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ROLE OF ALGORITHMS
Definitions
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What is an Algorithm ?

S No

Definition

1

Sequence of rules that should be performed in an exact order to carry out a certain
task (OECD 2017)

2

Unambiguous, precise, list of simple operations applied mechanically and
systematically to a set of tokens or objects (Wilson and Keil, 1999)

3

Process or set of rules to be followed in calculations or other problem solving
operations, especially by computer

4

Procedure or formula for solving a problem, based on conducting a sequence of
specified action

5

-Unambiguous specification of how to solve a class of problems

ROLE OF ALGORITHMS
Types of Algorithms

4

Broad Structural Classification of Algorithms

S No Structure

Characteristics

1

Sequence

characterized with a series of steps, and
each step will be executed one after
another

2

Branching
(Selection
Type)

represented by "if-then" statements. If a
Understandable decision
condition is true, the output will be X,
making process
else the output will be Y.

3

Looping
process is repeatedly executed under a
(Repetition certain condition. Represented by “do
Type)
while" and "for" conditions.

Which of these pose challenge to antitrust authorities ?

Simplest and part of every
algorithm

Complex. Risk of entering
infinite loop if the exit
condition is not specified
accurately

ROLE OF ALGORITHMS
Changes in Market Structure
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S No

Role – increase likelihood of tacit collusion

1

increased capacity to collect and analyse large amounts of data helps
competitors to understand each other’s production functions and business
strategies

2

use of algorithms reduces the risk of mistakes that firms make when they try
to meet and discuss collusion and the implementing conditions etc. in person

3

unlikely to succumb to human biases

4

increase the frequency and decrease the latency of transactions between
market participants

ROLE OF ALGORITHMS
Advantages
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S No

For Firms

For Customers

1

Optimisation – dynamic pricing,
increase efficiency

More and better choices to customers

2

Reduction in costs – transaction
costs, operating costs etc.

Tailored products and services

3

Predict market trends effectively

Reduce search cost

4

Customize products and services

ROLE OF ALGORITHMS
Harms
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S No

Harm

1

Facilitate Anticompetitive Conduct

2

Create incentives to collude

3

Firms can decipher the customer preferences and behaviour – without the
knowledge or consent of the consumer

4

Appropriate entire consumer surplus by perfect price discrimination

5

Algorithms can work in ways not understandable by the implementing firms
themselves

ROLE OF ALGORITHMS
Harm - Perfect Price Discrimination
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S No
1

Historically, first-degree price discrimination has been very difficult to
implement, mostly for logistical reasons – prof. John Gourville.

2

Using big data, algorithms are now able to suggest different prices to each
individual customer.

3

E.g. online retail platforms collect so much data that are able to send
promotional prices to particular target groups or even individuals

4

Cab aggregating apps have past and real-time information about each
individual and can find his/her ability and willingness to pay

ROLE OF ALGORITHMS
9

S No

Harm - Ways to Algorithmic Collusion - OECD
Ways to collude

1

Monitoring Algorithms – avoid firms from undercutting prices (require human
intention)

2

Parallel Algorithms – algorithms that are similar or shared by different firms

3

Signalling Algorithms – engage in a number or game theoretic strategies to
observe the reaction of the competitors and arrive at a outcome which is close
to monopolistic that were not possible earlier

4

Self-Learning Algorithms (Digital Eye) – machine learning models where the
process of decision making not being deciphered

Source: Ezrachi & Stucke, Virtual Competition

ALGORITHMS IN HORIZONTAL CONTEXT
Algorithms as agents
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S No

Algorithms as agents

1

Algorithms are used to monitor prices and implement cartels and
punish deviations

2

Similar to explicit agreements to collude

3

Algorithms are mere agents of the human executives

Example 1 – The US poster-cartel case. Algorithms collected competitors’ pricing
information, with the goal of coordinating changes to their pricing strategies for the sale of
posters on Amazon Marketplace.
Example 2 – Trod Ltd. (doing business as Buy 4 Less, Buy For Less and Buy-For-Less-Online), a
U.K. company headquartered in Birmingham, England, pleaded guilty to fixing the prices
of certain posters sold online through Amazon Marketplace from as early as September
2013 until in or about January 2014. Trod Ltd. was indicted by a federal grand jury in the
Northern District of California in San Francisco on Aug. 27, 2015.
- DoJ press release.

ALGORITHMS IN VERTICAL CONTEXT
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Hub and Spoke

Hub-and-spoke

Whether the common agent uses an algorithm for directly determining the
prices that ought to be charged or whether the parties have their individual pricing
algorithms coded by the common agent so as to produce collusive pricing
strategies, the firms participating in such structures do form a sort of “hub and
spoke” cartel - (note from EU to OECD)
Example 1 – Airlines are using algorithms pricing algorithms from same third party to
increase the price when there is a sudden surge in demand
Example 2 – Cab aggregators use algorithm to fix price (which sometimes may be high) on
behalf of drivers, in a hub-and-spoke kind of arrangement

ALGORITHMS IN VERTICAL CONTEXT
Airlines case
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S No

Allegation - (exploitative pricing ? by collusion ?)

