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Markets are of 
major 

importance, but 
how exactly do 

they work?

How does 
electronic trading 

on digital 
markets work? 

Why do traders 
pay so much to 

put their servers 
close to the 

central server at 
the exchange?

Why are 
microseconds 
important in 

trading?

And many other 
questions …

Is a market a 
multi-agent 

system? Or is it 
the other way 

around?
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A typical market model

  
  
 

          

  
           



The Calculus: the paradigm to study change and causality
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           John von Neumann (1947)

“The calculus was the first 
achievement of modern 

mathematics and it is difficult to 
overestimate its importance.”

differential 

calculus

integral 

calculus



“All models are wrong”

George Box (1919-2013)
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“All models are wrong”
but some are useful”

George Box (1919-2013)
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We argue that 

new models are 

needed to study 

the digital world!
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We live in a digital world

“digital avatars, digital banking, digital books, digital communication, 
digital data, digital education, digital entertainment, digital health, 
digital identities, digital manufacturing, digital media, digital 
metering, digital money, digital music, digital phones, digital 
processes, digital production, digital products, digital publishing, 
digital retail, digital service machines, digital shops, digital sports, 
digital systems, digital teaching, digital television, digital tickets, 
digital twins, digital worlds, et cetera.” 

Source: Fettke, Reisig (2014)
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The digital world 
is no longer 

analog. But what 
are its core 

aspects?

(Electronic) Data?

(Automated) 
Actions?

(Virtual) 
Systems?

Or something 
else?



Core of the digital world: discrete steps
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a   b

c   

 
Key observations

• a is independent of c and
c is independent of b

• but a is not independent of b,
in fact, a causes b

• causal independence is not
transitive



   

   

   

  

  

   

 

Cause, effect and independence:
a deeper look
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cause of event

effect of eventindependent of 
eventassumptions

1. discrete steps 

2. discrete steps that partially order 
cause, effect, and independence

3. clock time follows causal time –
and not vice versa
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What is a market?
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“Marketing is King!”
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Vol. 216, December 30, 1967



“Marketing is King!”
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Vol. 216, December 30, 1967

“Marketing ... should be the paramount 
activity in a company’s operations, and 
must antedate and determine even the 
discovery in the research laboratories.”



Commercial break
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What is a market?

“A market is a group of economic agents 
who are trading a good or service plus the 
rules and arrangements for trading.”*

40

Daron Acemoglu
(Nobel Prize in Economics in 2024)

* Source: Acemouglu et al.: Economics, 3rd ed., 2022, p. 97.
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(number of) 
sellers

(number of) 
buyers

How to sell? How to 
buy? How to discover 
prices? Et cetera.

types of goods 
and services Daron Acemoglu

(Nobel Prize in Economics in 2024)

* Source: Acemouglu et al.: Economics, 3rd ed., 2022, p. 97.
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European Price Indication Directive
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European Price Indication Directive
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“The selling price must be unambiguous, 
easily identifiable and clearly legible.”

Source:
https://commission.europa.eu/law/law-topic/consumer-protection-law/unfair-commercial-practices-and-price-
indication/price-indication-directive_en
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Bazar: one seller and one buyer

54

seller
decide 
to sell

Frank asks 5

decide 
to buy

buyer

settle 
trade

trade

Gina bids 9

deal 
(Frank, 7, 

Gina)



Bazar: one seller and one buyer

55

seller
decide 
to sell

Frank asks 5

decide 
to buy

buyer

settle 
trade

trade

Gina bids 9

deal 
(Frank, 7, 

Gina)



Bazar: one seller and one buyer

56

seller
decide 
to sell

Frank asks 5

decide 
to buy

buyer

settle 
trade

trade

Gina bids 9

deal 
(Frank, 7, 

Gina)



Bazar: one seller and one buyer

57

seller
decide 
to sell

Frank asks 5

decide 
to buy

buyer

settle 
trade

trade

Gina bids 9

deal 
(Frank, 7, 

Gina)



Bazar: one seller and one buyer but no deal
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better deal possible for seller
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Bazar: same sellers and same buyers,
but different deals – lack of coordination
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Stock exchange (opening) auction: one seller 
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discrete steps that partially order
“the rules and arrangements for trading”, 
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