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Overview

2ig !

* Here we will
about spatial
environment in
and it’s different  types



Spatial Environments

generally hav
variants:

. I
— Discrete spaces anc
continuous spaces.

— There exists &
point,



Spatial Environments

between therr_lj

— So that each p
separated fro

other poinj



All continuous & ace

must be |mplemet’ N
ABM as approx@t

so that continuous N
spaces are represemeﬁ
as discrete spaces

Where the spaces =
between the points a

very small.

It should be note
both discrete ar

continuous spaces
be either finit
infinite. |



Discrete Spaces

(also sometimes
referred to as m;h.im '-
graphs or grid graphs), 1 l |
* which are enviror_l__!'n tso
where every locationin
the environment
connected to n
It

locations in a reg
grid. F



Toroidal square lattice

square Iattlce
neighboring loca

down, to the Ieftqaﬁd/

the right.

* As mentioned, the C
common represen'ta“‘
of the environm

which are locat
2D lattice undd,,
world of the



Patches Displaying A Range Of Colors




Square Lattices

most common type
ABM environmen

squares,

* There are two classic
types of neighborhooc



Von Neumann Neighborhood

* Avon Neumann
neighborhood of radius
1 is a lattice where each
cell has four neighbors:
up, down, left, and right
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Moore Neighborhood

R
Moore neighborh

radius 1 is a lattice in wlﬂ
each cell has eight |
nelghbors in the e-’ight

a side or a corner: up, |
down, left, right, up-left, J

(-11] 01) (11)

(~10] (0 0] (10]

~1-1] [0-1] (1-1)



Hex Lattices

A hex lattice |
advantages over ¢
lattices.

The center of a a
square grid is farther
from the centers of
some of the adjaggnt'
cells |

Many ABMs and
toolkits never |-
employ squa "'Jl



Hex Cells example

In the Hex Cells example, each patch in the world maintains a set
of six neighbors, with the agents located on each patch having a
hexagonal shape.



Continuous Spaces

cell or a discr ‘
within the spacéf’fi.;

* Instead, agents witﬂm
the space are located at
points in the spa.c_g. B

* These points can be as

representation al



Continuous Spaces

through the spac& passm_-

over any points ln‘be‘fweep
their origin and
destination,

that use continu ous

=8 -

are actually u,,sﬂ
>

detailed discre



Hex Turtles example

NetLogo does not require that you specify whether you are using a
continuous or discrete space ahead of time;



Boundary Conditions

comes into pla%/' :
working with s
environments is ,
deal with boundﬁ!@,l
an issue for Hex and
Square lattices as m
as for continuous
spaces. _

* If an agent reac
border on the
side of the world
wants to go
what happer



Three Standard Approaches

topologies of the=| 'r‘ |

environment:

— It reappears on the far
right side of the la

— It cannot go any
left (boundec



Toroidal Topology

A toroidal topolc
one in which ¢
edges are con
another edge in‘;ﬁf
regular manner.

* Using a toroidal
topology means 't_ga
modeler can ignore
boundary condition:
which usually ma
model developm
easier. 8



Bounded Topology

U )} ek ¥ ot ey

not allowed to
beyond the edg s
world. 1!’

 This topology is a more
realistic representatio
some environments.

* Forinstance, int
Basic model, whe
cars only drive fr
to right, the toﬂ
bottom of the wa
bounded



Infinite-plane Topology

other words , agt
keep moving and
moving in any direction |
forever -J —~
ts

* Some ABM toolki
provide built-in s
for infinite plane
topologies, NetLc
does not Al




Summary

1

* In most cases, howe

a toroidal or bour !:’".
topology will be the

more appropriate (

simpler) choice to

implement.

* Credits : Uri Wilei v
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Overview

1
Here we will ur
about Network-E

Environments

e



A link is defin
two ends it cont
which are fre
referred to as no

We will use the
network/node/link
vocabulary throug-l
Module -

In NetLogo, links
their own agei]



lattice networks

with the propeuy ==
each position in ﬁ
network looks exactly li
every other position in
the network | ]

ABM environme
usually do not i

networks for bot
conceptual and ef
reasons |



Random Networks

common netwoiﬁ{' -
topologies are ranm ¥ |
scale-free , and small- i
world i =

* In random networks
each individual i
randomly con
other individu



Random Networks

room and connected
every agent in the rd'om
to another agent based

on which agent h_ap
next largest last two

security numbel
would probably
random network.



A Random Network

creating a ran
network.

Text-book folder
NetLogo modal



Code for creating a random network

33 Create nodes.
E to setup
clear-all
create-turtles num-nodes [
set shape "circle”
setxy random-xcor random-ycor
]
reset-ticks
end

B ;; Ask each node to create a link with a random other node.
33 Results in “just under™ NUM-NODES links because no new link is created
;3 if a node tries to connect to a node with which it is already linked.
B to wirel
ask links [ die ]
ask turtles [
create-link-with one-of other turtles

]

end
= [; Pick a random node and ask it to create a link with a random other node.
;3 Results in "just under™ NUM-NODES links because no new link is created
33 if @ node tries to connect to a node with which it is already linked.
g to wirel
ask links [ die ]
repeat num-nodes [
ask one-of turtles [
create-link-with one-of other turtles

]
]

end

B ;3 This is the classic Erd@s-Rényi random network.
33 It uses WHILE to ensure we get NUM-LINKS links.
B to wire3
ask links [ die ]

if num-links » max-links [ set num-links max-links ]
whila T rannd Tinke » mam-Tdnbke 1 T




Random Network model

num-nodes

num-links

wiring-prob 0.0z

#links

0 98




Scale-free Networks

the property that any
sub network of;@»
global network has
same properties as he
global network

* A common way to create
this type of networ. )
adding new nodes
links to the system
that extant no

large number of |

more likely to |



Preferential Attachment

* This technique
sometimes callec
preferential at
, since nodes wiﬁﬁ
connections are
attached to
preferentially.

* This method for
network creation tel
to produce netw
with central nod



Small-world Network

known as a smal
network.

* Small-world netw 1‘

are made up of dense
clusters of highly _! =

interconnected nodes
joined by a few |

distance Iinksi
them. :



Small-world model

starting with re

networks J"— e
* There are many wa’im

characterize networks.

* Two commonly us u_f:d N
are average path le



Small-world model

Network Properties Rewire-One e
. W ol setup num-nodes 40 highlight ~
: M
rewire-one
0
0 fraction of edges rewired 1
clustering-coefficient average-path-length
0.214 2,955
Metwork Properties Rewire-All
1 B apl
M
0 . I node properties
0 rewiring probability 1 rewire-a
rewiring-probability 0.30

Small-World model in the Networks section of the NetLogo models
library (Wilensky, 2005a)

14



Average Path Length

ValYalYenud oK

In other words, wé |
measure the distance
between every palr of
nodes in the networ an

characterizes h
nodes are from e
other in a netwo



Clustering Coefficient of a Network

is the average @
a node’s immediat
neighbors who are
neighbors of the node’s
other neighbors

- In networks with a higl
average clustering
coefficient, any
neighboring no
to share many of
neighbors in con



Summary

NetLogo also inc
special extension, tt
network exte
creating, analyzi

full integration ou =
network theory
methods into AB
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Overview

)

* Here we will ur
about two of the mos
interesting topologie
involve the use of 3D
worlds and Geograg
Information Systems

(GIS). -l _—E

I

™ Pl o
- —

:
L}



3D Worlds

3D environments .
model developers
explore compl |
systems which a ‘
irreducibly bouniﬁﬂri g
with a third dimension
as well as sometimes
increasing the apparen
physical realism to |
models.
Thereis a ver
NetLogo callec
3D



Working With 3D Worlds

* Working with 3D w
is not much differe
from working with
worlds.

-

* Although, using ?hﬁf‘
world does require
additional data anid =

commands. =

* For instance, age
now have a Z
coordinate, anj
commands are ni
to manipula
degree of fr




Percolation 3D

go =|
porosity 60.5 %
Percolating 0il
82.5
%
0 A
0 time 97.5
Saturated Soil
1430
76
o
iz
0
0 time 97.5
VOrbit_;Zoom Move Interact Reset Perspective Full Soeen

There is a three-dimensional version of the Percolation model



Code for PERCOLATE procedure in 2D

to percolate
ask current-row with [pcolor = red] [
;3 0il percolates to the two patches southwest and southeast
ask patches at-points [[-1 -1] [1 -1]]
[ if (pcolor = brown) and (random-float 188 < porosity)
[ set pcolor red | |
set pcolor black
set total-oil total-oil + 1
]
;: advance to the next row
set current-row patch-set [patch-at @ -1] of current-row
end

The code for the PERCOLATE procedure
Percolation looks like this:




Code for PERCOLATE procedure in 3D

to percolate
ask current-row with [pcolor = red] [
;3 0il percolates to the four patches one row down in the z-coordinate and

33 southwest, southeast, northeast, and northwest
ask patches at-points [[-1 -1 -1] [1 -1 -1] [1 1 -1] [-1 1 -1]]
[ if (pcolor = black) and (random-float 188 < porosity)
[ set pcolor red ] ]
set pcolor brown
set total-oil total-oil + 1

]
: advance to the next row

33
set current-row patch-set [patch-at @ @ -1] current-row
end

Notice that in the 2D version, the code has each g i
patches that are below, left, and right of the pa ch
change in the 3D version. In 3D Percolation (Wil } i

2006), PERCOLATE looks like this:



The difference between 3D percolate and 2D

» The only difference
between the3D

percolate and mg?;,;; =l
counterpartisthat
instead of perco'}:lmé.

line of patches at a time,

We percolate a squa
of patches.

