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Auction everywhere

Auctioning as a procedure to sale resources and processes is
pervasive.

Spectrum auction, airport slot auction, treasury bond auction . . ..

Advantages: transparent, price discovery, exciting !!
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Kimpton® Nine Zero Hotel - Book Direct for Best Rate - ninezero.com
Ad www.ninezero.com/ 
Experience a Downtown Boston Original: Our Hotel Steps From the Common. Book Now
Downtown Boston Location · Highball Lounge · Luxurious Suites

Location Our Hotel
Eat + Drink Special Offers

Hotels in Downtown Boston - Boston. Best Price Guarantee.
Ad www.booking.com/Downtown-Boston/Hotels
4.5  rating for booking.com
Book your Hotel in Downtown Boston, Boston. No reservation costs. Great rates.
We speak your language · Read Real Guest Reviews · Free Cancellation · Get Instant Confirmation
Types: Hotels, Apartments, Villas, Hostels, Resorts, B&Bs
Book for Tonight · No Booking Fees · Book Now · Secure Booking · Book for Tomorrow

Omni® Parker House - A Luxury Boston Hotel - omnihotels.com
Ad www.omnihotels.com/  +1 800-597-2174
Visit Our Historic Hotel Located In The Heart Of Downtown Boston. Reserve A Stay

Find Downtown Boston Hotel Deals & Reviews on Orbitz - Orbitz.com
Ad www.orbitz.com/ 
Great Deals on Popular Hotels Book Your Vacation Now!

About pricingMore hotels
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The 10 Best Hotels in Downtown Boston, MA (with Pictures) - TripAdvisor
https://www.tripadvisor.com › ... › Massachusetts (MA) › Boston › Boston Hotels
Book the Best Downtown Boston Hotels on TripAdvisor: Find 44802 traveler reviews and 41201
candid photos, and prices for 23 hotels in Downtown.

DoubleTree by Hilton Hotel Boston Downtown
4.1  (311) · 3-star hotel
Contemporary hotel with all-day dining
DEAL 17% less than usual

₹ 12,772

Hilton Boston Downtown/Faneuil Hall
4.1  (362) · 4-star hotel
Historic, chic hotel with restaurant

Free Wi-Fi

₹ 16,055

Club Quarters Hotel in Boston
3.9  (229) · 3-star hotel
Polished lodging with an English pub

Free Wi-Fi

₹ 13,265

All Maps Images News Videos ToolsMore Settings
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Prasar Bharati looks to rake in Rs100 crore from DD’s prime
time slot auction
Prasar Bharati will receive around Rs20 crore as the collective bidding price of the slots sold in the auction and over Rs80
crore in ad revenue from new programming
Last Published: Wed, Mar 29 2017. 12 34 PM IST
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New Delhi: Public broadcaster Prasar Bharati is expecting to clock over Rs100 crore from
Doordarshan’s prime time programming slot auction that concluded in December 2016.
Prasar Bharati runs Doordarshan and All India Radio.

The broadcaster will receive close to Rs20 crore as the collective bidding price of the slots
sold in the auction and is hoping to earn over Rs80 crore in advertising revenue (from new
programming) in 2017-18.

Doordarshan had put up its prime time slots (7pm-11pm) on auction in May 2016, inviting
private production houses to bid. Ekta Kapoor-promoted Balaji Telefilms, and Saaibaba
Telefilms had emerged as successful bidders in the auction.

“We will earn Rs19.95 crore which is the bidding price of the slots sold in the auction. This is
likely to be received in April. Apart from that, we will be earning over Rs 80 crore in
advertising revenue. We will also save a lot of money because of the auction,” said a
Doordarshan official who did not wish to be identified.

Up until now, the broadcaster used to buy the programmes from production houses and
then recover the money spent through advertising revenue. Under the new policy, the
private production houses will have to pay upfront for the slots bought in the auction.

