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This research paper aims to investigate various existing auction formats, with
a particular focus on evaluating their adherence to the notion of obviously strategy-
proofness. The study evaluates the following auction formats in a multiple-object
and private-values setting: the simultaneous ascending auction, Ausubel’s ascending
price clinching auction, and Mishra and Parkes’s descending price clinching auction
models. The analysis of this research is conducted in three parts: first, we determine
whether the aforementioned auction formats are strategy-proof, and second, if it
is strategy-proof, we move on to analyzing its obviously strategy-proofness. Lastly,
if the auction is not obviously strategy-proof, we explore some of the restricted
environments in which bidders have either unit demands or additive valuations to
see if they can be obviously strategy-proof in the restricted environments. The results
suggest that none of the auction formats mentioned above are obviously strategy-
proof. The simultaneous ascending auction is not even strategy-proof. Ausubel’s
ascending price clinching auction and Mishra and Parkes’s descending price clinching
auction are strategy-proof. However, they fail to be obviously strategy-proof even in

restricted environments.
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Introduction

Ausubel (2004) presents an effective solution to the challenge of designing an
efficient ascending price auction for multiple objects. The author introduces the
“clinching rule” in an ascending-bid auction, which encourages sincere bidding for
all bidders. The sincere bidding by all bidders is an ex post perfect equilibrium?
(Ausubel, 2004). Furthermore, when bidders exhibit diminishing marginal values,
sincere bidding is a weakly dominant strategy for every bidder after every history
under a certain information structure?(Ausubel, 2004). However, it is important to
note that even if Ausubel (2004) establishes the sincere bidding strategy as an ex
post perfect equilibrium and a weakly dominant strategy, this does not automatically
imply that it is an obviously strategy-proof mechanism. To clarify, a mechanism is
obviously strategy-proof if there exists an extensive form game that is implemented
through obviously dominant strategies by all participants. Since an obviously domi-
nant strategy is a stronger concept than a dominant strategy, if there is no dominant
strategy in an auction, the auction cannot be obviously strategy-proof. Additionally,
if an equilibrium comprises the dominant strategies of all participants, it is also an
ex post perfect equilibrium. However, the converse may not hold true. Consequently,
when a sincere bidding strategy constitutes an ex post perfect equilibrium in an auc-
tion, it is necessary to first analyze whether it is also a dominant strategy for the
bidders. If it is a dominant strategy, further analysis can be implemented to deter-
mine if it is an obviously dominant strategy. Only if all these criteria are satisfied
can we conclude that the auction is obviously strategy-proof. In this paper, we apply
this approach to three auction formats: simultaneous ascending auction, Ausubel’s
ascending price clinching auction, and Mishra and Parkes’s descending price clinch-
ing auction. Our specific methodology involves initially examining whether sincere
bidding is a dominant strategy. If it is, we then analyze whether it qualifies as
an obviously dominant strategy. If it does, we conclude the auction is obviously
strategy-proof. If it doesn’t, we move on to exploring some restrictive environments
where all bidders have either unit demands or additive valuations. This is to see if
there exist some cases in which sincere bidding can become an obviously dominant
strategy.

The identification of obviously strategy-proof mechanisms holds significant im-
portance within auction theory, particularly when considering real-world scenar-

ios where agents may have cognitive limitations. While strategy-proof mechanisms

1We cite Ausubel (2004) to define ex post perfect equilibrium as follows: the strategy n-tuple {03}, is said
to comprise an ex post perfect equilibrium if for every time t, following any history h’;, and for every realization
{U;}™_, of private information, the n-tuple of continuation strategies {o;(:,|t, hf,U;)}™ ; constitutes a Nash equi-
librium of the game in which the realization of {U;}? ; is common knowledge.

21t is no bid information, which is described in section 4.



are conventionally regarded as sufficient for achieving desirable outcomes, the pres-
ence of cognitive limitations among agents necessitates the exploration of obviously
strategy-proof mechanisms. In fact, Shengwu Li’s research in 2017 demonstrated
that obviously strategy-proof mechanisms outperform their strategy-proof counter-
parts in attaining efficient outcomes within real-world contexts involving agents
with cognitive limitations. This finding highlights the crucial role of identifying ob-
viously strategy-proof mechanisms in bridging the gap between theoretical models
and practical applications, as they offer a means to ensure the realization of effi-
cient outcomes. Consequently, this paper aims to contribute to the existing body
of knowledge by investigating which auction formats have the potential to deliver
efficient outcomes in practical settings.

To begin with, the simultaneous ascending auction is a generalization of a static
English auction for selling multiple goods (Peter Cramton, 2004). The simultaneous
ascending auction is a dynamic auction in which multiple individual goods are sold
simultaneously, and the auction progresses through multiple discrete rounds. The
pricing rule of the simultaneous ascending auction is pay-as-bid. A sincere bidding
strategy in simultaneous ascending auctions can be described as follows: when a
bidder becomes the standing high bidder?, they should stop bidding. On the other
hand, when a bidder is not the standing high bidder, they should submit a bid
slightly higher than the current standing high bid. The bidder will continue submit-
ting new bids as long as they are not currently the standing high bidder, unless the
price reaches their own valuation for the item. In general, simultaneous ascending
auctions face an issue: the sincere bidding strategy is not an equilibrium strategy
for bidders. Specifically, the auction is often subject to the problem of demand re-
duction or bid shading by bidders (Peter Cramton, 2004). That is, there are cases
in which sincere bidding by bidders is suppressed. One typical example is as follows.

Suppose there are two licenses available in the auction, License A and License
B, and two bidders participating, Bidder 1 and Bidder 2, with their valuations as
shown in Table 1. Let v(-) represent the bidder’s value function. Bidder 1 values
each license at $0 individually and $90 for both licenses together, indicating that
the two licenses are complements for Bidder 1. Bidder 2 values each license at $50
individually and also values the combination of both licenses at $50, indicating that
the licenses are perfect substitutes for Bidder 2. Assuming that each bidder fol-
lows the sincere bidding strategy, which means they bid up to their own valuations
whenever they are not the standing high bidder after each round, the auction will
conclude with each bidder obtaining one license at a uniform price of $45. However,
it’s important to note that Bidder 1 ends up with a payoff of -$45, indicating that

Bidder 1 has an incentive to deviate from the sincere bidding strategy. This situ-

3The standing high bidder is the one who submitted the highest price for the item.



ation is known as the exposure problem faced by Bidder 1. The exposure problem
arises when some bidders have non-substitute preferences (Wellman et al., 2007). As
a result, the simultaneous ascending auction fails to produce an efficient outcome in

this case since sincere bidding is not an optimal strategy for Bidder 1.

