SpringerBriefs in Intelligent Systems

Artificial Intelligence, Multiagent Systems,
and Cognitive Robotics

Series Editors

Gerhard Weiss, Maastricht University, Maastricht, The Netherlands
Karl Tuyls, University of Liverpool, Liverpool, UK; Google DeepMind,
London, UK



This series covers the entire research and application spectrum of intelligent
systems, including artificial intelligence, multiagent systems, and cognitive
robotics. Typical texts for publication in the series include, but are not limited to,
state-of-the-art reviews, tutorials, summaries, introductions, surveys, and in-depth
case and application studies of established or emerging fields and topics in the
realm of computational intelligent systems. Essays exploring philosophical and
societal issues raised by intelligent systems are also very welcome.

More information about this series at http://www.springer.com/series/11845


http://www.springer.com/series/11845

Rick Evertsz - John Thangarajah -
Thanh Ly

Practical Modelling of
Dynamic Decision Making

@ Springer



Rick Evertsz John Thangarajah

School of Science School of Science

RMIT University RMIT University
Melbourne, VIC, Australia Melbourne, VIC, Australia
Thanh Ly

HMAS Stirling
Defence Science and Technology Group
Rockingham, WA, Australia

ISSN 2196-548X ISSN 2196-5498  (electronic)
SpringerBriefs in Intelligent Systems
ISBN 978-3-319-95194-2 ISBN 978-3-319-95195-9  (eBook)

https://doi.org/10.1007/978-3-319-95195-9
Library of Congress Control Number: 2019935986

© Springer Nature Switzerland AG 2019

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-319-95195-9

Acknowledgements

We would like to thank the Defence Science and Technology (DST) Group for their
support of this work, and their ongoing invaluable discussions of important research
questions in the modelling of tactics.

We would also like to thank the Defence Science Institute (DSI) for their encour-
agement and sponsorship of this work.



Contents

1  Why Model Dynamic Decision Making? .......................... 1
1.1 Dynamic Human Decision Making .. .......................... 5
1.2 Situation AWArENeSss . . . ... ...uueeteun e tiane e, 7
1.3 BDIandthe Theoryof Mind .............. .. ... ... ....... 8
1.4 Team Oriented Decision Making . ................ ..., 9
1.5 Agent Transparency in Human/Agent Teams.................... 10
1.6 Summary ...........iiii 11
1.7 Overview of Remaining Chapters ............................. 12

2 Imtroductionto TDF ........ ... ... ... ... ... ... .. 13
2.1 ModellinginTDF . ... 15
2.2 TDF Stages . ...ttt e 15
2.3 Teonography . ... ...t 16
2.4 Case Study Artefact .........coviiniiii i 18

2.4.1 Case Study Body — Artefacts and Nodes . ................ 19

2.4.2 Case Study Body — Episode Column .................... 20

2.4.3 Case Study Body — Participant Row..................... 21
2.5 Concept Map . ...t 23
26 GenericNode........ .o 24
2.7 Goal Artefact ... ... 24
2.8 SHIAlEZY .« ottt e 24
2.9 RoleArtefact ... 26
2.10 Agent Artefact .. ... ... 27
2.11 Team Artefact ...ttt 27
2.12 Percept Artefact. . ...ttt 28
2.13 Action Artefact ........ . 28
2.14 Message Artefact. ... ... ... 28
2.15 Belief Set Artefact. . ..........oiiii 28
2.16 Activity Artefact . ... 28
2.17 Plan Artefact .. ... 29

2.17.1 Plan Artefactsand Nodes ...................... ... .... 30



viii

Contents

2.18 Team Plan Artefact ........ ... .. i 33
2.18.1 Team Plan Artefacts and Nodes ........................ 35

2.19 Interruption Node . ... ... oo 35
2.20 Tactic Artefact .. ... .ot e 35
2.21 Team Tactic Artefact......... ... oo i 37
2.22 SUMMATY .« .ttt t ettt e e e e e e e e e e e e i 37
Requirements Stage ............. ... ... i 39
3.1 ScopeRequirements ..............cuiiiiiiiiineiiniaa. 40
3.2 Knowledge Elicitation ............ . ... .. ... ... 40
3.2.1 Specify Case Study ...t 41

3.2.2 Populate Concept Map from Case Study ................. 42

3.2.3 Classify Concept Map Nodes ...................coonn. 43

3.2.4 Assess Results and Plan Next Elicitation Session.......... 43

3.3 System Specification. ......... ... i 44
33.1 TODiagram ........c..uiiniiiii e 44

3.3.2 Strategy Diagram .......... ... ... i 46
Architecture Stage ........... ... . . ... 49
4.1 Role Enactment Diagram ............... ... ... .. .......... 50
4.2 Team Structure Diagram.......... ... ... ... 50
4.3 Architecture Overview Diagram .................. . .......... 52
Behaviour Stage ....... ... . ... ... 55
5.1 AgentDiagram .............. i 56
5.2 TacticDiagram .............iiiiiinni i 57
5.3 PlanDiagram . ...t e 58
54 TeamDiagram ............iiuiiii i 58
5.5 Team Tactic Diagram ............ ... ... .. ... .. oo .. 58
5.6 TeamPlan Diagram.......... ... ... ... . iiiiiiiiiiaa.. 60
TDF Tutorial Example . . ........ ... ... ... ... ... 61
6.1 The Undersea Warfare Domain ............. ... ... . ... ..... 62
6.2 The Akbori Case Study....... ...ttt 64
6.3 Requirements Stage. .. .......veitiitne e 65
6.3.1 Scope Requirements...............civiiiniiineinnn.. 65

6.3.2 Knowledge Elicitation ............. ..., 66

6.3.3 System Specification .......... .. ... .. i 73

634 SUMMArY ......oovitttiiit s 79

6.4 Architecture Stage .. ... ...ttt e 80
6.4.1 Role Enactment Diagram................ ... ..., 80

6.4.2 STG Team Structure Diagram.......................... 82

6.4.3 Architecture Overview Diagram ........................ 83

6.5 Behaviour Stage ............ .. 85
6.5.1 STGTeam TactiCS .........ooviiurnneeeininneennnn. 86

652 TeamPlans ............ i 86



Contents ix

8

6.53 STGTeamDiagram ........... ... ... ... 90

6.54 HVUNavigationPlan ................................ 91
6.6 SUMMATY ... ..ottt 92
TDF Tool. .. ... 93
7.1 Consistency Checking. . .........coouiiiiiiiiiinnnnnnnn. 94
7.2 Code Generation . ..............euuiiieeemenennenennnnnnnnns 95
Concluding Remarks ............... ... ... .. ... .. ... 97

References. . .......... i 101



Acronyms

AOSE  Agent Oriented Software Engineering
ASW  Anti-Submarine Warfare

BDI  Beliefs Desires Intentions

ESM  Electronic Surveillance Measures

HVU High Value Unit

L1-SA Level 1 Situation Awareness (Perception)
L2-SA Level 2 Situation Awareness (Comprehension)
L3-SA Level 3 Situation Awareness (Projection)
MOE Measure of Effectiveness

MOP Measure of Performance

OODA  Observe Orient Decide Act

PSM  Problem-Solving Method

ROE Rules of Engagement

RPD Recognition-Primed Decision Making

SA  Situation Awareness

SHOR  Stimulus Hypothesis Options Response
STG  Surface Task Group

TDF  Tactics Development Framework

TMA  Target Motion Analysis

UAS Unmanned Aerial System

UxV  Unmanned Vehicle

xi



	Acknowledgements
	Contents
	Acronyms



