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Abstract

There is an implicit assumption in electronic commerce that induces the buyers to believe that their deals will be
handled appropriately. However, after a seller has already committed to a buyer, he may be tempted by several
requests though he will not be able to supply them all. We analyze markets in which a finite set of automated
buyers interacts repeatedly with a finite set of automated sellers. These sellers can satisfy one buyer at a time,
and they can be tempted to break a commitment they already have. We have found the perfect equilibria that
exist in markets with a finite horizon, and with an unrestricted horizon. A significant result stemming from our
study reveals that sellers are almost always tempted to breach their commitments. However, we also show that
if markets’ designers implement an external mechanism that restricts the automated buyers actions, then sellers
will keep their commitments.
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Marketplaces, either traditional or electronic, are sites in which sellers and buyers meet in
order to trade. The trade could be for goods or for services. In both cases, the demand may
exceed the supply and a seller that has already committed to a buyer, may be tempted by
several profitable requests of other buyers that he will not be able to supply if he keeps his
promises. The seller, that would like to maximize his benefits faces the strategic question
of whether to keep his promise or to break it and to increase his short term benefits. In
markets where trade continues repetitively, buyers should take into consideration the long
term effects of trading with sellers who may break their promises. The buyers that would
also like to maximize their benefits need to decide how to react when a seller breaks a
promise.

Such situations occur in B2C electronic markets where usually the consumers are unable
to verify the actual stock of the business with whom they are trading. In addition, in such
electronic markets, there is an implicit assumption which induces the buyers to believe
that whenever a deal is made between a buyer and a seller, it will be performed as agreed.
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However, usually there is no binding contract between the parties. After a buyer has suc-
cessfully placed his order, he gets the feeling that the seller to whom he has approached
is, although implicitly, committed to performing the request as submitted. Nevertheless,
it may be the case that after a seller of a service or a product has already committed to a
buyer, he may be tempted by several requests though he will not be able to supply them all.
Usually, inventories are not checked before the buyer places his submission, and he still
receives a successful message regarding his request. Later on, the same buyer may realize
that he will not actually receive the order as it has originally been placed.

We interviewed several customers of on-line stores and collected many examples includ-
ing the following. A customer placed an electronic order through a web-site of a pharmacy
that advertised its products on sale. However, the number of products he actually received
was smaller than those that he had successfully ordered. Another example, is of an order
with an extremely large number of books with the same book-title that was successfully
placed (by mistake) in one of the electronic book stores. The customer did not receive any
comment on the availability of the number of books. Although, the store may still have
been able to process such a large number of books, it seems that its inventory was not
checked while the customer was placing his order. There is a gap between the belief of
the customer that his order will be processed completely and successfully, and the actual
result. This gap results from the implicit contracts existing in B2C transactions, and the
fact that in electronic markets the customers are not able to see what is actually happening
on the sellers’ side.

Similar situations occur also in traditional markets. For example, a plumber may have
committed himself to serve a certain customer. However, he may be tempted by a larger
customer and may change his plans at the last moment. Thus he may not keep his promise
to the original customer by not coming on the agreed day and time.

Other related scenarios occur in physical stores when the merchandise may be kept in a
stock room and thus it is not visible to the customers. During our interviews we heard the
following example. A salesperson of a cellular phone company promised a new model of
a phone to a customer. However, the delivered appliance was not of the promised model
and the claim was that they do not have it in their stock. Still, this behavior is more
common in electronic markets where sellers are uncertain regarding the number of buyers
that will approach their site and the volume of their orders. It results from liquidity and
dynamism of the activity on the web, where sites are easily accessible by buyers from
diverse geographical locations, and the cost of switching from one site to another is very
low.

When the sellers receive multiple orders for the same product which they may be unable
to supply to all of the customers, it is not clear what strategies these sellers should use
to solve these conflicts. One option is to have sellers respect the customers’ order, and
implement the strategy first in first served which is the most commonly used in physical
stores due to the fair feeling it gives the customers. But when the customers themselves
can not verify what was the order of placing their orders, it is still not clear whether the
sellers should benefit from this strategy. Since there is no explicit contract that binds the
seller to actually fulfilling an electronic order, the question of which are the best strategies
to use in such markets should not be considered trivial.
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Intention reconciliation was studied in the framework of teams [Sullivan et al., 13] which
is not the case of B2C interactions. The notion of reputation was studied in [Castelfranchi,
Conte, and Paolucci, 2] assuming that the reputation values are communicated among the
interacting parties. This is not the case that we are studying, where competing buyers and
sellers rarely communicate between themselves. We focus on the strategies that will result
in equilibrium of electronic marketplaces that do not allow for additional payments beyond
those that the buyers are requested to pay for the products or services purchased. We also
assumed that the price of similar products is the same for all the buyers. That is, we did not
analyze buyers with different types (see [Goldman, Kraus, and Shehory, 5]) and we do not
allow buyers to pay higher prices for the same products in order to guarantee the delivery
of the product to themselves. We consider situations where there is no social law that will
bind the sellers to keep their commitments. In particular, we do not consider markets where
there is a mechanism to enforce sellers to pay penalties for breaching [Sandholm, Sikka,
and Norden, 11].