Table 1: Valuations on License A and B

! v({A}) v({B}) v({AB) |
Bidder 1 0 0 90
Bidder 2 50 50 50

The previous example highlights the exposure problem that arises when a
bidder has complementary preferences. Then, this prompts an important question:
would bidders truthfully reveal their valuations if all bidders had substitute prefer-
ences instead? Regrettably, even when we confine the bidders’ preferences to substi-
tutes, employing a sincere bidding strategy does not lead to an equilibrium. Wellman
et al. (2007) demonstrates that bidders have an incentive to reduce their demands
even when the goods are substitutes for all bidders. Specifically, the paper estab-
lishes that when all bidders have weakly decreasing marginal utilities, the sincere
bidding strategy is dominated by the demand reduction strategy. Consequently, it
becomes evident that the simultaneous ascending auction fails to be a strategy-
proof mechanism within a general preference setting. Thus, analyzing its status as
an obviously strategy-proof mechanism in such a context is unnecessary. Instead,
our focus shifts to examining some restricted environments where all bidders have
either unit demands or additive valuations. We explore these environments because
there are papers that demonstrate the sincere bidding strategy is a reasonable strat-
egy in these restricted settings. First, Peters and Severinov (2006) showed that the
sincere bidding strategy is a perfect Bayes-Nash equilibrium when all bidders have
unit demands in a multi-unit auction environment. Second, Wellman et al. (2007)
showed that the sincere bidding strategy is an equilibrium strategy when all bidders
have additive valuations. Therefore, within these settings, we proceed to analyze
whether sincere bidding emerges as a dominant strategy. If it does, we can move on
to investigating whether it qualifies as an obviously dominant strategy. However, our
findings suggest sincere bidding is not a dominant strategy even in these restrictive
environments.

There is one more auction format that we explore in this paper. Motivated
by Ausubel (2004), Mishra and Parkes (2007) applies the notion of “clinching” to
a descending price auction and constructs the descending price clinching auction.
Then, Mishra and Parkes (2007) shows that in the homogeneous items environment
with non-increasing marginal values setting, the descending price clinching auction

supports the sincere bidding strategy in an ex post Nash equilibrium. This implies



that the auction is worth analyzing its obviously strategy-proofness. Hence we first
investigate if sincere bidding is a dominant strategy within a general preference set-
ting. If it is not, we then limit the environments to those where all bidders have
either unit demands or additive valuations. Again, the restriction is imposed to see
if the auction is obviously strategy-proof at least in the limited environments. Our
findings suggest sincere bidding is a dominant strategy within a general preference
setting. However, sincere bidding still fails to be an obviously dominant strategy
even in restrictive environments.

Lastly, the paper is organized as follows. We first introduce the definition of an
obviously strategy-proof mechanism. Then, in section 2, we introduce the common
settings of all three auctions. In section 3, we investigate the simultaneous ascending
auction. We introduce its specific auction rule first and show that sincere bidding
is not a dominant strategy even in restrictive environments via counterexamples. In
section 4, we explore Ausubel’s ascending price clinching auction. We first introduce
its auction rule. Then, we analyze its obviously strategy-proofness in various envi-
ronments. By constructing various counterexamples, we demonstrate sincere bidding
is not an obviously dominant strategy. Section 5 treats Mishra and Parkes’s descend-

ing price clinching auction in the same manner. Lastly, section 6 concludes.

1.1 Background Information

1.1.1 Obviously Strategy-Proof Mechanism

A mechanism is obviously strategy-proof if there exists an extensive form game
with obviously dominant strategies. Following definitions and notations are taken

from Shengwu Li (2017) to define the obviously strategy-proof mechanism.

Definition 1 (Earliest Points of Departure). The earliest points of departure are
the information sets I; € «(S;, S}) such that S; and S; diverge for the first time. We
say two strategies S; and S; diverge at h € I; if S;(h) # S/(h) and h can be reached
in two profiles (S;,S_;) and (S}, S_;), for some S_;.

Definition 2 (Obviously Dominant). Given G and 6;, S} is obviously dominant if
VSi VI; € aS], S)):

supner,.s_,.a.UC (h, S, S iy de, 05) < infuer,s_,.aUS (R, SF, S i, de, 0;).

4A slight adaptation may have been made from Shengwu Li (2017) to make the definition simple but it still
builds upon Shengwu Li (2017).



Table 2: Notations

] Name Notation ‘
histories H (h: representative element)
information set for agent ¢ Z;(I;: representative element)
type for agent ¢ 0;
strategy for agent 4 S;
realization of chance moves d.
game form G
earliest points of departure a(S;, SI)

2 The Model

There are three auction formats we handle in the paper. Specific auction rules
differ but there are some common settings among the three auction formats. We
illustrate the specific auction rules for each auction format in separate sections and
here, we only define some common settings among the three auction formats.

A seller wishes to allocate m homogeneous licenses represented by a set M =
{1,---,m}. Additionally, there are n bidders in a set N = {1,--- ,n}. These bidders
have non-increasing marginal values. Also, the utility functions are quasi-linear.
Hence, the utility function for bidder ¢ € N on a bundle S C M is determined by
the expression U;(S,p) = v;(S) — p, where v;(S) is bidder i’s value on a bundle S
and p represents the payment for the bundle S. Lastly, bidders have private values.
That is, each bidder knows only the value of the licenses to oneself and knowing

other bidders’ valuation doesn’t affect one’s own valuation.

3 Simultaneous Ascending Auction

3.1 The Auction Rule

The auction rule of the simultaneous ascending auction is illustrated in Cram-
ton (1998) and Wellman et al. (2007) as follows.

