
CS 396: Online Markets

Lecture 1: Ride Sharing
Topics:

• ride sharing problem
• algorithms, online algorithms, mechanisms
• first price auction
• ascending auction
• second price auction

Exercise: Elevator Problem
Setup:

• two elevators: floors 0 and 7
• three riders:

– Alice from 1 to 4
– Bob from 5 to 6
– Charlie from 3 to 2

• cost 1 to move elevator each floor.

Find plan for elevators to minimize total cost

Example: Ride Sharing
“a.k.a., the Uber problem”

input:

• k drivers at initial locations (d1, . . . , dk)
• n rider request (one at a time):

– origin si

– destination fi

• driving cost |fi − si|

output:

• choice of driver to pick up each rider
• goal: minimize total costs.

Note: any driver pays cost |fi − si|,

⇒ minimizing total cost = minimize pickup cost.

History: original CS motivation reading hard drive
with multiple read heads

Algorithm design:

• efficiently compute the optimal assignment.

Two twists:

• drivers need to be incentivized to give rides.

⇒ mechanism design

• riders are not known in advance.

⇒ online algorithms

A.k.a.: online ride share problem is “k-server prob-
lem”

Allocating a Single-item
input:

• n buyers with values v = (v1, . . . , vn)

output:

• winner
• goal: maximize value of winner.

Four paradigms:

• algorithms.
• mechanisms.
• online algorithms [later]
• online mechanisms [later]

Algorithms
Alg: Maximum Value

1. loop over buyers.

2. keep track of buyer and value that is “maximum
so far”.

3. output “maximum so far” buyer.

Mechanisms
“buyers are strategic”
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Mech 0:

1. ask buyer to report values
2. run maximum value algorithm

Q: how would you bid?

Q: what happens?

A: arbitrary outcome.

Mech 1: first-price auction

1. ask buyers to report values.
2. winner is highest bidder.
3. winner pays their bid.

Q: how would you bid?

Q: what happens?

A: later in course.

Exercise: Place Your Bids
Setup:

• you are bidding in two auctions A and B.
• your opponents’ value are U [0, 100]
• your values vA and vB are U [0, 100]
• your utility is value minus bid if you win, zero

otherwise.

Given your values, determine bids to place in the
auctions.

Mech 2: ascending auction

1. price ascends
2. until second to last bidder drops
3. remaining bidder wins, pays this price.

Q: how would you bid?

A: drop when price > value

Q: what happens?

A:

• highest valued agent wins
• pays second highest value

Thm: ascending price auction maximizes social wel-
fare

Proof:

social surplus

= total utility of all participants

= seller + winner + losers

= v(2) + (v(1) − v(2)) + 0

= v(1)

Challenge: generalization to complex environments
like ride sharing.

Idea: [Vickrey ’61; Nobel Prize] simulate ascending
auction with sealed bids.

Mech 3: second-price auction

1. ask buyers to report values.
2. winner is highest bidder.
3. winner pays second-highest bid.

Q: how would you bid?

A: bid your value.

Q: what happens?

A: same as ascending auction.

Example: v = (30, 90)

• 90 wins, pays 30.

Thm: bid = value is dominant strategy in second-
price auction

Proof:

Consider bidder i:
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• v̂i = maxj 6=i bj

• if bi > v̂i:

– i wins and pays v̂i

– ui = vi − v̂i

• if bi < v̂i:

– i loses and pays 0
– ui = 0

• consider cases

– vi > v̂i

– vi < v̂i

[PICTURE]

• bi = vi is “best” in both cases.

• thus, dominant strategy.
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