We are interested in studying the effect of taking into account the reputation of the sellers
at the design stage, i.e., how we should design buyers’ and sellers’ strategies in order to
implement them to act on behalf of human users in B2C interactions where each user
would like to maximize his own benefits. Economic studies on B2C (e.g., [Schmitz, 12;
van der Heijden, Verhagen, and Creemers, 14] and others (as reported in Section 5)) study
certain markets that do not fit the problem we handle here. In particular, the question of
how to design strategies for automated buyers and sellers where the interactions may not
be trusted has not been studied to the best of our knowledge.

Therefore, we are particularly interested in studying the equilibria that exist in such B2C
situations. Are these markets self-stable? Are the sellers trustful? Based on the information
that resides in the web-site where a buyer places his order, can this buyer be certain that if
he receives a message describing the successful status of his order submission he will ob-
tain the expected result from this order? The answer to the latter question is, unfortunately,
negative, as we will show in this paper. In other words, current electronic sellers on the
Internet have the potential not to be trustful. That is, following their equilibrium strategies,
the sellers will indeed breach their implicit contracts with their customers if they happen
to receive better deals, even after a submission for an order has already been successfully
processed. However, we show that this trust problem can be avoided by adding an external
regulator to the market. By a regulator we mean a mechanism that regulates which seller a
buyer can approach.

Given an external mechanism as presented in this paper, we show that the equilibrium
strategies will induce the sellers not fo breach their implicit commitments. The external
mechanism transforms the sellers’ breaches from beneficial to non-beneficial, and therefore
the sellers will prefer to remain reliable.

We formally specified conditions for which equilibria exist in markets composed of finite
sets of sellers and buyers who interact repeatedly. The seller must decide whether to keep
its promise that may lead to some losses, or whether to break the promise and increase
its short term gains, but irritate one of its clients. A buyer that is irritated by a seller is
motivated not to approach the irritating seller in succeeding encounters. This behavior is
considered a punishment for not providing the expected supply or service.
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In principle, there could be two possible equilibria:

e The buyers will not punish sellers that do not keep their promises. In this case the sellers
will most likely be tempted by a larger deal, and will therefore break any commitment
they have.

e The buyers will punish sellers that do not keep their promises. The sellers may refrain
from breaking commitments if the loss of a buyer’s deal in the future does offset the
increment in the immediate gain the seller obtains when he is tempted.

Our main result is that in most of the cases the first equilibrium exists. We showed this
for any probability with which a tempting deal can occur, assuming the characteristics of
the market in question. This is true for a general class of buyers that we have characterized.
There are other classes of buyers, for whom being constantly rejected is very costly. In this
case, buyers may choose not to return to sellers that do not keep their promises. However,
such a market is not stable, and an equilibrium does not exist. For maintaining stability
in such markets, or to maintain stability while the sellers keep their promises we propose
an external regulator that will be implemented as a mechanism that binds the potential
buyers’ threats not to return to an unreliable seller. Practically, this means that the market’s
manager can prevent a certain buyer from approaching a certain seller who has broken
a commitment to this buyer in the past. Markets can store log files with the history of
interactions maintained among the buyers and sellers that trade in these markets. We are
assuming that binding the sellers not to breach their commitments is not possible. We
assume that there is no social law that can be imposed on an electronic competitive market
that will tell a seller not to sell to a certain buyer. In this paper we deal with a market in
which the sellers may behave unreliably.

The paper is organized as follows. The model is first presented in Section 1. The strate-
gies studied shed light on the sellers’ decision as to whether or not it is worthwhile for
them to be tempted to leave a deal they are already committed to. The profiles of strategies
in perfect equilibrium that were found are detailed in Section 3 following the main theo-
rem presented in Section 2. In Section 4, we propose the implementation of an external
mechanism that results in a stable market with reliable sellers and present formal results
for a simple market. Work conducted on trust, reconciliation and reputation functions in
the framework of teams and economies is surveyed in Section 5. Finally, we provide our
conclusion in Section 6. The formal detailed proofs of the theorems can be found in the
Appendixes A-E.

1. The model and its dynamics

The formal model was simplified as much as possible specifically to concentrate on the
factors that are needed for studying the temptation problem. There is a finite set B of
buyers B’ and a finite set S of sellers S/ that interact repeatedly. Each buyer in B would
like to buy a single product that the sellers in S can sell (we refer to it as a product, but it
can also represent a service the seller can provide; e.g., assisting an Internet user from a
help-desk) for a fixed price p. Each seller has a non-restrictive amount of the product, but
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Figure 1. A trading cycle fc.

can serve only one customer at a time. This limitation is the cause of the problem handled
in this paper.!

