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Background — Collaborative

Research Partners
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Operational Planning

« Strategic Objectives->End State = Set of
Conditions

« Set of Conditions = Desired Effects
e Desired Effects -> Tasks
e Tasks

« Assigned Resources
e Synchronised with other tasks
* Pre-Conditions

e Tasks ---...---> Lines Of Operation
Lines Of Operation = Detailled COA



Operatlonal Planning - Problems
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 Time Pressure

» Uncertainty

* Distributed Groups
e 100s of tasks
 COAST aims to:

* Resolve potential conflicts in resource requirements
« Ensure causal interdependency (Effects/Pre-Conditions)

e Impose temporal constraints

 MS Project:
» Pre-defined schedules of tasks
* No analytical methods



4%  Conceptual Modelling of the
Planning Domain

e Mission
 Desired End state

Initially valid conditions

 Available resources

Limitations
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Mission: Recover 1sland from the occupation of
an opposition force through amphibious operation

Desired End State: Amphibious forces
successfully landed

Initially Valid Conditions: Fighter and AAR
aircraft deployed to the AO

Available Resources: A number of different
Aircraft, Ships, and Troops (detail later)

Limitations: Not to trespass in 3 party
airspace/waters and non favourable weather
conditions
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Australian Government

Conceptual Modelling of the

e Planning Domain - Example

Technology Organisation

COAST: Conduct amphibious assault

Preconditions:

e Local air control established

e Local sea surface control
established

e |Local sea sub-surface control
established

e En route sea mines cleared

¢ POE established

Synchronisation:
¢ As Soon As Possible

Conduct amphibious
assault

Assigned Forces

=

Task Information

Task Duration: 4 Hours
Probability of Success 90%

Effects:

*  Amphibious forces succesfully landed
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Task name Preconditions Effects Resources Lost Res. Duration Sync.
Info.
T1 | Conduct amphibious | eLocal air control established (SP) +Amphibious forces 2LPA 4 Hours As
assault +Local sea surface control established (SP) successfully landed (PE) | 1 LSH Soon
sLocal sea sub-surface control established (SP) 6 LCH As
*En route sea mines cleared (NP) 3 BN Possible
*POE established (NP)
T2 | Conduct combatair | *FOB established (NP) s ocal air control 12FA 18 As
patrol *Fighter aircraft deployed to the AO (NP) established (SE) required
*En route refueling provided (SP)
T3 | Conduct ASW *FOB established (NP) *Local sea sub-surface 2 MPA As
operations inthe AO | «Local air control established (SP) control established (SE) required
T4 | Conduct airborne +Local air control established (SP) *POE established (PE) 12 Blackhawk 2 Blackhawk 8 Hours
operations +FOB established (NP) 2 ABN BN
*FARP established (NP)
T5 | Conduct maritime sLocal air control established (SP) sLocal sea surface control | 4 FFH As
escort operation established (SE) required
T6 | Conduct mine sLocal air control established (SP) *En route sea mines *4 Mine 48 Hours
clearance operation | | ocal sea surface control established (SP) cleared (PE) Hunters
sLocal sea sub-surface control established (SP)
T7 | Establish FOB +FOB established (PE) +1 ECSS 60 Hours
T8 | Establish FARP *FARP established (PE) +1 Eng Coy 40 Hours
T9 | Provide AAR +FOB established (NP) *En route refueling 4 AAR As
*AAR aircraft deployed to the AO (NP) provided (SE) required
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Modelhng and Analysis of COAs
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Using Coloured Petr1 Nets

Discrete Event System with formal mathematical
semantics and rigorous analysis capabilities

Why Coloured Petri Nets?

Concurrent systems

Resource allocation

State based system

Generation of possible events from any given state
Event Duration and System Time

Formal mathematical modelling language
Analysis capabilities through state space analysis

14



Modelhng and Analysis of COAs
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* The CPN model formally captures the execution of COA:

« Tasks and their attributes (pre-conditions, effects, duration,
required resources)

» Set of currently valid conditions
» Available resources

* The state of the system is represented by:
» Set of tasks (idle, executing, or done)
» Set of currently valid conditions
» Set of currently available resources

* An event in the system could be:
« Start/Termination of Tasks

* Change of valid conditions
« Change of available resources
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g and Analysis of COAs
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Initialise

s |

g and Analysis of COAs

A\ A 4

. //7\\
Resources Conditions (1)

N
(2)
(

N

—/

Conditions

Environment

s |

Resources
1[CONDITION(("E1",true)),

CONDITION(("E2" false)),
CONDITION(("E3" false)),
CONDITION(("E4" false)),
CONDITION(("E5" false)),
'HS | CONDITION(("E6" false))]

Execute

Execute
Status

TaskxResxStatus
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* CPN model ensures the line of operation 1s
suitable (logical) and feasible (resource conflicts)

* Input: Set of tasks, Initially Valid Conditions,
Available Resources

* Output: Lines of operation (start and end times for
all tasks leading to the end state)