The decision to auction programming slots is a part of broadcaster’s efforts to revamp the entire Doordarshan
network.
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IPL media rights auction highlights: STAR India sweeps all rightsIPL media rights auction highlights: STAR India sweeps all rights
with world-record bid of Rs 16,347.5 crorewith world-record bid of Rs 16,347.5 crore
STAR India won the Indian Premier League media rights (TV and digital) for 2018-2022 with a bid of Rs 16,347.5 crore. The Board of Control for Cricket in India
(BCCI)-organised auction took place in Mumbai. Following are the highlights of the IPL media rights auction.
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Sayan Ghosh/Sanjjeev K Samyal 
Hindustan Times, Mumbai

STAR India swept the Indian Premier League global media rights from 2018-2022 with a winning bid at the BCCI-organised auction in Mumbai on Monday. Catch highlights of the Indian
Premier League (IPL) media rights auction here.(BCCI)

STAR India won the Indian Premier League (IPL) global media rights from 2018-2022 with a consolidated bid of Rs 16,347.5 crore.

Initially, 24 companies picked up rights papers to contest for the several rights up for grabs in the auction organised by the BCCI.

Several big companies like Facebook, Amazon, Twitter, Yahoo, Reliance Jio, STAR India, Sony Pictures, Discovery, Sky, British
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Standard auction models

Single object. n bidders each having a value for the object.

Information: Each bidder knows his value but neither the
auctioneer nor other bidders know it.

Well studied and understood:

I efficiency can be achieved by an English (Vickrey) auction;

I revenue maximization can be achieved by an English
(Vickrey) auction with an optimally chosen reserve price.



English (Vickrey) auction
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Buyer 4 wins; auction ends



Contingent auctions

For certain resources (oil fields, coal blocks, publishing rights etc.)

I Value of the resource is uncertain at the time of auction:
how much oil, quality of a book.

I Once the resource is realized, its value is observable to
everyone and contractible: how much oil is sold at what
price, how many copies of book sold.
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ONGC, Cairn India bid for 41 oil and gas blocks
Besides ONGC and Vedanta’s oil unit, Cairn India, Oil India is the other main bidder while the rest are smaller companies
Last Published: Wed, Nov 15 2017. 02 28 PM IST

The last date for submission of EoI in the �rst cycle of bidding under OAL is on Wednesday and winners would
be announced by 1 January. Photo: Bloomberg

New Delhi: State-owned Oil and Natural Gas Corp. Ltd (ONGC) and
Vedanta Ltd on Wednesday emerged as the biggest bidders for oil and gas
blocks, putting in 41 out of 56 bids received in India’s maiden auction under
open acreage licensing regime.

ONGC put in expression of interest for 41 areas while Vedanta’s oil unit, Cairn
India sought rights over 15 areas, people privy to the development said.
Hindustan Oil Exploration Co. (HOEC) bid for one area in a round that was
shunned by biggies like Reliance Industries.

India in July opened 2.8 million sq. km of sedimentary basins for oil and gas
exploration in a bid to raise domestic production and cut excessive
dependence on imports. The open acreage licensing (OAL) allows companies
to select blocks or areas after studying seismic data to explore and produce oil
and gas.

The first round of bidding closes on Wednesday. In all, 56 expressions of
interest or EoIs have been received so far, people in the know said. Oil India
Ltd (OIL) is the other main bidder while the rest are smaller companies. BP
Plc. team visited data room but has not put in any bids so far, they said.

OAL replaces the old system of government carving out areas and bidding
them out. OAL allows investors to carve out their own areas and put in an EoI.
Once an EoI is received for an area, it is put on competitive bidding and any
company offering the government maximum share of oil and gas is awarded
the block. The last date for submission of EoI in the first cycle of bidding
under OAL is on Wednesday and winners would be announced by 1 January.

OAL is being offered under the hydrocarbon exploration and licensing policy
(HELP) that provides revenue sharing model for bidding for oil and gas
blocks. It promises marketing and pricing freedom for oil and gas produced.
Under OAL, companies can carve out any area that is currently not under any
licensee, and evince interest for doing exploration and production.

Once an area is selected, the government will put it up for bidding and any
firm offering the maximum share of oil or gas produced from the area would
be awarded the block. Till now, the government has been selecting and
demarcating areas it feels can be offered for bidding in an exploration
licensing round. So far 256 blocks had been offered for exploration and
production since 2000. The last bid round happened in 2010. Of these, 254
blocks were awarded. But as many as 156 have already been relinquished due
to poor prospectivity.

