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Cases

@ discrete choice models - Multinomial Logit Model

A

@ social networks - Behavioural Profiling

@ traffic flow models - Traffic Microsimulation

A

While CS is purely STEM, now the big-data is also in social science, opening widely for novel and exciting CS applications
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Humans and computers
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Humans and computers
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Humans and computers
[ Jele}

Optimisation

finding optimal value

Problem
10
What is the minimal value of the function?
8
arg min f(z) (1)
z 6
where
4
@ <z is the vector of decision variables, 2
@ f(z) is the objective function to be minimized. 0
both are deterministic. -2 T
v local min
_a T
6 global min
-3 -2 -1 0 1 2 3
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Humans and computers
oeo

Optimisation

finding optimal value

Optimisation

can be:
@ policriterial: z — z,y,..., :
@ stochastic: f(z) — f(z + €), ¢
@ multivariate: f(z) — f(z,v,...), !
@ black-box (like neural network) :
0

., !

local min
4 T

global min

-6
-3 -2 -1 0 1 2 3
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Humans and computers
oeo

Optimisation

finding optimal value

Optimisation

t

global min

!

local min

can be:
@ policriterial: z — z,y,..., :
@ stochastic: f(z) — f(z + €), ¢
@ multivariate: f(z) — f(z,v,...), !
@ black-box (like neural network) :
0
Computer Science -2
We can reduce bigger part of CS to solving optimization problems. -4
-6
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Humans and computers
ooe

Discrete Choice

Path choice

Problem

Given a weighted network G(N, A) find a path (sequence of nodes n € N) from origin o to destination d

Computers

Shortest Path Choice

Define objective function (e.g. distance or more generically a cost c(a) :
a € A) and propose an algorithm to find a solution.
e.g. Dijkstra - which deterministically and reliably outputs an optimal path.
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Humans and computers
ooe

Discrete Choice

Path choice

Problem

Given a weighted network G(N, A) find a path (sequence of nodes n € N) from origin o to destination d

Computers

Humans

Shortest Path Choice Discrete Choice

Define objective function (e.g. distance or more generically a cost c(a) : Each agent ¢ selepts the optimal path & from her origin o; to destination d;
a € A) and propose an algorithm to find a solution. at her departure time 7:

e.g. Dijkstra - which deterministically and reliably outputs an optimal path.
kog,; = arg min E Ca,i 2)
kEKoq
a€k
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Behaviour
L]

Behaviour
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Behaviour
@0000

Discrete Choice

Example

Problem

There are two products.
o cheap, nice and low quality
e expensive, ugly and high quality

which is optimal?
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Behaviour
(o] lelele]

Rational utility maximisers

in path choice

Let's assume all humans are rational:

Pr(klod,1) = Pr | cx; = min ¢,
K€Ky

i.e. we take the best option.

.

Each path candidate has a given:

@ length
@ travel time
@ cost (fare)

@ comfort factor
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Behaviour
(o] lelele]

Rational utility maximisers

in path choice

|

Perceived costs
Let's assume all humans are rational:

utility

Pr(klod,1) = Pr | cx; = min ¢, length and travel time are physical
k'€ Koq cost is subjective, in discrete choice called Utility
i.e. we take the best option. Uk,i = Po,i +Ptite + Beick +---+¢

v
Bo alternative-specific constant, i.e. taste variation, i.e.
sentiment

Each path candidate has a given:
£ random term

@ length

B¢ value of time (10€/h)

@ travel time
B value of money

@ cost (fare) >

@ comfort factor
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Behaviour
(ele] lele]

Discrete choice theory

Key concepts

Non-determinism softmax demo

X . X ) 1t F L s
we can reasonably well predict the probability of selecting an option a by
individual <, yet there is always non-determinism. 09
Probabilities only asymptotically approach to 0 and 1. .
v
07
Heterogeneity 08
1l
We are different, each of us has its’ own: g 0s
Bo,: alternative-specific constant, i.e. taste variation, i.e. =04
sentiment 03
beta=3
& random term o2
01
Bt,: value of time 0
- 05 0 05 1
Be,i value of money ) Value(A) - Value (B)
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Behaviour
(ele]e] Jo]

Discrete choice theory
Nobel prize

|

Daniel McFadden won the Nobel prize in 2000 for

his pioneering work in developing the theoretical + o+ I bttt bt
basis for discrete choice.

