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Lesson 1: The Hermit
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“What| cannot create, | do not understand.”
- Richard Feynman
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About this course

« All information on http://course.meissereconomics.com
» Every Friday from 14:00 to 15:45 at KOL-F-123

« 14 Lessons, last two for presentations

* We will form teams of two during the break

« Unique setup with custom-made software

* Modelling ideas borrowed from “Economic Foundations of
Finance” by Thorsten Hens and Helga Fehr-Duda, 6 ECTS



http://course.meissereconomics.com/

Typical lesson structure

* Discussing last week’s exercise

« Famous models

* Theory, methodological background, maths
« Extending our model, what do we expect?
* Next exercise, see what actually happens



Structure Today

 About this course

* Theory: Chaos and complexity

« Famous model: Shellings segregation game
* Break: forming of teams

« Economic basics: utility and production
 Software engineering: OO, Java, Eclipse, Git
« General setup and first exercise



About me

 Studied Computer Science at ETH, 2006

« Co-founded and sold secure cloud storage startup
« Board member of Bitcoin Association Switzerland
» Teached object-oriented programming at FHNW
 Studied Economics at UZH, 2016

 Currently pursuing a PhD on “Agent-based financial economics”
« Founded Meisser Economics AG for my research.

* | believe that there is a huge untapped potential of software
engineering in economics and finance.
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Philosophy

« Agent-based vs equation-based | | |
Undirected Graph & Adjacency Matrix

« Local vs global decisions oXoRoXoRoXo,
» Invisible hand vs central planning g olT[T]09]09]0
1{0J0]1|0] O
« Decentralized vs holistic @1lolol1]o]lo
« Object-oriented vs data-driven @o|1|1]0o]|1]o0
 Graph vs matrix @ojojojr]o]t
o @®@ofofofof1]oO

« Modular vs monolithic

Undirected Graph Adjacency Matrix

« Divide et imperavs aggregation

You can always look at a coin from two sides. Nonetheless, it keeps being a coin.
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Chaos and Complexity

Classic example: discrete logistic growth. w41 =71z (1 — a3)

Logistic growth with k=1.5,x0= 0.01 Equlibrium at crossing point
0.35 0.5
e © © 0 0 o0
[ 0.45
0.3 L4
[ ] 0.4
0.25 ® 0.35
0 ° 0.3
° 0.25
0.15 0.2
[}
0.1 . 0.15
° 0.1
0.05 . [J 0.05
[
0! ‘ 0
0 5 10 15 20 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

9/20/2019 Agent-based Financial Economics - HS17



Chaos and Complexity

Simple systems can exhibit chaotic behavior.

Classic example: discrete logistic growth

iy = 1o (1 — )

For a model in which prices behave like
this, see: Cars Hommes, «Behavioral
Rationality and Heterogenous Expectations
in Complex Economic Systems», page 14
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Chaos and Complexity

. .- 1.0

Classic example: logistic map X

L1 = T |1]. — :T.'Itl-} i
See also: Cars Hommes, «Behavioral 0.6 -
Rationality and Heterogenous Expectations in E
Complex Economic Systems», page 14 S
- Systems get chaotic very quickly. In chaotic il
systems, small arbitrary assumptions or errors 7
can make a big difference. 0.0 LT L . O S L e
- Results are worthless without having a 3 S TR X S B E
stable, known case as an anchor point. r

9/20/2019 Agent-based Financial Economics - HS17 11



Chaos and Complexity

The magnetic pendulum: classic
example of a continuous system that
exhibits complexity.

Multiple equilibria, practically
impossible to tell at which one it will
end up.

— To avoid chaos, we should prefer
systems in which small errors are not
allowed to add up.



Shellings Segregation Game

» Very simple model, people move and slightly prefer to be
among themselves

« Small bias leads to strong segregation over time

» Chaos: small differences in initial conditions can lead to
completely different outcome

. Economicallkl, segregation is optimal, as it maximizes utilit)é.
Economists take preferences as given, do not judge. (Maybe
they should.)

—>Singapore mandates racial mixture of tenants in each block

—>San Francisco randomly assigns children to schools across o A 2
town (potentially leading to large travel times) i , :

Generally: be careful with political (or any other) O 7k
Interpretations. Your results mlfght be an artifactofa s T4 [

programming error, some overlooked detail, or an invalid P S W g R S0
assumption. o A L e T .

Onlineto play with: ncase.me/polygons/ . £



https://ncase.me/polygons/

Break

Forming of teams.