First Published: Wed, Nov 15 2017. 02 28 PM IST
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1/1/2018 To open coal mining sector, govt set to auction 10 mines | The Indian Express
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Written by Deepak Patel | New Delhi | Updated: September 13, 2017 6:59 am

In the beginning of 2015, the Coal Ministry had begun preparing for the auction of a few of the 214 coal
mines that were de-allocated following the Supreme Court order of September 24, 2014.
(Representational Image)

Breaking the 41-year-old stranglehold of

state-owned Coal India Ltd (CIL), the

government has decided to offer 10 mines for

auction as a first step in opening up India’s

commercial mining market for coal. This

comes seven months after the Centre had

announced that the coal mining sector would

be opened for commercial mining in 2017-18.

Four coal mines from Odisha are likely to be

auctioned in the first phase — Chendipada,

Chendipada-II, Mahanadi and Machhakata;

four coal mines from Chhattisgarh —

Shankarpur Bhatgaon II Extension, Durgapur

II/Taraimar, Durgapur II/Sariya, Madanpur

(North) — and one each from Madhya Pradesh (Dongri Tal-II) and Jharkhand

(Mednirai). “The Centre is yet to decide the timeline to auction these ten coal

mines,” sources said.

While coal mines such as Chendipada and Machhakata have fairly high estimated

extractable reserves of 1244.37 million tonnes (MT) and 474.34 MT respectively,

mines such as Shankarpur Bhatgaon II Extension and Mednirai have estimated

extractable reserves of 80.14 MT and 80.832 MT respectively.

In the beginning of 2015, the Coal Ministry had begun preparing for the auction of a

few of the 214 coal mines that were de-allocated following the Supreme Court order

of September 24, 2014. The top court stated that the companies would have to

return the coal blocks by March, 2015. Subsequently, the Coal Mines (Special

Provision) Act was passed in 2015 that allowed the government to auction mines to

private entities for mining and commercial sale.

The three phases of the coal auction for nearly 45 coal-producing blocks were

conducted in the seven-month period of February-August, 2015, but all of these

were auctioned for captive usage by the company only and sale of coal on

commercial basis was disallowed.

Although the decks are now being cleared for commercial mining of coal, the

demand for coal in the near fiture is likely to remain tepid. In April this year, state-
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Contingent auctions

Closing Bid of e-Auction for Schedule II Coal Mines

Sl No. Coal Mine Close of Auction Closing bid submitted by Closing bid (Rs/MT) Mode of e-Auction( ** Power Sector)

1 Sial Ghoghri 14.02.2015 RELIANCE CEMENT COMPANY PRIVATE LIMITED/64830 1402 Forward e-Auction

2 Talabira I 14.02.2015 GMR Chhattisgarh Energy Limited/64752 478 Forward e-Auction **

3 Kathautia 15.02.2015 HINDALCO INDUSTRIES LIMITED/65279 2860 Forward e-Auction

4 Belgaon 15.02.2015 Sunflag Iron and Steel Company Limited/65037 1785 Forward e-Auction

5 Sarisatolli 15.02.2015 CESC Limited/64691 470 Forward e-Auction **

6 Marki Mangli III 16.02.2015 BS ISPAT LTD/64979 918 Forward e-Auction

7 Trans Damodar 16.02.2015 THE DURGAPUR PROJECTS LIMITED/64966 940 Intially Reverse, then Forward **

8 Mandla North 16.02.2015 Jaiprakash Associates Limited/64704 2505 Forward e-Auction

9 Amelia North 17.02.2015 Jaiprakash Power Ventures Limited/64702 712 Intially Reverse, then Forward **

10 Ardhagram 17.02.2015 OCL IRON AND STEEL LTD/64980 2302 Forward e-Auction

11 Chotia 17.02.2015 BHARAT ALUMINIUM COMPANY LTD/64845 3025 Forward e-Auction

12 Tokisud North 18.02.2015 ESSAR POWER MP LIMITED/64889 1110 Forward e-Auction **

13 Gare Palma IV/5 19.02.2015 HINDALCO INDUSTRIES LIMITED/64856 3502 Forward e-Auction

14 Gare Palma IV 2 & 3 19.02.2015 Jindal Power Limited/64849 108 Forward e-Auction **

15 Bicharpur 19.02.2015 UltraTech Cement Limited/64851 3003 Forward e-Auction

16 Gare Palma IV/4 20.02.2015 HINDALCO INDUSTRIES LIMITED/64856 3001 Forward e-Auction

17 Gare Palma IV/1 21.02.2015 BHARAT ALUMINIUM COMPANY LTD/64845 1585 Forward e-Auction

18 Gare Palma IV/7 22.02.2015 Monnet Ispat and Energy Limited/64842 2619 Forward e-Auction

Note  :: In case of power sector where Closing Bid is based on Forward Auction,

Closing Bid is inclusive of Fixed Rate of Rs 100 per tonne of coal extracted.