In this auction format, multiple individual goods are sold simultaneously, and
the auction progresses through multiple discrete rounds. At the beginning of each
new round, the standing high bid, along with the current winner in each auction, is
announced. In each round, eligible bidders have the opportunity to submit a serious
bid for any good. An eligible bidder is one who remains active from round to round
by either submitting serious bids or by being the high bidder on sufficient goods.
A serious bid for a good means that it exceeds the standing high bid for that par-
ticular good by at least a specified minimum increment. At the end of each round,
the highest bid received for each good becomes the new standing high bid for that

good. If no bids are received, the previous standing high bid remains unchanged.



The auction follows an all-or-nothing stopping rule, which means that the auction
ends when no serious bids are received for any good. The pricing rule implemented
is pay-as-bid, where the standing high bidders win the goods and pay the amount
they bid.

3.2 Theoretical Analysis of Strategy-Proofness

3.2.1 The Unit Demand Environment

First, we handle an extreme case of substitutability; all bidders have unit de-
mand valuations. Surely, if all bidders play sincere bidding strategies, the outcome is
efficient. However, the sincere bidding strategy is not a dominant strategy. Consider
the following example.

Suppose there are two licenses, which are License A and B. Also, there are two
bidders, who are Bidder 1 and 2 in the auction. Each bidder has unit demand so
licenses are perfect substitutes for them. Table 3 shows the valuations of each bidder
on licenses. Now, suppose Bidder 2 plays the following strategy: Bidder 2 submits
($1, License A) and ($2, License B) in the first period. If Bidder 1 submits her bid for
License A in the following period, Bidder 2 engages in the competition with Bidder
1 thereafter by submitting a new bid up to his valuation for License A. However, if
Bidder 1 submits her bid only for License B in the following period, Bidder 2 stops
submitting a new bid. If Bidder 2 plays this strategy, it is not optimal for Bidder
1 to play a sincere bidding strategy. If Bidder 1 plays the sincere bidding strategy,
she should submit ($2, License A) in the following period. However, the payoff of
the resulting outcome will be strictly smaller than submitting a bid of ($3, License
B). Thus, the sincere bidding strategy is not a dominant strategy in simultaneous

ascending auctions under the unit demand environment.

Table 3: Unit Demand Valuations on License A and B

| v({A} v({B}) v({AB) |
Bidder 1 10 10 10
Bidder 2 15 15 15

3.2.2 The Additive Valuation Environment

Next, we consider a case in which all bidders have additive valuations. Still,
the sincere bidding strategy is not a dominant strategy.

Consider a scenario where there are two licenses in the auction and two bid-
ders with additive valuations. Table 4 displays their respective valuations. Suppose
Bidder 2 adopts a strategy of randomly selecting a license to bid on and continues

bidding unless the expected total payment surpasses his combined valuation for both



licenses. When Bidder 2 employs this strategy, the sincere bidding strategy becomes
suboptimal for Bidder 1. In other words, Bidder 1 can benefit from deviating from
the sincere bidding strategy. To illustrate this, suppose Bidder 1 is currently the
highest bidder for License A at a price of $3, while Bidder 2 holds the highest bid
for License B at $36 during a specific stage of the auction. If Bidder 1 believes that
Bidder 2’s combined valuation for both licenses is close to $36, then choosing to
bid on License A, even though she is already the highest bidder, could be a clever
decision. By submitting a bid of $4 for License A, Bidder 1 can potentially end the
auction and secure License A for herself. Additionally, she can eliminate the pos-
sibility of Bidder 2 bidding on License A in the next period and driving the price
above $4 if Bidder 1 were to bid on License B in the current period. Consequently,
Bidder 1 successfully obtains License A at a price of $4, while also avoiding the risk
of Bidder 2 increasing the price beyond $4. Therefore, even in a scenario where all
bidders have additive valuations, it is evident that the sincere bidding strategy is

not a dominant strategy.

In conclusion, the simultaneous ascending auctions are not an obviously strategy-

proof mechanism even in some restrictive environments.

Table 4: Additive Valuations on License A and B

! v({A}) v({B}) v({AB) |
Bidder 1 15 15 30
Bidder 2 20 20 40

4 Ausubel’s Ascending Price Clinching Auction

4.1 The Auction Rule

The auction rule of Ausubel’s ascending price clinching auction is illustrated
in Ausubel (2004) as follows.

The informational structure in this auction is characterized as “no bid infor-
mation.” Under no bid information, bidders are only aware of whether the auction is
still open or not. Bidder i receives information denoted as hf =1 if 27;:1 xé‘l
indicating that the sum of bidding quantities from all bidders in the previous period

> m,

exceeds the total quantity of goods. Otherwise, bidder i receives hl = 0. Regarding
the observable histories, let H! represent the set of all possible histories observable
to bidder ¢ at period ¢t. Under “no bid information” setting, the set H} includes
bidder i’s own bidding histories as well as information about whether the auction is
still open or closed. That is, the inclusion of bidding histories and the status of the

open or closed auction constitutes the observable information available to bidder 7



in HY.

Now, we illustrate how the auction proceeds. At each period t, the price is
announced as p' = t. Then, each bidder i € N responds to the price by bidding a
quantity zf € M;, where M; = {0,1,2,...,\;} and 0 < \; < m. The quantity z! is
subject to two constraints. The first constraint is the monotone activity rule, which
requires that ! < xf‘l forallt =1,...,Tandalli = 1,...,n. The second constraint
szt > Cll forallt =1,...,Tand all i = 1,...,n, meaning that the bidding quan-
tity should not be smaller than one’s prior cumulative clinches, denoted as C!™'.
The cumulative clinch C} at period ¢ is calculated as Cf = max{0,m — > ., 2}
forall t = 1,...,7T and all i = 1,...,n, and CF = x¥, where m represents the
total quantity of goods, ZE§ denotes the bidding quantity of bidder j at period ¢,
L represents the last auction round and z is the final quantity assigned to bidder
1. After each bidder submits its bid at period ¢, the quantity of goods assigned to
bidder i is determined by the current clinches, denoted as cf, where ¢t = C* — C/™!
forallt =1,...,T, and ¢? = C? for all i = 1,...,n. If the sum of bidding quan-
tities exceeds the total quantity of goods, i.e., > » , af > m, the next period ¢ is
incremented, and the procedure repeats. When the sum of bidding quantities equals
the total quantity of goods or when it reaches the designated ending period L, the
auction terminates. The payment of each bidder is determined by the periods in
which the goods were clinched by them. For example, if bidder ¢ clinches two units
of goods at period ¢ and t + 1, the payment would be t + (¢t + 1) = 2t + 1.

