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Aim, Context and Assumptions "“abaci

Partnership

« Aim - to examine the assertion:

Agent-based Modelling (ABM) is not yet ‘real-world ready’

- sub-aim: to consider what may have to be ‘done differently’
if the assertion proves to be justified

« Context - UK National Infrastructure for the 21t Century

- Assumptions, that the audience is:
- fully familiar with ABM

- also familiar with terminology and concepts from
complexity science

- Given, that:

- we all know models are wrong but that some are useful!

no one disputes Godel's Incompleteness Theorem’
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1-1 Real-world ready (RWR) is what? - ™abaci

Partnership

- To be real-world-ready is to be able to meet the needs of
Practitioners - defined as:

“Those who have to engage with the Complex Realities
of day-to-day life in their work"

- Complex Realities being defined as:

"Real-world situations which co-evolve with humans in
some environment in a dynamic manner which cannot
be stopped and which can only be changed through
engagement and influence.”

« Assertions:

- "To be RWR, Agent-based Modeling (ABM) must be able to
deal with the consequences of these Realities.”

- "Real-world 'systems’ are open and cannot be bounded".
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1-2 Describing Complex Realities - a = “abaci
Thought Experiment L panership

« Think of a fast-flowing river:

- your task is to navigate down it to win a race, ¥
- the river contains rocks, rapids and whirlpools, h. T

- other people are already on the river, exploiting its
dynamics to speed their journey

- you can't get left behind, you must engage.

- How do you approach this task?
- stand on the bank and measure and plan? That's not enough
- do you have the capabilities to engage - to get on the river?

- The River is a metaphor for the kind of dynamic and
complex operational environment we Practitioners face

© abaci 2009



1-3 Practitioners’ view of Complex "abaci
Realities « : Partnership

- To make effective decisions in complex environments
requires us Practitioners to understand:

- what causes (complex) phenomena to come about - we
have to deal with the realities - can't 'assume’ them away

how to engage with, shape and influence various types of
dynamic phenomena

- what we (and our partners) need to do differently when
decision-making and acting in complex environments

how to specify capabilities which are suitable for use in
complex environments - such that they are ‘complexity-
worthy' [in the way we expect things to be sea-worthy]

- We Practitioners do NOT need complexity science tutorials
- but we do need to know how to put complexity to work
more effectively. Can ABM help? Is it RWR?
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1-4 Characterising Real-world “abaci
Readiness L parership

- What are the potential dimensions of RWR? Measured
against the ability to address / deal with:

the past, the now, the future

scales and variety of contexts:
- over time - milliseconds to millenia

- over size - micro to macro

- various degrees of certainty / knowability
- various degrees of variety / homogeneity
dynamic, emergent ‘on-the-fly' phenomena

- various natures of interdependency / connectedness

- All too complicated - suggest assess RWR in terms
Practitioners would understand . . .
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1-5 Dimensions of Real-world “abaci
Readiness L parership

- This presentation will assess ABM against four dimensions -
examining their ability to address a range of:

- information qualities
problem solving and decision-making styles
- types of phenomena

- time horizons
- This will provide a framework for systematic analysis

- In addition, this presentation will touch on previous
research which has:

- documented the level of performance of agents in general

- indicated the challenges to be addressed

© abaci 2009
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2-1 Four Information Qualities _T'_"eabaci
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‘Complex’

Level 4

Strange ’
(‘Unanalysable’)

Improbable

Unpredictable

evel 3

Uncertain

4

Imprecise

Level 2

Environment / Challenge
(familiarity & predictability)

. Unknown
Precise

.y Level 1 . . )
Familiar Prediction Horizon

(Analysable) Structured

v

Low High

(Discovering) Rate of Perceived (Enacting)
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Predictable Complex Chaotic