1

Airlines are using algorithms to increase the price when there is a sudden
surge in demand.
With the use of algorithms, airlines are able to do this within very short
period of time using the prices as signals to collude

2

Multiple airlines are jumping the buckets from lower to higher even when
the seats in lower buckets are not fully booked.

3

Prices increased between 3 times to 10 times during the alleged period of
2 to 3 days.

Issue: Are all the airlines using same/similar dynamic pricing algorithm ?

ALGORITHMS IN VERTICAL CONTEXT
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Airline Pricing Algorithms - Complexity

Are all the problems solvable by algorithms ?

Airline pricing has grown very complex.
It is now practically impossible to design an algorithm that will find the optimal fare.
Finding the optimal airfare between two given locations is actually unsolvable.

Even if you specify the actual routes of the flights, finding the lowest fare could take the
fastest computers billions of years to solve.
Different pricing rules interact in ways that not even those who designed the pricing
systems could fully understand.
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S No

ALGORITHMS IN VERTICAL CONTEXT
Cab aggregators case
Allegation

Observation

1

Cab aggregators use algorithm to fix
price (which sometimes may be high)
on behalf of drivers, in a hub-andspoke kind of arrangement

Ola and Uber are not association of
drivers.
Algorithmic pricing is intrinsic to the
business model.

2

Drivers not able to offer lesser price
than what is prescribed by the
algorithm (RPM)

There is no proof of agreement.
The algorithmic price is not always
higher than what drivers would offer
otherwise.

3

Cab aggregators able to price
discriminate

Neither of the aggregators is dominant

ALGORITHMS IN VERTICAL CONTEXT
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Dynamic Pricing

Some interesting observations about dynamic pricing:

S No

Uber Surge Pricing

Online sellers on Amazon marketplace

1

High surge multiplier
reduce/increase demand from
riders ?

Does offering the least price guarantee
that BuyBox algorithm will suggest the
seller ?

2

Drivers are less/more likely to drive
into the area of surge pricing ?

Less than 5% of sellers covered 51% of
products offered in prominent spacing

3

No. of drivers leaving the area
decreases/increases in surge area ?

Algo sellers more/less likely to win the
Buy Box than non-algo sellers ?

4

Is surge pricing effective at
incentivising drivers to increase
supply ?
Source: Study conducted by Le Chen and Christo Wilson

APPLYING TRADITIONAL CONCEPTS
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Most Algorithms

Price Matching algorithms, Supervised Learning and Unsupervised Learning algorithms
can be investigated under the existing provisions of the competition law
Supervised Learning: Arriving at prices based on past data
Unsupervised Learning: Identifying different categories of products into groups (that a
particular customer is likely to purchase)
Not new to economists
- Example: regression analysis, using demand and supply forecasts based on
econometric models to arrive at optimal future price etc.
Firms may still need to have intention and explicitly code the algorithm to arrive at
collusive outcome
Enforcement Solutions? – existing rules sufficient, but enforcement agencies need to
develop expertise or hire external experts in understanding how algorithms work

Interaction in Oligopoly…
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There are various ways oligopolists can interact with competitors in a market

Overt
Collusion
•
•

Price fixing
Market
sharing

Tacit
Collusion
Effects are similar to
overt collusion, but
without explicit
agreement

Conscious
parallelism

Non-conscious
parallelism

Takes into account the
reactions of his rivals to
any price cut or
increase

Independent
behavior, compete
without
coordination

18

Conditions for Tacit Collusion

The Comparative Statics of Collusion Models
•Asymmetry between players strongly undermines collusion

•Intransparency undermines collusion
•Rapid interaction makes collusion easier (mostly)

•A host of other things
 Irreversibility of decisions can make it very hard

 Folklore about homogeneous goods
 Etc., etc.
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The theory does not address the coordination problem

Coordination problems are hard to solve without communication, even in simple static
games

Repeated games have a very large number of equilibria (a continuum of outcomes, each
supported by a continuum of strategies)
Firms have to coordinate on complicated contingent strategies. Can they do this
implicitly ?

Even many economists believe yes – the evidence looks a little different
Older literature: 2 action 2 person games often shows significant tacit collusion, however,
this does not carry over to more complicated games

20

Tacit collusion all but disappears with more than two players

These are perfectly transparent markets! Market transparency does not cause collusion!
These are games with high frequency of interaction! This does not cause collusion!
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What does this imply for algorithmic collusion?

Algorithms are arguably “rational” in perusing well-defined programmed objectives

But rationality and even common knowledge of rationality does not resolve
coordination problems
Why would algorithms be better at solving coordination problems without
communication?
How would algorithms establish a common language that would allow
communication and agreement without that being explicitly programmed and the
programming be coordinated between the algorithms?