Lastly, the “sincere bidding strategy” of bidder i is defined as bidding z! at

every period ¢ and after every history !, where
wy = min{z;™", max{Q}, C;'}}, (1)

forall t = 1,...,7T and 2? = QY. This means at each time ¢, bidder 7 submits the
quantity zf, which is the minimum of two values: the previous bidding quantity
27! and the maximum between the sincere demand Q;(p’) and the prior cumulative
clinch C!~'. The sincere demand Q;(p) of bidder i at price p is defined as Q;(p) =
inf{arg max, cn, {vi(z;) — px;}}, where v;(z;) represents the value of bidder i for a

bidding quantity z;.?

4.2 Theoretical Analysis of Obviously Strategy-Proofness

4.2.1 Efficiency of Sincere Bidding Strategy

Suppose there are five licenses for the auction. Bidders have a taste for more

than one license. There are five bidders with values in the relevant range and suppose

5All the notations, definitions, and strategies are taken from Ausubel (2004).



bidders can get at most three licenses. Bidders’ valuations for licenses are given in
Table 5.

Table 6 shows the quantities each bidder bids at each price. When bidders
play sincere bidding strategies defined in (1), it is Bidder 1 who gets clinched for
a license for the first time. When the price reaches $65, it is ¥4 2%° = 4 < 5. So
Bidder 1 clinches one license (5 - 4 = 1) at period 65. When the price reaches $70, it
is Xj127° = 3 and Xj2327° = 4. So Bidder 1 clinches one more license while Bidder
3 also clinches one license at period 70. The auction proceeds in this manner until
the price reaches $80. The excess demand becomes zero at period 80.

The outcome of the auction is in Table 7. Bidder 1 clinched three licenses at
prices $65,$70, and $80 each. Bidder 3 clinched two licenses at prices $70 and $80
each. So the payoff of Bidder 1 is $123 + $113 + $86 — $65 — $70 — $80 = $107 while
it is $130 + $128 — $70 — $80 = $108 for Bidder 3.

The outcome is efficient in that licenses are assigned to bidders who value
them the most. Also, Ausubel (2004) shows sincere bidding is an ex post perfect
equilibrium and a weakly dominant strategy for every bidder after every history
under no bid information. However, sincere bidding is not an obviously dominant

strategy within a general preference setting.

Table 5: Valuations of Bidders

Marginal = piq4er 1 Bidder2  Bidder3  Bidder4  Bidder 5
Value

Ist unit 123 70 130 80 55

2nd unit 113 10 128 65 34

3rd unit 86 8 49 13 21

Table 6: Sincere Bidding by Bidders

Period  Price  Bidder Bidder Bidder Bidder Bidder History

(t) (%) 1 2 3 4 5 (ht)

1 1 3 3 3 3 3 1
55 55 3 1 2 2 0 1
65 65 3 1 2 1 0 1
70 70 3 0 2 1 0 1
80 80 3 0 2 0 0 1

9 3



Table 7: Outcome of Sincere Bidding by Bidders

] Bidder 1 Bidder 2 Bidder 3 Bidder 4 Bidder 5 ‘

Units won 3 0 2 0 0
Pat‘ég;ent 215 0 150 0 0
Payoff (%) 107 0 108 0 0

4.2.2 Absence of Obviously Dominant Strategy

We show infheh,SflU&(ha Sikﬂs’—l) > SUpheh,Squ(m SiaS—1> does not hold
for all S} and all I; € «(ST,S]). Note that ST is the sincere bidding strategy of

Bidder 1 and valuations of bidders are identical to those in Table 5.
L. Z‘nfheh,SflU(ha ST? S*l)

While Bidder 1 plays the sincere bidding strategy, all other bidders can play
any strategy. Suppose Bidder 3 and 4 play insincere bidding strategies. Bidder 3 and
4’s insincere bidding strategy is bidding one unit more than its sincere bid up to a
certain time period®. The bidders’ bids at each period are in Table 8. At period 80,
it is E#ix?O = 4 for + = 1, 3. Hence, Bidder 1 and 3 clinch a unit of licenses each
at a price $80. At price $86, it is ¥;.25° = 3. Thus, Bidder 1 clinches one more
license at a price $86. Also, it is 2#395?6 = 2. So Bidder 3 clinches two more licenses
at a price &86. In conclusion, the payoff of Bidder 1 is $123 + $113 - $80 - $86 =
$70. Note that this doesn’t necessarily have to be an infimum of Bidder 1’s payoff.
We just need to find a case in which Bidder 1 gets a strictly higher payoff than this.

The outcome of the auction is in Table 9.
2. supher, s ,Ur(h, 57,5 1)

Now, Bidder 1 plays an insincere bidding strategy and all the other bidders
can play any strategy. Suppose Bidder 1 chooses to bid sincerely only up to a certain
period and submits insincere bids afterward. In this case, assume Bidder 1 submits
its sincere bids only up to period 65 and reduces the quantity by a unit afterward.
Then, the earliest point of departure is when the price reaches $65. Assume all other
bidders but Bidder 1 bid sincerely. Then, the bids of each bidder are submitted
as in Table 10. When period reaches 65, it is X429 = 4 for ¢ = 1,3. So Bidder
1 and 3 clinch 1 unit of license each at $65. At period 70, it is E#ixjm = 3 for
1 = 1,3 and 2#4%7.0 = 4. So Bidder 1 and 3 clinch one more unit while Bidder
4 clinches its first unit at $70. Then, the auction ends. The payoff of Bidder 1 is
$123 + $113 — $65 — $70 = $101. The outcome is in Table 11.

6Suppose this period is arbitrarily and exogenously determined by bidders.
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We showed it is in frer, s ,Ui(h, ST, S-1) < 70 < 101 < supper, s ,Ui(h, S1,S-1).
This relation holds for any number of bidders and licenses in the auction. Hence, even
if the sincere bidding strategy is a dominant strategy under no bid information, it is
not an obviously dominant strategy. In conclusion, Ausubel’s ascending-bid auction

is not obviously strategy-proof within a general preference setting.