Our Toy Economy: Basic Setting

 Classic seguence economy with production

« Consumers with utility functions and endowments, trade to
maximize discounted lifetime utility

* Price-taking firms with production functions,
trade to maximize discounted lifetime profits

* On each day, a pareto-efficient equilibrium must exist (first
theorem of welfare economics) and is reachable through trading

* Not clear how to reach it in general (almost “NP hard”)



Exercise 1: The Hermit

 No trade, lives on his own

» Has to find optimal work-life balance that maximizes utility
e Deadline: next Thursday 24:00

* | will unlock your accounts tonight and notify you by e-mail
- See exl.meissereconomics.com



The Mathematical View

U (h’lei sure? xpatatoes) = Iﬂg(hleisure) + IGQ (‘tpotﬂtoes }

Thus, the hermit enjoys eating potatoes and spending man-hours as leisure time equally. In order to maximize utility, he
needs to decide how much of his 24 hours to spend on leisure time and how much on growing potatoes according to the

following budget constraint:

hleisure + hwork =24

The hours spent working are turned into potatoes via a Cobb-Douglas production function with fixed costs, with x;,,4 = 100
being constant:

L potatoes (mland: hwark) - (h*wo:r‘k _ G)D‘ﬁxiid

The fixed costs of six hours represent the daily amount of work needed before actual production can start, for example for
maintaining the required infrastructure. Plugging the production function and the budget constraint into the utility function,

this leads to the following simplified maximization problem:
maz U(hyorr) = l0g(24 — hyorr) + log((Ryorr — 6 D'Em?&id)

- Trivial for the economists among you.
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Many ways to solve this

* Exogenous trial and error
 Calculate optimum and hardcode result

 Calculate analytical solution and calculate optimum dynamically from
the current parameters

* Endogenous trial and error
« Golden ratio search

« “Steepest descent”

 Own ideas?

Feel free to do what you feel most comfortable with, but document it!



Heuristic

What is a heuristic?

A heuristic is a simple recipe to solve a problem well
enough.

Example: 1/n heuristic in investing.

Example: if you don’t want to evaluate all the yoghurts
at Coop, just buy the same as you boughtthe last time.

Example: Ant routes.
Related: “greedy algorithms”in computer science.

A good heuristic allows an agent to behave successfully
(or even optimally) without spending much resources on
;s_olvmg the underlying problem, at least most of the

ime.

Gerd Gigerenzer is the “heuristics pope”.

SIMPLE
HEURISTICS
THAT MAKE Us
SMART

GERD GIGERENZER, PETER M. ToDp,
AND THE ABC RESEARCH GROUP

5 o
start @
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Choice of Tools

* Programming language: Java

« Code editor: Eclipse

 VVersion control: Git, Github.com, SourceTree
* Documentation: Markdown

Follow the instruction on
http://meissereconomics.com/course/setup
to install all of the above.

9/20/2019 Agent-based Financial Econom ics- HS17
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Object-Oriented Programming

« The most popular way of organizing software

« Well-suitedto structure complex systems

« Objects encapsulate concerns, hide complexity

« The definition of what an object does is called “class” (cookie form)

* Instances of a class are called “objects™ (cookie)

« Classes have two kinds of members: variables and functions
(sometimesalso called field and method)

 These members might or might not be visible to other classes

-> Particularly well-suited for articulating agent-based models

Class (object definition)

-

E——

P -

Objects (instances of
a class)



Java

Most popular programming language by far. Most popular also for agent-based economics.

Almost as fast as C/C++, but much fewer ways to shoot your own foot.
Python is also popular among scientists, but about 10 times slower.
Good to have on your CV!

o4

292 350 360

250,000
Total cell number

65~

37
27
13 “Julia loops
ol | ] | ] | Python
4 l Octave

500,000

W CH++
& Java
MATLAB

& Julia Vec

Sep 2017 Change Programming Language Ratings
10000
1 Java 12.687%
2 c 7.382% 1406
3 C++ 5.565% K0
4 c# 4.779% E 176
= o 17
5 Python 2.983% § 10— -5
T
5
5 A PHP 2.210% 2
S
7 v JavaScript 2.017% %
8 A Visual Basic .NET 1.982%
9 A Perl 1.952%
1 =
10 A Ruby 1.933% 100:000
Popularity
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eclipse

- Created by consortiumabout IBM as a strategic move against Sun Microsystems — hence the name
- Architectis software engineering heavyweight Erich Gamma who lives in Zurich, currently working for Microsoft.
- Invaluable programming tool, supports the programmer in many way. But not very intuitive at first.

