







































































































Deterministic you can predict what's going to
happen no randomness

Same inputs initial conditions result in same results outputs

System wide modeling no reduction to agents

egg Physical laws defined by differential equations

stochastic processes are based on random events

Different results are obtained each time becauseof
the randomness variability

Hard to make precise predictions










































































































Why introduce stochastically in a model

Need to represent some variability

Natural variability
Usually when human animals are involved
egg modeling

behaviors oh the stock market in
sporting games in crowds
modeling flocking of birds herds of buffalo
modeling voting behavior consumer behavior
human interaction on the internet

Use stochasticity to assign realistic initial values
to our model of

given the probability distribution for a variable
in our model we can draw random numbers

from the distribution to represent quantities in
our model

Use stochastiany to model processes that produce variable
outcomes without having to provide too much detail
Parametrize a stochastic process using data on rate

and frequency of real events
Insteadof modeling what causes a system to change
we just randomize it

eq Data on frequency of rainfall in a partinlar
region season can be used to represent the
chance of rain in a model for plantingcrops tourism










































































































Use stochasticity to model agent behavior

ey Given data on how frequent migration was in a
farming community can be use to determine

the probability of a farming family moving
in a model that studies migration patterns










































































































Random numbers in models

Pick random number distribution

Choice depends on properties of what is being
represented by random numbers in the model

by integers positive real or bodean quantities

Continuous vs Discrete Distributions
Continuous distributions random numbers are real numbers

probabilityof individual outcomeiszero
SabEpagx PlasXeb PIX a o

Discrete distributions random numbers are integers or boolean
truefalse eye rolling die or headstails

fix PIX x

Common distributions

i Uniform distribution

Values within a range la b are equallylikely

ya Jfk dx I bj
pdf fix ya
mean by

a b

std fat




















































in Normal distribution

pdf BellCurve Gaussian

Mfd
fix e lx n Y 202aboutmean

ra
n mean meStd p

Stdprovide

68 of numbers within an Std
9590 of numbers within 2std

Widely used cause Central limit Theorem

iii hognormal distribution
random variable whose log is normally distributed

if X is random variable log normal
then Y lull is normally distributed X exply

inputonly the
XLIX Ca
OC x a



Iv Binomial Distribution discrete distribution

Two mutually exclusive outcomes ey success vs future
distribution gives probability of x successes in N trials

probability of success p fixed per trial

Probability mass function

Plxjp.nl y px i p R TIN

Other distributions Poisson Cauchy Gamma etc

Good resource NIST's Engineering StatisticsHandbook



Random number generators

Different formulas used to generate random numbers

In Matlab rand standard uniformdistribution

randn standard normal distribution

randi uniform distribution over integers

randperm random permutation of numbers

Can set a number starting point of sequence so youalways
get the same results Seed



If we use stochastically in our model then how random are
theresults

Are the results entirely random
Say we model one major variable stochastically
What about many stochastic processes Doesthe randomness
even out

If we vary inputs parameters in a model howmuchof the
change is due to randomness

Repeat simulation multiple times to try answer these questions

And that process is called MonteCarlo Simulation



Monte Carlo Simulation
Simulation method based on random sampling

Measure outcome variables to obtain statistical distribution
of the measurements

ABMs can be analyzed by using Monte Carlo simulations

This acts as an experimental field
simulate processof
sampling fropopwath'd

Run simulation multiple times random numbers only change
see effects of that

Analyze results using histograms or various statistics

Forexamplewant Expected value Highest frequency
typical central value that describes data

then look at mean median or mode

Mean key for normally distributed outcomes
I FEEXi

Median half of the data is lessthan half of the
data is more than

Mode highest frequency



Want a measure of spread or variabilityof data
Variance 5 E Lxi IF

values further from mean are weighted more

Standard Deviation s MEIR
Square root of variance
units of original data restored
best measure of spread

Range max min value

Other measures of spread exist

At Histograms great visual representationof the stats and
shows approximationof underlying distribution

Not all stats are useful for all probability distributions
eg mean for bi modal distributions