Table 8: Bidders’ Bid at Each Period

Period  Price  Bidder Bidder Bidder Bidder Bidder History
(t) ($) 1 2 3 4 5 (ht)
1 1 3 3 3 3 3 1
65 65 3 1 3 2 0 1
70 70 3 0 3 2 0 1
80 80 3 0 3 1 0 1
86 86 2 0 3 0 0 1

Table 9: Outcome of Sincere Bidding by Bidder 1

| Bidder | Bidder 2 Bidder 3 Bidder 4 Bidder 5 |

Units won 2 0 3 0 0
Pa’éfg;ent 166 0 252 0 0
Payoff ($) 70 0 55 0 0

Table 10: Bidders’ Bid at Each Period

Period  Price  Bidder Bidder Bidder Bidder Bidder History
(t) (%) 1 2 3 4 5 (ht)
1 1 3 3 3 3 3 1
55 55 3 1 2 2 0 1
65 65 2 1 2 1 0 1
70 70 2 0 2 1 0 1

Table 11: Outcome of Insincere Bidding by Bidder 1

y Bidder 1  Bidder 2 Bidder 3  Bidder 4  Bidder 5 |

Units won 2 0 2 1 0
Pa“{g;ent 135 0 135 70 0
Payoff ($) 101 0 123 5 0

1 1 & 1



4.2.3 The Unit Demand Environment

Here, we explore the unit demand environment to see if we can make Ausubel’s
ascending-bid auction obviously strategy-proof. Assume we have two homogeneous
licenses in the market and three bidders with unit demands. The bidders’ valuations
are in Table 12.

1. Z.nfhejl,,SLl Ul(h7 ST? S—l)

We first explore a case where the earliest point of departure occurs in period
1. Suppose Bidder 2 plays an insincere bidding strategy, in which he submits two
quantities until period 14. When the price reaches $15, the auction ends since there
exists no excess demand. In period 1, it is #1 = 1. So Bidder 2 clinches a unit of
licenses (2 — 1 = 1) at price $1. In period 15, it is x3> = 1. So Bidder 1 clinches a
license at price $15. As a result, the outcome is that each bidder clinches one unit
of licenses with Bidder 1 paying $15 and Bidder 2 paying $1. Then, the payoff of
Bidder 1 is $5. Again, this doesn’t necessarily have to be an infimum of Bidder 1’s
payoff as long as we find a case in which Bidder 1 gets a strictly higher payoff than
this case. The bids of bidders are in Table 13 and the auction’s outcome is in Table

14.
2. SUpheh,S_lUl(ha 517 S—l)

Suppose Bidder 1 bids two quantities in the first period and reduces to one in
the subsequent period. If Bidder 2 bids sincerely, the auction ends in period 2. The
bidders’ bids are in Table 15. Then, we have 3 = 1 and 22 = 1. So Bidder 1 clinches
a unit of licenses in period 1 while Bidder 2 clinches a unit of licenses in period 2.
Hence, the payment of Bidder 1 is $1, resulting in a payoff of $19. Refer to Table 16

for the specific outcome.

In conclusion, it is in frer, s, U1 (h, ST, 5-1) <5 <19 < supper, s ,Ui(h, S7,S_1).
The ascending price clinching auction still fails to be obviously strategy-proof under

the unit demand environment.

Table 12: Unit Demand Valuations on License A and B

! v({A}) v({B}) v({AB}) |
Bidder 1 20 20 20
Bidder 2 15 15 15
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Table 13: Bidders’ Bid at Each Period

| Period (t) Price ($) Bidder 1 Bidder 2 History (hl) |
1 1 1 2 1
14 14 1 2 1
15 15 1 1 1

Table 14: Outcome of Sincere Bidding by Bidder 1

’ Bidder 1 Bidder 2
Units won 1 1
Payment ($) 15 1
Payoff (3) 5 14
Table 15: Bidders’ Bid at Each Period
| Period (t) Price ($) Bidder 1 Bidder 2 History (hl) |
1 1 2 1 1
2 2 1 1 1

Table 16: Outcome of Insincere Bidding by Bidder 1

] Bidder 1 Bidder 2
Units won 1 1
Payment ($) 1 2
Payoff (%) 19 13

4.2.4 The Additive Valuation Environment

When bidders exhibit additive valuations for the goods, the sincere bidding

strategy is not a dominant strategy at all. Suppose there are two licenses, License
A and B, and two bidders, Bidder 1 and 2, with their valuations in Table 17.

1. Uy(h, St,S_1)

Suppose Bidder 2’s strategy is as follows: Bidder 2 reports its quantity as one

after it clinches at least one license, regardless of its true demand. Then, the sincere
bidding strategy is not optimal for Bidder 1. When Bidder 1 plays the sincere bidding
strategy, the outcome of the auction is that Bidder 1 clinches two licenses in period
15 since it is z3° = 0 at period 15. Note that Bidder 2 opts out of the auction when
the price reaches $15 since its valuation for a license is $15. Then, the payment of
Bidder 1 is $15 + $15 = $30. So the payoff of Bidder 1 is $40 - $30 = $10. Refer
to Table 18 for the bidders’ bid at each period and Table 19 for the outcome of the

auction.

2. Uy(h, S, S_1)

Given Bidder 2’s strategy, Bidder 1 can increase its payoff by bidding insin-
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cerely. Suppose Bidder 1 reduces its quantity by one at an early period such as at
period 5. Then, Bidder 2 clinches a license at period 5 and reduces its quantity to
one afterward. Then, the outcome is that Bidder 1 clinches a unit of license at a
price of $6 while Bidder 2 clinches a unit of licenses at a price of $5. Then, the payoff
of Bidder 1 is $20 - $6 = $14, yielding a higher payoff than when she bids sincerely.
Refer to Table 20 for the bidders’ bid at each period and Table 21 for a specific

outcome of the auction.

As a result, it is Uy(h, ST, S_1) < Uy(h, Sy, S_1). The sincere bidding is not a
dominant strategy for Bidder 1. In conclusion, the ascending price clinching auction

is not strategy-proof when bidders have additive valuations.

