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Top-down

within a system that is ‘whole’, ‘well-understood’ and with
central control or structure.

A problem can be understood as “top-down” if it occurs .

The ‘cause’ can be isolated to constituent parts, defined
iInteractions, or specific problem areas.

Top-down problems suit classic scientific method, which
focusses on isolation, prediction, repetition, etc.
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* Top-down examples
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Bottom-up

A problem is “bottom-up” if it happens within a poorly-
understood, open system with vague parts and
iInteractions and with partial or decentralised control.

Not reasonable to assume reducibllity, linearity,
time/context-independence, or closed/simplicity.

Understand the problem by recreating it though:

* Deterministic low-level rules,

* Finite parameters,

« Varying (including extreme or counter-factual) conditions.

Not easy to apply classic scientific method.
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* Bottom-up examples
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* Agents — Three common views

+ Artificial Intelligence —
* Autonomous
* Individual
» Learners and/or problem solvers

* Multi-agent systems —
« Distributed control
» Specific problems

* Agent-based models —
+  Multiple
* Interacting
* Rule-based
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Agent-based models have:

A simulated world of varying richness, including time
Objects and/or agents that have:
States

Rules

Example — a game of "Telephone’
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Agent-based models: The World

Representing most anything (stock market, city, room, etc.)
Proceeds through time in discrete ‘time steps’

Has representations of potentially interesting factors
(current selling price, weather, capacity, etc.)

Is unique for each agent as it contains everything else
(including the other agents)

Has states composed of their features and contents,
which may affect/are affected by agents, objects, itself,
random factors, etc. according to the rules
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* The World - Telephone Game
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» Agent-based models: The Agents ‘

\
N

* Representing most anything (people, cars, ocean waves, etc.)

* Have representations of potentially interesting factors
(money, age, colour, speed, etc.) that can be dynamic

* Are unique and behave uniquely

* Have states that affect/are affected by their unique world
according to the rules

 Make decisions based on world, states, rules, other
agents, etc.
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Agent-based models

Sum of current features
Can be dynamic or static
Can be inputs, outputs, etc.
Used to make decisions
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« States — Telephone Game
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= to go

Agent-based models: Rules

Govern how states change or decisions are made
Use model generated info, modeller choice, randomness
Can be simple or complex (if-then, while, for each, etc.)

set noise-level noise-level + random 1@ - random 1@
if noise-level < @ [set noise-level 8]
ifelse length current-turtle = @
[start-new-game]
[ifelse length current-turtle = game-length
[wait .5
end-game]
[play-game]]
tick
end

B to start-new-game

ask turtles [set currently-playing @]

if choose-starter = "randomly” [ask-random]

if choose-starter = "most prizes" [ask-most]

if choose-starter = “least prizes" [ask-least]
end

[ to ask-random

ask one-of turtles with [currently-playing = @ ]
[ if Garrulous? [print “"Random player asked to play..."]
participate]

end

E to ask-most

ifelse mean [prize-count] of turtles != @ and any? turtles with [currently-playing = @ and prize-count > mean [prize-count] of turtles] KData$S .
[ask one-of turtles with [currently-playing = @ and prize-count > mean [prize-count] of turtles] [participate]] ataservice
[ask-random]

end =

W
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 Telephone Game — The info tab

> Telephone - NetLogo {C:\Users\mzyssjkc\Dropbex (The University of Manchester)\CMI\Slides\ABM}
File Edit Tools Zo_um Tabs Help

Interface Info  Code

This is a model of a game of Telephone (also known as Chinese Whispers in the UK), with
agents representing people that can be asked, to play. The first player selects a word from
their internal vocabulary and “whispers” it to the next player, who may mishear it depending on
the current noise level, who whispers that word to the next player, and so on.

When the game ends, the word chosen by the first player is compared to the word heard by
the last player. If they match exactly, all players eamn large prize. If the words do not match
exactly, a small prize is awarded to all players for each part of the words that do match. Players
change color to reflect their current prize-count. A histogram shows the distribution of colors
over all the players.

The user can decide on factors like

* how many players there are,

* whether they are laid out in a circle or just randomly,

* how many players participate in a game,

* whether to apply noise-distortion or not,

* at what decibel level noise distortion starts interfering with the game,

* how the first player to participate is chosen,

* how further players are chosen, and

* whether or not the games run quickly and silently or slowly and with commentary to explain
what is happening.

These factors influence how likely players are to win a game and thus how the color of players
will be distributed over time.

The world has dimensions and also a noise level that moves up and down randomly at each
time step, but cannot fall below 0. When the model is initiated, a number of characters are laid
out across the dimensions according to a modelier input, which appears in the interface as
“layout-style"” and gives the options of random or circle. When created, all agents have a
vocabulary (set in the code) of several 2 character “words” and an alphabet consisting of all
the characiers that appear in any position of any of the words in their vocabulary.