09
Discrete choice theory 08
Discrete choice models statistically relate the choice made by each person o7
to the attributes of the person and the attributes of the alternatives available 06

2

to the person.

) Sos
S04
Logit model 03
beta=3
assumption: 072
e & Gumbel(0, o), yields
Probability of selecting option a in the choice set C by individual 7 is: o1
(LA L - ,
_ exp pUq E it i 05 i
Pa,i = E —— Value(A) - Valua (B)
wec P HUUas,i
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Estimation
Bigdata

Datasets
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Binary classifier

Predict the binary (0/1 value)
d6922a778401

Machine Learning

Lately, instead of classical methods (like BIOGEME’ s max log-likelihood) neu-
ral networks are used to classify choices - still in infancy.
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Predict behaviour from digital traces
[ Jele}

Predict behaviour from digital traces
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Predict behaviour from digital traces
oce

Internet privacy

What Facebook likes tell about us?’

Singular Value
Users’ Facebook Likes Decomposition Prediction Model
55,814 Likes 100 Components Using Logistic or Linear Regression
{with 10-fold cross validation)
S = g E" é e.g. age=a+pi Ci +...4 Bulioo
£ E = E & 7T & —_—
m oo o L
Predicted variables
w Userl 1 1 .. 0O w User115 .7 .. -3 Facebook profile: age, gender, politi-
Y| User2 0 1 . 1 Y| userz 3 -4 . -2 cal and religious views, relationship
S User3 1 0 .. O 3 User3 -6 .1 status, prosy for sexual orientation,
‘é'_ T ‘é'_ () social network size and density
i Usern 1 1 .. 0O ] Usern 12 1 B Profile picture: ethnicity

Survey [ test results: BIG5 Personali-

ty, intelligence, tion with life,

User - Like Matrix . .
. ) h User = Components Matrix
(100 User-Like pairs) substance use, parents together?

1 Kosinski, M., Stillwell, D., & Graepel, T. (2013). Private traits and attributes are predictable from digital records of human behaviour. Proceedings of the national academy of sciences, 1

5802-5805.
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Predict behaviour from digital traces
ocoe

Internet privacy

What Facebook likes tell about us??

Openness c Extraversion Stability Age
100 100 100 100
Mitt Romney
The Colbart -
- o MiciMinal g w0 -
< Mitt oo
_[_ _Fm:
80
& o -I- 80 o
o i" =T mecomen
eport Barsck Thapors
zu rack Obama ing 70 -kmuln. o 70 | obama
.I.mum
&0 Hella Kitty el i A = Cuddiing 50 = Cuddling
I Vidlo ety
| ik Minaj
T Camping Canfpi s [T DorckObeme o
£ ==Hello Kitty
. {-
Hicki Mins)
0
Fig.S1. Average levels of five personality traits and age of the . For example, the average

extraversian of users associated with ~The Colbert Report* was relatively low: it was lower unly for 23% of other Likes in the sample. Emar bars signify 95%
canfidence intervals of the mean

2Kosinski, M., Stillwell, D., & Graepel, T. (2013). Private traits and attributes are predictable from digital recor
human behaviour. Proceedings of the national academy of sciences, 110(15), 5802-5805.
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Traffic flow
[e]e]e]e}

Traffic flow
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Traffic flow
(o] lele]e]e}

Phantom jam

Let’s drive around the circle at constant speed
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Traffic flow
[e]e] le]ele}

Phantom jam

Let’s drive around the circle at constant speed

https://youtu.be/FWIVkoibWDw?si=a0qexb- zSMxPxLwY&t=25

What can go wrong?

Why there was a traffic breakdown?
Why we couldn’t do such an easy task and led to the phantom jam?
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Traffic flow
[e]e]e] lele}

Car following Model

Wiedemann

free flow

SR

followin approaching

gap s

approaching rate Av
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Traffic flow
[e]e]ele] Te}

Microsimulation
PTV Vissim, SUMO, Aimsun, ...

https://www.youtube.com/watch?v=bqgF-Hyovg9E&t=3s
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Traffic flow
[e]e]ele]e] J

Thank you!

Thank you for your attention,

welcome to discuss

Rafat Kucharski

rafal.kucharski@uj.edu.pl
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