* As aresult, each

just two as it do« '
2D version.



GIS-Based

* Geographic Inf 1c
Systems (GIS) are
environments
record large amc
data that are related t
physical locations in the
world. |

f

to organize data
make decisions :
any large arez



GIS Tools And Techniques

* GIS tools and tec
allow for a morein-
depth exploratg‘ o |
pattern of a complex |
Crsiam.— R

* Agents movingon aGIS
terrain may be -J I
constrained to interact
on that terrain.

* Thus, GIS can ser!

an interactio "'-'1’



The 3D model, Flocking 3D

e

population 300
s |

e

wision 3.0 patches

|

minimum-separation 1.00 patches

max-align-turn 5,00 degrees
I

max-cahere-turn 3.00 degrees
I

max-separate-turn 1.50 degrees

P

e

| £ 30 View

Command Center

normal speed

|

ticks: 133

|N[Orbit | Zoom Mowve Interact

O =

7| view updates
on ticks -

Reset Perspective  Ful

| Settings...

| Screen |
'ﬁ

Where does ABM fit in to this picture? GIS can provide an environment for
an ABM to operate in.




Summary

1
* Using the NetlLog
extension is the
preferred metho .
importing large amounts
of GIS dataintoa -
NetLogo model 1 ;
* Credits: Uri WiIerI_jk
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Overview

* We will look at h¢
agents and environments
interact. |

— There are fiv
classes of intera
that exist in ABMs:

— Agent-self, -J =

— Agent-agent ,
= Environmej

environme (



Agent-Self Interactions

* Agents do not al\
need to interact w
other agents or the - .-l
environment.

* Infact, alot of ag HE*‘

interaction is done
within the agent. |

* For instance, most of
the examples of
advanced cogniti
we discussed i
Agent section '
the agent inte
with itself.



Birth Events are a Typical Event In ABMs

;3 check to see if this agent has enough energy to reproduce
to reproduce
if energy > 288 |
set energy energy - 18@ ;; reproduction costs energy to the parent
hatch 1 [ set energy 100 ] ;; which is transferred to the offspring
]

end

reproduce:.




Environment-Self Interactions
B C
* Environment ' h'
interactions a

areas of the
environment aI

change themselves '

* For instance, they cou j
change their inter _!aa
state variablesasa
result of calculations. |

= ——

|
1
=



Example of an Environment-self Interaction

;; regrow the grass
to regrow-grass
ask patches [ -
set grass-amount grass-amount + grass-regrowth-rate
if grass > 10 [
set grass 1@

]

recolor-grass

]

end

The classic example of an environment-self interacti
the grass re-grows:

Each patch is asked to examine its own state and i
amount of grass it has, but if it has too much gras
back to the maximum value it can contain.



Agent-Agent Interactions

* Interactions be "
two or more agents ¢
usually the mosglg
important type of :
within agent-base
models.

* Wesaw a canoniggl =
example of agent-age
interactions in the W
Sheep Predatio
when the wolv
consume the



Example Of Agent-agent Interactions

;3 wolves eat sheep
to eat-sheep
if any? sheep-here [ ;; if there are sheep here then eat one =
let target one-of sheep-here
ask target [
die
]

;3 lncrease the energy by the parameter setting
set energy energy + energy-gain-from-sheep

]

end
One agent is consuming another agent and taking its re
whereby the wolf always eats the sheep.

However, it is also possible to add competition or fld‘
model, where the wolf gets a chance of eating the she
sheep gets a chance to flee. Competition is anothe
agent-agent interaction.



Communication

* Afinal examp
agent-agent mte '
is commumcat
Agents can shar%
information ab Eﬂ
own state as well as that

of the world around
them. ‘

* This type of inte
allows agents to
information to w
they might na
direct access



Environment-Environment Interactions

Interactions b
different parts of the
environment asg ‘

interaction in agent-

based models. -J

— However, there are
some common us
of environ
environmer l
interactions
these is dif



Ants model

diffuse chemical (diffusion-rate / 108)

ask patches
[ set chemical chemical * (10@ - evaporation-rate) / 100

;5 slowly evaporate chemical
recolor-patch ]

In the Ants model, the ants place a pheromone in the .J sg

enwronment wh|ch is then dlffused throughout the world v




Agent-Environment Interactions

or examines part of tl
world in which it exist
or when the ]
environment in some
way alters or observes
the agent. N |

* A common type
agent-environme
interaction in
agents observing
environmen:



Ants model

to look-for-food ;; turtle procedure

if food > ©
[ set color orange + 1 55 plck up food

set food food - 1 ;; and reduce the food source

rt 180 ;3 and turn around
stop ]

;; face in the direction where the chemical smell is strongest
if (chemical »= ©.85) and (chemical < 2)
[ uphill-chemical ]

end

lll_

The Ants model demonstrates this kind of interaction
examine the environment to look for food and sensw

il

If there is food, the ant then picks up the food and t
back to the nest, and the procedure stops.




Agent Movement

* Another commc
of agent-environme
interaction is
movement. In st
ways, movement is
simply an agent-self
interaction, sinceriét
alters the current
agent’s state. N |

* In the Ants mode
ants move aroun
wiggling ”



Summary

* We have review
the five basic dif
types of intera

* we have coverea
some examples of the
most common
applications. _!

. Credits : Uri Wilen:
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Overview

occur between age
and environmental
attributes, here wi



Observer

° The observerisa
Ievelagentthat 5y
responsible for-!

— Ensuring that
model runsand
proceeds according

to the steps _%1 =
developed by the

command'
and the k
environm



Properties Specific to the observer

* The only propert
that one could
consider to be s
to the observer ar
those relating to t
perspective from
which the modele
world is viewed

———

In NetLogo the
may be center:
specific agent



Climate Change model

setup go o
sun-brightness 1.6
albedo 0.60
add cloud remeve cloud

add CO2 remove COZ

watch a ray l-
temperaturs n
m——

17.3 I
- -
COZ amourt - j ==
q

Global Temperature

y

895

In NetLogo the view may be centered on a specific a
focusing a highlight on a certain agent, using the F

WATCH, or RIDE commands b |



User Input and Model Output

* ABMs require ntr
interface or a parameter |
group that allouagu.—jz a
user to setup difg.- =
parameters and se
for the ABM

* The most common
control mechanism is ¢



Command Center

The command ce
very useful feature
NetlLogo, as it alav
user to interactiv%l‘ te

ﬁ )
out commands, and
manipulate agents and the
environment.

sliders, switches, ¢
and input boxes.

The output contr
of monitors, plots,
output area, an



Sliders, Switches & Input Boxes

range of numeri’ﬁl
values

* Switches enable the
user to turn various
elements of a mo-gg
or on




Monitors , Plots & Notes

Monitors display |
value of a global variak

or calculf:\tlon u’g ed
several times a seconc

Plots provide tra%ﬂm‘r}
2D graphs enabling the
user to observe t:-ﬁ . —

change of an out
variable over tim

Notes enable t ].
modeler to place
information on
Interface tak



Visualization

Visualization ‘
of model desngn 1

concerned wﬂb}%ﬂ e

present the dat =3 :
contained in the m!ﬁ! i

in a visual way
There are three Al

be kept in mind
whenever desig
visualization of ¢
— Simplify, E
Emphasiz



Guidelines for Designing Visualization




NetLogo Ethnocentrism model

: with same caolor

1 different color
Empty shapes defect with different calar

(I ||| — | |
mutation-rate 0.005
Iiﬁ ﬁ
immigrants-per-day |
Iﬁﬁ |
immigrant-chance-cooperate-with-same 0.5

— _ — J "

This model uses the shape of agents to visualize agent strategy




Batch vs. Interactive

the model is runnl.hg '~ 3
kind of spur- of-tg p—a
moment control ls" lled

controlling the n
directly, the user v
script to run the n
many times



Summary

i}

* When designing
user interface for your
model, it is important tc

users are going to wa I

|

to be able to interact j (
with your model_._j e —
- Credits : Uri Wilensk T

.
i
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Overview

that can be ider@
“the schedule.”

*  We will first dlscuss th!
common SETUP/GO
idiom which is emplo
in almost all agen?— )as
models, and then
on to discuss so

ABM:s.



Schedule, SETUP and GO

that creates the age
initializes the -~
environment, an
readies the user
interface j



SETUP and GO

In NetLogo ini ati
procedure is usuz

called SETUPand it
executes whenevera
user presses them

button on a NetLogo
model

-
For instance, in Traff
Basic the SETUP
procedure Iookj

to setup
clear-all
ask patches [ setup-road ]
setup-cars
watch sample-car
end



Main Loop

to go
;3 1f there is a car right ahead of you, slow down to a speed below its speed
ask turtles [
let car-ahead one-of turtles-on patch-ahead 1
ifelse car-ahead != nobody
[ slow-down-car car-ahead]
;; otherwise, speed up
[ speed-up-car ]
;3 don't slow down below speed minimum or speed up beyond speed limit
if speed < speed-min [ set speed speed-min ]
if speed > speed-1limit [ set speed speed-1limit ]
fd speed |
tick
end




Asynchronous vs. Synchronous Updates

agents change their

that state is |mmed|a!
I

schedule changes
an agent are not s
other agents unti

clock tick

® .j u



Sequential vs. Parallel Actions

* Sequential actior
involve only one ag nt
acting at a time while
Parallel actions are
those in whichall

agents act

independently. -! ~

—

In NetLogo sequenti
action is the standard
behavior for ?'