In each time period a buyer would like to buy a given number of units of the product and
will send a request to one of the sellers. ﬁ(Bi, 7, tc) will denote a request of buyer B to
buy 7 units at the unit price p at trading cycle fc. When both parties agree for every cycle
upon a request, we will refer to it as a deal. In this paper we assume that a request is valid
for only one time cycle and its values do not change during its time cycle. We also assume
that the size of a request, t, is bounded and denoted T.

1.1.  The dynamics of the trade

Each buyer could approach any seller for a given request. If a seller, who was approached
by a buyer, agrees to sell,? then the buyer will indeed buy from this seller.

Figure 1 shows the steps followed by the trading agents in one trading cycle. At time #1,
the needs of each buyer are determined, i.e., 8 (B, 1, tc). We assume a positive B exists for
every buyer for every trading cycle zc. By time #,, each buyer chooses a seller to whom he
will send his request. At 73, each seller sends each of his possible buyers an answer either
agreeing to perform § or rejecting the request.

When a buyer receives a negative answer, he may approach another seller. This can be
done at time #34 that will be called the regret time. We use ¥ to denote such a request
asked at regret time. A seller may prefer ¥ over the original 8 he is committed to. The
dilemma occurs only when the benefits of the seller from its original 8 are lower than that
of y.

Up to time 14, each seller fulfills the deal to which he has committed himself, either at
13 or at 134¢. A buyer can decide to leave the market at time #; of any trading cycle. This
may happen when the buyer is rejected by all the sellers in the market, and when the buyer
does not return to such sellers.

In this paper we consider the case in which only one regret time exists between 3 and #4.
We will consider situations of finite horizon where the number of trading cycles, K, is
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Table 1. A summary of all the notations defined in this section

Notation Description

tc The trading cycle. tc; will denote the ith trading cycle

K The number of trading cycles in a market with a finite horizon

K’ K’ = K — tc, i.e., K’ denotes the number of cycles that are left until the end of
the market

B={B},1<i<o0 The set of buyers

S={8/},1<j<o0 The set of sellers. The problem is relevant when |B| > |S]|

B =B(Bl, 1, 1) B! requests a deal 8 composed of T units of the product at trading cycle zc

T The maximal number of units in a request

Val(B) The value of Bis Val(B) =1 - p

v The deal offered to a seller at regret time. Val(y) > Val(B)

Unreliable seller A seller is unreliable (with respect to a buyer to whom he was committed to
perform this buyer’s 8 deal) if he accepts 7 at regret time

s’ B The seller S/°s utility function. uvs’ B)=ValB)=1t-p

UuB' (8) The buyer B'’s utility function

8 The time discount factor

Pr(y) The probability that a seller will be tempted to break its promise in a given time
period

known to all the buyers and to all the sellers. We will also consider situations of unrestricted
horizon where there is no limit on the number of trading cycles. We will denote the i’s
cycle tc;.

Table 1 presents a summary of our model’s notations.

1.2.  Utility functions

Each seller and each buyer has a utility function denoted U5’ and U®', respectively. The
agents have a time constant discount rate 0 < § < 1. When considering finite horizon
situations, we will assume that § = 1.

A seller’s utility from a request ﬁ(Bi , T, tc) is linear in t - p. Thus, we will referto t - p
as the “value” of B for the sellers and we will denote it Val(8).

The maximal utility a buyer can attain is when his request is satisfied. In addition he
prefers not receiving a commitment at all over reaching a deal with a seller that will break
its promise. Hence, the buyers’ utility satisfies the following inequalities:

U¥' (B is performed by S7)

> U¥ (B is not performed but no commitment is made)
> U¥ (a seller promised to do § but later broke its commitment).
The utility a buyer attains when he is rejected by a seller that was committed to him is

denoted as Ureg and his utility when he leaves the market is denoted Uexit.
For simplicity, we assume that a buyer’s utility function is as follows:
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1, if B was performed during the trading cycle.
) 0, if B* was not chosen by the seller he approached either at #3 or
uBp) = at 13 4.

Ureg, if B' was rejected by the seller at regret time.
Uexit, if B' opts out of the market.

For example, Ureg may be —% and Uit may be equal to —1.

1.3. Strategies and equilibrium

A seller’s strategies differ as to whether or not he keeps his promise to the buyer to whom
he has committed himself in the current trading cycle. That is, a seller performs g or
breaks his promise and performs the request 7, it obtained at regret time. This question is
relevant when Val(y) > Val(B) and thus we will discuss the sellers’ strategies only in such
situations.