Plan of the talk

Part 1. Security auctions - Extend standard auctions (first and
second-price) to contingent contract framework and study their
properties (efficiency and revenue).

Part 2. Contingent contracts in social welfare - Does contingent
contracts help in achieving better social welfare?



Part 1: Security auctions

Peter M. DeMarzo, Ilan Kremer, and Andrzej Skrzypacz, Bidding
with securities: Auctions and security design, American Economic
Review, Vol 95, 2005.

Andrzej Skrzypacz, Auctions with contingent payments - an
overview, International Journal of Industrial Organization, Vol 31,
2013.



A simple example

Suppose there are three bidders bidding for a highway contract.

There is a fixed cost X = 5 for starting the project (say, land
acquisition cost).

Each contractor (bidder) has a value for the project, which is
realized after the project is completed.

Before the start of the project, the bidders observe the expected
value of the project: say, 10, 8, 6 (these are private information).

The actual value of the project will be conditional on the expected
values realized.



An example - cash auction

Vickrey (English) auction: Each bidder submits a bid; highest
bidder wins and pays the second highest bid.

Expected value after investment of bidders:
5(= 10− 5), 3(= 8− 5), 1(= 6− 5).

Truthtelling is a dominant strategy: highest bidder wins and pays 3

Revenue of auctioneer: 3.



An example - royalty auction

Royalty version of Vickrey auction: Each bidder submits a royalty
rate in [0, 1] - the fraction of value they will return to auctioneer.

Bidder with the highest royalty rate wins and pays the second
highest royalty rate.

Bidder 1 can pay a maximum of 10−5
10 = 1

2 ; Biddder 2 can
8−5
8 = 3

8 ; Bidder 3 can 6−5
6 = 1

6 .

Truthtelling is still a weakly dominant strategy - bidder 1 wins but
pays a royalty rate of 3

8 .

Expected revenue of the seller: 10× 3
8 > 3.



Other observations

In a standard model: highest bidder pays second highest bid.

In contingent auction: highest royalty rate wins but payment is a
distribution.

“Steeper” contingent contracts will push the expectation of this
distribution.



A simple model

n risk neutral bidders competing to win a project.

Project requires an investment X > 0 - this is not contractible
(winning bidder has to pay for it).

Realized value of the project for bidder i is Zi , which is a random
variable.

Before the project is allocated, each bidder i observes a signal Vi ,
which is a random variable.

Without loss of generality, a bidder who observes signal vi has an
expected value from the project E [Zi |Vi = vi ] = X + vi .



Uncertainty in the model

Signals are privately observed - means of values of bidders.

Signals are IID draws from some distribution with density f and
support [vL, vH ].

Signals determine the distribution of realized value: density
h(zi |vi ).

E (Zi |Vi = vi ) =
∫∞
0 zih(zi |vi )dzi = X + vi .



An example

Each bidder i receives a signal Vi which is uniformly distributed in
[0, 10].

If bidder i receives a signal Vi , his realized value Zi is

Θ(X + Vi )

Θ has log-normal distribution with mean 1 (it is independent of
Vi ).



Assumptions about distributions

Definition (Assumption)

Private signals (V1, . . . ,Vn) and payoffs (Z1, . . . ,Zn) satisfy the
following properties:

I Vi are IID with denisty f and support [vL, vH ].

I Conditional on Vi = vi , the payoff Zi has density h(zi |vi ) with
full support [0,∞).

I (Zi ,Vi ) satisfy the strict monotone likelihood ration
property (SMLRP):

[
v > v ′, z > z ′]⇒

[ h(z |v)

h(z |v ′)
>

h(z ′|v)

h(z ′|v ′)
]
.

(h is log supermodular).

Additionally, h is twice differentiable in z and v .



Security bids

Bidders compete by offering a share of payoffs - securities.

A security S is a map S : R+ → R+.

A security S promises the seller a payoff S(z) if payoff z is realized.

