rendered obsolete.”
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Powerhouse Engines IT Systems for the As-Is Phase

The existing IT Systems are fairly primitive containing USB and ethernet ports
« Common software is defined for all laptops

« Specialized hardware and software are defined for other systems.

5V Systems Interface Description | &gl SW-1 T Sy=stems Diagram ])

aSoftwares
& -IMicrosoft Offi
wSystems aSoftwares @ wSystems = =
CAD Computer Anti-Virus Software Laptop
— aSoftwares
Microsoft Windows
wSystems aSoftwares @ wSystems aSystems aSystems wSystems aSystems aSystems
CAD Printer CAD 5w IT Laptop

Design Laptop | |Office Laptop | |Office Printer | (Warehouse Printer | (Warehouse Laptop

-

aSoftwares
wSystems aSystems aSoftwares aSoftwares O -
Router Hub Network SW PLM SW Inventory
" -

aExhibhss / 7

\ «Exhjbitss f"@'hﬁ;"'

y ke ~

aCapabilitys

Communications
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IT Systems Integrated into the As-Is Factory Configuration
5V-2 Systems Internal Resource Flow Descripti L 5V-2 Diagram Manufacturing Enterprise As Is IT Systems 1)

m on [ g2

*a

e Three areas have been defined for
the factory:

— Warehouse

* Inventory management, procurement,
parts management and distribution

— Product Design
« CAD designs for systems and

P
Y

requirements management
= Management Office

* Factory-management, IT management

and general management

+ EXxisting systems and interactions are
defined
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The Laptop has been redefined as a Wireless Laptop as the

IT Systems for Automation | & |l

factory is going wireless

— Specialized laptops for the major functional areas have been

defined and ruggedized tablets have been distributed
— The 5G network has been deployed in the factory
— The Process Engineer has a specialized laptop

Dedicated laptops were added in Auto Il for the Autonomous

Forklift & Robot

5V-1 Systems Interface Description | @ SV-1 T Systems Diagram ]J

V-1 Systems Interface Description [@ SW-1 T Systems Auto 1 ]J

aSoftwares (’“:,

wsystems
Wireless Laptop

[

w3ystems
AFL Laptop

w3ystems
Robotic Laptop

proxy ports
«ResourcePorts AP USB
zHesourcePorts APSG : 5GIF

Proxy ports
«ResourcePorts 5G ; ~5GIF

aSoftwares (‘j

«Softwares D
Navigation SW

Autonomous Fork Lift SW

aSoftwares

D
Robot Control SW

CAD 5W

Office Laptop Auto 1

Design Laptop Auto 1

IT Laptop Auto 1

Warehouse Laptop Auto 1

o r— ° [ Microsoft Office
. - wSyetems
Anti-Virus Software ¥
Wireless Laptop aSoftwares (-}
=SYStEms Microsoft Windows
CAD Computer Auto 1 T
aSoftwares ﬁ wSystems wSystems wSystems wSystems

Process Engineer Laptop

wSyetems
CAD Printer Auto 1

Office Printer Auto 1

«Systems

wSyetems
Ruggedized Tablet

aSoftwares
5G Network SW

aCapability Configurations
&G Network Automation |

ol

wSyetems
5G Router

aSoftwares rTj,
Assembly Tasking SW

aSyetems
Warehouse Printer Auto 1

aSofteares

Process Analysis SW

()
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Factory Configuration for Automation |

 The diagram has been
color coded to
differentiate elements
from the different
phases

Yellow for As-Is and
Blue for Auto |

« Everything except the
people is new.

 The owning systems:
Warehouse and
Management Office are
also.-new

As.most of their

components-and

interactions have

changed, new

systems need to be
defined.

5V-2 Systems Internal Resource Flow Description [@

SV-2 Manufacturing Enterprize Automation | IT Systems WH ]J

«ResourceRoks

WH : Warehouse Auto |

A

WHQRT :

sResourceRoles CE‘
WHQC : Quality Control »
Engineer DE15 Test Status

aResourceRoles.
FD : Forklift 09'

Ruggedized Tablet

«ResourceRoles
FORT : @

Driver

-
.
DES Parts Delivery Tasking

Ruggedized
Tablet

«ResourceRoles @

1 5GIF

1 5GIF
«ResourceRoles CE‘
W aResourc=Rolkes
Wareh WWRT : Ruggedized
Worker Tablet
’7 eResourceRoles @
P w——— WMRT :I_I::;I]é]tedlzed
WM : Warehouse
Manager
: 5GIF F 3
DES Parts Delivery T
eResourceRoles @
WHLP : Warehouse
Laptop Auto 1 A _ ) .
D=5 Pgris Delivery Tasking
DET Parts Reguisition, - 5GIF
DE4 Engine Production Quotas, :
DE13 Supplier Delivery Schedule,
DE20 Part Delivery Status,
DE35 Product BOM
DEE Warehouse Inventory,
DE% Parts Delivery Tggking,
JE7 Parts Requisition,
DE13 Supplier Delivery Schedule
sResourceRoles . F @
WH5G : 5G Router

=

‘Warehouse Invent

3D Production Stgtus,
2 Security Status,

Bsking

Engine Production Quptag,
Personnel Regquisitipn,
Parts Requisition

3D Production Quoas]
DE1 Security Tasking|

«ResourceRoles

MO : Management Office Auto |

. 5GIF

roduction lssu
rt Delivery Stapus|
Product Design,
roduct BOM

2 Security Issus|

5 Productiof
30 Producti

y

gine Productig
7|30 Productio

Y

Design Approval,
S Product BOM,

th=sembly Stati

eResourceRoles @
PMOL : Office
Laptop Auto 1

aResourceRokes @
DS0L : Office
Laptop Auto 1

aResourceRoles.