Routine

2-2 Information Qualities in Detail
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; © Level 4 - Strangg a}nd uncopstrained my§terie§ (mir)d gam'es): Unknown unknowns
,‘5 Z Command - » One is involved in transforming a situation to inform games
c 5 led « Implicit IRs, e.g. how can | get out of this mess? .
g E (in-tractable) « Information is about potential - the present is too disorde Conceive
T » Approach cannot be procedural - intuition / judgement possible
Mysteries futures
Level 3 - Hypothesis te;ting (pgrposeful sense-making): . U_nknown knowns
Intelligence - e One is -playmg multi-level games - engaggment is essential
led . Cond1tlor)al I.Rs, e.g. what might happer) if allegiances change?
(uncertain) :_rlmforr:hatmn is eq.uwocalt—. rptany/t v1iz.wpomtsb , . Explore
. ypotheses require creativity, testing can be systematic. T
3 hypotheses
s Levels of Information Quality P
E
Level 2 - IPB / COA analysis (directed sense-giving): Known unknowns
Intelligence - e One is playing a game wit'h fixed and known pieces, board and rules
led » Hedged IRs, e.g. alte_rnatwes - routes to select from
(tractable) « Information is deducible - options and pay-offs.
» Processing can be procedural, but only gives probabilistic results Solve
Puzzles L (dlzczzgtleesr)
2 7 Soak up everything (viewing - 'dumb sensing’): Known knowns
2 .% Level 1 - » Observe parameters within a fixed space
JER- Observation - « Definite IRs, e.g. details of a route
& S led « Information is observable fact. Analyse the
= O » Processing can be procedural, gives definitive results Past - Classify

Adapted from Marsay & Green - QinetiQ 2005
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2-3 ABM and Puzzles and Mysteries ; abac1
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- Mystery: eg Resilience across CNI (involves emergence, imaginati~ reativity)

Have no / little knowledge of the nature or extent of *
Build theories / hypotheses or fantasie<’ - nets of evidence / patterns)

Project the ‘'models’ in to tF _«umpare to the (multiple) perceptions of
the world - inconsi~’ _wutradiction’ must be allowed to co-exist

Consi~ ~.iadicators / weights of evidence that might exist / be required
_scrully direct the sensing (may shake the tree first) to support / refute etc

No ‘final, correct’ answer, instead: judgement, assessment, probability etc

- Puzzle: eg, Logistic scheduling (can be a procedure) c',‘_a‘o\e

Know the puzzle (bound the problem) ar- é“d C.O\\ «1INg is missing
Able to classify the missino * “owab\%acrlbe it in ‘fact-like' terms

Able to search “ C p\BN‘S. 1€ missing item(s)

e
A+ ,ﬁ.ad.ab\, «nat search result or item collected is the missing one

—“\\s a“ —« to fit the new fact in the puzzle and confirm it is the 'right’ piece

© abaci 2009
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3-1 Types of Phenomena abac1

Increasingly ‘conventionally intractable'

------

,’7‘ 'CHAOTIC

Partnersh1p

Shock transition - Unpredictable and apparently
'dislocation’, eg your paddle random’. (Dealing with a
breaks - assumptions null, at a flash flood)
l
o COMPLEX

Dynamic, novel and ever-
~— changing - but with
persistent, emergent
‘patterns’. (Kayaking down the

PREDICTABLE river)

Complicated, but deducible.
(How to do 'Eskimo roll’)

‘Smooth’ Transition - sudden
change eg, kayak turns over -

ROUTINE Mknow how to deal with it
Mechanical, Simple.

(How to paddle)
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4-1 Decision-making strategies “abaci
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Group 4 - Consider possible futures:

Enact: conceive futures, probe, hypothesise, seed

Group 3 - Engage and influence:

Explore: engage, perceive, adapt, influence

Group 2 - Planning and control:

Discover: sense, analyse, plan, respond

Group 1 - Analysis of the past:

- View: sense, recognise, react

16
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4-2 Match Approach to Phenomena 'feabaci
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~
Chaotic SMfE s (analyse No capability Luck Ima.glnatlor) /
ractals / brainstorming .
attractors) Possibilities g
S
Probabiljties 8
Operational Develo Good . 2
Complex analysis / Contingeniies leadership Crisis Teams .
intelligence o
2
Predictable De'tectlve. Planmng.and Policy Estlmatlr?g O
work' analysis scheduling process K
tools
. Collation and Orders and Standardis i
Routine cataloguing reporting procedt};s‘\ Rule following
——— Prediction
Horizon
Group 1: For Group 2: For Group 3: To  Group 4: Consider
Analysis of Planning and Engage and Possible Futures
© abaci 2009 the Past Control Influence



4-3 Corresponding Tools’

Group 1: For Group 2: For Group 3: To
Analysis of Planning and Engage and
the Past Control | Influence

“abaci

. » = » Partnership
Group 4:*Considér
Possible Futures

Need outputs GAP: needs

Need to

Chaotic | practitioner new thinking Robust Leadership e
language Exercises People
o] Complexity Frameworks ,RObUSt,
a:) Brainstorming:
S Human-
S Complex Adaptive Transformational centred
Iz Modellir~ ___Doctrine analysis using
o Abstract i2 new,
S & Network Analysis challenging
v mindsets
o Predictabl Scope for
= Fredictable adapted tools adapted
approaches
Routine No Gaps No Gaps No Gaps No Gaps
rediction
Horizon
A | No change B Adapt C New approaches PN Transformation 5
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4-4 Complex realities - Assessment Cube

National Infrastructure for the 21t century is where?