* Method: State Space Analysis of the CPN model
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» 2 phases of LOP generation
* Depth-first
* Breadth-first
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COAST Overview

COAST — Coast Of Action Scheduling Tool
COA Development and Analysis

Task scheduling must be suitable (logical) and
feasible (resources)

Client-Server Architecture
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COAST Client
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Plans Tasks Synchronisations Resources  Conditions  Decisive Paoinks  Plan Parameters  Analysis  windows  Help

Tasks | Conditions | Resources | Synchronisations

S =) if- {Resource I =]
Task List: Assigned Resources:
Task I Task Marme: Include: | =
Conduct armphibious azsault v w4 2 of LPA,
T2 Conduct combat air patrol v -4 1 of LSH
T3 Conduct A5V operations in the A0 v w4 Bof LCH
T4 Conduct airborne operstions v w48 3 of BN
T5 Conduct maritime escort operation I -4 12 of FA1G
TG Cohduct mine clearance operation v ~o @ 2of MPA
T7 Establizh FOB ra w4 12 of Blackhawk
T8 Eztablizh FARP v < 2 of ABN BR
T9 Provide A04R v -4 4 of FFH
w4 4 of Mine Hurters
w4 1 of ECSS
-4 1 of Eng Coy
------ ® 40f AAR

k=4 Conditions:

Textual | visusl | oid |

Conditions:

ICx. Candition Mame: Initizlly alick: | End State: |
Local air control establizhed

EZ Local sea surface contral establizhed

5 |Local zea sub-zurface contral established
4 |Enroute zea mines cleared

Ca |PCE establizhed

6 |FOE establizhed

CT7  |Fighter aircraft deploved to the A0

3  |En route refueling provided

8  |FARP establizhed

10 |AAR aircraft deployed to the AC

11 |Amphibious forces successtully landed

SN RN
o L

Mame: |

Expression; |




Australian Government

»Course Of Action Scheduling Tool

Department of Defence
Defence Science and
Technology Organisation

Conduct amphibious assault (T1)

Matne: |C|:undu|:t amphibious assault (T1 jl

Cammerts: |

Start Time:
" Start at:

" Start At or After:

OR
{* js Soon Az Possible
{

Dwration:

k] oHwe] oo | o]

[ odw [ o2
" As Reguired
~

hutiglicity:
- { -
4 —H (+ Fixed Number of Repetitions: 1]
3

[ Az Reguired

More Details:

Tazk Conditions: | Task Resources: ] Tazk Synchronisations: | Cther Attributes: |

¥ PreConditions: { Effects:

Task Conditions

Poszible Conditions:

En route zea mines cleared

POE establizhed

Local air control establizhed

Local zea surface control establizhed

| nral 2ra =2ub-mrfare contenl established

Details of:

Local air control establizhed
Local zea surface control establizhed

R I .4

En route sea mines cleared

FPOIF Ratahlisherd

Local sea sub-surface cortrol established

5

Mone

Cancel | (8.4 |
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Relationships
________________________________________ » Normal Pre-Condition/Effect

= Sustaining Pre-Condition/Effect
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k£ Gantt Chart of LOP 2

Conduct amphibious assault (T1)

Scale:
Horizortal Celwidthe [24] Bl hours) <]

“etical: Cell Height: |3EI E unit(=)

Time: (hours) 0.0 24.0 48.0 T2.0 6.0 120
I I I I I I
Establish FARP (TS) | ' | ' I I I
Establish FOB (TT) | | | | | | |
Condurt airhorne operations (T4) I I I i I I I
Conduct combat air patrol {T2) | I I | | | | | I
T : I I I | | '
Provide AAR (T9) : : : =] : : | I
Conduct mine clearance operation (T6) | | | L | | |
Conduct ASW operations in the AO (T3) ' ' ' [ ' I,
Condurt maritime escort operation (T5) | | [ Ly | | I
I I I
1 1 1

|

Export to MS Project
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Summary

Formal representation of the planning domain
Modelling and Analysis using Coloured Petr1 Nets
Prototype tool with client/server architecture
COAST client captures the planning problem
(INPUT)
COAST server returns suitable and feasible LOPs
(OUTPUT)
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* Tool experimentation
* Multiple Servers

 Extension of features in current client and server

28



__| Resources

.e

Eof LCH
3 of BN

12 of F&
2 of MP2
12 of Bls
2 of 4Bk
4 of FFH
4 af Mine
1 of ECE
1 of Eng
4 of AF

sesessesene

2 0f LPA g
1ofLSH

Assigned Resources:

™ [=] E3Gantt Chart of LOP 1

Time: (hours) 0.0 28.0 56.0 4.0 112.0
=10} ! ! | | !
Task List: FhahEine ! : ! ! !
Task IC: Task Narme: Irclude: | T T T T T
T |Conduct smphibious ssseault I Estahlish FOB | } | | |
Conduct combat air patrol W | I

Caonctian Marme:

Conditions:

Conduct combat air patrol

Conduct ASW operations in the AQ
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