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The Battle of Bosworth

m For want of a nail the shoe was lost.
For want of a shoe the horse was lost.
For want of a horse the rider was lost.
For want of a rider the message was lost.
For want of a message the battle was lost.
For want of a battle the kingdom was lost.
And all for the want of a horseshoe nail.

B Refers to the death of Richard Ill of England.

B A simple event kicks off a causal sequence resulting in catastrophic
consequences (if you were a Plantagenet)
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Causality

B “Causality (also referred to as causation) is the relation between an
event (the cause) and a second event (the effect), where the second
event is understood as a consequence of the first.”

Random House Unabridged Dictionary

B Causes and their effects are typically related to changes or events.
Also caused by objects, processes, properties, variables, facts, and

states changes, etc.
— These concepts can be modeled in DoDAF/MODEM

B Characterizing the causal relation can be difficult.
— Correlation is not causation

— |.E. Sacrificing an animal to the gods does not cause a good
harvest.
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Northeast USA and Canada Electric Blackout 2003
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Investigating a Historical Chain of Events

B \What was the causal sequence?

— Abnormally hot weather increased A/C load causing
Power load to increase causing
Power lines to sag and contact trees causing
Line faults causing
Electrical outages causing a massive outage

B \What circumstances enabled this sequence?

— The trees were taller than they should have been because the
power company cut the tree trimming budget to save money to
remain competitive because of deregulation caused by a change in
the political environment caused by.... (You get the idea.)

— Human factors were also directly involved because the operators
had sufficient advanced warning of the problem but ignored the
warning messages.

— Sensors measuring power flow were faulty.

— Other causes were also documented

B Well documented and understood due to extensive data logging
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Using Causality in Decision Making

B A decision is made to conduct a tactical strike on an insurgent base
as they have been attacking allied forward operating bases.

m First ask the question: “Why does the insurgent base exist?”

— The locals are unhappy because they have no money because
they cannot bring their crops to market because the roads have
been washed out because heavy allied trucks have been
travelling on the roads weakening the structure so that monsoon
rains washed out the roads so they are no longer navigable so
farmers can'’t bring their crops to market. The insurgents provide
the locals with money so they are allowed to operate.

— So fixing the roads will allow locals to bring their crops to market
providing them an income causing them to withdraw support for
the insurgents causing the insurgents to withdraw removing the
need for a tactical strike with potential collateral loss of life.

— In reality, a systems engineer’'s approach to problem solving.
— The question is, How do you model this?
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ideas IDEAS - Top-Level Foundation

jroup

B Developed by an international group of computer scientists, engineers,
mathematicians, and philosophers under defense sponsorship.

B See http://www.ideasgroup.org or http://en.wikipedia.org/wiki/IDEAS _Group
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Causality as such

B Semantically, causality is a fairly tricky subject.

B There is causality that is due to the laws of physics: If a stone is
dropped from a height, gravity will cause the stone to fall to the ground
below.

B There is causality that is due to a law prescribed by society: If | park my
car in a no-parking zone, the cause of me getting a parking ticket was
that | broke a law regarding car-parking (and that | was unlucky enough
to get caught doing it).

B There is causality where someone has determined that something
caused something to happen: The black-out was caused by budget
cuts concerning tree-trimming, warning messages being ignored and
faulty sensors.

B The last was in a after-the-fact determination but brings up another
issue namely results that are desired by someone or intended results
when making use of something or in other words effects.
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Let us look at this from the point of a scenario

B A severe storm has devastated parts of the normal
mobile communication infrastructure, including remote

base stations.
— They are accessed by road through dense forests.
— A mobile base station repair ability was considered as required.
— The aim of the operator is to reach an infrastructure fully operational
availability in excess of 99.5%.

B In order to manage the repair ability, a set of fairly rough
terrain going vehicles equipped with a large set of

technology have been procured.
— It can be staffed with personnel with the appropriate training and

dispatched to the place where repair is needed.
— Since there are four base-stations that need repair, four instances of
this type of vehicle with appropriate staff were dispatched.
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Modeling cause and effect for base station repair:

Preparatlon A possible capability

realization

The capability required
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Let us look at this from the point of a scenario

B The outcome of this turned out as follows:

— Two base stations were repaired and brought back to full
operational status.

— One was repaired but did not seem to work properly and the team
was not able to fix the problem.

