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WHAT IS THIS COURSE ABOUT ?

Procedures for collective decision-making



Voting



Voting

Vote 1 : A B > C

votu 2 : < < B < A

vote 3 : A < B < C

votu 4 : B < A < C



Voting Matching

Vote 1 : A B > C

votu 2 : < < B < A

vote 3 : A < B < C

votu 4 : B < A < C



Voting Matching Apportionment
543 Lok Sabha seats

Vote 1 : A B > C up : 80

votu 2 : < < B < A

vote 3 : A < B < C Maharashtra : 48

vote 4 : B < A < C

West Bengal : 42

Delhi : 7

i
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Voting Matching Apportionment

fairness is paramount !
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UNFAIRNESS IN VOTING

Vote 1 : A B > C

votu 2 : A < < < B

vote 3 : A < B < C

votu 4 : B < A < C

vote 5 : < > B < A

Choosing B as election winner seems unfair

as majority prefus A over B



UNFAIRNESS IN MATCHING

...i



UNFAIRNESS IN MATCHING

...i

has justified envy towards



UNFAIRNESS IN RESOURCE ALLOCATION

Suppose house size = 2
.

State Population Seats in parliament

A 200 0 2

B 1000 O

C 1000 O

4000



GOALS OF THIS COURSE

* A mathematical view of societal problems

A Provable and rigorous demonstration of fairness

* Efficient algorithmic solutions

* Learn about historical development of these topics



WHY SHOULD YOU DO THIS COURSE ?

* Gain awareness of applications of computer science

to problems in economics and social sciences

A Research experience

* Challenging and practically-relevant problems



LOGISTICS



LOGISTICS

INSTRUCTOR : ROHIT VAISH (Please call me Rohit

TA : PAYAS KHURANA

LECTURES : Mon
,
Thus 2-3 : 20Pm 11614

OFFICE HOUR : Thus 4-5 PM Bharti 428



COURSE WEBPAGE



TEAMS CHANNEL



EVALUATION

No minor
,
No major
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EVALUATION

In-class quizzes Research project
~ 10 mins/lecture

/

a Read papus
A worst three scores

dropped
* Develop your own research
questions/open problems
mid-ter presentation

Assignments (3x10 % ] A Contribute new insights
A n4 his on three Sundays

end - turn presentation +

report
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EVALUATION

In-class quizzes Research project
/

Assignments (3x10 % ]
Audits : Not allowed

Attendance : Not recorded [ willusequizzes tassignmenta
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RE-EVALUATION

In-class quizzes Research project
no make-up quizzes no make-up presentations
Choust 3 scors dropped)

Assignments (3x10 % ]
No minor/major

no make-up assignments
=> No reminor/remajor

If you anticipate missing an evaluation
, inform me in advance.



REGRADING

A Gradescope : Sign up only withI dept. itd , not oit

* "Frivolous" requests : - 2% in overall score for first one

subsequently
- 4 %, -0 %, -16%...

If in doubt
,
talk to me.



PLAGIARISM

Any kind , at any stage : F grade

If in doubt
,
talk to me.



COMMUNICATION

* Most important !

* Please reach out to me about ANY issues anytime.

* I hope you will enjoy learning about fair algorithms.



PART I

A PPORTIONMENT





-

US Constitution
,
Article 1

,
Section 2

,
Clause 3

came into force on March 4th
, 1789





① proportionality is the ideal
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Representative population
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① Proportionality is the ideal & Basis of proportionality :

Representative population

③ Periodic revisions (Census) to ⑨ upper andlown bounds

account for shifts in population on no· of representatives

Missing : Exact no. of representatives & Method of apportionment
(the "how many" (the "how")
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A n states with populations Pi , Pe :, Pn . (PiTO)

* House size ho

Goal : Assign seats S . S ..... Sn Elyo such that

5 + S +... + Sn = h
.
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THE MODEL

A n states with populations Pi , Pe :, Pn . (PiTO)

* House size ho

Goal : Assign seats S . S ..... Sn Elyo such that

5 + S2 +... + Sn = h
.