Volume of Cube =
Space of Complex Realities
Practitioners must
be able to address

Height of Bar =
ABM's Degree of
Real-world
Readiness

““abaci

Partnership

Group 1: Group 2: Group 4:
For Analysis For Consider
of the Past Planning Possible
and Control Futures
Chaotic
a ©
c
(]
C l 5
Good ABM ompiex 8
capability 2
o
Y
o
c
()
=
Predictable a
[¥]
| .
(]
o
Routine
()
&0
7/ Puzzles 00\
o

—

No ABM
apability
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5-1 Temporal Aspects

.....

Now
Past (Puzzles) (Action,
Influence)

Hypotheses? Iterate and 'test':
« Perspectives? Viewpoimts?

Evidence « Possibilities? Probabilities?
i€ators? Significance?

Fact (undiscovered) (discovered) « Temporal aspect Influ.enres?

O< ' Explore possibilities
Implies ..

- develop insights
Hypothesew’éterate aml{test':

‘ « Perspegtives? Viewpegts?

« Possibilities? Probabilities?

The Event 'On the - Indightorst ﬁgniﬁ;?e?

f

» o Temporal aspects? nfluences?
Fact (known) ', Significance to? River'

Mappings - meaning of links?
Must allow 'contradictions’ to co-exist

Evidence Hypothz?szélterate and 'test’:
:  Perspegttives? Wewpoints?
“md]scovered) o Posilities? Prqbabilities?

s®ndicators? Signiggcance?
» Temporal aspects? Influences?

Probable Causes: Things we know
- or can know (facts or fact-like)

© abaci 2009
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Future 'B'

Future 'A’

Future 'C’

J

Possible Futures (Mysteries)

N—
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COMPETE Hypotheses (Iteratively)

Possible Effects: Things we could, in theory,
know - or which are, as yet, 'unknowable’
(plus assumptions based upon the past)
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5-2 Practitioners’ Complex realities - which abac1

parts can ABM address? #3727 Partnership
Low London bombings ; Chaotic
Delusion!
I ©
! 3
2 2 [ o
S = I Complex S
£z [ £
£ < I o
85 ! S
- = c
S ® | =
= -
2 ' &
L O Cold War? | Predictable
v O X I =
(] ) | o
Logistics? :
|
Incompetence? |
High| G ___-= : Routine
7] |
As much as Timescale for Understanding Too short to

you want / Engagement of New Events change things
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5-3 Issues of cross-scale Interactions

- Human-machine 'symbiosis’ (extend into cyberspace)
- Human society, structures and machines

- Socially intelligent beings who conceive futures
- Tribal, co-operative creatures

- Stereo-vision air-breathing creatures

- Fast ‘pack’ land animals >
 Purposeful creatures

- 'Sensible’, free-moving creatures
- Self-*, cell-based forms

- 'Stable’ biological environment

- 'Stable’ geo-chemical environment

- Large-scale to sub-nano-scale structures and forces /

Th

. abaci

Partnership

All are,
potentially,
significant
actors

in Real-world
Complex
Realities
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- DAMAS: Defence Applications of Multi-agent Systems:

Beautement, P. Allsopp, D. Greaves, M. Goldsmith, S. Spires, S. Thompson, S.
Janicke, H. 'Autonomous Agents and Multi-agent Systems (AAMAS) - Issues and
Challenges' published in “Lecture Notes in Computer Science”. From:
http://dx.doi.org/10.1007/11683704_1. Applications of Multi-Agent Systems:
International Workshop, DAMAS 2005, Utrecht.