22

Models in which spontaneous collusion
occurs?

Salcedo (2017)

• Algorithm becomes perfectly known to the competitor after some time
• This is critical because it allows to design an algorithm that reacts collusively
to that of the rival and punishes potential pro-competitive behaviour – which
in turn allows the rival to redesign the algorithm
• Effectively establishes communication and coordination about the algorithm

• Decoding of algorithm akin to explicit collusion

APPLYING TRADITIONAL CONCEPTS
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Deep Learning Algorithms - 1

Deep Learning Algorithms: The most complex class of algorithms using a different structure
where there are multiple hidden layers that try to work like human brain

The firms may not have intent to arrive at a collusive outcome, but the algorithm
may reach the monopolistic outcome of joint profit maximisation
Difficult to decipher or reverse engineer what to be modified in the algorithm to
make it compliant with antitrust principles
No practical instances observed (at least in India)
Enforcement Solutions? – Too early to predict the possible effects and attribute
liability to a firm. However, may keep watch for any instances.

APPLYING TRADITIONAL CONCEPTS
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Deep Learning Algorithms - 2

Issue: The firms may not have intent to arrive at a collusive outcome, but the
algorithm may reach the monopolistic outcome of joint profit maximisation
Conditions for arriving at joint profit maximisation

Commitment (stability) in short run pricing policy. (i.e.) algorithms objective
function should not be maximise revenue on each unit but over a bundle of units
over time in short-run
Commitment is imperfect
Pricing algorithms are responsive to market outcomes
Pricing algorithms are observable – multiple firms using similar algorithms (is it
possible to decipher competitor’s algorithm ?)

APPLYING TRADITIONAL CONCEPTS
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Algorithmic Coordination – some studies

Analysed in repeated games framework. There are infinite Nash equilibria. It is not clear
how players choose equilibrium

Miller demonstrates that if the moves of the opponent cannot be perfectly observed,
only very limited degrees of cooperation will arise.
replicator dynamics (genetic algorithms) leads to a collusive outcome in a two-player
prisoner’s dilemma played by finite automata.

Simulations have shown that satisficing learning converges to one-shot Nash equilibrium,
but agents occasionally learn to cooperate
Under certain conditions, reinforcement learning and the replicator dynamics of
evolutionary game theory both converge to the same equilibrium. (Borgers/Sarin)
- But no conclusion about cooperation in repeated prisoners’ dilemma
Erev/Roth (1999,2001) show that simple reinforcement learning will in general not
lead to a cooperative outcome

LIABILITY – PROGRAM/PROGRAMMER/FIRM
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Who is liable ?

Level of control and predictability present in the relation between algorithms and their
developers/implementers can be of importance in framing legal provisions and sanctions
If the firms define the external parameters considered by the algorithm, the firms may
be held accountable – monitoring and hub-and-spoke type of algorithms can be covered
under existing provisions in the Competition Act, 2002.
However, “deep learning” algorithms are complex. They are able make decisions
independently of pre-set rules and parameters. They may also find patterns humans
would not detect. It is uncertain whom to hold liable in such case.
• Digital eye type of algorithms fall outside the scope of existing provisions. Even if
amendments are made to the provisions, it is difficult to hold firms guilty of
communication by the machines.
• Is it reasonable to expect firms to hard code to avoid situations that lead to collusive
outcome when there is no clarity of if and how those outcomes occur ?

POLICY IMPLICATIONS
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1
2
3

4
5

Enforcement Challenges
Does agency have the skills to analyse the algorithms to infer the
possibility and nature of harm ?
If not, the time to develop expertise in-house?
How to verify if algorithms have colluded and whether the prices arrived at
are the collusive prices?
If external expertise is sought, are the firms willing to allow them to
scruitinize their proprietary algorithms by external experts?
Does the agency have enough staff and resources to give priority to
algorithmic pricing over other established antitrust violations?

6

Functioning of deep learning algorithms is hard to explain to third parties

7

Prohibiting some algorithms may effect the efficiency of market outcome

POLICY IMPLICATIONS
Algorithmic Collusion - Action Plan
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1

Engage algorithm experts in the Commission

2

Enforcement authorities need to be trained to handle relevant cases

3

Tools to detect algorithmic collusion need to be developed in-house in
conjunction with external experts.

4

Regulatory reform may be needed in future

5

A policy may be developed by competition authorities in coordination with
consumer protection authorities, data protection authorities, sectoral regulators
and computer science experts

6

Provisions to bring in tacit collusion under the ambit of law may be considered.
Tacit collusion is still not prohibited. Human intervention is needed to prove
cartels.

7

Particular type of algorithms may be prohibited. But then they may be intelligent
enough to circumvent the provisions in addition to effect on market efficiency.
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