On the other hand, the buyers’ strategies differ as to whether or not the buyer returns to a
seller that has broken his promises. Given that the buyers do not come back to a seller who
has behaved unreliably, we distinguish among three types of buyers: not restricted buyers,
exclusive buyers, and loyal buyers.

Definition 1 (Not restricted, exclusive, and loyal buyers).

e A buyer is not restricted from approaching a seller if he may choose this seller at time #,.
The buyer’s strategy does not prevent him from approaching this seller.

e A buyer is exclusive to a seller j, if his strategy prevents him from approaching any
selleri,i # j.

e Abuyer is loyal to a seller if he keeps choosing the same seller after the seller has chosen
him and performed the requested B. If the seller obtains equal valued deals, he would
prefer the deal of his loyal buyer.

In the following sections we consider the problem of how a rational agent chooses its
strategy. A useful notion is the Nash equilibrium [Nash, 8] that requires that if all the agents
use the strategies specified for them in the strategy profile of the Nash equilibrium, then no
agent is motivated to deviate and implement another strategy. However, in a market with
multiple cycles such as the one considered in this paper some absurd Nash equilibrium may
exist: an agent may use a threat that would not be carried out if the agent were put in the
position to do so, since the threat move would give the agent a lower payoff than it would
get by not doing the threatened action [Fudenberg and Tirole, 4]. This happens since Nash
equilibrium strategies may be in equilibrium only at the beginning of the market, but may
be unstable in intermediate stages. Thus, we will also use the concept of the sub-game
perfect equilibrium (SPE) [Osborne and Rubinstein, 9; 10] which is a stronger concept.
SPE requires that in any cycle of the market, no matter what the history is, no agent has a
motivation to deviate and follow another strategy different from that defined in the strategy
profile.
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2. Buyers return to unreliable sellers

It seems that punishing an unreliable seller by not returning to him after he breaks his
promise is a good strategy for a buyer. However, when the number of sellers is finite,
as considered in this paper, this strategy may cause the buyer to leave the market if all
the sellers have irritated him. In this section we characterize the situations in which it is
beneficial for a buyer to return to unreliable sellers. The characterization depends mainly
on the utility function of the buyers, but also on the probability that a seller will be tempted
to break its promise. This probability depends on the possible values of the size of the
requests, i.e., the possible values of t, and the way the needs of the buyers are determined
at the beginning of a trading cycle. This is because the origin of the temptation at the regret
time is caused by the buyers that were not chosen by the seller they approached initially.
We denote this probability Pr(3) and demonstrate it in the following example.

Example 1. Consider a market of three buyers and two sellers, i.e., B = {B!, B?, B3} and
S = {Sl, S2}. The possible values of t are 1, 2, 3, and 4. Suppose also, that the needs of
each buyer at the beginning of a trading cycle are uniformly and independently distributed
over {1,2, 3,4} and that a buyer chooses randomly between the two sellers if he is not
restricted from approaching either of them. We will show that Pr(y) = 7/32.

There are 64 combinations of 3 requests of the three buyers over {1, ...,4}. A seller
will be tempted by a buyer if (i) originally only one buyer approached him and
two buyers have approached the other seller; (ii) the request of the buyer that ap-
proached him was lower than the request of the minimum between the requests re-
ceived by its opponent. For example, if he obtained a request of 1 and its opponent
received requests of 3 and 4. There are 14 such cases that we enumerate in the fol-
lowing list (the first element in the pair, is the request obtained by the seller and
the second element in the pair is an ordered list of the requests sent to its oppo-
nent) [{1}{2, 2}]; [{1}{2, 3}]; [{1}1{2, 4}); [{1}{3, 2}); [{1}{3, 3}); [{1}{3, 4}]; [{1}{4,2}];
[{1H4, 3}, [{1H4, 4}]; [{2}{3, 3}]; [{21{3, 4}): [{2H4, 3}1; [{2}{4, 4}]; [{3}{4, 4}].

Thus, in 14 cases out of the 64 possible cases a seller will be tempted, i.e., Pr(y) = 7/32.

The next theorem specifies the conditions in which buyers will return to unreliable sell-
ers. It serves as the basis for the perfect equilibria that we identify in the next section.
Remember that in a market with a finite horizon, the trade lasts for K trading cycles and
in a market of unrestricted horizon the buyers’ and sellers’ utility function have a time
constant discount rate denoted §.

Theorem 1 (Sellers can be unreliable).

1. The buyers will return to unreliable sellers. If the market satisfies the following condi-
tions:

e Finite horizon: Ureg(1 + Pr(¥)(K — 2)) > Uexit + (K — 2);
e Unrestricted horizon: 1/(1 — 8)[Ureg(Pr(')7) — 1) — 1] > Uexit;
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thus if all the sellers in the market are unreliable; i.e., they accept any 7 deal at regret
time, then a buyer B will benefit more from returning to an unreliable seller, than from
not returning, regardless of the strategies of the other buyers.