« NASA / AMES:

Making Agents Acceptable to People. Bradshaw, J. M., Beautement, P., Breedy, M.
R., Bunch, L., Drakunov, S. V., Feltovich, P., Hoffman, R. R., Jeffers, R., Johnson,
M., Kulkarni, S., Lott, J., Raj, A. K., Suri, N., & Uszok, A. (2003). In N. Zhong and J.
Liu (Eds.), Handbook of Intelligent Information Technology. Amsterdam: 10S Press /
Springer, 2004.

Bradshaw, J M, Boy, G, Durfee, E, Gruninger, M, Hexmoor, H, Suri, N, Tambe, M,
Uschold, M, and Vitek, J., editors. Software Agents for the Warfighter. ITAC
Consortium Report. 2002. Cambridge, Massachusetts, AAAI Press/The MIT Press.

- DARPA:

The Coalition Agents Experiment: Network-enabled Coalition Operations. M Kirton et
al. In Journal of Defence Science (Special edition), Vol 8, No 3, Sep 2003.

Coalition Agents Experiment: Multi-Agent Co-operation in an International Coalition

Setting. David N. Allsopp et al. In a special edition of the IEEE, Intelligent Systems
Journal, 2002.
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7-1 Is ABM Real-world ready? "“abaci

“Defining Agile Capability”
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“Employing Agile Cab.éb'fl'ii:y”‘

rq Sponsor  User . rT
L4 Culture Policy & Adversariesand |, ¢
and Ethos Guidance | | | essbns J
a O . °

DiJ’rection

Problem

Solution Blueprl nE,

Suppliers

nterprisez

rade-off

| Projects

ventio

Services

“Acquiring Agile Capability”
L 1
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/-2 Heterogeneous Realities
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Collaboration Confrontation Conflict
Politicians Aim: ( 0\«\
Diplomats Dominanr- \60. ISis
Economists 7 3 0 (Decisive
Compatible / (\{ O‘L‘]\On ac;cs)
relationships (\e
and Q
feasible, OQ LOmmand
agreed '\ \0
s - \'S Aim: M
join action de“& Cooperstion  Tension
o™ WU\ (‘Posturing’
eo (Ambiguous  / standoff)
\)((\ conditions)
| ps?
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7-3 Is ABM Real-world ready? “abaci
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Human Values Machine 'Values'

Societal Valspace Values
Individual Values ﬁ

Driven by 'discomfort’
Innate values (‘Ugh’)

Sensitivity / irritabilit

Maslow's Levels ~
Risk an
reward

Mapping? Utility function?

Religion

Driven by 'disdgomfort'

Belief
Desires
Intentions

State
sensitivities

Military power

The machine 'value-space' has its own drivers which, innately, are not the same as those in human-space.

For agents to reason on our behalf, it is necessary to perform some mapping. The question is, what are

the meaningful equivalents in terms of what can be sensed / perceived / reasoned about / effected etc? 29
© abaci 2009



7-4 Is ABM Real-world ready? “abaci
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« In Practitioners terms?

No, ABM is not RWR
- In academic terms?

Yes, for certain applications
- Impediments:

- The space of Complex Realities extends into that part
which is inaccessible to machines / machine
representations

- ABMs lack the necessary requisite variety for RWR solutions
Lack of appropriate data (knowability / collectability)

Computability - impossible across scope, level, scale
- The 'Deep Thought' / "The answer is 42" effect”
oapaciz009  *See DauglasPhves "PariehieigrcdHoeieom’. Godel's 'Incombleteness Theorem'.
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7-5 What needs to be done differently? My abac1
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- For agent-based modellers:

acknowledge the consequences of the Complex realities:
- be pragmatic about the bounds on modelling
in terms related to the Practitioners’ context / perceptions:

- clearly express assumptions, limitations and constraints

- engage in a dialogue about the relevance of the model
- For Practitioners, be able to understand:
the scope / relevance of the model's results’
their options / request appropriate techniques
apply ‘common sense’
 For both: a toolset 'Symptom Sorter' is required:

work going ahead based on the four dimensions

© abaci 2009 r’locr’rihorl
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0-0 Michael Batty - ECCS'09

We do not have any idea how the people in our models
will adapt to change and this is not new. The very fact
a generation ago we though that we could treat cities
in equilibrium is testament to the limits to our
knowledge.

But | believe that what all this is showing is that we need
new forms of intelligence system to deal with the

future where we will have many different models
running in parallel, mediated in a context that seeks
to ‘inform’ rather than to ‘predict’. The quest is to

find the appropriate milieu in which to act in this way.

Centre for Advanced Spatial Analysis
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