Table 17: Additive Valuations on License A and B

! v({A}) v({B}) v{AB) |
Bidder 1 20 20 40
Bidder 2 15 15 30

Table 18: Bidders’ Bid at Each Period

| Period (t) Price ($) Bidder 1 Bidder 2 History (hf) |
1 1 2 2 1
14 14 2 2 1
15 15 2 0 1

Table 19: Outcome of Sincere Bidding by Bidder 1

’ Bidder 1 Bidder 2
Units won 2 0
Payment ($) 30 0
Payoff ($) 10 0

Table 20: Bidders’ Bid at Each Period

Period (t) Price ($) Bidder 1 Bidder 2 History (hf) |
1 1 2 2 1
5 5 1 2 1
6 6 1 1 1

Table 21: Outcome of Insincere Bidding by Bidder 1

’ Bidder 1 Bidder 2
Units won 1 1
Payment ($) 6 5
Payoff ($) 14 10
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5 Mishra and Parkes’s Descending Price

Clinching Auction

5.1 The Auction Rule

The auction rule of Mishra and Parkes’s descending price clinching auction is
illustrated in Mishra and Parkes (2004) as follows.

The auction operates with a non-linear and non-anonymous pricing mecha-
nism. The information structure in this auction is also characterized as “no bid
information”. As defined earlier, there are n bidders in a set N = {1,...,n} and
m homogeneous licenses in a set M = {1,...,m}. Let N_; = N \ {i} be the set of
bidders without bidder i. Let B = {N,N_y,..., N_,}.

Then, the descending price clinching auction proceeds as follows”:

1. Initialize prices as p?(j) = ¢°j for all : € N and for all licenses j < m, where

¢° is a large integer. Set ¢ := 0.
2. In iteration t of the auction with price vector p':

(a) Collect the demand sets D;(p") of all i € N at p'.
e Let v;(j) denote the value of bidder i € N for j € M units of the

licenses.

e The demand set D;(p') is defined as

Di(p") ={j €{0,1,...,m} : v;(§) —pi(j) = mazo<j<m{vi(j)—pi(5")}}

(b) Based on the demand sets of bidders at p’, calculate the under-demand
a(L,p') for every L € B.

e The under-demand is defined as a(L,p!) := maz(0,m — Sicr,D;(p"))
for L € B.

e D;(p') is the maximal demand of bidder i at price vector p’, defined as

the maximum number of units demanded.

(c) If a(L,p*) = 0 for every L € B or ¢* = 0 then go to step 4. Else, ¢! :=
¢ — 1 and for every i € N, set

41 pi(7) forVj < Dy(p)
pi ()= — _
pi(Di(p")) + ¢t (j — Di(p')) otherwise.

Set t :=t+ 1 and repeat from step i.

"We cite Mishra and Parkes (2004) to illustrate the auction procedure.
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e ¢' is the ask price in iteration ¢ on each marginal unit over and above

the current number of licenses demanded by bidders.

3. The auction terminates in current iteration T with price vector p’. Let v;
denote the quantity allocated to bidder 7 € N. Then, the final allocation y? €

Y(D(p")).
e Y(D(p")) is the set of provisional allocations at price vector p’.

e A provisional allocation is an admissible allocation that maximizes the

revenue Y;enpl (yl) among all admissible allocations.

e An admissible allocation y at a price vector p is an allocation such that
y € Di(p) U{0}.

4. For each bidder i € N with y > 0, his payment is p! (y]) — [7*(pT) — 7*(p™,)],

—1

where 7% (p") = Zienp! (y]).

5.2 Theoretical Analysis of Obviously Strategy-Proofness

5.2.1 Absence of Obviously Dominant Strategy

We show that sincere bidding is a dominant strategy through the proof of
Proposition 1 in the Appendix. Here, we analyze whether sincere bidding is an
obviously dominant strategy or not. The bidders’ valuations are in Table 22. Again,
the infimum and supremum we find here may not necessarily be the true infimum
and supremum. However, it won’t change our conclusion as long as we show a case
in which Bidder 1 bidding sincerely results in a worse outcome than a case where

Bidder 1 bids insincerely.
1. infren,s ,Ui(h, S}, S_1)

Suppose Bidder 2 reports his demand for licenses in periods 85 and 86. Bidder
2 may choose to submit his demand above his true valuations since this doesn’t
necessarily lead to negative payoffs after he wins any license. It is because of the
VCG payment rule. After the auction ends, Bidder 2 gets both licenses. So it is
n(B) = 171,7n(B-;) = 171,m(B_2) = 155. Thus, the payment for each bidder is
pr=0— (171 —171) = 0 and p; = 171 — (171 — 155) = 155. So Bidder 1 ends up
with a payoff of 0. Table 23 illustrates how the auction proceeds and Table 24 is the
final outcome of the auction. Note that the parentheses around prices for a bidder

in Table 23 indicate the quantity of units in his demand set in each iteration.

8This is the VCG payment rule.
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2. SUPhel,,5_1 Ul(ha Si? S—1>

Here, we find a case where the payoff of Bidder 1 is strictly higher than 0.
Suppose Bidder 1 submits her demand for each unit at prices of $85 and $80,
whereas Bidder 2 submits his demand for two units at a price of $60. The auction
will terminate with Bidder 1 getting both licenses. We get m(B) = 165, 7(B_;) =
120, m(B_2) = 165. So the payment of each bidder is p; = 165 — (165 — 120) = 120
and py = 0 — (165 — 165) = 0. So the payoff of Bidder 1 is 80 + 75 — 120 = 35. The

auction proceeds as in Table 25 and the final outcome of the auction is in Table 26.

Thus, it is infrern.s ,Ui(h,ST,5-1) < 0 < 35 < supper,.s ,Ui(h,S1,S-1).
Mishra and Parkes’ descending price clinching auction fails to be obviously strategy-

proof in a general preference setting.