S workspace-course - Exercises/src/com/agentecon/exercisel/Hermit,java - Eclipse -
File Edit Source Refactor Navigate Search Project Run Window Help
M-l R@ i~ 0~ QG- HE- BV " PAvRED:E - F- 0o~
I8 Packag.. 82 T& TypeHi = 8

o e | 2 | B 0

[J] Hermitjava 1 = 8
G|l e v | e/ "
3 E-'pJAIEI\a 1 * &n autarkic consumer that produces its own food and does not interact with others.
> {3 Exercises 2 . . .
M. 3 public class Hermit extends Consumer implements IFounder {
> v Interface 2
M e = . . .
» iz Simulation 5 private IProductionFunction prodFun;
G private double workFraction = @.2;
7
a2 public Hermit(IAgentIdGenerator id, Endowment end, ITUtility utility) {
9 super(id, end, utility);
8
1
28 @override
3 public IFirm considerCreatingFirm{IStatistics statistics, IInnovation research, IAgentIdae
E23 if (this.prodfun == null) {
5 // instead of creating a firm, the hermit will create a preduction function fer hi
6 this.prodFun = research.createProductionFunction(HermitConfiguration.POTATOE);
7
3 return null;
a 1 M
< >
Problems @ Javadoc |, Declaration Search B Conscle 5 3¢ Call Hierarchy |
EX% EEREE 22 -8
<terminated> Hermit [Java Application] C\Program Files\Java\jdk1.8.0_7bin'\javaw.exe (Sep 20, 2017, 2:34:13 PM)
Bob achieved a utility of 4.824781662782677 on day 96. Inventory before consumption was: [16.32 Man-ho A
Bob achieved a utility of 3.9875629195825173 on day 97. Inventory before consumption was: [16.44 Man-h
Bob achieved a utility of 3.9468188543874742 on day 98. Inventery before consumption was: [16.56 Man-h
Bob achieved a utility of 3.9818234768871824 on day 99. Inventory before consumption was: [16.68 Man-h
v
< > <

Writable Smart Insert 37:1
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Design Patterns
Elements of Reusable
Object-Orientéd Software

Erich Gamma
Richard Helm
Ralph |ohnson
John Vissides

Foreword by Grady Booch

cimamion] Design patterns: elements of reusable object-oriented software
E Gamma - 1995 - Pearson Education India
Cited by 38430 Related articles  All 72 versions  Cite Save More

Prospect theory: An analysis of decision under risk

D Kahneman, A Tversky - Econometrica: Journal of the econometric society, 1979 - JSTOR
This paper prasents a critique of expected utility theory as a descriptive model of decision
making under risk, and develops an alternative model, called prospect theory. Choices
among risky prospects exhibit several parvasive effects that are inconsistent with the basic
tenets of utility theory. In particular, people underweight outcomes that are merely probable
in comparisan with outcomes that are obtained with certainty. This tendency, called the ..
Cited by 46464 Related articles  All 103 versions Cite  Save
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* An autarkic consumer that produces its own food and does not interact with others. € Comment
E

public class Hermit extends Consumer implements IFounder { & Class declaration. Hermit inherits functionality from the

% orivate TProductionfunction prodfun; Consumer class. The Hermit also implements the Ifounder
private double workFraction = 8.2; interface, allowing him to obtain a production functionin
% our simulation even though he does not found a firm (yet).

There is a field prodFun of type “IProductionFunction” which allows the Hermit to
remember his production function. In the beginning, it is empty (null).

There is a private double-precision number thatis initially set to 0.2.
Private means that no other class can accessthis variable.

The class is public, so anyone can use it.



* An auktarkic consumer that produces its own food and does not interact with others.
E

public class Hermit extends Consumer implements IFounder {

private IProductionFunction prodFun;
private double workFraction = 8.2;

public Hermit({IAgentIdGenerator id, Endowment end, IUtility utility) {
super(id, end, utility);
¥

1

The constructor is a special function that is invoked whenever a new Hermit is being instantiated.
Unlike other functions, it has no return value.

This constructor does nothing except passing on its parametersto the parent (super) class Consumer,
which needs them.

Hold Ctrl and click “super” or “Consumer” further above to directly jump to the Consumer class.
This is the single most important key shortcut toremember!



/xx

* An autarkic consumer that produces its own food and does not interact with others.