2. The sellers are unreliable with respect to returning buyers. If the buyers always keep
themselves not restricted from approaching any seller in the market, then a seller’s
expected utility increases when he accepts a 7 deal at regret time, regardless of what
the strategy of the other sellers are. This holds when the horizon is finite as well as
when it is unrestricted.

Sketch of proof:

1. The buyers. We show that when Ure; and Ueje follow the relation stated in the
theorem, the expected utility of a buyer that returns to an unreliable seller is larger than the
expected utility it could have attained, had he not returned to unreliable sellers. The full
details of these computations appear in Appendix A.1 for a market with a finite horizon
and in Appendix A.2 for a market with an unrestricted horizon.

2. The sellers. Since the behavior of the buyers does not vary with respect to the behavior
of the sellers, and since Val(y) > Val(B), it is clear that the expected utility of a seller who
accepts a 7 deal at regret time is larger than the expected utility he obtains if he rejects
such a deal. Since the buyers keep themselves not restricted from approaching any seller,
this theorem is true, regardless of what the other sellers do. O

If the buyers’ utility function does not follow the inequalities stated in the previous
theorem, the market will not remain stable. Rational buyers will not respect their own
threats of not returning to unreliable sellers. We demonstrate the theorem in the next two
examples.

Example 2. We return to the market of Example 1 composed of three buyers, two sellers
and request values uniformly distributed over {1, 2, 3, 4}. Suppose the market lasts for 20
trading cycles, i.e., K = 20. In this case if Uy = —1 and Ueyjr = —23 then buyers will
benefit from returning to unreliable sellers. If the horizon of the market is unrestricted,
such buyers will also be induced to return to unreliable sellers when § < 0.99.

In the next example we consider a situation with more buyers.

Example 3. Consider a market of four buyers and two sellers where the requests are uni-
formly and independently distributed over {1, 2, 3}. In this case, the probability of a seller
facing a y deal is Pr(y) = 34/81. A seller is tempted in situations where he is first ap-
proached by one buyer and the other seller is originally approached by three buyers, two of
which eventually will be rejected. In addition, the value of its request is lower than at least
one of the values of the requests of the buyers that were rejected by the other seller. An-
other situation in which the seller may be tempted is when he is originally approached by
two buyers, and the tempting deal is offered by the buyer that has been rejected by the sec-
ond seller. Examples of such situations include: [{1, 1}{2, 2}]; [{1}{2, 1, 2}]; [{3, 3}{2, 1}],
etc.
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Since the sellers of this market are tempted more often than these of the previous ex-
ample, buyers with the same utility function (i.e., Ureg = —1 and Uexj = —23) return to
unreliable sellers even for markets that last for a smaller number of time periods, i.e., when
K < 17. Similarly, they will return even if § is smaller, i.e., § < 0.98.

Notice that Theorem 1 holds for markets where Pr(y) (the probability of a seller being
offered a larger deal at regret time) follows the next inequalities for the finite and the
unrestricted cases, respectively:

e Finite horizon:

Uexit + (K —2) — Ureg .
Ureg(K - 2) ’

Pr()’?) >

e Unrestricted horizon:

Uexit(1 — 8) + Ureg +1
Ureg .

Pr()’?) >

Assuming that Uexit < Ureg < 0 and K > 1 (K is the number of trading steps in the
market), in the finite horizon case we find that the denominator of Pr(¥) is always negative,
and the numerator is positive leading to Pr(y) being as small as we want (Pr(3) should
be positive). Therefore the result presented in Theorem 1 holds for markets where ¥ may
not happen so often, even rarely. Hence, our results reveal the asymmetry that exists in
marketplaces where sellers may behave unreliably and the buyers cannot punish them by
not returning to them for a whole range of markets which may include rare large deals or
even very frequent large deals that will cause the sellers to breach their commitment.

For the unrestricted horizon case, solving Pr(¥) results in the condition that

Uexit(1 — 8) + Ureg +1
Ureg ’

pr(y) >

Assuming again that Uexit < Ureg < 0, and the fact that 0 < § < 1, we find that the
denominator is always negative, and the numerator is positive when Uexit(1 — 8) + Ureg >
—1. Since Ueyj is smaller than Uy we can write Uejt = Ureg — x for some positive x.

Then, the numerator will be positive when (Ureg — x)(1 — 8) + Ureg > —1, leading to
—1—=x6-1)
Ureg > W

3. The power of unreliable sellers

Based on Theorem 1, a perfect equilibrium can be identified for the markets characterized
in that theorem. This finding is disappointing since sellers do not keep their promises when
following the strategies of the perfect equilibrium.
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Theorem 2 (Perfect equilibrium in a market with unreliable sellers). If the market satisfies
the following conditions:

e Finite horizon:
Ureg(l + Pr(y)(K — 2)) > Ueit + (K — 2);

e Unrestricted horizon:

1 ~
m[Ureg(Pr(V) - 1) - 1] > Uexit;

then the following strategies are in perfect equilibrium:

o The buyers: The buyers remain not restricted from approaching the sellers in the market
even if the sellers have behaved unreliably.
o The sellers: The sellers accept any 7 deal at regret time.

