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In the realm of auction theory and economic mechanism design, the first-price sealed-bid auction
represents a fundamental and widely studied format. When analyzing scenarios involving a single
indivisible object and multiple bidders (N > 1), understanding the strategic behaviors, equilibrium
outcomes, and efficiency implications becomes crucial for both theorists and practitioners. This
article offers an in-depth exploration of such auctions, touching upon their definitions, strategic
considerations, equilibrium analysis, and real-world applications.

Understanding the First-price Sealed-bid Auction

Definition and Basic Features
A first-price sealed-bid auction is a bidding process where each bidder submits a confidential, sealed
bid for an indivisible object. The highest bidder wins the object and pays their bid amount. Key
features include:
- Sealed Bids: No bidder knows others' bids at the time of submission.
- Single Object: Only one indivisible item is available for sale.
- Pay-as-Your-Bid: The winner pays exactly what they bid.
- Strategic Bidding: Bidders must formulate their bids without knowing competitors' bids, balancing
between bidding high enough to win and low enough to maximize surplus.

Contrast with Other Auction Formats
- English Auction: Open ascending bids, with bidders dropping out as prices rise.
- Dutch Auction: Open descending bids, where the auctioneer lowers the price until a bidder accepts.
- Second-price (Vickrey) Auction: Highest bidder wins but pays the second-highest bid.
The first-price sealed-bid auction differs primarily in bid confidentiality and payment structure,
leading to unique strategic considerations.

Strategic Behavior and Bidding Strategies

Private Values vs. Common Values
- Private Values: Each bidder's valuation is independent and known only to themselves.



- Common Values: The object’s value is the same for all bidders but unknown; bidders have private
signals correlated with the true value.
In this discussion, we primarily focus on private values, which simplify the strategic analysis.

Bidding Strategies in Equilibrium
Bidders aim to maximize their expected payoff, which depends on their bid relative to others. Since
the object is indivisible and bidders are risk-neutral, their strategies hinge on their valuation
distribution and beliefs about competitors’ bids.

- In Symmetric Equilibrium, where bidders are identical and have common valuation distributions,
each bidder adopts a bidding strategy that is a function of their valuation.

Deriving the Symmetric Bayesian-Nash Equilibrium
Suppose:
- Valuations \( v_i \) are independently drawn from a common distribution \( F(v) \) with density \( f(v)
\) over support \( [\underline{v}, \overline{v}] \).
- All bidders adopt the same increasing bidding strategy \( b(v) \).

The equilibrium bidding strategy \( b(v) \) can be derived by solving the bidders' optimization
problem:

\[
\text{Expected payoff if bidding } b \text{ with valuation } v:
\]
\[
\pi(v, b) = (v - b) \times P(\text{winning with bid } b)
\]

Since bids are functions of valuations, the probability of winning with bid \( b \) is:

\[
P(\text{winning}) = P(b > b(v_j)) = P(v_j < b^{-1}(b))
\]

In symmetric equilibrium, the inverse bidding function \( v = b^{-1}(b) \) exists. The equilibrium bid
function \( b(v) \) satisfies the differential equation:

\[
b(v) = v - \frac{\int_{\underline{v}}^{v} [1 - F(t)] dt}{1 - F(v)}
\]

which, for uniform distributions, simplifies to:

\[
b(v) = v \times \frac{N - 1}{N}
\]



This indicates that each bidder shades their bid below their true valuation, with the degree of
shading increasing as the number of bidders grows.

Impact of Number of Bidders (N) on Bidding Behavior

Bid shading and strategic considerations
As the number of bidders \( N \) increases:
- Bid shading intensifies: Bidders tend to bid closer to their true valuation because the probability of
winning diminishes when more competitors are present.
- Expected revenue increases: More bidders typically lead to higher expected sale prices,
approaching the object’s true valuation.

The intuition is:
- With a larger \( N \), each bidder anticipates higher competition.
- To win, they must bid more aggressively, reducing their surplus but increasing the likelihood of
winning.