—

3



Sequential vs. Parallel Actions

For the agents ]
truly in parallel, you
would need parall

a separate proces:jor?-

There is an intermedia

processor F
many agents
in paraII



Summary

After comple

Modules, you /€

learned how to@ _ Pk s
simple agent-ba‘@é |
models, extend an

and build your own
agent-based model,
while familiarizing i
yourself with the
components of ar
agent-based r

Credits : Uri
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Overview

=y
l
]

k

* Here, we will
understand de :“ n
how to analyze Ager
based Models. '

|



Analyzing Agent-Based Models

e We have exami

!I |
l ——

modified, an .'ﬁv; 1
models from scratck
Question: How -«"=-.;.--
employ ABMs to
produce new and i
exciting results aj_g_l: - [T
the domain? ~



Analyzing Agent-Based Models

Specifically:
*  What kind ofl? 5L ,_ =
produced by an ABM?
* Advantages and:.' :
Disadvantages of ‘ *
comparative techmquesf |
* Often times, it |s-l1e te l
to consider the a
method before b

an ABM ‘



Analyzing Agent-Based Models

Let us examine a
spread model1 #

Someone catd'l-
and is coughmgﬁ
storm, he might infect
others.

Those that he code
into contact with —
friends, co-work
even strangers
catch the col



Analyzing Agent-Based Models

e We have exami

!I |
l ——

modified, an .'ﬁv; 1
models from scratck
Question: How -«"=-.;.--
employ ABMs to
produce new and i
exciting results aj_g_l: - [T
the domain? ~



Analyzing Agent-Based Models

|
R
Infection Data [ BE =
L
| —

) Ti +
B |

|
Inlecton Data

Population 3l 141} 130 200
Time to [00% Infection 419 |58 169




Analyzing Agent-Based Models
|

- Based on these

we conclude g

B =G

population density
increases, the timeto
full infection
dramatically decreases.

U g
i r—




Analyzing Agent-Based Models

Table 6.2
Your Friend™s Data

Population Al 100}
Time to 100% Infection 305 263
Table 6.3
Ravwe Dhara

Population Runl FRun2 FRun3i Rund4 Run3 Runé Run?

S0 419 365 35 315 323 337 432
a0 [§-1:1 263 250 205 206 205 2001
150 69 118 163 140 143 167 137

200 127 126 113 111 133 129 104




Analyzing Agent-Based Models
i

* The data is ine !

because most AB! s
models empla w e

randomness in their il

algorithms : l' |

* i.e., the code makes use
of a random num__lje " [
generator.




Summary

* We have learnt
the analysis of a
based model

* Credits: Uri Wilensky
book. m
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Overview

2ig !

* Here, we will 'E.,
understand ’ﬂ@.,
different types of

ABM



Types of Measurements

- Statistical Anal

II
1

ABM: Moving bey
Raw Data g

Statistical results are the
most common way o |
looking at any kind of
scientific data _‘_I ~— T



Types of Measurements

* The general
methodology behind
descriptive statistics is
to provide numerical
measures IE

* These measures
summarize a Iarg_ei
set

* Also, describe th
set in such a we ,|'
Is not necess ,+
examine ever ;}
value.

d



Sumrmary Statisics

Types of Measurements

Population Mean Std, Dov,

S0 366.8 4739385802
100 213.8 2740154091
150 144.4 1765219333
200 1187 12. 1293924487




Types of Measurements
1

° ° =4
Behavior space experiments

Experiment name population-density
Vacy vamblcs as follows:

E“comecttons-per-node 4.1
. ["speed 1]

| ["num-people” [50 50 200])
["nuu-mfccted' 1]
Minfect-envi ronment?” falsel
Either list values to use, for example:

MW!:?.I
or specify start, increment, and end, for example:
["my-slider” [0 1 10]] (note additional brackets)
10 go from 0, 1 ata time, o 10.
You may also vary max-pxcof, min-pxcor, max-pycor, min-pycor, random-seed.

Repetitions | 10|
run ¢ach combination this many times

Measure runs using these reporters:
‘ticks

one reporter per line; you may not split a reporter
across multiple lines

[Z] Measure runs at every tick
ifunchecked, runs are measured only when they are over

Setup commands: ~ Go commands:
' setup g0
| |




Types of Measurements
1

BehaviorSpace Data Imponted into a Spreadsheet

BehaviorSpace Table data

population-density

DATE

TIME

[rum CONSCons- T - mfect-

number]  network?  layout?  per-node speed  people  infected  environment?  [tick]  ticks
| FALSE FALSE 4.1 1 50 | FALSE 200 299
2 FALSE FALSE 4.1 1 30 1 FALSE 432 432
3 FALSE FALSE 4.1 1 30 1 FALSE 444 d44
4 FALSE FALSE 4.1 1 30 | FALSE 400 400
5 FALSE FALSE 4.1 | 3 1 FALSE 467 4647
f FALSE FALSE 4.1 | 3 1 FALSE a7 397
7 | 30 l FALSE KX T KXY}

FALSE FALSE 4.1



Time to 100% infection

500
450
400
350
300
250
200
150
100

50

Types of Measurements

 Raw data in graphs

Time to 100% infection vs. population density

2
2
3 250
=100
= 150
I x200
2
2 -
80 100 150 200 250

Population density

Figure 6.9
3D Chart of NUM-PEOPLE and DISEASE-DECAY versus time to 100 percent infection.

& &
==

350

Time to 100% Infection
n B2 @ 5 B B
[=] (=} [=] (=} =] (=3

=]

Time to 100% infection vs. population density

100 150 00

Population density




Summary

i
e |
e We have learnt

the types of E&__
measurements in the

analysis of an ABM.
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Overview

|
o 3

Here we will

spread of dise o
detail h '



Infection Initially Rises Exponentially

,l 2

 |If a cold virus ,

someone, that pe b"
might spread that
disease to five ott
people (six now i
infected) before they ;
recover. | R
In fact, the rate of | =
infection initially rises

exponentialhﬂ

A



Understanding the Spread of Disease

* Suppose that we
interestedin
understandin ‘
spread of disease, :
we want to build a
ABM of such a spread.
How should we go
about doing it?

— First, we need
agents that ke



Initialize the Model

initialize the mod | b

[ ) [ ) ‘- t?-;-
mfectmgagrougﬁ
individuals =
) ol
* Individuals move around

randomly on a
landscape and inﬁct“

other individuals =
whenever they c
into contact wi



Spread of Disease model

variankt
|netwurk ‘FI
num-infected 3 num-people 200
Infected
65 setup
go once go e connections-per-node 1.2
redo layout | | disease-decay 10 ticks
Infection vs. Time
1 M people
.-"'-'.
I
U] Time 10

We conclude that as the population density increases, the time to
full infection dramatically decreases



In Beginning infection rate increases slowly

no one to infect, and
thus the infection ra
increases slowly.

 However, if there
many people arot
then there will b
of infection
opportunities



True Despite the Fact

uninfected agents, the
will be more likel @
run into someone with
an infection if the
population cou_nt'lis Sy
high.

° This is true despit

need to be inf
increases.



Summary

I
- To describe the
patterns of be

makes sense ?E 7

D"‘

some statistics

* Credits : Uri Wile nsll'
15 ‘“‘:
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|

=

Statistic : :
ABM: Moving beyonc

Raw Dt_ il



Overview

* Here we will lea
the general
methodology
descriptive statis
that is to provide
numerical measures
that summarize a large
data set and describe
the data set in such
way thatitisn

necessary to ei

every single v



A Coin Is Fair

Suppose we are
interested in
determining
coin is fair “‘I’l
— (i.e., itis as I|ker
turn up heads when
flipped as it is
up tails) then we ca
conduct a series «
experiment
we flip the
observe t



Means And Standard Deviations

examine large s
data

— (e.g., for
HHHHTTHTTT, _!h TSI
observed probability
is 0.5, and the
expected outc
for ten tri |

observe five |
ve fi ¥



Spread of Disease model

we can create sun

statistics I

Summary Statistics

Population Mean Std. Dev.

50 366.8 47.39385802
100 213.8 27.40154091
150 144.4 17.65219533
200 118.7 12.12939497

"'i‘l
* From these suﬂ,
results:



Summary Statistics

infection decli
population dens
increases.

* Another interesting
result is that as the
population density goe
up, the standard
deviation goes dc

* This means that 1
data is less varii T



Confirming Or Rejecting Hypotheses

l.f‘_

These results

population densit
increases the mea
time to infection

declines. |
Within ABM, statisti
analysis is a com
method of confi
or rejecting hypc



Abms Create Large Amounts Of Data

[ —

ABMs create la
amounts of data = [
Spread of Disease model
is just a small eXi ),
and if we can sum
that data we can
examine large am
of outputinan e

manner.

C ont

f



ABM toolkits

* Most ABM toolkits giv
you the basic ab| ityto
carry out S|mple!

statistical anaIySr /
within the packageTls

— (e.g., in NetLogo
there are MEAN :
STANDARD-
DEVIATION

primitivesl)'j
while the m
running, t

itself can
summary



Summary

* The NetLogo
extension to condt
analyses with the F
statistical pack

* Credits : Uri Wile nsll'
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The Necessil ‘ ibi’

Runs W|t ----------



Overview

should run the
multiple times and

at different points‘|

 Here we will understz
how ABM toolki
provide you wi
to collect the d:
these runs au



BehaviorSpace

* In NetLogo there
tool called _' =
BehaviorSpace @~

* ABM toolkits are o
full-featured

allowing you to write
your own tools for



Batch Experiment Tool

{
| \R——

* These tools will
automatically run the
model multiple times
with multiple "
settings and collect the
results in some easy to
use format like the CS
files mentioned earlier.