Definition
A feasible security bid is a map S : R+ → R+ such that

(a) it is weakly increasing;

(b) S(z) ≤ z ;

(c) z − S(z) is weakly increasing.



What is not feasible?

I Limited liability. S(z) ≤ z . Bidders can invest X on top of
S(z).

I No subsidy. S(z) ≥ 0. Seller has liquidity constraint.
Consistent with the idea that seller is “selling” a project to
raise X .

I Dual monotonicity. Seller payoff S(z) + X is increasing and
bidder’s payoff z − S(z)− X is increasing in z .

Equivalently: S(0) = 0, S is continuous, and S ′(z) ∈ [0, 1] for
almost all z .



Examples of securities

Equity. S(z) = αz ∀ z , where α ∈ [0, 1].

Cash and equity. S(z) = κ+ αz ∀ z , where α ∈ [0, 1], κ ≥ 0.

Debt. S(z) = min(z , d) ∀ z , where d ≥ 0.

Convertible debt. S(z) = max(αz ,min(z , d)) ∀ z , where
α ∈ [0, 1], d ≥ 0.

Levered equity. S(z) = αmax(z − d , 0) ∀ z , where
α ∈ [0, 1], d ≥ 0.

Call option. S(z) = max(z − k , 0) ∀ z , where k ≥ 0.



Ordered set of securities

An ordered collection of securities is defined by

(a) an ordered set of indices: [s0, s1],

(b) and a security S(s, ·) for each possible index.

Examples:

I Set of all equity securities: indexed by equity fraction
α ∈ [0, 1].

I Set of debt securities: indexed by face value d .

I Set of call options: indexed by strike price k.



Ordered set of securities

An ordered collection of securities is defined by

(a) an ordered set of indices: [s0, s1],

(b) and a security S(s, ·) for each possible index.

Examples:

I Set of all equity securities: indexed by equity fraction
α ∈ [0, 1].

I Set of debt securities: indexed by face value d .

I Set of call options: indexed by strike price k.



Payoffs from ordered securities

S(s, z) is the payment of bidder who chose security s when
realized value is z .

A security bid by a bidder is a map s : [vL, vH ]→ [s0, s1] - a
bidder who observes v bids s(v).

Expected payment of security s conditional of receiving signal v :

ES(s, v) := E [S(s,Zi )|Vi = v ].



Ordered set of securities

Definition
The function S(s, z) for s ∈ [s0, s1] defines an ordered set of
securities if

(a) S(s, ·) is a feasible security,

(b) for all v , ES(s, v) > 0,

(c) ES(s0, vL) ≤ vL and ES(s1, vH) ≥ vH .

Indices are used to rank bidders.



Auction formats

Auctioneer chooses an ordered set of securities S(·, ·) and an
auction format.

Two auction formats:

1. First-price auction. Each bidder submits an index (security
s ∈ [s0, s1]). Bidder with the highest index wins and pays
according to his security.

2. Second-price auction. Each bidder submits an index
(security s ∈ [s0, s1]). Bidder with the highest index wins but
pays the second highest security.



Research questions

What are the equilibria of auctions with securities?

Are the auctions “efficient”? (highest signal bidder wins)

How does the revenue compare

1. across auction formats for a fixed security

2. across ordered set of securities for a fixed format.



Second-price auction equilibria

Proposition

For each bidder i with signal Vi = v , it is a weakly dominant
strategy for in the second-price security auction to bid s(v) such
that

ES(s(v), v) = v .



Proof idea

Non-negative expected payoff:
v − ES(s(v2), v) ≥ v − ES(s(v), v) = 0, where v2 is the second
highest signal reported.

If bidder i is winning, he has no incentive to bid something such
that he does not win. Further, if he bids something such that he
continues to win, his payment does not change.

If bidder i is not winning, it must be that s(v) < s(v ′) for some
bidder who has bid s(v ′) to win. To win, he must report
s(v ′′) > s(v ′), but then his payoff is

v − ES(s(v ′), v) < v − ES(s(v), v) = 0.



Analysis of first-price auctions

Bayes-Nash equilibrium strategies - analysis more complicated.

Suppose there is an increasing security bidding strategy s for each
bidder and everyone other than bidder i is following.

Bidder i payoff from bidding something s(v̂) when he observes v is

F n−1(v̂)
[
v − ES(s(v̂), v)

]
.

Equilibrium must maximize this expression. FOC gives a
differential equation.