Expected Revenue and Efficiency
The seller's expected revenue in a first-price auction depends heavily on \( N \):
- For \( N \) bidders with valuations uniformly distributed over \( [0,1] \):

\[
\text{Expected Revenue} = \frac{N - 1}{N + 1}
\]

- As \( N \to \infty \), the expected revenue approaches the highest possible valuation, maximizing
efficiency.

Advantages and Disadvantages of First-price Sealed-bid
Auctions

Advantages
- Simplicity: Straightforward format that bidders can understand easily.
- Strategic Control: Bidders can control their bid shading explicitly.
- Secrecy: Confidential bids reduce strategic collusion and bid rigging.

Disadvantages
- Bid Shading Complexity: Bidders must estimate optimal bid shading strategies, which can be



complex in practice.
- Potential for Low Revenue: If bidders shade bids too aggressively, revenue may be lower than in
open ascending auctions.
- Risk of Bidder Errors: Inaccurate valuation estimates or strategic miscalculations can lead to
suboptimal outcomes.

Real-world Applications and Examples

Procurement and Government Contracts
Many government procurement processes utilize first-price sealed-bid auctions to award contracts
efficiently while maintaining bid confidentiality.

Online Auctions and E-commerce
Platforms like eBay often resemble first-price sealed bids, where bidders submit confidential bids,
and the highest bid wins, paying their bid amount.

Spectrum Auctions and Asset Sales
Telecommunications spectrum licenses and high-value assets are frequently auctioned using first-
price sealed-bid formats to ensure confidentiality and competitive bidding.

Conclusion: Strategic Insights for Bidders and Sellers
Understanding the strategic intricacies of the first-price sealed-bid auction with multiple bidders and
an indivisible object is vital for maximizing outcomes. Bidders should carefully consider their
valuation, estimate competitors’ behaviors, and determine optimal bid shading strategies. Sellers, on
the other hand, can leverage the auction format to generate competitive bidding and maximize
revenue, especially as the number of bidders increases.

By analyzing the equilibrium strategies and the effect of bidder competition, participants and
organizers can better design and participate in auctions, ensuring transparency, competitiveness,
and efficiency. Whether used in procurement, online sales, or asset liquidation, the first-price sealed-
bid auction remains a powerful tool in economic and strategic decision-making.
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Frequently Asked Questions

What is a first-price sealed-bid auction with one indivisible
object and multiple bidders?
It is an auction where multiple bidders submit confidential bids for a single indivisible item, and the
highest bidder wins, paying the amount they bid.

How do bidders strategize in a first-price sealed-bid auction
with multiple participants?
Bidders typically shade their bids below their true valuation to maximize their expected payoff,
considering the number of competitors and their bidding strategies.

What is the equilibrium bidding strategy in such auctions?
In symmetric Bayesian equilibrium, each bidder bids a fraction of their valuation, often derived from
their beliefs about other bidders' valuations and the number of bidders.

How does the number of bidders (N > 1) influence the bidding
behavior and auction outcomes?
As the number of bidders increases, competition intensifies, leading to higher bids and a greater
likelihood of the object selling closer to its true valuation, but also increasing the bid shading.

What are the advantages of the first-price sealed-bid auction
compared to other auction formats?
It encourages strategic bidding, reduces bid collusion, and provides bidders with private
information, making it suitable for situations where confidentiality and strategic considerations are
important.

What are common issues or challenges in analyzing first-price
sealed-bid auctions with multiple bidders?
Challenges include deriving the equilibrium bidding strategies, accounting for asymmetric
valuations, and predicting bidder behavior under incomplete information.

Additional Resources
First-price Sealed-bid Auction with Multiple Bidders and an Indivisible Object: An In-Depth Analysis

In the realm of auction theory and market design, the first-price sealed-bid auction (FPSBA) is
among the most fundamental and widely studied mechanisms. When adapted to scenarios involving
a single indivisible object and multiple bidders (where N > 1), this auction format presents a rich



tapestry of strategic considerations, efficiency implications, and practical applications. This article
offers a comprehensive exploration of the FPSBA in such settings, drawing on economic principles,
game theory, and real-world examples to deepen understanding.
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