Experiment name ||:u::||:|uIa1J'|::|r1-'dv.='_r1si‘|:5-r

Vary variables as follows (note brackets and quotation marks):

[["wariant” "mobile"]
["connections-per-node” 4.1]
["num-peocple” [50 50 200]]
["num-infected” 1]

P =

<

Either list vahies to uss, for example:

[“rwy-shdee™ 1 2 7 8]

or specihy start, inoement, and end, for example:

[“rvy-shidee™ [0 1 10]] {rote additions] brackets)

to go from @, 1 at 2 time, to 10,

Wou may 2lso wary max-pocor, min-peooe, max-pyoor, min-pyoor, rardom-sesd,

Repetitions | 10

[+] Fun combinations in sequential order

For example, having ["var” 1'.23]\-4115\2
repetitions, the expariments’ "var” vahies will
be:

sequentizl order: 1,1, 2, 2,3, 3
shernsting oeder: 1, 2,3, 1,2, 3

Measure runs using these reporters:

ticks

one reporter par fine; you may mot split 2 reporter
aross mwhtiple fines
|:| Measure runs at every step

if unchecked, runs zre messured onby
when they are over

Setup commands: Go commands:

setup M| [go

¢ |Final commands:
run 2t the end of each run

_hIStop condition:
the run stops if this reporter becomes tue

Time limit |0

stop after this mamy steps (0 = no limit)

| oK | | Cancel |

e

£

4



Commands

NetLogo code thg:i- |
need to make the
start and go.

— “ Stop condition ” 2

stop condition
run, and

— “Final comrﬂ

executed be
the model '



Manually Running Model Multiple
1 4

:

* In general in AE
important to carry out
: -
multiple runs of your

experiments so that you
can determine if some .
result is truly a pattern ;
or just a one-timﬂ ——
occurrence. -

:
L}



Summary

One common'p Q=-j—-—
start by manually
running your mode!|
multiple times, but to

get a better sense of tw
results it is usually much
easier to use a batlch..
experiment tool We
have illustrated the
BehaviorSpace
which is the b

experiment toﬂ
NetLogo il

Credits : Uri'
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USing Gra 'b“ .r X "' N

Results i f? =

o
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Overview

simple graphs"iss tc
do and will oftoﬂg i

and immediately_g =
informative graph can.



Time to 100% infection

500
450

I
o
=

350
300
250

— a3
=2 & 2
o o o o o

We can quickly see how the data is distributed and ho

All Raw Data In a Graph-based Form

Time to 100% infection vs. population density

P i
. ni®
3 +50 18
m100 s
= 150 I i
§ x200 B
) :
: 1 |
0 50 100 150 200 250

Population density

changes with population density 1



Summary data

Time to 100% infection vs. population density 'l
450 —

400

by

350 a——

300 _ "

250

200 };__
150 _i' -

100 |

Time to 100% Infection

50

50 ' 100 ' 150 ' 200

Population density

This new figure might not be easier to understand than previ
but if there were one hundred data points in previous figure
ten data points, then a figure like this one might be ver



¢ Many ABM toolk

include capabiliti
continually updﬂr
graphs and chart%
during the runnmg%f a
model and thus enable

you to see the progre

w“‘

For instance, in t :
Spread of Diseas
there is a graph t
lIIustrates the ﬂ



Fraction Infected Versus Time

variank
|network ?l
num-infected 57 num-people Z01
Infected
138 setup
ga ance ga o connections-per-nade 1.2
redo layout ol || disease-decay 10 ticks
Infection vs. Time
i M pecple
—
1]
0 Time 10

This is one example of how we can use time series to help understand
the behavior of a model.



Summary

 Summary: We have seen the use of q
simulation software ‘%

* Credits: Uri Wilensky

.l
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Overview

|
o
Here, we unc

the analysis @
“networks wi

e

b s
1in ABIVI® ‘J



Spread of disease model
]

Interactlons o [0}
occur in phys

* But rather across s
networks. |



Spread of disease model
i

. Some diseases spre
only through ,E‘*

kinds of socia

* If we set the chooser t

“network” we can
explore this.

1






Spread of disease model figure

wariank
| network I’l
num-infected 3 num-people 200
Infected
196 setup
go once gqo o connections-per-node 4.0
redo layout =} disease-decay 10 ticks
Infection vs. Time
1 — M pecple
-~
e
|{/
,."'
/
.'l..
/
/
/
/
/l.l
0_—
0 Time 10




Spread of disease model

i
A well known prop

of random gr
average num
individuals mfec

+ Grows substantially ‘

* The connections-per-
node exceeds 1. O_! °

* Forms a giant
component in th

network. ‘



Spread of disease model

* Another property i

* The property of av

path length, whit
measure the distan
between any two n
in the network.

* Affect the spread of (
disease in the ne_'s_!v o

clustering co-effi

4



Spread of disease model

II

. ' I
* Different prope
tools are there to
measure and analyzea
- B e B

wide variety of metrices

Associated with socia |
network analysis (SNA). |

U g
“’ S— ; -




Summary

Each of these
properties ca e

analyzed as to&ﬂ_ i

effect on the sp
disease.

Reports and toolkits like (
UClnet can be usgP “‘F‘—“
further examination

Credits: Uri Wile

book. ‘
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Overview

|
* In this sectiol

going to see ¢ E&__
environment and

l A

environment-to-agent
—— l ‘
transmission. '



Environmental data and ABMs

!
Spread of di
for examining

* Environmental
interaction effect.



Environmental data and ABMs




Environmental data and ABMs
* The path below

agent will become
yellow.

e -
=Y S

- Change the rate if

DISEASE-DECAY0to 10
at a single time interva ]



Environmental data and ABMs
1

« A long DIESEASI L

might have ne s ik —-g_

over having a . A

DISEASE- DECAY

* Investigating usmg '

behaviour space.
I 3= ’“:T




Environmental data and ABMs
I\

- A Powerful as

ABM:s is that

shows us the | E’ ﬁ/j

infection.




Environmental data and ABMs




Environmental data and ABMs

* Leaving Ion

patterns of ,' E:
environmental | V



Summary

* We have seen tl
workingof
environmental data an

ot
-

ABM:s. it -
1
* Credits: Uri Wilensk
book

-
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Correctness of a Mot



Overview
I\
Here, we unc

the about the ﬁ’
“correctness @




Correctness of a Model
il

* Output relating '

concerned |ss!e t be
-

accurate. —

* Model accuracyﬁ
evaluated through '

validation, verlflcatlon o
and repllcatlon _‘_I ™ *F‘-




Correctness of a Model

2ig !

* Implemented

explains, som

corresponds t

ol

phenomenon in the rea
world. |



Correctness of a Model
)

* Model verific '
determining
implemented mode
corresponds to the
target conceptual i
model. 1 ;

 Make sure that tf_g_f o e

— o —

model has been
implemented cor




Correctness of a Model
|
* Model replicati
implementation by one
researcher or gr >,
researchers of a
conceptual model 'I
previously mplementeiil
by someone else_l - —;——




Correctness of a Model

i

- Set of results fr
model that corresponds
to the real world is not
sufficient. 'g —
Multiple runs arevm’ =T
needed to confirm that
a model is accura$. ~— T

—

—



Summary

|

- Verification, va
and replicatio
collectively underpir
correctness, and thus
utility, of a model.

» Credits: Uri Wilensky
book. _‘_I — [
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Overview

2ig !

 Here, we und ’,,
the role of “V
in Correctnes [ C ,
Model.



Verification

!I

* Inlarger model:
code can be di
understand a 'f,

over time.

* Verification ensures“

elimination of “bugs”
from the code. _‘_I "



Verification

] _,
. The process of
debugging be 5&__ [
more difficult for __L

complex models.

Ii. .
* Keep the process Easl,'

and simple. n



Verification

|

3

- Build the model
to begin with [Ey,_

* It will be easier to v



Verification

|
* Expand the comple
of the model 15
necessary.

* This mcrementag
approach makes it ea '
to verify the additional
components. _‘_I ~IN *F‘-




Verification

1
* Evenifallthe
components are
verified, it is still

possible that the sy
isn’t. | I

Complications may arisd ;
from the interactj_gn _—E
between model =

components.



Summary

|

- Throughout the
we examined the isst
of verlflcatlo

a simple ABM.

* Credits: Uri Wilensky
book i o= *F‘-
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Overview

2ig !

* Here, we und
need of 48
“communication”

Correctness of [ lode
|



Communication

il
- Sometimes a te
people build ne
* Other team me
actuallylmplema
model.

* Verification becomes J |
critical. s T



Communication
l

* Communicat
critical to ensL
the |mpleme 1
is correct.

* |tis essential.



Communication

!
* In the voting

I

* Political scien‘ 'S
differentiate betwe
Moore and Van -%
Neumann |
neighborhoods.

* Small world netv\d_r == i
and hexagonal versu
rectangular grid.



Communication

model author ar
implementer i
same person whic
averts the sort of

human error and
misunderstandi



Communication

i}

In the past it w.
difficult to be exg
model implemen
model author. :

However, low-th re!lu

ABM languages, such asj
NetLogo is narrmﬁn ‘:‘F‘—“‘
the gap between autl

and implementer.

