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Today

ADiscussion of exercise 1, the Hermit

A Special solution method: golden ratio
search

A Classic theory: The/alrasianrmarket
AOur orderbook based market

A Price exploration

AMoney

A Preparation of exercise 2

Quelle: Deutsche Fotothek

Moving from hermits to collaborative, free market
farming.
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Final Hermit Ranking

Rank Consumer Utility Source Version

1 team205-Hermit  4.487127668778711 source  Rino Beeli on 2019-09-28T11:59:17Z

2 team210-Hermit  4.487127668778711 source  fr-chris on 2019-10-03T10:56:09Z

3 team208-Hermit  4.487127668778711 source  Alan Dee on 2019-09-30T18:38:59Z

4 team201-Hermit 4.487127668778711 source lucamaria on 2019-10-02T17:39:297

5 team202-Hermit 4.487127668778711 source lovelylein on 2019-09-30T17:00:54Z

6 team203-Hermit 4.487127668778711 source carla on 2019-10-02T13:05:40Z

7 team206-Hermit 4.164133234547787 source Luzius Meisser on 2019-09-27T08:44:06Z
8 team204-Hermit 4.164133234547787 source  Luzius Meisser on 2019-09-27T08:44:06Z

9 team207-Hermit 4.164133234547787 source Senad77 on 2019-09-27T14:05:09Z2



Analytical solution
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Analytical Solution

maz U(hyorr) = 10g(24 — hyort) + L0g((Rworr — 6)%520-2 )

Iand
\ ))o" s here . . . .
Discussed implementations are now in:
f land (s constant exercises/comagentecorexercisel
: _ & ( and named AnalyticHermit.java,
WLENIE log (2.9~ hl* los((h =Tk AN AR = logQ@arh) + oy leg (hah )< AdaptiveHermit.java
- Lx(o) CDS&

UL gL
Zla 24-F malL

N .
", P4-1) = V"‘)‘\
s (Z4=h) t protected double calculateWorkfAmount(IStock currentManhours) {

=) 2}*U¢\71\¢ : h f‘G%\k double weight = prodFun.getkWeight(currentManhours.getGood()).weight;
double fixedCost = prodFun.getFixedCost(currentManhours.getGood());
SR 2% o the return (currentManhours.getAmount() * weight + fixedCost) / (1 + weight);
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Golden Ratio Search

Comparison Method for One-dimensional Optimization
Bracketing search method: Golden ratio search
Find local minimum of function f on interval [a,b]

Select two interior points ¢, d, such that a < e <d < b

Case 1: f(c) < f(d) minimum must lie in [a.d]
replace b with d, new interval [a,d]

Case 2. f(¢) > f(d) minimum must lie in [c,b]
replace a with ¢, new interval |[c,b]
Now repeat the iteration on the new interval

Question: How to choose ¢ and d7
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Golden Ratio Search

Choosing Points

Select ¢ and d such that the intervals [a,c] and [d,b] have the
same length, soc—a=5b—-4d

c = a+(1l—-r)(b—a) = ra+(1—-1r)b
d = b—(1-r)(b—a) = (L—r)a+rb

where 3 < r < 1 to ensure ¢ < d

One of the old interior points will be an endpoint of the new
interval; for efficiency, use the other interior point also as an
interior point for the new subinterval, so in each iteration only
one new interior point and only one new function evaluation is
needed

If f(c) < f(d) then these conditions require

d—a c—a

b—a d—a

Golden Ratio

d—a __ c—a
b—a d—a
r(b—a) (1—7r)(b—a)

— b—a r(b—a)
P — r — (11—7'}
“— r?2 = 1—7
— ?+r—1 =0
R - —1&5\/5

and thus r is the golden ratio,

r_—1+\/§
- 2

~ 0.618034

Interior points
c = a+ (1 —r)(b—a)
d = a+r(b—a)
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Covariance Search

Start at some work amount

Observe resulting utility

Update covariance between work and utility
(usmg a movmg covariance, jUSt like a movmg

F SNF 3SsT 0KIFIG G4SyRa 2
time)

Either work 1% more or less, depending on sign of
covariance

Loop to step 2

public class CovarianceControl implements IControl {

private MovingCovarianceAlt cov;
private IBelief belief;

publlc Euvarlancetnntrul(duuhle start, double memory) {

Qa ‘F‘%lN@l"Sﬂf gev C?#ERF“@"FEIﬁ o acak:

his.cov = new MovingCovarianceAlt(memory);

public double getCurrentInput() {
return belief.getValue();
b

public void reportOutput{double ocutput) {
this.cov.add(getCurrentInput(), output);

2215 S NJ

boolean upwards = this.cov.getCovariance() > 8;

this.belief.adapt(upwards);
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Result

Solution Methods in Comparison
4.55

4.5
4.45
4.4
4.35
4.3
4.25
4.2
4.15

4.1
0 20 40 60 80

—Analytic Covariance Golden Ratio

10/4/2019 Agentbased Financial EconomiddS17

Reproduce by running
com.agentecon.exercisel.HermitCo
mparison

The analytic method only works for

cobbdouglagroduction functions.