(apportionment method)

* Total population P = P , + P2 + - . + Pr

* Standard quota of state i : N : = Pixh (entitlement)
* upper quota : TqiT ,

hown quota : (vi)
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NAIVE ROUNDING FAILS

House size h= 10

State Population pi Quota q ;

A 36 3 . 6

B 37 3 .7

C 27 2 .7

P = 100 10



NAIVE ROUNDING FAILS

House size h= 10

State Population pi Quota : Naive Rounding
A 36 3 . 6

B 37 3 .7 ?

C 27 2 .7

P = 100 10



NAIVE ROUNDING FAILS

House Size h= 10

State Population pi Quota q : Naive Rounding
A 36 3 .64 9

B 37 3 .79 4

C 27 2 .7 ↑ 3

P = 100 10 11
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US constitution enacted

1790
g f I -

March oh March 26

1789 1792

census

Pr 3 . 6 million



Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

1790
g f I -

March oh March 26

1789 1792

census

Pr 3 . 6 million



ALEXANDER HAMILTON

* One of the Founding Fathers of US

* First US Secretary of Treasury

* Founded US's first political party

*Subject of a renowned musical 1755 - 1004
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Jaka method of largest remainder)
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HAMILTON'S METHOD

Jaka method of largest remainder)

* Assign each state : its lower quota (i).

* Assign remaining seats one at a time to the

state with the largest remainder + = N: -(vi)
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HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi

A 198

B 399

C 403
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HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 . 98

B 399 33. 99
?

C 403 4 : 03

p = 1000 10



HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 . 98 1

B 399 33. 99 3

C 403 4 : 03 4

p = 1000 10 8



HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 . 98 1

B 399 33. 99 3

C 403 4 : 03 4

p = 1000 10 8



HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 . 98 1

B 399 33.99k & 4

C 403 4 : 03 4

p = 1000 10 9



HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 .98 X 2

B 399 33. 99 & 4

C 403 4 : 03 4

p = 1000 10 * 10



HAMILTON'S METHOD EXAMPLE

House size h= 10

State Population pi Quota qi Hamilton

A 198 1 . 98 X 2

B 399 33. 99 & 4

C 403 4 : 03 4

p = 1000 10 * 10

Done !
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Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

Bill becomes a law

1790
g f I I -

March oh March 26 April 06
1789 1792 1792

census

Pr 3 . 6 million



PEORGE WASHINGTON

* First US President

a known as "Father of the Nation"

in US

1732 - 1799



THOMAS JEFFERSON

* First Secretary of State
Under George Washington)

& Second Vice-President

(unde John Adams)

A third President

1743-1826



Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

Bill becomes a law

1790
g f I I -

March oh March 26 April 06
1789 1792 1792

--
census

Pr 3 . 6 million GW must decide in 10 days
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Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

Bill becomes a law

1790
g f I I I -

March oh March 26 April 04 April 06
1789 1792 1792 1792

census

Pr 3 . 6 million GW consults Jeffuson
and Randolph
(both Reject Hamilton)



States gaining a
seat (A) have fewer than 30 , 000 people/representative
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Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

Bill becomes a law

1790
g f I I I I -

March oh March 26 April 04 April 05 April 06
1789 1792 1792 1792 1792

census

Pr 3 . 6 million GW consults Jeffuson
and Randolph
(both Reject Hamilton)



Congress passes a bill proposing
US constitution enacted the use of Hamilton's method

Bill becomes a law

1790
g f I I I I -

March oh March 26 April 04 April 05 April 06
1789 1792 1792 1792 1792

census

Pr 3 . 6 million GW consults Jeffuson GW vetoes Hamilton

and Randolph (first even veto in US histry)
(both Reject Hamilton)