The first player is chosen according to @ modeller input, which appears on the interface as
“choose-starter” which gives the options of randomly, most prizes and least prizes (self-
explanatory). That agent randomly selects one of the words in their vocabulary.

The next player is chosen according to a modelier input, which appears on the interface as
“choose-next” which gives the options of randomly, most prizes, least prizes, nearest and near-
ish (self-explanatory?). The first player “whispers” their chosen word to the next player, who will
hear it correctly if the noise-level is below the "Appropriate-noise-level” as set by the modeller.
If the noise level is above “Appropriate-noise-level” then a small test is performed for each part R
of the word, with a chance that the listener may mishear some but not all of the sounds. The UK Data Service
listener then becomes the whisperer and the process is repeated until the number of players
reaches the “game-length” as set by the modeller. At that point, the game ends, the word
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 Telephone Game — The code tab

> Telephone - NetLogo {C:\Users\mzyssjkc\Dropbox (The University of Manchester)\CMN\Slides\ABM}
_F_ile Edit T:_)(_JI; Zg:_;m Til_:s Help
Interface Info Code

A A e - P

= plobals [ noise-level
current-turtle
vocabulary
alphabet
]

E turtles-own [
prize-count
temp-word
current-word
currently-playing

]

= to setup
clear-all
ifelse Garrulous?
[resize-world -18@ 1e@ -50 58]
[resize-world -12@ 1@6 -100 1@@]
set current-turtl
set alphabet ["a
set vocabulary [["a
set-default-shape turtles "person”
ask patches with [ pxcor < -11 and pxcor > 11 ] [ set pcolor white]
create-turtles Number_Players [
set size 3 ;5 be easier to see
set color 2
__set-line-thickness 2
set currently-playing @
set prize-count @
set current-word [""]]
establish-layout
set noise-level random 100
reset-ticks
if Garrulous? [print "Initial set up is now complete.”]
end

nge ]
€] FrATOTR R ET2R gt MERY [hd I T TS NET "ORY [MgT et Tem) [UeT et et P17 %6 ™M) ]

[ to establish-layout
ifelse layout-style = “random" [ask turtles [move-to one-of patches]]
[layout-circle turtles 58]
if Garrulous? [print (word "Layout set to " layout-style ".")]
end

E to go
set noise-level noise-level + random 18 - random 10
if ncise-level < @ [set noise-level @]
ifelse length current-turtle = @
[start-new-game]
[ifelse length current-turtle = game-length
[wait .5
end-game]
[play-game]]
tick

el UK Data Service

= to start-new-game
ask turtles [set currently-playing @]




* Telephone Game — Modeller choices
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* Telephone Game — Sliders
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* Telephone Game — Setup and Go
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* Telephone Game — Action

File Edit Tools Zoom Tabs Help
Interface Info Code

] view updates
| i Button ~ | [ i I

s on ticks ~

Settings

Add

i

setlp ‘ go once I go el laywtst\/he

|
flaywt— el Vl Number_Players a5

|
choose-starter | | game-length 4

randormly v‘[
choose-next
Irandomly |

Current noise level

Total prize count ‘
61

20

ig?f apply-noise-distortion?

Prize distribution

o
@

FS Gamuous?

Prize count

(=]

0 Players 95

v

Command Center 2 Clear
Layout set to layout-circle. A
Initial set up is now complete.

Random player asked to play...

Player 0 has decided to whisper the word [b b b].

Random p'layen asked to play..

Player 1 is listening..

Player 1 can hear easw'ly at 57 decibels.

Random player asked to play..

Player 2 is listening...

Player 2 can hear easily at 57 decibels. ¥

Random player asked to play...

Player 3 is listening...

Player 3 can hear easily at 57 decibels.

The players this round were [77 13 4 93].

Everyone gets a big prize! Player 0 whispered [b b b] and Player 4 heard [b b b].