< .

g\

3



Summary

We have seen x =
communication playan
! ! §
important roleinthe
correctness of a model.

How communicatior! can
fill the gap between the
implementor and the

author of the model.

Credits: Uri Wile

book. ‘I
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Describing Conceptual Models

Overviev@ 1

* Here, we will Wv g
understand how
“Describing Conceptus
Model” play a role in
correctness of a model. ]

—
.



Describing Conceptual Models

Conceptusz

1
Implementing
model.

* We may realize t .._._:‘,.,'."
didn’t understand
completely when we
talked to polltlcau —i

scientist. = il

. :



Describing Conceptual Models

Conceptuil

%

to implement ﬁ S|
model. ':
* We and political "

scientist have same

conceptual modell ——
mind. o ——

* Describing 'K_—

-

* This documentis
“Describing conc pi

I"

model”.



Describing Conceptual Models

Conceptual |

 Describe the model i
more formal J

'

the model using
flowcharts.




Describing Conceptual Models
Conceptuz

into pseudo-code

e Convert the f

—
- L‘_——_
- - — — -

* The goal of pseudo-code
is to serve as a mic |
point between natural J
languageand ~y-—
programming language.



Describing Conceptual Models
Pseudo-Code

Voters have votes = {6, 1}

For each voter:
Set vote either @ or 1, chosen with equal probability
Loop until election
For each voter
If majority of neighbors’ votes = 1 and vote = 8 then set vote 1
Else If majority of neighbors’ votes = @ and vote = 1 then set vote @
If vote = 1: set color blue
Else: color = green
Display count of voters with vote
Display count of voters with vote
End loop

no
o I



Describing Conceptual Models

 Other metho

Conceptuc

UML, choosing ’—.

language snmlr‘ Yo
pseudo-code anldj'rr 1l
NetlLogo.



Describing Conceptual Models

Summar

describing conceptual
model which mcl de
flowcharts, pseudo-
code, UML and N

Credits: Uri Wlien
book
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Verification Testing

Overview

!
Here, We will *{ '
and understand how wi
can use “Verific l?/
Testing” for the
Correctness of a Mode




Verification Testing

Implement

l
R |
k

* When imple ;’“ g
design into code we

follow ABM core desig
0| ol 1
principle. e



Verification Testing
Setup Code

patches-own
[

vote ;; my vote (8 or 1)

total ;; sum of votes around me

]

to setup
clear-all
ask patches [
if (random 2
[ set vote 1 ]

@) ;; half a chance of this

]

ask patches [
if (random 2 = @) ;; half a chance of this
[ set vote 8 ]
]
ask patches [
recolor-patch
]

end

to recolor-patch ;; patch procedure
ifelse vote = 8
[ set pcolor green ]
[ set pcolor blue ]
end



Verification Testing
To Check Setup

to check-setup
let diff abs ( count patches with [ vote = 8 ] - count patches
with [ vote =1 ] )
if diff » .1 * count patches [
print "Warning: Difference in initial voters is greater than 16°%."
]

end




Verification Testing

To Check Setup

to setup
clear-all
ask patches [
set vote random
]

ask patches [
recolor-patch
]

check-setup
end

2

=t

33 8 or 1, with equal probability



Verification Testing
Unit Testir .

* This verificati .
technique is a form of
unit testing.

*  We can modify th]e
without disrupting



Verification Testing

NetLogo Code

to go
ask patches [
set total (sum [vote] of neighbors)
]

;3 this is equivalent to count neighbors with [vote = 1]
;3 use two ask patches blocks so all patches compute "total”
;3 before any patches change their votes
ask patches [

ifelse vote = @ and total »>= 4 |

set vote 1
]
[if vote = 1 and total <= 4 ] [
[set vote @
]
recolor-patch
]
tick

end



Verification Testing
Summa

* We understand ho
incremental appra a h
makes it easy tc

implement to mo i!‘

correctly.

* Then we write our cod ——r—
into NetLogo for
verification purp

* Credits: Uri Wile
book
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Beyond Verification

Overview
) |

* Here, we wiIII B
about the be .k =
verification using agent-
based modelling.



Beyond Verification
g

« Sometimes rest
not produced to wha:
the implementers anc

authors "'"* |
- Results of modelling |
confuse the scientists.
i -

— |



Beyond Verification

|
- Jagged edges di
votes. i

 Design the model that
neighbours do nﬁ
change their votesw'
tied.

e Switch called CHAJ\I c'!--:
VOTE IFTIED. 4



Beyond Verification

Voting Component Verification - MetLogo

File Edit Tools Zoom Tabs Help
Interface Info Code

normal speed
7 ] o sPE [+] view updates
I ] I
Edit  Delete  Add
ticks: 26

setup ao

blue patches green patches
11077 11724




Beyond Verification

B patches-own [
vote ;; my vote (@ or 1)
total ;; sum of wvotes around me

]

B to setup

clear-all

ask patches [
set wvote random 2 ;; set wote to either @ or 1
recolor-patch

]

reset-ticks

check-setup

end

B to go
;3 keep track of whether any patch has changed their vote

let any-votes-changed? false
ask patches [
set total (sum [ vote ] of neighbors)

]

;3 use two ask patches blocks so all patches compute "total”
;3 before any patches change their votes
ask patches [
let previous-vote vote
if total < 3 [ set vote @ ] ;; if majority of your neighbors vote 8, set your vote to @
if total = 3 [
ifelse award-close-calls-to-loser?



E to recolor-patch ;; patch procedure

El

E to check-setup

=

Beyond Verification

[ set wote 1 ]
[ set wote & ]
]
if total = 4 and change-vote-if-tied? [
set wote (1 - wote) ;; invert the wvote
]
if total = 5 [
ifelse award-close-calls-to-loser?
[ set wote @ ]
[ set wote 1 ]

]

if total > 5 [ set vote 1 ] ;; if majority of your neighbors wvote 1, set your wvote to 1
if wvote != previocus-wote [ set any-wvotes-changed? true ]

recolor-patch

]

33 if the wotes hawve stabilized, we stop the simulation
if not any-votes-changed? [ stop ]
tick

end

ifelse wvote = @
[ set pcolor green ]
[ set pcolor blue ]
end

33 This procedure checks to see if the SETUP procedure sets up the model with roughly
;3 equal numbers of blue and green patches

33 count the difference between the number of green and the number of blue patches
let diff abs (count patches with [ wvote = @8 ] - count patches with [ wvote = 1 ])
if diff > .1 * count patches [

print "Warning: Difference in initial wvoters is greater than 1e8&.™

1

end

;3 Copyright 2888 Uri wWilensky.



Beyond Verification

 Switch AWARD |
CALLS TO LOSER?

* With both switche

—

we have a differ F
outcome. i



Beyond Verification

to go
ask patches
[ set total (sum [vote] of neighbors) ]
33 use two ask patches blocks so all patches compute "total”
;3 before any patches change their wvotes
ask patches
[ if total » 5 [ set vote 1 ]
if total <« 3 [ set vote @ |
if total = 4
[ if change-vote-if-tied?
[ set vote (1 - vote) ] ] ;; switch vote
if total = 5
[ ifelse award-close-calls-to-loser?
[ set vote @ ]
[ set vote 1 ] ]
if total = 3
[ ifelse award-close-calls-to-loser?
[ set vote 1 ]
[ set vote © ] ]
recolor-patch ]
tick
end



Beyond Verification

summary

y |

* We have see -b’ ER s

details of beyond -

verification. -
e Credits: Uri L[]

Wilensky book
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Sensitivity Analysis and Robustness

Overvie

* Here, we W|II ﬁ k:ﬁ
understand t o |

analysis and ro ~—



Sensitivity Analysis and Robustness

* Sensitivity analysis
 Creating the me
to test the hyp

initial balance in ol
direction.

* Using
BehaviourSpace a‘n
the experiment v
from 25 to 75 pe

increment. ‘



Sensitivity Analysis and Robustness

1

Two conditions:

If no voter switchvote
in the last step the -4
model will stop. i B

The model will stdp I' |

after one hundred tirr)é]’
the steps have executed.

op —

et
{

-
:

f
|



Sensitivity Analysis and Robustness

= batches—uwn

[

vote ;; my vote (@ or 1)
total ;; sum of wvotes around me

]

[ to setup
clear-all
ask patches [
ifelse random 188 < initial-green-pct
[ set vote 8 ]
[ set vote 1 ]
recolor-patch
]
reset-ticks
check-setup
end

B to go
33 keep track of whether any patch has changed their vote
let any-votes-changed? false
ask patches [
set total (sum [ vote ] of neighbors)
]
;3 use two ask patches blocks so all patches compute "total™
;3 before any patches change their votes




Sensitivity Analysis and Robustness

]

;3 use two ask patches blocks se¢ all patches compute "total”
;3 before any patches change their votes
ask patches [
let previous-vote vote
if total < 3 [ set vote @ ] ;; if majority of your neighbors vote @, set your vote to @
if total = 3 |
ifelse award-close-calls-to-loser?
[ set vote 1 ]
[ set vote @ ]
]
if total = 4 and change-vote-if-tied? [
set vote (1 - vote) ;; invert the vote
]
if total = 5 [
ifelse award-close-calls-to-loser?
[ set vote @ ]
[ set vote 1 ]
]
if total > 5 [ set vote 1 ] ;; if majority of your neighbers vote 1, set your vote to 1
if vote != previous-vote [ set any-votes-changed? true ]
recolor-patch

LI I



Sensitivity Analysis and Robustness

;3 if the votes have stabilized, we stop the simulation
if not any-votes-changed? [ stop |
tick

end

to recolor-patch ;; patch procedure
ifelse vote = @
[ set pcolor green ]
[ set pcolor blue ]
end

33 This procedure checks to see if the SETUP procedure sets up the model with
;3 roughly expected numbers, given the walue of the initial-green-pct slider
to check-setup
let expected-green (count patches * initial-green-pct / 188)
let diff-green (count patches with [ vote = @ ]) - expected-green
if diff-green > (.1 * expected-green) [
print "Initial number of green voters is more than expected.”
]
if diff-green < (- .1 * expected-green) [
print "Initial number of green voters is less than expected.”