*

public class Hermit extends Consumer implements IFounder {

private IProductionFunction prodFun;
private double workFraction = 0.2;

public Hermit(IAgentIdGenerator id, Endowment end, IUtility utility) {

super(id, end, utility);

}

@override

public IFirm considerCreatingFirm(IStatistics statfistics, IInnovation research, IAgentIdGenerator id) {

if (this.prodfun == null) {

// instead of creating a firm, the hermit will create a production function for himself

this.prodFun =

}

return null;

}

| programmed the simulation to ask all
IFounders whether they want to found a firm
every day. The Hermit uses this as a hack to
obtain access to a productivity function.

If you do not know what functionality an object
offers, enter its name followed by a dot and hit
“ctrl-space”. 2 Instant documentation!

research.createProductionFunction(HermitConfiguration.POTATOE);

research.createProductionFunction (He r'mitcbnfigurat ion.POTATOE);

‘IPriceTake
trade, prg

(s

wentory in
wrs = inve

» you find
lon().getke
* weighs th

[ createProductionFunction(Good desiredOutput) @ IProduc ~
& createResearchProject(Good desiredQutput) : IResearchPr
@ equals(Object obj) : boolean - Object

@ getClass() : Class<¥= - Object

@ hashCode() : int - Object

@ toString() : String - Object

@ notify() : void - Object

@ notifyall( : void - Object

@ wait) : void - Object

@ wait(long timeout) : void - Object

@ wait(long timeout, int nanos) : void - Object W
£ >
Press "Ctrl+5pace’ to show Template Proposals

Returns a simple production function to produce the desired
output or null if no such productien functien is configured.
Parameters:

desiredQutput

| relative TOTEICHOTHER:




@0verride

public IFirm considerCreatingFirm(IStatistics statfistics, IInnovation research, IAgentIdGenerator id) {

if (this.prodFun == null) {

// instead of creating a firm, the hermit will create a production function for himself

this.prodfun = research.createProductionFunction(HermitConfiguration.POTATOE);

}

return null;
}
@0verride

public void tradeGoods(IPriceTakerMarket market) {
// Hermit does not trade, produces instead for himself
produce(getInventory());

}

private void produce(Inventory inventory) {
IStock currentManhours = inventory.getStock(HermitConfiguration.MAN_HOUR);

// Play here. Maybe you find a better fraction than 60%?

// getUtilityFunction().getWeights() might help you finding out

// how the consumer weighs the utility of potatoes and of leisure

// time (man-hours) relative to each other.

double plannedLeisureTime = currentManhours.getAmount() * workFraction;
workFraction = workFraction + ©.005;

// The hide function creates allows to hide parts of the inventory from the
// production function, preserving it for later consumption.

The simulation invokes the
“tradeGoods” function on every
consumer every day. However, the
Hermit being a hermit does not trade.
Instead, he produces his own potatoes
feeding his previously obtained
production function with some of his
24 man-hours.

Inventory preoductionInventory = inventory.hide(HermitConfiguration.MAN_HOUR, plannedlLeisureTime);

prodFun.produce(productionInventory);



{/ The “static wvoid main" method is executed when running a clas Copy Chrl+C
public static woid main(String[] args) throws SocketTimecutExceg . -
HermitConfiguration config = new HermitConfiguration(null, € Copy Qualified Mame
Endowment endowment = config.createEndowment(); Paste Chrl+V
Ivtility utilityFunction = config.create(®);
Quick Fix Ctrl+1
Hermit bocb = new Hermit(new SimplefgentIdGenerator(), endown i
int end0fTime = 10@; // let world end after 188 days S LEL T
for (int t=8; t<end0fTime; t++) { Refactor Alt+Shift+T »
bob.collectDailyEndowment(); :
bob.considerCreatingFirm({null, config, null); Tl ?
bob.tradeGoods(null); References -
List<Quantity> inventoryBeforeConsumption = bob.getInwver
double utility = bob.consume(); Declarations >
system.out.println("Bob achieved a utility of ™ + utilit bmption was: " + inventoryBeforeConsumpt
ki b= Add to Snippets...
¥
Coverage As »
Run As » 1 Java Application Alt+Shift+X, )
RERES ? Run Configurations...
? Javadoc Declaration Search Console 3@ Call Hierarchy 52 Validate r

Finally, thereis a “main” method. Classes that have a main method can be run.
The main method is “static”, meaning thatit exists independently of any specific Hermit instance.
To run the “main” method, right-clickand select “run as” “Java Application”.

- Live demo including short tour through the debugger.



Version Control

Everything hosted on github.com.
We use the SourceTreeclient to access it.