Layout set to layout-circle.

pbserver>
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* Telephone Game — Go forever

File Edit Tools Zoom Tabs Help
Interface Info Code
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Random player asked to play...
Player 2 is listening...
Player 2 is listening closely, even at 60 decibels and has heard the first phoneme correctly.
Ah, it is quite noisy at 60 decibels. Player 2 has misheard the second phoneme.
Ah; it is quite noisy at 60 decibels. Player 2 has misheard the third phoneme.
Player 2 has heard[2 3 b].
Random player asked to play...
Player 3 is listening...
Ah, it is quite noisy at 58 decibels. Player 3 has misheard the first phoneme.
Player 3 is listening closely, even at 58 decibels and has heard the second phoneme correctly.
Player 3 is listening closely, even at 58 decibels and has heard the third phoneme correctly.
Player 3 has heard[f 3 b].
The players this round were [20 39 84 72].
It was just too noisy. Player 0 whispered [2 2 2] but Player 4 heard [f 3 b]. Still, small prizes will be awarded if any of the phonemes match.
Layout set to layout-circle.

pbserver>
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* Telephone Game — After 1500 time steps

P Telephone - NetLogo {C:\Users\mzyssike\ Dropbox (The University of Manchester\CMNSlides\ ABM)
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Ah, it is quite noisy at 60 decibels. Player 2 has misheard the third phoneme.
Player 2 has heard[2 3 b].
Random player asked to play...
Player 3 is listening...
Ah, it is quite noisy at 58 decibels. Player 3 has misheard the first phoneme.
Player 3 is listening closely, even at 58 decibels and has heard the second phoneme correctly.
Player 3 is listening closely, even at 58 decibels and has heard the third phoneme correctly.
Player 3 has heard[f 3 b
The players this round were [20 39 84 72].
It was just too noisy. Player O whispered [2 2 2] but Player 4 heard [f 3 b]. Still, small prizes will be awarded if any of the phonemes match.
I avout set to lavout-circle. -
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* Telephone Game — After 4000 time steps

P Telephane - NetLoge {C:\Usersimzyssjke\Dropbox (The University of Manchester\CMRSlides\ABM) - 0o %
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Random player asked to play...

Player 2 is listening...

Player 2 is listening closely, even at 60 decibels and has heard the first phoneme correctly.
Ah, it is quite noisy at 60 decibels. Player 2 has misheard the second phoneme.

Ah, it is quite noisy at 60 decibels. Player 2 has misheard the third phoneme.

Player 2 has heard[2 3 b].

Random player asked to play...

Player 3 is listening...

Ah, it is quite noisy at 58 decibels. Player 3 has misheard the first phoneme.

Player 3 is listening closely, even at 58 decibels and has heard the second phoneme correctly.
Player 3 is listening closely, even at 58 decibels and has heard the third phoneme correctly.
Player 3 has heard[f 3 b].

The players this round were [20 39 84 72].

It was just too noisy. Player O whispered [2 2 2] but Player 4 heard [f 3 b]. 5ti11, small prizes will be awarded if any of the phonemes match.
lavout set to lavout-circle.
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* Ok... But why an ABM?

« Some features are not intuitive.

* Try to imagine the histogram after changing:
* Choose-starter?
* Choose-next?
* Number of players?
« Layout-style?
* Vocabulary size?
* Noise-distortion and/or Acceptable-noise-level?
* Other possibilities?
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 Pros of ABM

* No need to rely on intuition for complex behaviours

* Formalise mental models so can be inspected by others
* Force abstract concepts to be represented concretely

« Relatively cheap and easy way to test the ‘untestable’

» Potentially very fast

« Can show range of possible futures

« Can run using real data, training data, random data, etc.
« Can be run again and again (with or without changes)

« Can be very intuitive for non-specialists to understand

UK Data Service
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Cons of ABM

Mental models (and ABM based on them) are hard to be .

critical about

Concrete representations may not adequately capture
abstract concepts

Speed lends itself to being used for ‘prediction’
Possible futures are hard to turn into risk profiles
Can give false sense of security and truthiness
Computational methods may motivate distrust
Easy to misunderstand
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 Platforms, languages, etc.

* Free, open-source, relatively small download size,
tutorials and info available on web
« Mason — focus on easy to learn, not most well recognised
« Repast — more powerful, steeper learning curve
* NetLogo — built in visualisation, not most powerful
« EMLab-Agentspring — modular, not most well recognised
« Object-oriented software (e.g. Python) — extremely powerful, not
targeted so harder to learn/find answers
+ https://en.wikipedia.org/wiki/Comparison of agent-
based modeling software

o https://en.wikipedia.org/wiki/Agent-based model

 https://www.comses.net/codebases/c32072dd-cd7 Grosaserice
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Summary

« Bottom-up: non-intuitive large-scale effects of many
small acts

* Agents: heterogeneous actors that observe, decide, act
* ABM: bottom-up simulation with easy testing

* Pros: can be inspected, cheap, easy, fast, can do
‘impossible’ experiments

« Cons: inevitably simplify complex concepts, often
misused for prediction, easy to misunderstand
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Questions

Dr. J. Kasmire

iulia.kasmire@manchester.ac.uk
YW @JKasmireComplex

ukdataservice.ac.uk/help/

Subscribe to UK Data Service news at
https://www.jiscmail.ac.uk

YW @UKDataService
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