When the horizon is unrestricted this profile is the unique perfect equilibrium for any
0<s< L

Sketch of proof: Following Theorem 1 (the sellers), a seller will benefit most from ac-
cepting any ¥ deal at regret time, if all the buyers return eventually to the unreliable seller.
This was proven for a general market and its proof did not assume any market in particular.
In addition, Theorem 1 (the buyers) stated that if the sellers behave unreliably then the
buyers will be induced to remain not restricted from buying from these sellers. t

One may assume that even though the sellers do not keep their promises when following
the equilibrium strategies, buyers still may not lose since an agent may play two roles in
the market: sometimes he is the rejected buyer and sometimes he is the one whose requests
are satisfied at regret time. However, since a buyer loses when he is rejected, and in such
situations he may be rejected quite often, his average benefit is lower when the sellers do
not keep their promises than in the case that they do keep their promises.

We have formally found additional Nash equilibria for a simple market with an unre-
stricted horizon composed of three buyers and two sellers (see Theorem 3 and Corollary 1
in Section 4). These profiles include cases where the sellers avoid breaking commitments.
Since these profiles are Nash equilibrium but they are not in perfect equilibrium, it is un-
reasonable to recommend them to designers of automated agents. Such Nash equilibria
enable buyers to threaten sellers with threats that the buyers themselves cannot carry out.
These equilibria are known as absurd Nash equilibria [Fudenberg and Tirole, 4]. The rea-
son for this is that Nash equilibrium strategies are stable only at the beginning of the trade.
However, agents may benefit from deviating from these strategies at intermediate stages of
the trade.

4. Reliable sellers

The results obtained so far reveal that in an electronic market with no external intervention,
sellers have incentives to break commitments. Buyers are compelled to return to such
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unreliable sellers. Even though there are certain cases for which sellers will remain reliable,
these cases comprise only Nash equilibrium (see Theorem 3 and Corollary 1) which the
agents themselves will not be able to follow given the perfect equilibrium shown in the
former section.

To overcome such undesirable situations we propose an external mechanism that can be
implemented in the electronic marketplace. This mechanism will prevent the buyers from
returning to unreliable sellers. Markets’ managers can store the log files containing infor-
mation about the transactions performed by the buyers and sellers trading in the market.
These managers can impose constraints on the buyers’ behavior with respect to the sellers
they are allowed to approach. Thus, a buyer may not be allowed to actually approach a
seller who has behaved unreliably in a previous trade round. In this paper we are dealing
with a market in which the sellers may behave unreliably.

We have analytically studied the effect of implementing such a mechanism in a simple
market composed of three buyers and two sellers, when the horizon is finite (Theorem 4)
and when the horizon is unrestricted (Theorem 5).

In particular, we study in detail the minimal market in which the temptation is relevant.
This market is composed of three buyers {Bl, B2, B3} and two sellers {S 1 Sz}. If there
were more sellers than buyers, then, the buyer who was rejected by an unreliable seller at
regret time, would have had an idle seller who could supply his 8. When there is a single
seller in the market, the regret time is irrelevant.

We assume that p = 1. As in Example 1 in the simple market we analyzed, T can be
assigned the values of one, two, or three with a probability of % Therefore the difference
between the value of a deal ¥ offered to a seller at regret time and a deal 8 to which the
seller is already committed can be either one or two (these 7 deals will be denoted 7; and
2, respectively).

Since there are more buyers than sellers in the market, it is in the buyers’ interest to
be able to approach both sellers along the trading cycles. That is, even if a seller breaks
a commitment to a buyer, this buyer may nevertheless decide to come back to this seller
during a later trading cycle.

On the other hand, if the sellers knew that the buyers would come back to them, even if
they had behaved unreliably, they would not have an incentive not to break commitments
and would therefore always be tempted. Thus, the buyers would benefit from not coming
back to a seller who has broken a commitment to them if this behavior could cause the
sellers to keep their promises. Even though this seems to be a simple market, deciding
what action will yield the maximal expected utility is not a trivial task.