Table 22: Valuations of Bidders

’ Marginal Value Bidder 1 Bidder 2
1st unit 80 78
2nd unit 75 60

Table 23: Outcome After Each Iteration

Bidder 1 Bidder 2 a()
Iteration ¢ 1 2 1 2 N N_; N_»
1 91 91 182 91 182 2 2 2
2 90 90 180 90 180 2 2 2
3 89 89 178 89 178 2 2 2
7 85 8 170 (85) 170 1 1 2
8 86 8 172 (85) (171) 0 0 2
12 80 (80) 160  (85) (171) 0O 0 1
17 75 (80)  (155) (85) (171) 0O 0 0

Table 24: Final Outcome of Sincere Bidding by Bidder 1

] Bidder 1 Bidder 2
Units won 0 2
Payment ($) 0 155
Payoff (3) 0 —17
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Table 25: Outcome After Each Iteration

Bidder 1 Bidder 2 a(-)
Iteration ¢t 1 2 1 2 N N_; N_,
1 91 91 182 91 182 2 2 2
2 90 90 180 90 180 2 2 2
3 89 89 178 89 178 2 2 2
7 8  (85) 170 85 170 1 2 1
12 80 (85) (165) 80 160 0 2 0
32 60  (85) (165) (60) (120) O 0 0

Table 26: Final Outcome of Insincere Bidding by Bidder 1

] Bidder 1 Bidder 2
Units won 2 0
Payment ($) 120 0
Payoff (%) 35 0

5.2.2 The Unit Demand Environment

Now, we explore a restrictive environment where all bidders exhibit unit de-

mands. The bidders’ valuations are in Table 27.
1. Z'nfhejhsilUl(h, Sf, Sfl)

Consider a case where Bidder 2 submits his demand for a license at prices of
$15 and $11 each. Then, the auction proceeds as in Table 28. The auction will end
in iteration 17 since it is ¢'7 = 0. Then, the final allocation is that Bidder 2 gets two
licenses. As a result, we have m(B) = 26, 7(B_1) = 26, 7(B_2) = 10. So the payment
of each bidder is p; = 0 — (26 — 26) = 0 and ps = 26 — (26 — 10) = 10. So Bidder 1
will end up with a payoff of 0. Table 29 illustrates the final outcome of this auction.

2. SUPhel,,5_1 Ul(h7 Si? S,1>

Again, it is not necessary to find the true supremum of Bidder 1’s utility. We
just need to find a case where Bidder 1’s payoff is higher than 0. Suppose Bidder
1 submits her demand at a price of $16 while Bidder 2 bids sincerely. Then, the
auction proceeds as in Table 30. The auction ends in iteration 17 since ¢*7 = 0.
The outcome of the auction is both bidders getting a license each. As a result,
it is 7(B) = 31,7(B-1) = 15,m(B_3) = 16. So the payment of each bidder is
p1 =16 — (31 —15) =0 and p, = 15 — (31 — 16) = 0. So the payoff of Bidder 1 is
10. Refer to Table 31 for the final outcome.
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In conclusion, it is in frer, s , U1 (h, ST, 5-1) <0< 10 < supper, s ,U1(h, S1,S-1).
So the auction still fails to be obviously strategy-proof in this environment.

Table 27: Unit Demand Valuations on License A and B

! v({A}) v({B}) v({AB}) |
Bidder 1 10 10 10
Bidder 2 15 15 15

Table 28: Outcome After Each Iteration

Bidder 1 Bidder 2 a()
Iteration ¢ 1 2 1 2 N_; N_,
1 16 16 32 16 32 2 2 2
2 15 15 30 (15) 30 1 1 2
6 11 11 22 (15)  (26) 0 0 2
7 10 (10) 20 (15) (26) 0 0 1
17 0 (10) 0 (15)  (26) 0 0 1
Table 29: Final Outcome of Sincere Bidding by Bidder 1
’ Bidder 1 Bidder 2
Units won 0 2
Payment ($) 0 10
Payoff ($) 0 5
Table 30: Outcome After Each Iteration
Bidder 1 Bidder 2 a()
Iteration ¢ 1 2 1 2 N N_, N_,
1 16 (16) 32 16 32 1 2 1
2 15 (16) 31 (15) 30 0 1 1
17 0 (16) 0 (15) 0 0 1 1

Table 31: Final Outcome of Insincere Bidding by Bidder 1

Bidder 1 Bidder 2
Units won 1 1
Payment ($) 0 0
Payoff (%) 10 15

5.2.3 The Additive Valuation Environment

Now, let’s consider a case where all bidders have additive valuations. Suppose

there are two licenses in the auction and two bidders with their valuations in Table
32.
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1. infh€]1,371 Ul(h7 ST? S—l)

Suppose Bidder 2 submits his demand for licenses at prices of $15 and $14.
Then, the auction ends in iteration 7 and the outcome is that Bidder 2 gets both
licenses. Refer to Table 33 for the outcome after each iteration. We get w(B) =
29, m(B_1) = 29, 7(B_3) = 20. So the payment of each bidder is p; = 0—(29-29) =0
and ps = 29 — (29 — 20) = 20. Then, the payoff of Bidder 1 is 0. Refer to Table 34

for the final outcome of the auction.
2. Suph€[17571U1(h, Si? S—l)

Now, Bidder 1 and 2 both bid insincerely. Suppose Bidder 1 submits its de-
mands at prices $15 and $8 while Bidder 2 submits its demands at prices $15 and $9.
The outcome after each iteration is in Table 35. Then, the auction ends in iteration 9.
Then, the auctioneer will allocate a license to each bidder. It is 7(B) = 30, 7(B_;) =
24, m(B_3) = 23. So the payment of each bidder is p; = 15 — (30 — 24) = 9 and
pe = 15 — (30 — 23) = 8. As a result, the payoff of Bidder 1 is 1, which is higher
than 0. Refer to Table 36 for the final outcome of the auction.

As a result, it is infrer s ,Ui(h, ST, 5-1) <0 <1 < supper, s ,U1(h, 51, S-1).
Again, even if we restrict the environment to which all bidders have additive valua-

tions, the auction still fails to be obviously strategy-proof.

Table 32: Additive Valuations on License A and B

| v({A}) v({B}) v({AB}) |
Bidder 1 10 10 20
Bidder 2 15 15 30

Table 33: Outcome After Each Iteration

Bidder 1 Bidder 2 a()
Iteration ¢ 1 2 1 2 N N_, N_,
1 16 16 32 16 32 2 2 2
2 15 15 30 (15) 30 1 1 2
3 14 14 28 (15)  (29) 0 0 2
7 10 (10) (200 (15 (29) 0 0 0

Table 34: Final Outcome of Sincere Bidding by Bidder 1

Bidder 1 Bidder 2
Units won 0 2
Payment ($) 0 20
Payoff (3) 0 10
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Table 35: Outcome After Each Iteration

Bidder 1 Bidder 2 a(-)
Iteration ¢t 1 2 1 2 N N_; N_,
1 16 16 32 16 32 2 2 2
2 15 (15 30 (15 30 1 1 1
3 14 (15 20  (15) 29 1 1 1
8 9  (15) 24 (15 (24) 0 0 1
9 8 (15 (23) (15 (24) 0 0 0

Table 36: Final Outcome of Insincere Bidding by Bidder 1

] Bidder 1 Bidder 2
Units won 1 1
Payment ($) 9 8
Payoff ($) 1 7

6 Conclusion

This paper examined the concept of obviously strategy-proof mechanism in the
context of auction theory. The identification of such mechanisms is crucial, especially
when considering real-world scenarios where agents may have cognitive limitations.
Shengwu Li (2017) demonstrates that obviously strategy-proof mechanisms outper-
form their strategy-proof counterparts in real-world contexts involving agents with
cognitive limitations, highlighting their importance in bridging the gap between the-
oretical models and practical applications.