— One was not reached at all since the vehicle got stuck since parts
of the road up to the base station was in very bad condition after
the storm. Attempts to shift the vehicle caused parts of the road to
collapse making access to the base station totally impossible
without a major road repair effort and therefore the station
remained completely off-line.

— Due to the problems with two of the base stations the overall
operational availability dipped below 98% until such a time that at
least one of the base stations were fully operational.
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Scenario from an cause, results and effect perspective

Capabillity:
— Repair ability for remotely located base stations
Effect that implementations of the capability are intended to achieve:

— Repaired and operational mobile base stations

Implemented capabillity:

— Rough terrain going vehicles staffed and equipped with a large set of
technology

Desired effect by desirer:

— Operator wants to achieve an infrastructure with operational availability in
excess of 99.5%

Actually achieved effects:

— Base station 1 fully repaired and fully operational,

— Base station 2 fully repaired and fully operational,

— Base station 3 repaired but not operational,

— Base station 4 not repaired,

— Access road to base station 4 rendered unusable,

— Infrastructure availability at 96%.
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Modeling cause and effect for base station repair

repairs to base station 1

The temporal time slice of Vhcl 1 and staff performing and finishing

DEAS: typelnstances

| «IDEAS: typeinstances
1

«IDEAS: couplex ) wtuplePlacels

«IDEAS: couples ¢ 5| tuplePlace2s «tuplePlace2s
base 1 tpart result base 1 vhel 1
L
cltpicHiace(s Jtuplflaces | «DEAS: typeinstaegs

[

| «IDEAS: typelnstances
«IDEAS: typeinstances |
I

«[DEAS: superSubtypes

«IDEAS: couples -
basetprop |_ _ _ _ _ _ _ _

«IDEAS: typelnstances

stuplePlacels

«[DEAS: superSubtypes

«NFAS: =uperSubtypen

«tuplePlacels

stuplePlace2ys |«IDEAS: couples &

vhcl tpart

| gIDEAS: typelnstances
I

| IDEAS: typeinstances
I

Base station 1 after successful repairs and prior to some future event x.
This slice is a member of the base station operational property set

The end of one time slice
(Vhcl 1 doing repair)
prior to base station 1
operational time slice
start.
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What does this mean?

B A capability was implemented as a mobile repair configuration and there is
an instance of that that for a part of its lifetime was used to repair base
station 1.

B Base station 1 as a result of the repair ended up exhibiting a fully
operational property and this lasted until a future event x.

B The temporal state of the mobile repair configuration where they repaired
the base station ended as soon as the base station became operational,
i.e. there is a beforeAfter and indeed in this case an immediateBeforeAfter
relationship (both are IDEAS and MODEM concepts) between the temporal
part of mobile repair and the temporal part of the fully operational base
station.

B A subset of both beforeAfter as well as immediatelyBeforeAfter can be
created in the form of immediatelyResultsIn and resultsin. The
difference between the two is simply that one happens immediately and for
the other there may be a time lapse before the result (effect actually
happens).
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Achieved result/ effect summary model

The property exhibited
by the affected entity

The entity used to

achieve an effect

\

«[DEAS: superSubltypexs

- “DIECE.I TYDE»
wplaceZTypes

splace3Types achieves

* "

The entity on which the
effect is achieved

«lDEAS: supersulptypes

B This can be summarized as described above by stating that the use of some
configuration of resources on some other configuration of resources causes the latter to
exhibit a specific property.

B Property can be subdivided into dispositional property as well as categorical property, the
former implying that the configuration is able to exhibit this property but is not actually
doing this at this point. The latter implies that the time slice of the configuration where it
actually achieves this property is implied.
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Achieved effect: scenario
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Desired effect/ result summary

The phase of some responsible human
resource that desires to have an
effect on a given resource. A temporal

IPhase is used since desires may change. —

«[DEAS: superSublypes

— _ —

«[DEAS: superSubtypes

xwplace3Typex

A combination of resources where there
is a desire to have it exhibit a
certain categorical property
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Intended effect/ result

A high level specification of the enterprise's ability.
Note: A capability is specified independently of how it is implemented.

Note: Capabilities are dispositional. A given system or organization that has a capability
(i.e. it is disposed to do something) may never actually have manifested it.