4.1.  The possible states of the simple market

The dynamics of the simple market lead it through six different states. The tree constructed
from these states and the transitions between them is depicted in Figure 2. An exclusive
buyer is denoted in the figure by ” after the buyer’s name. The buyers’ names can be
interchanged in the figure. The market is initially in a state in which all buyers are not
restricted from approaching any seller. In all of the strategies considered in this paper, we
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B2 was rejected
State2a by S1 and becam State3a
exclusive to S2

S1 S2
[B1] [B1B2"B3"]

S1 S2

B3 was rejected by S1 [B1B2] [B1B2B3"]
and became exclusive to S2

and left the market

Statel
S1 S2
[B1B2] [B1B2]

S1 S2

[B1 B2 B3] [B1 B2 B3]

B3 was rejected by S1

and left the market m

State3b

B3 was rejected by S2
and became exclusive to S1

State2b

S1 S2

S1 S2 B2 was rejected
" by S2 and became ([B1 B2"B3"] [BI1]
[B1 B2B3"] [B1B2] exclusive to S1

Figure 2.  State transitions in a market with three buyers and two sellers.

assume that, during the first trading cycle, each buyer chooses each one of the sellers with
an equal probability of % Each buyer keeps choosing the seller who has also chosen him
during the last cycle, and keeps choosing one seller with a probability of one half, when he
has not been chosen by a seller and also has not been rejected by any seller.

The agents remain in the same state in two cases: (1) as long as the sellers do not accept
any y deals proposed at regret time, or (2) as long as the buyers keep returning to a seller
who accepted a p deal at regret time. As a consequence, the movement of the agents
between the states occurs when the sellers accept 3 deals requested at regret time, and
when the buyers do not come back to these sellers. The expected utility for the buyers
and the sellers can be computed by evaluating the possible paths that these agents follow.
These computations are illustrated in Appendix B.

Each one of the states is described in more detail hereafter:

1. Statel. This is the initial state of the market. The three buyers are not restricted from
approaching any of the sellers.

2. State2a. Two buyers are not restricted from approaching any specific seller; the third
buyer is exclusive to seller S2. This state is reached when, for example, B3 was chosen
by S! and B? was preferred by S over B'. B! approaches S' at regret time; S' decides
to accept B!’s deal, rejecting B3, making him exclusive to S%. Other arrangements of
buyers (by changing the name of the buyers in this example) are possible and constitute
other ways in which the market can reach State2a. State2b is symmetric to State2a
where the result is that a buyer becomes exclusive to seller S! instead of $2.

3. State3a. One buyer is not restricted from approaching any specific seller; the other two
buyers are exclusive to seller S2. This state is reached after the market is in State2a; for
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example, BZis loyal to S!, and B3 is loyal and exclusive to S2. B! lost to B3 at 13 and
approaches S! at regret time. S! accepts B!’s deal, thus making B? exclusive to S2.
State3b is symmetric to State3a, where the exclusive buyers are exclusive to S! instead
of §2.

4. State4. There are two loyal buyers (each one is loyal to a different seller), and the third
buyer has opted out of the market. State4 can be reached from State2a or State2b. For
example, if the market is in State2a, then one of the buyers (e.g., B3) is exclusive to S2.
In the next trading cycle, B? becomes loyal to S2. In the following cycle, S* makes
a better deal at regret time, e.g., request made by B'. If S? accepts any deal at regret
time that is larger than the one he is committed to, and a buyer does not return to an
unreliable seller, then during this trading cycle, B> will be rejected by S at regret time.
Notice that B> was already exclusive to S2 . and since there are only two sellers in the
market, the buyer is compelled to leave the market.

4.2.  An equilibrium example with reliable sellers

We have found a certain range of values for § in which the sellers will refrain from break-
ing certain commitments they have towards the buyers. These strategies were found to
be in Nash equilibrium as shown in the next theorem. Nevertheless, as explained in Sec-
tion 3, there is a perfect equilibrium that instructs the sellers to break their commitments
given the opportunity. This will lead the buyers to return to these unreliable sellers. We
bring the following theorem as an example of the possible existence of additional Nash
equilibrium. However, for practical reasons, these strategies will not be implemented since
perfect equilibrium should be preferred.

Theorem 3 (Nash equilibrium—unrestricted horizon). When 0.92 < § < 1, the following
strategies are in Nash equilibrium:

e The buyers. The buyers remain not restricted from approaching an ureliable seller that
has accepted a 7, deal, at regret time. The buyers will not return to an unreliable seller
if the seller has accepted a ] deal, at regret time.

o The sellers. The sellers accept a > deal at regret time, and they do not accept a 71 deal.

Sketch of proof: The complete computations showing that neither the sellers nor the
buyers will benefit from deviating from the strategies in this theorem appear in Appen-
dix C. O

In the next sections, we find the strategies that sellers will follow given an external mech-
anism which prevents buyers from returning to unreliable sellers. The strategies computed
for markets with finite and unrestricted horizons maximize the sellers’ expected utility.
It will be shown that sellers will eventually behave reliably if the external mechanism is
imposed on the buyers’ selections.
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4.3.  The sellers’ optimal strategies in a simple market

In the previous section (Section 3), we showed that if the buyers cannot be forced not
to return to a seller who broke a commitment to them, then the sellers will break any
commitments they have when they are offered larger deals at regret time. The following
theorem states the strategy that will maximize the seller’s expected utility, if the buyers can
be forced not to return.