Git is a version control system invented by Linus Thorvalds IS © S
(the guy who created Linux). Most popular by far, even T
Microsoft is using Git to store the source code of Windows. i
& TaGs

Git stores a history of all you did in a local database located
in a subfolder “.git”. Nomenclature:
commit: save local changes to the local git database
discard: undo a local change by restoring the previous state
from the local git database
fetch: find out what changes are available for download
pull: download changes
push: upload changes
merge: integrate changes from two different sources

9/20/2019 Agent-based Financial Economics - HS17
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Fetch Branch  Merge Stash Discard Tag Git Flow Termina | Explorer Settings
All Branches ~ Show Remote Branches | Date Order ~ Jump to:
Graph Description Date Author Commit

T 22 Sep 2017 9:47
fixed github event handling 22 Sep 2017 9:47 Luzius Meisser <lu. 680ebab

T 2] origin/master origin/HEAD | Update README.md 22 Sep 2017 %:41 <lu  a76efdl
T Update exes 01-task.md 22 Sep 2017 9:32 Luzius Meisser <lu 4d44cf3
., Merge branch 'master’ of github.com:meisser/team009 22 Sep 2017 9:19 khaccoun it <meiss 9361cf2
T)r) Merge branch 'master’ of https://github.com/meisser/course 22 Sep 2017 &:51 Luzius Meisser <lu. 5dc1ba3
- | url in ranking 22 Sep 2017 &:51 Luzius Meisser <lu. 08b6che
Update Hermit.java 21 Sep 2017 11:07 Luzius Meisser <lu. d03f1b3
Update exercisel1-task.md 21 5ep 2017 944 Luzius Meisser <lu 1cd984c
lindate everciselll-task md 21 Gen 2017 G:43 Luzins Meisser <l 1§348h6
Sorted by file status > | = L~
Commit: aaf8752043cd0596658009b8ba119c732e211422 [aaf8752] P ———
Paren babad0, a76ef41e23 ' @ e ST R
Autho Meisser <luzius.meisser+git@gmail.com= ) .
Date: Friday, September 22, 2017 9:47:53 AM Hunk s Lines 218 Reverse hunk
Committer: Luzius Meisser 2 2
3 3 open the "task" files to see what you r
ch 'mactar of httnedfnithih comimaiceariconrea 2 a
@ exercis urnal/exercisel1-task.md s
(#] erci urnal/README.md
@ exercises/src/com/agentecen/exercisel/Hermit java
File Status Log / History Search

29



Version Control

9/20/2019

Simulation server

meissereconomics.com/vis

ﬁ ﬁ repositories.

The simulation server loads simulations from the
agentecon repository and populates them with
default agents and agents from the team

Team repositories are private.

Mother repository (upstream)

github.com/meisser/course

Your team repository on github
github.com/meisser/team00X

You can edit your agents directly
on github in the browser.

But the professional way is to edit
and test them locally first.

Make sure to get the
latest exercises by
regularly fetching
and pulling from

g g

agentecon.

Your team repository on your computer
.../ teamooX

Push [upload) your changes to your
team repository to let your latest
agents take part in the simulation and
to synchronize with your teammate.

.../ teamOoX

Your team repository on your teammate's computer

http://meissereconomics.com/course/setup

Agent-based Financial Economics - HS17
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@ | O meissereconomics.com/vis/simulation?sim=ex1-hermit-1

Ranking

Simulations

Simulation 'ex1-hermit-1’

Ranking

Rank

1

10

14

Agent

team009-Hermit
team006-Hermit
team007-Hermit
team008-Hermit
team004-Hermit
team012-Hermit
team003-Hermit
team005-Hermit
team014-Hermit
team013-Hermit

teamDd O-Harmit

Utility
4.35682254372441

3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731
3.178053835077731

2 ATRNRRARARGNT T 731

Version

Luzius Meisser on 2017-09-21T09:07:49Z

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:052

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:052

Luzius Meisser on 2017-09-21T07:44:05Z

Luzius Meisser on 2017-09-21T07:44:05Z

I tizinie Meieear an 20170021707 -44-NR7

Based on an exponential moving average.

Defined in com.agentecon.web.methods.UtilityRanking
In eclipse, hit Ctrl-Shift-T to quickly find classes by name.

8 = U.O?Hf + OQSSL 1

Note that the following metrics are equivalent in
expectation as long as the discount rate corresponds to the
probability of death:

* Total life-time utility

e Utility on the last day

* Exponential moving average

But not: average daily utility!!!

Proofin:
https://github.com/meisser/course/blob/master/simulatio
n/documentation/Utility%20Metric.pdf
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