2 =
Property
«IDEAS: supersubtypes #IDEAS: superSubtvpes
«IDEAS: Types B aplace] Types «DEAS: Types o il sl «IDEAS: Types .
Capability_md Cabilitylntended ToAchieve CategoricalProperty
eplace3Types «IDEAS: Types

ResourceType _md

A combination of resources where use of something that
implements a given capability should result in the resource
configuration exhibiting a certain categorical property.
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Desired and intended effect

. Scenario
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Explanation

B The first of the two previous slides enables effect to be summarized
as something that a capability is intended to achieve.

B It also shows how the desired result/ effect can be summarized.

B This is then shown exemplified for a Mobile repair ability for remote
base stations as well as for a mobile network operator.
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The Unified Profile for DoODAF and MODAF (UPDM)

B UPDM is a standardized way of expressing
DoDAF and MODAF artefacts using UML and

SysML

— UPDM is NOT a new Architectural Framework
— UPDM is not a methodology or a process

— UPDM implements DoDAF 2.0, MODAF & NAF

B UPDM was developed by members of the OMG
with help from industry and government domain
experts.

B UPDM is a DoD mandated standard and has
been implemented by multiple tool vendors.
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Representation in UPDM / SysML

B MODEM/DoDAF does not prescribe a graphical representation
— Implementations such as UPDM are required for visualization

B State Diagrams

— Models the state-based behavior of structural elements
— Useful for capturing event/effect sequences

B Activity Diagrams
— Used to model behavioral sequences using activities

— Shows the flow of control and information
— Can include structural elements

B Sequence Diagrams

— Captures a series of interactions between structural elements
— Can include timing information, parallel and optional sequences,

B SysML Parametric Diagrams
— Captures the relationship between quantitative structural aspects
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Capability

CV-2 [Architectural Description] UPDM Views [CV-Z]J

Desired Effect
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OV-1 High Level Concept

OV-1a [High Level Operational Concept] High Level Mobile Network Concept [Graphic]J
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System Structure (Simplified)

SV-1/SvcV-1 [System] Mobile Network ContextJ

|RBS1-NM:R
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Mobile Network System States

e ™
Mobile NetworkJ
/ o
Power On/
Powering Up
Initialization Complete/
( Network Operational ]
| 0 <
MBS Operational/
96% Coverage Minimal Coverage
MBS Operational/
MBS Failure/
MBS Failure/
MBS Qperational/ .
MBS Failure/ = Network Unoperatlonal'
V Network Failure/
(98% Coverage, Full Network Coverage
MBS Operational/
. J
. J
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Remote Base Station System States

7 il R
Remote Base StationJ
Power Down Complete/ _ °
| /
( Powering Down Power On/
( Powered Up 9

do : Built In Test
do : Transmit System Statusv

( Powering Up 1
do : Power Up
o : System Initializatio

Power Down/
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[Fauli)/
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(Base Station Fully Operationah (Base Station Non-Operationa

MBS Failure/

Degraded Signal/
Full Signal/
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|20 : Run Diaﬂnostics j MBS Failure/
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Mobile Repair Unit System States

.
Mobile Repair UnitJ

. /
Unloading ‘ Vehicle Unloaded/ — Loading ‘

|do : Unload Vehiclg Work Order)')( (do : Load Vehiclg

( Vehicle Staffed and Equipped

[Home Location]/
Vehicle lLoaded/

[Field Location]/ ( Repairing 1
do : Repair Mobile Base Uni
o : Update Status

N

Destination Rgached/
Repair Cagmplete/

(Travelling to Destination] Destination Selected/
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\ v V
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\ J

% Osynell [T afego




Base Station Access Road System States

%ase Station Access RoadJ

o

/4

| Optimal Road Surface'

Road Repaired/ Road Damaged/

V

Road Surface Degraded

Partial Repair/ Road Collapse/

| Road Surface Collapsed'
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Mobile Repair Unit Activity Diagram

SV-4/SvcV-4 [Architectural Description] MRU Activities [SV~4]J

«ActivityAction(pystem)» «ActivityActiof(System)» «ActivityAction(System)»
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Mobile Repair Unit Activity Diagram

[Home Location]
[Field Location]
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Remote Base Station Activity Diagram

SV-4/SvcV-4 [Architectural Description] MBS Activities [SV—4]J

«ActivityAction(Bystem)» «ActivityAction{System)» «ActivityAdkion(System)» |
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Remote Base Station Activity Diagram