In this paper, we applied an analytical approach to investigate the potential of
three auction formats to deliver efficient outcomes in practical settings: the simul-
taneous ascending auction, Ausubel’s ascending price clinching auction, and Mishra
and Parkes’s descending price clinching auction. We first examined whether the sin-
cere bidding strategy is dominant in each auction format. Subsequently, we analyzed
whether it qualifies as an obviously dominant strategy, which would indicate that the
auction is obviously strategy-proof. Unfortunately, our findings indicate that none of
the auction formats mentioned above can be considered obviously strategy-proof in
general preference settings. The simultaneous ascending auction lacked a dominant
strategy equilibrium altogether, rendering sincere bidding ineffective. In the case
of Ausubel’s ascending price clinching auction and Mishra and Parkes’s descending
price clinching auction, the sincere bidding strategy emerged as a dominant strategy.
However, we were able to demonstrate through counterexamples that they do not
meet the criteria for obviously strategy-proofness. These results remained consistent
even when considering restrictive environments where all bidders have either unit

demands or additive valuations.

21 3



The implications of these findings are significant. The absence of obviously
strategy-proof mechanisms in these auction formats highlights the challenges in en-
suring fair and efficient outcomes, particularly in real-world scenarios where cog-
nitive limitations among agents exist. Although strategy-proof mechanisms have
traditionally been considered sufficient, the presence of cognitive limitations neces-
sitates the exploration of obviously strategy-proof mechanisms. While our analysis
did not identify obviously strategy-proof mechanisms among the examined auction
formats, this research contributes to the existing body of knowledge by shedding
light on their limitations and providing insights into their potential shortcomings in
practical settings. This paper will help inform future auction design decisions and
emphasize the necessity to explore alternative auction formats or mechanisms that
may offer greater potential for delivering obviously strategy-proofness and desirable

outcomes.
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8 Appendix

8.1 Dominance of Sincere Bidding Strategy in Mishra and

Parkes’s Descending Price Clinching Auction

Proposition 1. All bidders have a dominant strategy to announce their true valu-

ations in Mishra and Parkes’s descending price clinching auction.

Setting

e Assumption 1: Bidders exhibit non-increasing marginal utilities.

e Assumption 2: There are two bidders and two homogeneous licenses in the

auction.

— This assumption is included only to make the analysis simple. Proposition

1 holds for any number of bidders and licenses in the auction.
e Assumption 3: Bidder 1 has unit demand.

— This assumption is included only to make the analysis simple. Proposition
1 still holds even if Bidder 1 has multi-unit demand.

e Let v denote Bidder 1’s true marginal valuation for a license she wins, if any.

e Let s denote the marginal price at which Bidder 1 reports her demand for a

license.

e Let b7,b; each denote the marginal prices at which the other bidders report

their demand for license(s).

Proof

We need to show that reporting one’s demand at a marginal price v weakly dominates
reporting at a marginal price s for any s # v. If so, reporting one’s demand only at

a marginal price v is a dominant strategy for Bidder 1.

1. Case 1: s <w

(a) If s > b} > b, then reporting a demand for a license at a price of either
v or s will both result in Bidder 1 winning a license and payment is b3 in

both cases.

(b) If v > b} > s > b}, then reporting a demand for a license at a price of
either v or s will both result in Bidder 1 winning a license and payment is

b5 in both cases.
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(c)

(f)

If v > b7 > b5 > s, Bidder 1’s payoft is 0. So Bidder 1 would be better off
reporting her demand for a license at a price v, in which case her payoff is
v —0b5 > 0.

If b > v > s > b3, then reporting a demand for a license at a price of
either v or s will both result in Bidder 1 winning a license and payment is

b5 in both cases.

If b7 > v > b5 > s, Bidder 1’s payoft is 0. So Bidder 1 would be better oft
reporting her demand for a license at a price v, in which case her payoff is
v — b5 > 0.

If b7 > b5 > v, then reporting a demand for a license at a price of either v

or s both result in a payoff of 0.

In conclusion, reporting a demand at a price of v is never worse and some-

times better than reporting a demand at a price of s. Hence, bidding v weakly

dominates bidding s.

2. Case 2: s > v

(a)

(b)

()

(d)

(e)

(f)

If v > b] > b3, then reporting a demand for a license at a price of either
v or s will both result in Bidder 1 winning a license and payment is b} in

both cases.

If s > b7 > v > b3, then reporting a demand for a license at a price of
either v or s will both result in Bidder 1 winning a license and payment is

b5 in both cases.

If s > b] > b5 > v, Bidder 1’s payoft is v — b5 < 0. So Bidder 1 would be
better off reporting her demand for a license at a price v, in which case her
payoff is 0.

If b > s > v > b3, then reporting a demand for a license at a price of
either v or s will both result in Bidder 1 winning a license and payment is

b5 in both cases.

If b7 > s > b5 > v, Bidder 1’s payoff is v — b5 < 0. So Bidder 1 would be
better off reporting her demand for a license at a price v, in which case her
payoff is 0.

If b7 > b5 > s, then reporting a demand for a license at a price of either v

or s both result in a payoff of 0.

In conclusion, reporting a demand at a price of v is still never worse and some-

times better than reporting a demand at a price of s. Hence, bidding v weakly

dominates bidding s.
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Since this is true for all v # s, reporting a demand for a license at a price v
is a weakly dominant strategy. Note that this conclusion is robust to the number of
licenses and bidders. Also, the conclusion still holds even if Bidder 1 has multi-unit

demand.
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