The golden ratio method works for

all convex functions.

The covariance method even works

when the function parameters

change over time.

A Tradeoff between efficiency and
adaptivity.

100 A Exploration vs. exploitation!



WalrasianViarket

A Consumers with endowment and utility function

A Firms with production function, maximizing profits and handing them

back to the consumers Léon Walras <
A An arbitrary number of goods French economist

Tatonnement process:

1. Walrasianauctioneer proposes price vector p
Marie-Esprit-Léon Walras was a French mathematical

2.  Every agenitells auctioneer how much he would buy or s«l3; economist and Georgist. He formulated the marginal
theory of value and pioneered the development of general
3.  If everything adds up, i.>_ z; = 0 , markets clear and we have equilibrium theory. Wikipedia
found the equilibrium. Born: December 16, 1834, Evreux, France

. . . . . Died: January 5, 1910, Montreux
4. If things do not add up, th&/alrasianauctioneer tries a different p. Y o |
Parents: Auguste Walras, Louise Aline de Sainte-Beuve

An equilibrium must exist unddairly generalconditions (Arrow, Debreu. Education: HEC Lausanne, Mines ParisTech
1954). However, finding the equilibrium is in PPAD complexity class (very Influenced: Alfred Marshall, Vilfredo Pareto, Joseph
similar to NP, https://people.cs.pitt.edu/~kirk/ CS1699Fall2014/lect4.pdf). Schumpeter, MORE
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Market Equilibrium

Correspondingnarketequilibriumfrom

the book «<Economid-oundationsof
Finance>by Sabine Elmiger and Thorsten
Hens.

In contrastto our model, consumersilo
not consumeany man-hoursthemselves

L:labor

w: priceof labor(wageg
p: pricesof goods
Y:productionvector
C.consumptionvector

A market equilibrium is an allocation of supply and
(Ls*.Y*, L%, C*) as well as a price-wage system (w*,p*), so that

the firm maximizes profits

(L¥.Y*) eargmax 7 =p*Y —w* L?
LdYy

s. t. Y = F(L9),
the household maximizes utility
(L5, C*) e argmax U(C)
Ls.C
s. t. p*C=w"Ls+7*, L°<L,

and markets clear

L™ = L% and C* = Y™,

demand

Note that the point, =, where f(r) takes the maximum in a maximization

problem max f(x) is called the argmax f(x).

Box 2.1: Market equilibrium. Definition of equilibrium in the basic economic model.
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Market Equilibrium: Pricéaking

The most important implicit assumption in the classic market setting is that of-fakpeg firms.
Does that make sense? Somewnhht.

The argument goes like this: if there is an infinite number of firms, none of can have an impact on
prices, and thus they will exhibit pure pritaking behavior.

Obviously, there are not infinitely mafiyms in reality, butmaybe it is a good approximation as
most firms are small in comparison to the whole economy?

No, because the distribution of firm sizes follows a poVesv that does not even have a well
defined average! Even if there are infinitely many firms, there will always be firms that can
measurably impact prices.

9EI YL SY {IYadzy3dQa NBGSydzS Aa wmt: 2F Y2NBI &0



Market Equilibriuniexample

Takethe Hermiteconomy but separatgroductioninto a firm, sowe
haveexactlyone firm andone consumer

Consumelmammlzesutlllty givenpricesand endowment
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Market Equilibriuniexample

Flrm maX|m|zesprof|ts givenprices
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Comblnmgtheseequaﬂonwﬂh those of the consumeywe getthe
exactsameresultasin exercisel.



Whatif there are multiple firms?

Mathematical solution under homogeneity: determine The Replication Argument
optimal number of firms, divide inputs among them,
multiply output again. Do the same for the consumersand 18 |
their consumption. 16 g
14 3

There is an optimal number of firms, and the Cdbtuglas 12

production function turns into a linear production function 10
AY GKS | 33aINB3IIFGSH 902y2YAada OFf

I NBdzYSyidé¢o ! YIT Ay 3H 6

4

Aggregation can change the quality of something. All firms 2

In aggregate behave differently than the firms individually. 0
0 20 40 60 80 100

A Emergence

—Individual Firm Aggregate Linear
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Optimal number of firms

K OQumber o*:v ‘f{rms

I
+

[4): araduetlon funchen A In theory, seven hermits could team up and create
~agaresaie producken funchion six farms to produce more than before with the

mox k4 (%5 Fl(k) same effort.

K : 1 . 2
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IAEETENTN A In the next exercise, we will find out whether they
HEAEN B G will succeed at that.
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