]

end

; Copyright 2088 Uri Wilensky.
; See Info tab for full copyright and license.
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Initial green vs. final green

Final percentage of green patches
e
L

25 30 35 40 45 50 55 B0 65
Initial percentage of green patches

10 75



Sensitivity Analysis and Robustness
[]
* Pastresearch

methodologie & E
sensitivity analysis

s Active Nonlineé“ : =
Testing. ——

|
- =
I =
1 b

-

B
!

dh



Sensitivity Analysis and Robustness
Summ ‘
* We have see

details of Sens; j E‘/

Analysis and Ro '-« -----
l

* Credits : Uri Wllensky
book
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Verification Benefits and Issues

Overvie
Fr

* Here, we are goin
look verification

benefits and isst -.

P |
= —
1=
1 —

B
!

dh



Verification Benefits and Issues
|

Understanding 1

cause of unexpe
outcomes.

* Impact of small change

i |
oty |



Verification Benefits and Issues
I

Implemented r

corresponds i,*.
{

conceptual model.

* Model's low , ;
 Understanding the
mechanisms.



Verification Benefits and Issues

| |

- Abug inthe -

produce surp t
results.



Verification Benefits and Issues
1
Understanding 1
operating of the model
* A verification process i
not binary.




Verification Benefits and Issues

Summa

* We have see E’ E_i
verification be 4

—

issues.

* Credits: Uri Wllensky il |
book i
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Validation

N |
Overview

* Here: we will ;’ [Lo ,,
validation of agent

based modeling.



Validation

|
e
Corresponding |

implemented [— ]
reality. o _J
= |

L



Validation

2ig !

Two axis.
- Macrovalidation.
=

* Face validation.
—

* Flocking model.”,, |
* Adclassical agent based

model.



Validation

Interface Info Code

normal speed
4 [ ] o= P view updates
[ I I
Edit Delete Add

Settings...
_____ on ticks
ticks: 1591 a2

population 300

setup go

vision 5.0 patches

minimum-separation 1.00 patches

max-align-turn 5.00 degrees

T

mazx-cohere-turn

‘

3.00 degrees

max-separate-turn 1.50 degrees

>

»
gl e
*
»

o

>
>

Command Center




Validation

B Jurtles-own [

flockmates ;3 agentset of nearby turtles
nearest-neighbor ;; closest one of our flockmates
]
E to setup
clear-all

create-turtles population
[ set color yellow - 2 + random 7 ;; random shades look nice
set size 1.5 ;; easier to see
setxy random-xcor random-ycor
set flockmates no-turtles ]
reset-ticks
end

B to go
ask turtles [ flock ]
;3 the following line is used to make the turtles
;3 animate more smoothly.
repeat 5 [ ask turtles [ fd 8.2 ] display ]
;3 Tor greater efficiency, at the expense of smooth
;3 animation, substitute the following line instead:
33 ask turtles [ fd 1 ]
tick
end




Validation

B to flock ;; turtle procedure
find-flockmates
if any? flockmates
[ find-nearest-neighbor
ifelse distance nearest-neighbor < minimum-separation
[ separate ]
[ align
cohere ] ]

end

B to find-flockmates ;; turtle procedure
set flockmates other turtles in-radius wision
end

B to find-nearest-neighbor ;; turtle procedure
set nearest-neighbor min-one-of flockmates [distance myself]
end

333 SEPARATE
B to separate ;; turtle procedure

turn-away ([heading] of nearest-neighbor) max-separate-turn
end

335 ALIGN
B te align ;; turtle procedure

turn-towards average-flockmate-heading max-align-turn
end



Validation

a3 ALTIGN

= to align ;; turtle procedure
turn-towards average-flockmate-heading max-align-turn

end

B to-report average-flockmate-heading ;; turtle procedure
33 We can't just average the heading variables here.
33 For example, the awverage of 1 and 359 should be @,
33 not 188. S0 we have to use trigonometry.
let x-component sum [dx] of flockmates
let y-component sum [dy] of flockmates
ifelse x-component = @ and y-component = @
[ report heading ]
[ report atan x-component y-component ]
end

;33 COHERE

B to cohere ;; turtle procedure
turn-towards average-heading-towards-flockmates max-cochere-turn

end

E to-report average-heading-towards-flockmates ;; turtle procedure

33 "towards myself™ giwves us the heading from the other turtle
33 to me, but we want the heading from me to the other turtle,
33 50 we add 188
let x-component mean [sin (towards myself + 18@8)] of flockmates
let y-component mean [ces (towards myself + 188)] of flockmates
ifelse x-component = @ and y-component = @

[ report heading ]

[ report atan x-component y-component ]

end



Validation

333 HELPER PROCEDURES

[ to turn-towards [new-heading max-turn] ;; turtle procedure
turn-at-most (subtract-headings new-heading heading) max-turn
end

B to turn-away [new-heading max-turn] ;; turtle procedure
turn-at-most (subtract-headings heading new-heading) max-turn
end

B ;3 turn right by "turn” degrees (or left if "turn™ is negative),
33 but never turn more than "max-turn” degrees
A to turn-at-most [turn max-turn] ;; turtle procedure
ifelse abs turn > max-turn
[ ifelse turn > @
[ rt max-turn ]
[ 1t max-turn ] ]
[ rt turn ]
end

B ; Copyright 1998 Uri Wilensky.
; See Info tab for full copyright and license.




Validation

sum

‘J |
I

*  We have understai
validation of agen

®

based model. i‘,l o
i |

* Credits: Uri Wilensky
book. ]
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Macrovalidation vs. Microvalidation

Overvié: N

| i
* Here, we will b’“ -
understand difference

e

s

between -
. ol [

“macrovalidation
microvalidation” and
their role in valid _'-I
of a model. s =
=~



Macrovalidation vs. Microvalidation

i}

R
« ABM'’s are built
agents hence V z
directly compare the

the real world. .

* For instance, we can ask
whether the age_rl_!s — [
have properties similar
to real birds in flocking

model. ‘

f
|



Macrovalidation vs. Microvalidation

| 3
|
* There are so

T
y

limitation e.g. real bird:

. f - L’ = T
canflyin three .
dimensions, bu'ﬁ{ |
bird agents move in -

dimension only.
However, these
limitations doesn’t

make our model



Macrovalidation vs. Microvalidation
|

« we can also bui
flocking mod ree
dimensionsand
examine the resultant

flocks to see if théy ﬁ
relevantly different from
the 2D flocks. .\EI B

h‘
J—— —



Macrovalidation vs. Microvalidation

,l 2

* The other ma , /
of validation is to
investigate th '
relationship betw
the global properti
the model and the
flocking patterns of real
birds, a process called
macrovalidation.




Macrovalidation vs. Microvalidation

Macrovalic
* By showing ti |_
model correspondsto
. - o
the macro-level
phenomenon,we
further validate tha
model is descriptive of]

real world system_t — ‘F‘—




Macrovalidation vs. Microvalidation

Conclusio
* Macrovalidation te

you if you havf (o

_ | B -
the important parts -
the system, wh'ﬁ' 1
microvalidation te '

if you 've captured the j
important parts of the
agent ’s individual

behavior.
‘




Macrovalidation vs. Microvalidation

Figure 7.9

Two mini-flocks (A) before and (B) after a collision.



Macrovalidation vs. Microvalidation

Summan
* We understa

macrovalidatic h l’ T
microvalidatio e
compares to each othe

 Credits: Uri Wl|enSkV fA
book.
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Face Validation vs Empirical Validation
Overvie

i i
* Here we will discuss
e
how “face validation” is

different from
“empirical validation



Face Validation vs Empirical Validation

Face Valid:
* Face validation

process of showing that
the mechanls -
properties of th IT del™
look like mechanls '
and properties of the J
real world. J = —;——




Face Validation vs Empirical Validation

Empirical
* Empirical valid:

making sure E L
model generate
* Correspond to si |*

patterns of data i m t
real world.



Face Validation vs Empirical Validation

Face Valid: tior
* Face validity can exis
both micro and ma
levels.

is face microvalidi _}y
° While determining

flocks is face
macrovalidit nz—tg



Face Validation vs Empirical Validation

Empirical Vz
Empirical validation
a higher bar.

Data produced by tl
model must corﬁ'
to empirical data |
derived from the real-
world.



Face Validation vs Empirical Validation

Empirical \
Inputs and o .-
the real world ” ¢ _I’
often poorly definec
It is hard to isolate anc
measure parameters |
from a real-world
phenomenon. _‘_l |



Face Validation vs Empirical Validation

Empirical \
The process of 1
the parameters an

initial conditions that
cause the modelto
match with real-worlc
data is called caIibratioE‘l

1
- - ’ S— . -



Face Validation vs Empirical Validation

Summary

* We understand
together, thes
types of vallda&l‘ _.
(micro-face, macro:
micro-empirical, an
macro-empirical)
characterize the
majority of vaILdiJi o
efforts carried out.

