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TOURNAMENTS: APPLICATIONS
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TYPES OF MANIPULATIONS
 CONSTRUCTIVE MANIPULATION 

  Make a favourite team win

  DESTRUCTIVE MANIPULATION 

  Prevent a team from winning

 OTHER CONSIDERATIONS 

 Specific matchups,  Location, Playing time, Practice 
Time, etc
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Manipulation is reversing direction of the edge

No. Of vertices =No. Of teams

Direction of edge denotes who wins matchup

Weights on edges may denote points awarded
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How to ensure that favorite wins a 
knockout tournament?

We have predictive information about various 
match-ups

What if favorite didn’t have to play those it 
can’t beat….?



FIFA WORLD CUP’18
Knockout Stages
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Seeding in a Tournament
 Preliminary ranking for the purpose of draw/bracket. 

Originally used in Tennis

It describes a player’s path to the final and potential 
opponents in each round. 

Specific to the tournament.
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WINNER!



Is there a seeding to ensure that 
favorite wins the tournament ?
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Our problem: TOURNAMENT FIXING

INPUT: Win-lose graph

…introduced by Vu, Altman, Shoham AAMAS’09

QUESTION: Does there exist 
a seeding that ensures that 
favorite wins?

A

C

E

F G

H

B
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How hard is TOURNAMENT FIXING ?

 In general: NP-hard  [Aziz et al. AAAI’14]

 If there is a player who beats all 

 ie win-lose graph is acyclic Easy to 
decide
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Background on PC

In classical complexity, a decision problem D = (Input Values, 
Question) 

•  Input to the problem, n∈Z≥o  

• In multivariate algorithms, a decision problem D=(Input Values, 
Question, Parameter)

•  Some secondary aspect of the input k∈Z≥o
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• Algorithm A is fixed parameter tractable (or FPT) 
wrt k if it runs in time f(k)nO(1)

Algorithm A is slice-wise polynomial (XP) wrt k if it 
runs in time f(k)ng(k)

Introduction
Basic Notions

Reductions and Complexity Classes
The W hierarchy

Reductions
FPT and Ptime
para-NP and XP

What we have so far

Relations between the complexity classes we have so far are
illustrated by the next figure:

FPT

para-NP XP

Mart́ın Ugarte An introduction to Parameterized Complexity Theory

Parameterized Algorithms

�17
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TOURNAMENT FIXING is NP-Hard.

Parameter k = Number of pairings in which a 
player will beat a ``better player’’

Let k = Number of ``upsets’’ in the tournament

….But, how do we define better player ?

Number of upsets is likely to be much 
smaller than the matches played..
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A

C

✶

E

F G

H

B

We are given feedback arc set of the 
win-lose graph

We obtain a ranking of the players 
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TOURNAMENT FIXING, k arcs away from acyclic

INPUT: Win-lose graph 
QUESTION: Does there exist a seeding that 
ensures that favorite wins the tournament?

(2) 2O(k2log k)poly(n) using ILP [Ramanujam et al]

KNOWN RESULT: (1) Solvable in O(nk) [Aziz et al]

(3) Best algorithm runs in time 2O(k log k)poly(n) [G, Roy, 
Saurabh, Zehavi, IJCAI’19] & polynomial-sized kernel



What if no favorable seeding 
exists for favorite ?
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Can favorite win with bribery?

QUESTION: Is it possible to fix some (say l) matches so 
that there is a seeding that enables favorite to win ?

INPUT: Win-lose graph 

Can we reverse l arcs in the win-lose graph so that 
there will be a seeding that will enable favorite to win ?
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Can favorite win with bribery?

Answered in 2npoly(n) time & poly(n) space, n := 
number of players.

Answered in 2O(k log k)poly(n) time & poly(n) space, 
k := FAS of win-lose graph

 Uses our algorithm for TOURNAMENT FIXING
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How can favorite win with bribery?

Sufficient to fix matches that feature favorite

Sufficient to fix matches that feature favorite 
and someone from ELITE CLUB

Once we know which matches to fix, find the 
seeding using our earlier algorithm

Properties used by 

our algorithm. 



What if we want to manipulate 
“minimally”



OPTIMAL MANIPULATION



INPUT: Win-lose graph , initial seeding, integer d

OPTIMAL MANIPULATION



QUESTION: Is it possible to find a seeding that 
enables favorite to win &  is at most d Hamming Dist 
away from the initial seeding ?

INPUT: Win-lose graph , initial seeding, integer d

OPTIMAL MANIPULATION
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MOTIVATION
S0 = p1  p2  …  … pn-1  pn

S1 = pn  p2  …  … pn-1  p1

S2 = p2 p3  …  pn-1  pn p1

S3 = p2  p1  …  … pn  pn-1

HamDist(S0,  S1)= 2

HamDist(S0,  S2)= n

HamDist(S0,  S3)= n

Initial Seeding
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Does favorite have an optimal seeding ?

Answered in 2O(n) time

  Unlikely to be answered in f(d)poly(n)-time

 W[1]-hard with respect to d
[G, Saurabh, Zehavi]
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IN CONCLUSION

 Interesting class of problems

 Interesting structural properties 

 Many secondary ad tertiary 
parameters to consider



THANK YOU!