PM : Plant Ca
Manager

IT: IT Manager

sResourceRoles

«Resourc=Roles
D5 : Data CB

«ResourceRokes @

Scientist

CSEITL:IT
Laptop Auto 1

«ResourceRolkes

HROLP : Office
Laptop Auto 1

&

CSE: Cyber
Security Expert

eResourczRolkes CE‘

aResourceRoles

HRM : Human
Ry CES

506G : 5GIF

DES Personnel Reguisition,
JE10 Personnel lssues

PELP : Process
Engineer Laptop

56 : 5GIF

Record

=ResourceRolkes
5GR: 5G Router

—
LFS : Ethernet

«ResourceRokes @

Manager

&

aResourceRoles.

PE: Process
Engineer

JE4 Engine Production Quotas,
DE34 Product Design,

£38 3D Production Status,

41 Assembly Robot Status

Design lssues,

Design Approval,

E35 3D Part Design

WH : Ethernet

«Resourc=Roles

5GN : 5G Network Automation |

!

MO : Ethernet

FS : Ethernet

: Ethernet

NODEM

PSB : Product

Station St

5G 15GIF

«ResourceRoles %

Status Board
Auto 1

Engine Profuction Quotas,
1A

atus
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Factory Configuration for Automation |l

5V-2 Systems Internal Resource Flow Description [ 5V-2 Manufacturing Enterprise Automation II'VWH ]J

Elements added for Auto Il
have been colored green

New people and systems
have been added.
—  Automated Forklift (AFL),
AFL Programmer, and AFL

Laptop to program and ; o
control the AFL : e
— The Robot Programmer | S,
and Laptop have been o520 an Deivery
added to control the Robot : S
Assembler (Not Shown)
The owning systems: e
Warehouse and
Office are also
new

need to be defined.

MO : Ethernet

MDHM : Ethernet
odem
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CV-3 Capability Phasing [St-Rm]

- Stakeholders: PMs, Executives, Enterprise Architects.
« Concerns: capability deployment to organizations over time.

« Definition: addresses the deployment of capability(ies) to actual
organizations over time.

« The CV-3 (St-Rm) addresses the planned achievement of capability at
different points in time or during specific periods of time, i.e. capability
phasing:

— A generated report showing the capabilities, the systems that realize these capabilities
and when-they will be-deployed and taken out of service.

— Information for this.report i1s defined using the Actual Projects diagram, measurements
diagram, and the CV-2 Capability Taxonomy diagram.
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CV-3 Capability Phasing [St-Rm]

Start and end of Gannt chart lines are in service milestones and out of service

milestone types.
Linked to actual resources and resource types linked to capabillities.

Automatically generated from information in over views.
Milestone start and end times can be modified k aaing

the Gannt ends on

2021 2023 024
April-June July-September Gctober-December July-September October-December January-March Apri-lune July-September October-December January-March April-June
Capabilty Name May une July August  September  October  November  December  January Apr May June July August  September  October  MNovember December  January  February  March i May June July August  September  October  November  December  January  February March Apri
(€) Additive Manufacturing 0 3D Printer ]
(C) Assembly (&-Engine Assembly Line As I 8] (J-Engine Assembly Line Auto T (- Engine Assembly Line Auto I ¢+ Assembly Robot Automation 1T |
() Communications CJ Router ]
(€) Design (- Product Design As Is ] (- Product Design Auto T ) [£-Product Design Auto T ]
(€) High Speed Communications (- 5G Network Automation T ] ([5G Network Automation I ]
(€) Logistics (- ForKliift_¢ - Automated Farklift ]
(€) Maintenance T Skilled Trades ]
(C) Part Supply (<~ In House Casting As IS ] ) 3D Printer - 30 Printer Station ]
(€) Governance & Office As Is ) S Office Auto T ] & Office Auto IT J
E1E) Quality L, v
(€) Calibration [\ Gaging Engineer ]
(C) Product Test (&~ Quality Control As Is ) (& Quality Control Auto T ]
(€) Gaging [ Gaging Engineer ]
(©) seaurity (& Security Office As Is ) (& Outsourced Security |
(C) Warehousing (- Warehouse As Is ] (o Warehouse Auto T ) (©-Warehouse Auto IT J
(€) Augmented Reality (- Augmented Reality Assembly Station 1 ]
! Data Scientist

(€) Data Analytics
(€) Automated Assembly

(€} Flexible Manufacturing

(- Assembly Robot Automation I - Assembly Robot Station

i+ Assembly Robot Automation I
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CV-3 Capabllity Phasing [St-Rm]

2021 2022
April-June July-September October-December January-March April-June
Capability Name April May Jure July August September October Movemnber December Jaruary February March April Mary June July
() Additive Manufacturing
(T) Assembly [ Engine Assembly Line As Is | [c Engine Assembly Line Auto I
{T)) Communications [ Router ]
() Design [+ Product Design As Is | (& Product Design Auto I
() High Speed Communications [+ 5G Network Automation T
(T Logistics (&~ Forklift - Automated Forklift
() Maintenance [ Skilled Trades
(i) Part Supply (&= In House Casting As Is ]
(€) Governance [+ Management Office As Is | [g+ Management Office Auto I
c‘*/‘EI l”lifl Quality Management v

: (€ Calibration [/ Gaging Engineer

: (€ Product Test [+ Quality Control As Is | [+ Quality Control Auto I

: (C) Gaging [/ Gaging Engineer

: (i) security [+ Security Office As Is | [£+ Outsourced Security

= (i) warehousing [+ Warehouse As Is | [&+ Warehouse Auto I

() Augmented Reality [+ Augmented Reality Assembly Statio

' () Data Analytics (77 Data Scientist

() Automated Assembly

( e

(T) Flesible Manufacturing

({ e
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