* Credits: Uri Wile
book
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Validation Benefits and Questions

Overvie

* Here, we will
understand H‘ i
important to validatea

model. T =
|

o

|
- =
I =
1 b

B
!

dh



Validation Benefits and Questions

) 3

* Avalid mode lu

useful for extract;

- B -
general principles ak

the w?rld. ':.i' i
* Changing the |
mechanisms and j ;
parameters can Q_‘_ﬁe _—E
help predict what might
occur in the real world.

-



Validation Benefits and Questions

!I
* A model is not €

valid or invalid:
. Ea 7_:- G

A model can besaidto
be more or less valid [
based upon how c‘Ios- T
it has been compared to

the real process |Ejs T
modeling.



Validation Benefits and Questions
]

* A model is neve
inherently valid.

* Its validity come from
the context of what it i
being used for.



Validation Benefits and Questions

. Something in ti
corresponds E&__ -
something in reality.

* The user compa
observation’s wnth rec
world and use it as the
basis of his validggo. —

| E—
—_



Validation Benefits and Questions

Summary
* Here, we under:
about the benefits of
validation and que ion

it arises. Tt :‘1 |
i | :
* Credits: Uri Wilensk

y
book. ]
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Replication

Overvie

* Here, we will '
understand about the
“Replication”. ,—~ el

- ——

1N

p

o

P |
= =
4 .
1 e



Replication
|
* Model replice ,
implementation by one

ONES— .
researcher or gr |
researchersofa '

, [m ||
conceptual model |
previously implemented ;

by someone else'._:_j —

:
L}



Replication

1
* Scientists mu
the details of

experiment was
conducted.

* Then subsequent te -

of scientists carry out j |

the experiment _l T
o p—

themselves to ascer |

. \

:
L}



Replication

Replicating a phy
experiment st‘e, thens
original results.
Comparing both th
experimental setup
ensuing results.
Replicating a _!
computational m
serves this same

purpose. ‘



Replication

| 4

* Replicatinga L’

computational moc —-—’,.."
increasesour

confidence.

* New |mplementat|o '

the model has ylelded
the same results § 3 *F‘-
original. =~ il |

-
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Replication

mechanism for
inheritance of i

* The model suggaﬁ
“ ethnocentric ”
behavior can evolve
under a wide vargt
conditions. '

-

* Even when there

native “ ethnﬂ



Replication

II
- Here we under:
about the bas | -
. =
concepts of replication
- '_—ﬂ_-z.‘_;—.——'_.
and how it is useful fo e
the correctness of a
model.

* Credits: Uri Wlleqik
book -
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Replication of
Computational N -f-

Dimensions and
Standards



Overview

* Here, we will

l
about the “Re .,'._-' io .

Computational Mot ;
Dimensions and

Standards”.



Replication

!I

* Replication refe
creation of a new
implementation of

on the previous
implementation.



Dimensions

II
An original mo
replicated m |
differ across at le:
dimensions.

Time
Hardware
Languages
Toolkits

Algorithms
Authors .



Successful Replicatio

n
,l

* A successful

is one in which th e
) T
replicators are ableto

establish that the
replicated model cr |
outputs sufficiently ;
similar to the outputs of

the original. ..~

:
L}



Replication Standard
1 4

* The criterion k?
the replication ’s success
I8 . b - -1
is judged is called the
replication standarc

- Different replication" T

. =
standards exist for the
level of similarity_‘__l oL
between model out |

— SE—

:
L}




Categories of Replication Standard
1

There are three
categories of replication
standard. |

=
-

* Numerical ideﬁﬂtf
* Distributional 1
equivalence. ]I

B ——
.

o Relationalalignn'u b oy
—

—

!



ABMs usually prc
large amountsl

much of whlchﬂ=ﬁ ]

irrelevant.

Data that are central
the conceptual model

should be measur_&
tested during

replication.



Summary

time, hardware, to
language, algorith g
and author. | ]

Then we discusse
about replication
standard and its
categories.

Credits: Uri
book
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Overview

!
We are going tc
benefits of repli
this section.




Benefits of Replication

1
Advances scient
knowledge.

* Model verification.
* Model validation.
* Shared understanding.



Benefits of Replication
i

31

. Sharediutis v

e Creation ofsetsof @
ol . A
terms, idioms and best

R

—

practices. =
* Communicate aboht!
model. g :



Benefits of Replication

Model verific io

* Distinct -
|mplementat|o1'!,, ,
producing sameﬁ

* Conceptual model grows
by capturing confldence.,i

- —

* Correction made-l-‘ t
is any difference
in implemented

and repllcatlo’l



Benefits of Replication

Model valida N4~
. Corresponden’b' T
between the outpu:
* Validation of a mox
the basis of output
closer to real-world.
° Reevaluatingthe-J‘ |
original mapping.
* Researchers inve
and getting in
it through replic:



Benefits of Replication

* Describing the modelin
process through

developing a Ia‘i. o=
* Culture of replicﬁ?
fosters.

them to tests, ove
replication of ABM

and "shuffle



Summary

2ig !

* Here, we undel
the benefits .
replication in modeling

* Credits: Uri Wilensky
book. |
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Overview

1
* Here, we will le:
about recommend
for model replicatc



Recommendations for model replicators

i
RS is to produce
level of precision
establish hypothes
regularity.
Examples : * numerlca'
identity”, “dlstrlbutlonaﬂl

equivalence” and ‘F‘-
“relational alighment”.




Recommendations for model replicators
i

. How detailed tt

description f';'l,_, -
conceptual model isin

the original paper or to
communicate with
authors or original

model.




Recommendations for model replicators

i

attempt to recreate
original model.

Differences between
public conceptual!'n
and an implementat
can be interesting

resulting in ma
discoveries.



Recommendations for model replicators

the toolkit in \11 1
original model \
written. |

original model.

* Replicator under_sia s BT
the subtler worki

* Deliberately

implementin“

strategy.



Recommendations for model replicators

- Obtain the sour
of original mode

!

" = S|

* Effective for illuminatin

discrepancies in the twc
[ B l
model implementatio

h‘



Recommendations for model replicators

]
- Groupthink

* Unconsciously adoptin,
some of the practices of
the original model

developer.



Recommendations for model replicators

Table 7.1

Details to be included in published replications. For each category, sample options to choose from are listed.

Categories of Replication Standards:

Numerical Identity, Distributional Equivalence, Relational Alignment

Focal Measures:

Identify particular measures used to meet goal

Level of Communication:

None, Briel email contact, Rich discussion and personal meetings
Familiarity with Language/Toolkit of Original Model:

None, Surface understanding, Have built other models in this languaeeftoolkit
Examination of Source Code:

None, Referred to for particular questions, Studied in-depth

Exposure to Original Implemented Model:

None, Reran orginal experiments, Ran experiments other than original ones
Exploration of Parameter Space:

Examined results from original paper, Examined other areas of the parameler space




Summary

1
« We have unders
recommenda
model replicators in
modeling.
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Recommend |
Model Author )



Overview

'
* Here, we will
understand the
recommendations for

the model authors.
1N




Recommendations for the model authors

be well speci IF |

Complete source co
for the model mﬁ
sufficient.

Model authors must (

make their sourcejc de —-F‘_”
publicly available
least the “pseud

r



Recommendations for the model authors

To what extent
model developer
presents a sena'l’_ .
analysis. = :?‘
Small modification to |

the original model can (
effect results drastical Vo [

These sensitive
differences shou

published by the
authors.



Recommendations for the model authors
‘l

* Original auth ,
be the originz
implementer. '

. Implementation—ﬁf i
be veridical. ol |

* Model authors j |
implement theirdu ij
models using “ low- |
threshold ” and tool

r,-

B |



Recommendations for the model authors
]

* Authors to exan
their concept E
through the lens of a
potential model
replicator. B




Summary
1

«  We have under:
recommenda E&” 1 il

model authorsin
modelling.

END
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Overview

=y

* Here, we will
understand th i,“
about complex adapt

-t

systems (CAS)I“H; e
L

l
]
k



Complex Adaptive Systems
| |

. Complexityﬂ !
* Adaptation
* Systems



Complex Adaptive Systems

Ludwig von Bertalanffy

® Father of Systems

Theory

e Wrote “General
Systems Theory”,
published in US
following WW2.

The systems approach is
an old concept.

The approach stands on
the assumption that
breaking down of a
complex concept into
simple easy to
understand units helps
in better understanding
of the complexity.

Ludwig von Bertalanffy
first proposed it as
‘General System Theory'



Complex Adaptive Systems

imaginary bounda
(NECSI)

* Properties of the _4 '
system, the properties
of the universe |
excluding the sys
which affect th: |
and the interacti
relationships.

T



Complex Adaptive Systems

* An adaptive syste
complex adaptive
system, CAS) i
that changes |ts"9"

behavior in respon!é‘

its environment.

* The adaptive cha$e" '.
that occurs is often
relevant to achie

goal or object?i
(NECSI)



Complex Adaptive Systems

of a description of —
system.

* ...the (minimal) amo(_

of time it takes to creat
the system.

