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- Richard Feynman



Today

ÅDiscussion of exercise 1, the Hermit

ÅSpecial solution method: golden ratio 
search

ÅClassic theory: The Walrasianmarket

ÅOur orderbook based market

ÅPrice exploration

ÅMoney

ÅPreparation of exercise 2
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Moving from hermits to collaborative, free market 
farming.



Final Hermit Ranking 



Analytical solution

10/4/2019 Agent-based Financial Economics - HS17 4



Analytical Solution

Discussed implementations are now in:
exercises/com/agentecon/exercise1
and named AnalyticHermit.java,
AdaptiveHermit.java



Golden Ratio Search
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Slides copied from 
aCh9/мст ά/ƻƳǇǳǘŀǘƛƻƴŀƭ 
9ŎƻƴƻƳƛŎǎ ŀƴŘ CƛƴŀƴŎŜέ ōȅ 
Prof. Karl Schmedders.



Golden Ratio Search
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Covariance Search
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1. Start at some work amount
2. Observe resulting utility
3. Update covariance between work and utility

(using a moving covariance, just like a moving 
ŀǾŜǊŀƎŜΣ ǘƘŀǘ ǘŜƴŘǎ ǘƻ άŦƻǊƎŜǘέ ƻƭŘ ǾŀƭǳŜǎ ƻǾŜǊ 
time)

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

5. Loop to step 2



Result
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Solution Methods in Comparison

Analytic Covariance Golden Ratio

Reproduce by running 
com.agentecon.exercise1.HermitCo
mparison

The analytic method only works for 
cobb douglasproduction functions.
The golden ratio method works for 
all convex functions.
The covariance method even works 
when the function parameters 
change over time.
Ą Trade-off between efficiency and 

adaptivity.
Ą Exploration vs. exploitation!



WalrasianMarket
ÅConsumers with endowment and utility function

ÅFirms with production function, maximizing profits and handing them 
back to the consumers

ÅAn arbitrary number of goods

Tatonnement process:

1. Walrasianauctioneer proposes price vector p

2. Every agent i tells auctioneer how much he would buy or sell:

3. If everything adds up, i.e.                     , markets clear and we have 
found the equilibrium.

4. If things do not add up, the Walrasianauctioneer tries a different p.

An equilibrium must exist under fairly generalconditions (Arrow, Debreu. 
1954). However, finding the equilibrium is in PPAD complexity class (very 
similar to NP, https://people.cs.pitt.edu/~kirk/CS1699Fall2014/lect4.pdf).
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Market Equilibrium
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Correspondingmarketequilibriumfrom
the book«EconomicFoundations of
Finance» by Sabine Elmiger and Thorsten 
Hens.

In contrastto our model, consumersdo 
not consumeanyman-hoursthemselves.

L: labor
w: priceof labor(wages)
p: pricesof goods
Y: productionvector
C: consumptionvector



Market Equilibrium: Price Taking
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The most important implicit assumption in the classic market setting is that of price-taking firms.

Does that make sense? Somewhat. J

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 price-taking behavior.

Obviously, there are not infinitely many firms 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 power-law 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.

9ȄŀƳǇƭŜΥ {ŀƳǎǳƴƎΩǎ ǊŜǾŜƴǳŜ ƛǎ мт҈ ƻŦ YƻǊŜŀǎΩ D5t ŀƴŘ нл҈ ƻŦ ƛǘǎ ŜȄǇƻǊǘǎΦ



Market Equilibrium Example

Take the Hermiteconomy, but separate production into a firm, so we
haveexactlyone firm and oneconsumer.

Consumer maximizesutility givenpricesand endowment:
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Market Equilibrium Example

Firm maximizesprofits givenprices:

Combiningtheseequationwith thoseof the consumer, we get the
exactsame resultasin exercise1.

10/4/2019 Agent-based Financial Economics - HS17 15



What if therearemultiple firms?
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Mathematical solution under homogeneity: determine 
optimal number of firms, divide inputs among them, 
multiply output again. Do the same for the consumers and 
their consumption.

There is an optimal number of firms, and the Cobb-Douglas 
production function turns into a linear production function 
ƛƴ ǘƘŜ ŀƎƎǊŜƎŀǘŜΗ 9ŎƻƴƻƳƛǎǘǎ Ŏŀƭƭ ǘƘƛǎ ǘƘŜ άǊŜǇƭƛŎŀǘƛƻƴ 
ŀǊƎǳƳŜƴǘέΦ !ƳŀȊƛƴƎΗ 

Aggregation can change the quality of something. All firms 
in aggregate behave differently than the firms individually.

Ą Emergence
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The Replication Argument

Individual Firm Aggregate Linear



Optimal number of firms
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Ą In theory, seven hermits could team up and create 
six farms to produce more than before with the 
same effort.

Ą In the next exercise, we will find out whether they 
will succeed at that.