First-price auction

Proposition

There exists a unique symmetric equilibrium for the first-price
auction, which is a solution to the following differential equation:

s ′(v) =
(n − 1)f (v)

F (v)

v − ES(s(v), v)

ES1(s(v), v)
.

Results similar to these for a large class of auction formats called
“general symmetric mechanisms”.



Cash versus security auctions

Intuitively: revenue from a second-price cash-only auction is: v (2)

but revenue from a second-price security auction is:

ES(s(v (2)), v (1)) > ES(s(v (2)), v (2)) = v (2).



Ranking general class of securities

Given a security S , define ES(v) = E [S(Z )|V = v ].

Definition (Steepness)

A security S1 strictly crosses a security S2 6= S1 from below if
ES1(v∗) = ES2(v∗) implies that ES ′1(v∗) > ES ′2(v∗).
An ordered set of securities S1 is steeper than an ordered set of
securities S2 if for all S1 ∈ S1 and S2 ∈ S2, S1 strictly crosses S2
from below.

Lemma (Single crossing)

A security S1 strictly crosses a security S2 6= S1 from below if
there exists z∗ such that S1(z) ≤ S2(z) for all z < z∗ but
S1(z) ≥ S2(z) for all z > z∗.
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Steepness of common securities

Value Z

Security
S(Z)

Debt

Equity

Call option

call ≻steep equity ≻steep debt ≻steep cash

Cash



Why is steepness relevant?

Payment depends on realized value - expected payment depends on
the conditional distribution of values (h(z |v)).

Main idea: for the same signal, expected payment in a steeper
security is higher - this follows from SMLRP. Similar to “linkage”
idea of Milgrom and Weber (1982) for auctions with affiliated
values.

Consider a security auction which has an efficient equilibrium -
highest signal wins. His expected payment is higher with steeper
security.



Main results

Proposition

Suppose the ordered set of securities S1 is steeper than the ordered
set of securities S2. Then for either a first or second-price security
auction, for every realization of type (v), the seller’s expected
revenue from that type is higher using S1 than S2.

Corollary

For a first or second-price security auction, the following are true:

I Debt securities yield the lowest possible revenue.

I Call option securities yield the highest possible revenue.

I All security auctions yield higher revenue than a cash auction.
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Comparison across auctions

Proposition

The following revenue comparison holds.

I For debt securities,

Revenue(first-price) < Revenue(second-price).

I For call option securities,

Revenue(first-price) > Revenue(second-price).

I For equity securities,

Revenue(first-price) = Revenue(second-price).



Putting it all together

Proposition

A first-price auction with call option is the revenue maximizing
security auction in “class of symmetric security auctions”.

Note: for debt, first-price does worse than second-price. But call
option revenue dominates.

Message: designing securities is more important for revenue than
auction formats.



Extensions: Liquidity constraints

Robert G. Hansen, Auctions with contingent payments, American
Economic Review, vol 75, 1985.

Jacques Cremer, Auctions with contingent payments: comment,
American Economic Review, vol 77, 1987.

Seller may have cash to finance X .

Seller invests (1− ε)X and auctions the right to ε of the realized
value.

As ε→ 0, the auctioneers extracts all surplus.



Extensions: X is not constant

Yeon-Koo Che and Jinwoo Kim, Bidding with securities: comment,
American Economic Review, Vol 100, 2010.

A publishing house may invest more if he sees a larger opportunity
of future value.

So, X is a function of signal - higher signal means higher
investment.

Results can get reversed for specific distributions: steeper securities
can give less revenue (cash can generate more revenue than
equity).

Adverse selection: lowest signal bidder may win the auction.



Extensions: X is not constant

Two bidders with X1,X2 and v1 and v2.

Consider an equity auction (second-price). Equilibrium be
(truthful):

1− X1

v1
, and 1− X2

v2
.

Efficient: highest vi − Xi wins (suppose giving to 1 is efficient. But
this need not happen: sensitive to Xi

vi
.

When 2 wins ( v2
X2
< v1

X1
), he pays

v2(
v1 − X1

v1
) < v2 − X2,

which is payment in cash auction.

Steeper securities are worse.



Extensions: Correlation and heterogenous bidders

Signals are correlated and “affiliated” to the value - treated in
DeMarzo, Kremer, Skrzypacz (2005).