* Here the length
description is me
in units of inf



Complex Adaptive Systems

Examples

FrontalLobe = -‘-—q_\ Parietal Lobe
;i ," -

E 5
&
2N & Occipital Lobe
By b
= & U %
[oT] L) L [
c Ly 9,
o
e . o )5
Inferior Superior Temporal Gyrus 4\:3‘ g 5—
Fronta Q %g
Gyrus tiddle Temporal Gyrus =
: ri ral Gy
= erior empoij_ .j.f LS '
orsal [sLpenian — =
Arsgrior %Pos[er-m- Termporal Lobe — &

waainal {Irfenc)



Summary

i
- We have learnt ab
the basic ides E,___ =
Complex Adaptive

Systems.
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Overview

]

- Here, we will ?
understand a ” IiE
/“
historical persp

CAS



History

1
Started with

concepts of Gener:
Systems Theory




History

!
Biologists focus
primarily on individual
cells -



History

| |

* Social Scientists f
on connectio! ‘]L =

55 | - _

* [} =
S— S

1

= =

ml |

| R " ———

P |
| -
| =

e S



History

* John HoIIan 1
cas/CAS n

e



Summary

¢ We have learnt
the historical

H l
perspective or CAS

* Credits: Niazié:l
book. N
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Overview

* Here, we will
understand about the
basic ideas of -_ A

complexity —




Complexity

I
Disambiguation
Computation
Complexity



Complexity

. Nonllnearlty

* Large numbe
variables



Complexity

Chaos theory

* The term "chaos" is ‘
popularly used‘!y — -
to disorder or cdﬁ

* In science, chaos is an
important conceptual
paradox that hasa



Complexity

is defined as op_. hose
state at one ti
completely deterr
its state for all futu
times.

* So what does it mean |
for a chaotic system to
be difficult to pr

* Butterfly effeil



Summary

* We have learnt abc
the basics of Complexit
in CAS. | —

* Credits: Niazi and
Hussain book.

f—l
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Overview

|

=H ,
Here, we will
understand abou

£
i

adaptation in CA!

—

T

- :: i



Adaptation
|
* Adaptive ch
interactions WL

L |



Adaptation
| |
* Who changﬂ ; h

§—
o7



Adaptation
| |
* What chané S



Adaptation

| |
* When chanﬂ e



Adaptation
| |
* How changé h_



Summary

* We have learnt i
the adaptation in
* Credits: Niazi and
Hussain book.
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Overview

|
e |
Here, we will V l
understand about tk

Systems approact ?‘ = _J



Systems Approach
| |
. Conceptoflg
boundaries



Systems Approach
|

*2

Many syste” |
correlated

* Example: - g
Life/Humans/Society

l
oty |



Systems Approach
| |
* Whole vs.|:;\ S



Systems Approach

||

* Reductionist: e L
Wholistic approach
- Al

n ' : | /“ ‘ 1

Bl |

o

|

| =
I i
1 —



Summary

* We have learnt abc
the systems perspective
of things. \

 Credits: Niazi f-;l
Hussain book.
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Modeling of CAS




Overview

o
B

* Here, we will 'E.,
understand "ﬂ_,“,

problems encountered
. g
in modeling of CAS



Modeling of CAS
1

-  Cognitive

(CABC) Frame

‘__ )
/¢ .

| S—




Modeling of CAS

——
| _
R 1oy

Validated ABM

< CAS knd fEﬂm) dmrahprnunl

Descriplive ABM /f E::plm'ainﬂrP.EM

development “\ development

I Intam::llnnﬂata

Compdex Mebaork
Model developm




Summary

* Credits: Niazi an 1'
Hussain book. ‘



Modeling and Simulation

o 3 =
' - v‘ I -

Agent-based Approz EeT



Overview

|
* Here, we will V l
understand "” -
agent-based appr
to modeling




Agent-based Approach
]

Agent — some

acts L T._'{ ]

* There is a concept of
agent in domam I'
distinct as:

* Al/CS/Robotics |

: Sociology(lndiw _ ‘T‘—_

* Biology o

* Ecology

* Etc.



Agent-based Approach

levels for Agent-ba

modeling agy |

* Exploratory Agé '
modeling (EABM)

based Modelij _
VABM) b



Agent-based Approach
| |

. Exploratory} h_



Agent-based Approach

* DREAM



Agent-based Approach

2ig !

* Virtual Overlay
Multiagent System
(VOMAS)

e



Summary

]
* We have learnt
various approach
modeling using Ager
and the CABC
framework. ali

Credits: Niazi and
Hussain book. _‘_I ,
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Overview

* Here, we will 'E,’
understand abou
complex : e
networks/graphs anc
modeling using the '
CABC Level 1




Complex Network-based Modeling

What is a gr :
* Graph/Netwc [Ei/
* Same entity different
terms in different

domains .
,u_ [
-l

e 7% 4



Complex Network-based Modeling
| |

- Network = we
graph '




Complex Network-based Modeling
i
Different aspeci

modeling usu‘
networks

* Labels a'l
* arcs/lines '
* Directed/Undirected J

C
i
* Centrality-based T ——

* Ego
« Sentiment graj '
* Community Dete



Complex Network-based Modeling

|
Key benefits

k

Very well-def |
Lot of free tools

Lot of communi]fyl, |
support
Well-defined - |

mathematical mode gl=—=

i



Complex Network-based Modeling

Difficulty in ' :
mining — lack of ."
expertise in the

community

* Missing data can-lje -
difficult ~ =

* Requires comple

* Complexity i
data boundar



Summary

1
* We have Ieaf !
complex-netv |
modeling using the
CABC framewor

+ Credits: Niazi and I'

Hussain book.

-l' = ‘_“t"—
mL ! H‘
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Cognitive Agent- o}
Computing Framewor

J.



Overview

1

 Here, we will
understand hc w&__) out
modelingand
simulation to use
employing the CA
framework.




Cognitive Agent-based Computing Framework
| |
- Data and Mo el

* How much d
needed




Cognitive Agent-based Computing Framework
| |

* Why choose Age
based Model§ -




Cognitive Agent-based Computing Framework
| |

* Why choose Con
network mo .—Q |




Cognitive Agent-based Computing Framework
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* When to chot




Cognitive Agent-based Computing Framework
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- When to ch D(

DREAM?




Cognitive Agent-based Computing Framework
|

- When to ch D(

VOMAS?




Summary

- We have learnt
putting the CA l{“
framework to work

» Credits: Niazi f-;l
Hussain book.
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Overview

Here, we- \
about the
statistical m



Useful Statistical Model
1

The models ,
useful in the case of ' =
limited data are:

* Queueing syst-;[ :
* Inventory and supply-
chain systems.

~

* Reliability and -l

maintainability.
* Limited data.
 Other distrik



Queueing Systems

Simulation solvec

waiting line problems.
s

* Interval and service

patters were givﬁ-’

queuing examples.

* Inthese examples]
service and arrival ti
was probabilistic.

time.



Queueing Systems

* “Arrivals” can oc
to many reasons like
machine brea

used to simulate the
random exponential
distribution of se _!nce

* Forspecial cases
truncated norma
distribution ci
utilized. '



Inventory and supply-chain systems

Three random va

* Number of units
demanded per ol
per time perlod:'

* Time between deman

* Lead time.

* Simple inventory'i'!
systems have consta

demand and lea
constant or z;



Inventory and supply-chain systems

[ —

° Mathematical
tractability ba‘e_ =
demand and lead time
in inventory theory tex
could be invalid.
Variety of demand
patterns are satis_f_!e dby
geometric, Poisson and
negative binomial =~
distributions.'

—

3



Reliability and Maintainability

Failure time is m«
with many dis‘r_ iti
When failure occurs
randomly mode: L |
distribution is
considered as
exponential. _!

Modeling standby
redundancy req
for gamma distri



Limited Data

il
Three distributi
* Uniform dist ion
* Triangular distrik
* Beta dlstrlbutlo.ngli

* Uniform distribution i Il
just a special case f ol

beta distribution i —




Summary

Here, we disc
about useful

systems, Inventor
supply-chain systems,
Limited data, RE|IabI|Ity,J
and maintainabili

Credits: Jerry Ban S

book. .
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Bernoulli Distribut =



Overview
| \
* Here, we WI| ;‘7
about the Bel
distribution.




Bernoulli Distribution

- Bernoulli trail is |
the simplest experi
you can do in {
and probability whick
has one out of two
possible outcome.

* Bernoulli dIStrIbUJOIT
a discrete probability
distribution for B
trail which has
of two possible l
outcomes succe



Bernoulli Distribution

* Let us consider ai
example whic
of n trails and '
which can be a s
or a failure. ﬁ

* Xj=1if the jth
experiment is suc__gess

 Xj=0ifits failure.

* N trails and each

has only two
success or fai

-



Bernoulli Distribution

------
!

Pf(rj}=P(rj}= I-p=gq, -"-'1=0!f=1f2s-+-i" —

0, otherwise |
R |

* Success here happens fﬂ (

with probability (p) ¢ e
failureat (p-1). -

———

 Xis adiscretera
variable. It tak
in case of su
in case of fail



Bernoulli Distribution
)
Below is the ¢

value of random
variable X is calculatec

as: -
) O-g+1- pq

E( |
|
 Belowis the variaj- of g

the random variabl

calculated as:
L,

V(X;) = [(Oz*q) it *p”
= rr
B

I

%

J

A]__
:
L}
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Bernoulli Distribution
!

- We have unders
about the Bernc
distribution.

* Credits: Jerry 1 -
book. il
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Overview

|

=
Here, we will
about the bin

distributio |

—
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Binomial Distribution

Binomial distribu
the discrete prob
distribution wi
parameters n and p
the number of

successes in the
sequenceofn
independent
experiments.

Each n and p wi
own boolean-

Ra