( «Activity(System)»
Base Station Operations

l
: Interruptible Regibn
l
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Sequence Diagram — Base Station Repair

Mobile Network Context

Send Status
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Using Simulation to Test Behavior

B Snapshot of :
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SysML Parametrics — Trade-Off Analysis

B Used to express constraints (equations) between value properties
— Provides support to engineering analysis
— e.g. performance, reliability, etc
B Constraint block captures equations
— Expression language can be formal
- e.g. MathML, OCL ...
— or informal

— Computational engine is defined by applicable analysis tool
—and not by SysML

B Parametric diagram represents the usage of the constraints in an
analysis context

— Binding of constraint usage to value properties of blocks
—e.g. vehicle mass boundto F=m * a
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SysML Parametrics: Definition

bdd [Package] System Parametrich

«constraint»
Network Coverage Calculation

1 1 constraints
{RBS1Area = fun (RBS1Loc, RBS1SigStr)}
Context CVG parameters

RBS1Area : Area Coverage
RBS1Loc : Location

NetCvg : Percentage
RBS1SigStr : Signal Strength
RBS2SigStr : Signal Strength

1 RBS1 1 RBS41 1 RBS2Loc : Location ~——
RBS2 RBS3 RBS2Area : Area Coverage
RBS3SigStr : Signal Strength Parameters
1 1 1 1 RBS3Loc : Location

RBS3Area : Area Coverage
RBS4Area : Area Coverage
RBS4Loc : Location
RBS4SigStr : Signal Strength

[ Value |
Property |




SysML Parametrics: Usage

constraints ) ﬁ Pa rametrIC
{RBS1Area = fun (RBS1Loc, RBS1SigStr)} .
Equation

par [System] Mobile NetworkJ

Context

NetCvg : Percentade
A\

RBS1SigStr : Signal Strength Rés1 Area : Area Coverage
RBS2SigStr : Signal Strength
RBS2Area : Area Coverael
RBS3Area : Area Coverag
CVG : Network Coverage L
Calculation
RBS3SigStr : Signal Strength
RBS48SigStr : Signal Strength
| [

\ RBS3Loc : Loce’,ﬁion

RBS2Loc : Location d RBS4Loc : Location
RBS1Lod: Location

RBS4Area : Area Coverag
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Business Motivational Modeling (BMM)

B The OMG Business Motivation Model (BMM)

— "BMM captures business requirements across different dimensions to
rigorously capture and justify why the business wants to do something,
what it is aiming to achieve, how it plans to get there, and how it
assesses the result." [OMG, 2010]

B The main elements of BMM are:
— Ends: What (as oppose to how) the business wants to accomplish
— Means: How the business intends to accomplish its ends

— Directives: The rules and policies that constrain or govern the available
means

— Influencers: Can cause changes that affect the organization in its
employment of its Means or achievement of its Ends. Influencers are
neutral by definition.

— Assessment: A judgment of an Influencer that affects the organization's
ability to achieve its Ends or use its Means.
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BMM Concepts in DoDAF

CLD Business Strategy ConceptsJ

Influences Realizes

_____ ~ exhibits

«satisfy»

- =_P
Influences
Conforms to

Influencer

Executes

travels on

«ActivityPerformedByPerformer»

Located at

Conforms to

«Commands»
Regulates

Enforces

«Rule(System)»
Health and S

Constrains

Note: Additional Located in

Relationships _

Directives

Influencer

added for Clarity
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System Dynamics

B System dynamics is an approach to understanding the behavior of
complex systems over time. It deals with internal feedback loops
and time delays that affect the behavior of the entire system

B They are a potent tool to:

— Teach system thinking concepts

— Analyze and compare assumptions about the way things work

— Gain qualitative insight into the workings of a system or the
consequences of a decision

— Recognize dysfunctional systems

— Analyze system interactions and influences

B Normally simulation is used to assist in the analysis
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System Dynamics

B Models the GGD System Dynamics Model|
relationships
between the
system elements

Full Network
Coverage

B Example
diagram uses
states, value
properties, rules
and environment

«Environment»

Competitive

Environment

Road Surface
Collapsed

Base Station
ully Operational

m Many more
objects and
relationships are
possible

«Environment»
Heavy Rain




Conclusion and Summary

B Understanding causal sequences is critical to systems engineering
and architecture