Correlated signals with risk averse bidders - Vineet Abhishek,
Bruce Hajek, Steven R. Williams, On bidding with securities: Risk
aversion and positive dependence, Games and Economic Behavior,
vol 90, 2015.

Bidders were assumed to be ex-ante identical. With heterogenous
bidders, equity auctions have been analyzed:
Tinguin Liu, Optimal equity auctions with heterogeneous bidders,
Journal of Economic Theory, vol 166, 2016.



Part 2: Contingent contracts for social welfare

Rahul Deb and Debasis Mishra, Implementation with contingent
contracts, Econometrica, vol. 82, 2014.



Setting

Mechanism design with incomplete information

I in private values setting

I with transfers and quasi-linear utility.

Examples: auctions, public good provision problems.



Three pillars

I An efficient social choice function (allocation rule) can be
implemented in dominant strategies using
Vickrey-Clarke-Groves (VCG) transfers.

I In rich enough type spaces, the only dominant strategy
implementable social choice functions are generalizations of
efficiency - affine maximizers of Roberts (1979).

I No dominant strategy mechanism implementing an efficient
social choice function can be budget-balanced - Green and
Laffont (1979), Myerson and Satterthwaite (1983).

I A revenue maximizing mechanism when selling a single object
is known (Myerson, 1987).

I Extending this to even two objects is hard - Hart and Reny
(2012), Hart and Nisan (2012).
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Standard mechanism design with quasi-linearity

Type θi
is

realized

→
Type θ′i

reported to

principal

→

Principal

chooses

a ≡ f (θ′i , θ−i )
pi ≡ ti (θ

′
i , θ−i )

→

Agent

realizes

utility vi (a, θi )
and payoff

vi (a, θi )− pi
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Contingent contracts
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→

Principal

chooses
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decides
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and payoff
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Objective

To understand the implications of dominant strategy incentive
compatibility with contingent contracts.



Linear contingent contracts

A contingent contract is specified by the way the realized utility is
split between the agent and the principal.

I A linear (contingent) contract specifies a flat transfer
amount and a fraction of the realized utility that will be given
to the agent.

Cash plus equity.



Outline of results

I Linear contingent contracts allow us to construct efficient,
dominant strategy incentive compatible, budget-balanced, and
individually rational mechanisms.

I Overcomes Green-Laffont and Myerson-Satterthwaite
impossibility.

I Linear contingent contracts allow us to implement a larger
class of social choice functions (scf) that cannot be
implemented otherwise.

I A prominent such example is the max-min scf.

I Every scf that can be implemented by a contingent contract
can also be implemented using a linear contingent contract.
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The deterministic model

I There are n agents denoted by the set N = {1, . . . , n}.
I The set of alternatives is A.

I The type (private information) of an agent i is a map
vi : A→ R.

I With uncertainty, type is θi and vi (a, θi ) is a random variable -
but for every a, each pair of types have utility distributions
which can be compared using FOSD.

I We suppress uncertainty notation.
I One way to think: the random variable vi (a, θi ) consists of

vi (a) and small noise with mean zero.

I The type space of agent i is given by Vi and the set of type
profiles is given by V := V1 × . . .× Vn.
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Contingent contracts

I A social choice function (scf) is a map f : V → A.

I A quasi-linear contract is a map (transfer) ti : V → R.
I A linear contract is a pair of maps (ri , ti ), where

ri : V → (0, 1], ti : V → R, where ri is the royalty rate and ti
is the transfer.

I Note that royalties are positive - it prevents the principal from
“buying” the agent.

I A contingent contract is a map si : R× V → R, where si is
increasing in the first argument.

I A mechanism consists of an scf f and a collection of
contingent contracts (s1, . . . , sn).



Illustration

Consider a contingent mechanism (f , s1, . . . , sn). An agent i with
type vi with reports (v ′i , v−i ) to this mechanism will get a payoff of

si (vi (f (v ′i , v−i )), v ′i , v−i ).

Consider a linear mechanism (f , (r1, t1), . . . , (rn, tn)). An agent i
with type vi with reports (v ′i , v−i ) to this mechanism will get a
payoff of

ri (v
′
i , v−i )vi (f (v ′i , v−i ))− ti (v

′
i , v−i ).