B These sequences can be modeled in DoODAF/MODEM
B Simulating the sequences aids in understanding

m Different representations are required for different audiences
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Questions, Comments, Discussion
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Contact Detalls

m Matthew Hause
Atego Systems, USA
Chief Consulting Engineer
+1 917 514 7581
Matthew.Hause@Atego.com

B Lars-Olof Kihlstrom
Syntell AB, Sweden
+46 (0)8 660 0280
lars-olof.kihlstrom@syntell.se
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Motivating argument for the effect
connections
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. «IDEAS: powertypelnstances «[DEAS: superSubtypes

«IDEAS: superSubtypes
TwIDEAS: superSubtypes




splace1Types

wplaceiTypes
on

#[DEAS: superSubtypes

#[DEAS: superSubtypes

wplaceZTypes

_ =

property.

«IDEAS: superSubtypes

In arder for an effect to be considered as achieved the
individual resource acted on must show a categorical

wplaceZTypes

«[DEAS: superSubtypes

wplace1Types

Osynel L7 afego



aplacei1Types wplacelTypes

before whole
aplaceTypex wplaceZTypen
after part
IDEAS: superSubtypes
«IDEAS: superSubtypes «IDEAS: superSubtypes
«=[DEAS: superSubtypes
«IDEAS: superSubtypes
splaceiTypes
whole
wplace2Types 0.7
part
D k]
«IDEAS: superSubtypes -
«IDEAS: superSublypes

There are temporal parts of at most two individual resources where it can be stated that
one temporal part of one resource ends before the other starts and where it is determined
that the tempaoral part of one immediately results in the other temporal part or just results in
the other.
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TxIDEAS: superSubtypes

%IDEAS: superSubtypes

immediatelyResultsinPowertype

%IDEAS: superSubtypes

«place1Types
beforeType

xplace2Types
afterType

«IDEAS: superSubtypes

ReszultsinPowertype i
TwDEAS: superSubtypes

«IDEAS: superSubtypes

teIDEAS: superSubtypes aplaceZTypex

«place1Types {subsets places}

{subsels places}

«IDEAS: superSubtypexs

«IDEAS: superSubtypes

«placeTypex
places

«IDEAS: superSubtypes

«IDEAS: superSubtypes

aplace2Types

«place1Types

«IDEAS: superSubtypes

«IDEAS: superSubtypes

«place1Typexn

aplace1Typen
supertype
0.*

0.+
aplace2Typexn
subtype

«place3Type»

«IDEAS: superSubtypes

«IDEAS: superSubtypexs

TwIDEAS: superSubtypes

TIDEAS: superSubtypex

This rather complex diagram fraces the connections between al the
elements involved in this representation and it shows that a property of type
need fo tie the affected resource type to the categorical property and that a
ResultsinType or an ImmediatelyResultsinType relationship should exist
between the resource types that exhibits the categorical property and the
CapabilityConfiguration (a subset indirectly of ResourceType).

«IDEAS: superS)

ibtypes

«IDEAS: superSubtypes

9‘0



TDEAS: superSublypes

«place1Typen
beforeType

aplace2Typen
afterType

«IDEAS: superSubtypes
TWDEAS: superSubtypes

ResulisinPowertype

TwIDEAS: superSubtypes TeIDEAS: superSubtypes

«DEAS: superSubtypes

aplaceZTypen

«placeiTypen

{subsets places)

«IDEAS: superSubtypes

EAS: superSubtypen

eplaceTypes
places

«DEAS: superSubtypes

aplacelTypes

«IDEAS: superSubtypes

«IDEAS: superSubtypes

wplace2Types

{subsats places}

«IDEAS: superSubtypes

«IDEAS: superSubtypes

«IDEAS: superSubtypes

aplace2Types

aplace3Types

aplacezTypes

«IDEAS: superS|ibtypes

«IDEAS: superSubtypes

«placeiTypen

«DEAS: superSubtypen

«IDEAS: superSubtypen

IDEAS: superSubtypes

IDEAS: superSubiypes.

«placeiTypes

This rather complex diagram traces the connections between al the
elements involved in this representation and it shows that a property of type
need to tie the affected resource type to the categorical property and that a
ResultsinType or an ImmediatelyResultsinType relationship should exist
between the resource type affected and the ResourceType that after a
somewhat elaborate connection can be found as being used by the phase
of the responsible human resource.
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