The quasi-linear contract corresponds to the royalty where for all
(v ′i , v−i ),

ri (v
′
i , v−i ) = 1.
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Dominant strategy implementation

Definition
An scf f is implementable by a contingent contract if there exists
contingent contracts (s1, . . . , sn) such that for every i ∈ N, for
every v−i ∈ V−i , for every vi , v

′
i ∈ Vi , we have

si (vi (f (vi , v−i )), vi , v−i ) ≥ si (vi (f (v ′i , v−i )), v ′i , v−i ).

In this case, we say that the contingent mechanism (f , s1, . . . , sn)
is incentive compatible.



Implementation with linear contracts

Definition
An scf f is implementable by a linear contract if there exists
linear contracts ((r1, t1), . . . , (rn, tn)) such that for every i ∈ N, for
every v−i ∈ V−i , for every vi , v

′
i ∈ Vi , we have

ri (vi , v−i )vi (f (vi , v−i )−ti (vi , v−i )) ≥ ri (v
′
i , v−i )vi (f (v ′i , v−i ))−ti (v ′i , v−i ).

In this case, we say that the linear mechanism
(f , (r1, t1), . . . , (rn, tn)) is incentive compatible.



Efficiency and budget-balance

Definition
An scf f ∗ is efficient if at every type profile v ≡ (v1, . . . , vn), we
have

f ∗(v) ∈ arg max
a∈A

∑
i∈N

vi (a).

Definition
A contingent mechanism (f , s1, . . . , sn) is budget-balanced if at
every type profile v ≡ (v1, . . . , vn), we have∑

i∈N
si (vi (f (v)), v) =

∑
i∈N

vi (f (v)).
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Individual Rationality

Definition
A contingent mechanism (f , s1, . . . , sn) is individually rational if
for every i ∈ N and at every type profile v ≡ (v1, . . . , vn), we have

si (vi (f (v)), v) ≥ 0



Efficiency and budget-balance: A possibility result

Theorem
There exists a linear mechanism that is incentive compatible,
efficient, budget-balanced, and individually rational.

For every i ∈ N, for every v ∈ V , consider the following linear
contract,

ri (v) =
1

n

ti (v) = −1

n

∑
j 6=i

vj(f
∗(v)).

Fix, i , v−i . If true type is vi by reporting v ′i , agent i gets

1

n

[
vi (f

∗(v ′i , v−i )) +
∑
j 6=i

vj(f
∗(v ′i , v−i ))

]
=

1

n

∑
j∈N

vj(f
∗(v ′i , v−i )).
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Transfers alone cannot implement max-min

Consider an environment with two agents and two alternatives
{a, b}. Fix agent 2’s type at

v2(a) = 4, v2(b) = 2.

Consider two types of agent 1:

v1(a) = 3, v1(b) = 5, v ′1(a) = 1, v ′1(b) = 2.

Using the max-min scf, f (v1, v2) = a and f (v ′1, v2) = b. If there is
a transfer t1 for agent 1 such that f is implementable, then it will
satisfy

v1(a)− t1(v1, v2) = 3− t1(v1, v2) ≥ v1(b)− t1(v ′1, v2) = 5− t1(v ′1, v2)

v ′1(b)− t1(v ′1, v2) = 2− t1(v ′1, v2) ≥ v ′1(a)− t1(v1, v2) = 1− t1(v1, v2).

Adding these two inequalities give 5 ≥ 6, a contradiction.



Implementing max-min using linear contracts

Theorem
Suppose the type space is finite. Then, a max-min scf can be
implemented using a linear contract.

I The proof follows from a characterization of implementability.

I Shows a general class of scfs called “aggregate utility
maximizers” are implementable.

I Under a mild condition, the converse is also true.
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Main result

Theorem
Suppose the type space of every agent is finite. Then, the
following are equivalent.

1. f is implementable by a contingent contract.

2. f is implementable by a linear contract.



Comments about the characterization

I Breaks down with infinite type spaces. But, possible to extend
it to infinite type spaces if the type space is convex and
compact and f has sufficient smoothness.

I Revenue equivalence does not hold
I if f is implementable by a non-linear contingent contract, it

may not be implemented by a linear contract that gives the
same utility to every agent.

I An implementable f can be implemented by a linear contract
such that

1. individual rationality holds (non-negative payoff) and
2. planner does not need to make any transfer to the agent (i.e.,

transfers are non-negative and royalty rates are in (0, 1]).