Theorem 4 (Binding threats—finite horizon). If a buyer can be obliged not to come back
to an unreliable seller, for example, by an external mechanism, the only way for the seller
to maximize his expected utility is to follow the next strategy:

Statel. If the market is in Statel:

e if K/ < 5, the seller accepts any 7 deal at regret time;*

e if 5 < K’ < 12, the seller accepts any 7> deal at regret time;>
e if K/ > 13, the seller rejects any 3 deal offered to him at regret time.

State2a. If the market is in State2a:®

e if K’ < 3, the seller accepts any 7 deal at regret time;

e if 3 < K’ < 7, S" accepts any 7 deal at regret time, and seller S% accepts any 7> deal
at regret time;

o if K’ > 8 the seller rejects any 3 deal offered to him at regret time.

Sketch of proof: We have recursively computed the expected utility functions for the
sellers, assuming that the buyers will not return to them if they behave unreliably. The
computation was performed in a backwards manner, starting from State4 and State3, and
moving back to States 2a, 2b, and 1. For any possible Val(y) — Val(B8), we checked for
which K’, the difference between the expected utility when performing 8 and performing
¥ is smaller than Val(y) — Val(B). The full computations of the required utility functions
appear in Appendix D.1. U

As we see from the above theorem the buyers can indeed increase their expected benefits
by utilizing an external mechanism that prevents them from returning to a seller who broke
a commitment to them for at least 12 cycles. That is, the above strategies are not in Nash
equilibrium. Given that sellers follow the strategies of the theorem, a buyer can increase
its expected utility by returning to unreliable sellers for K’ < 12. However, this will lead
the sellers to break their promises also for K’ > 13; this, in turn, will reduce the overall
expected utility of the buyers.

The following theorem presents the strategy that maximizes the sellers expected utility
when the buyers’ threats are binding and when the horizon is unrestricted.

Theorem 5 (Binding threats—unrestricted horizon). If the buyers are forced not to re-
turn to unreliable sellers, each seller will maximize his own expected utility by using the
following strategy:
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[y

. If 0 < 8 < 0.907, each seller accepts any 7 deal at regret time.

2. 1f0.92 < § < 1, each seller accepts any 7 deal at regret time and rejects any 7] deal at
regret time.

3. If § — 1, each seller rejects any 7 deal at regret time.

For 0.907 < § < 0.92, the strategy that maximizes one seller’s expected utility depends
on the strategy that maximizes the other seller’s expected utility. In particular, if one seller
accepts any 7 deal at regret time, the other seller will benefit by accepting only 7, deals
and visa versa.

Sketch of proof:

1. 0 < 6§ < 0.907. The buyers never return to an unreliable seller in the binding case. As-
suming that one seller follows the strategy stated in the profile proposed in the theorem,
the other seller can deviate by rejecting any deal at regret time or by accepting only 7>
deals. In Appendix D.2.1, we show that the expected utility of a seller who deviates is
less than his utility if he would follow the strategies as stated in the profile presented in
the theorem.

2. 092 < § < 1. The buyers do not return to an unreliable seller in the binding case.
According to the computations in Appendix D.2.2, no seller can benefit from deviating
from the strategies specified in the profile presented in the theorem; i.e., both sellers
will accept 75 deals at regret time.

3. 8§ — 1. Suppose that the buyers do not return to unreliable sellers, and that one seller
(e.g., §?) does not accept any deal at regret time, as stated in the strategies’ profile of
the theorem. S' can deviate by accepting only 7> deals. In this case, eventually the
market will move to State2a and remain there. In this state S will obtain an average of
2.18 per cycle.’

If S deviates by accepting any deal at regret time, the market will eventually move to
State3a, in which S! will obtain 2, on the average, because he will be approached by a
single buyer.

However, if S! does not deviate from the strategy stated in the theorem’s profile, the
market will remain in Statel (refer to Figure 3, see Appendix B). S! will obtain 2, with
a probability of 1, and with the same probability it will obtain 2.44. Therefore, on
average, S! will obtain 2.2 in each iteration. By comparing the two possible deviations
in which the expected utilities are 2.18 or 2, it is clear that it is better to accept 2.2 per
cycle by following the strategy of the equilibrium.

Since the buyers’ threats are binding, the sellers’ strategy specified in the profile is
unique in the sense that this is the strategy that maximizes the sellers’ expected utility.

In the range 0.907 < § < 0.92, if one seller accepts any ¥ deal at regret time, the other
seller will benefit by accepting only 7, deals. That is, the second seller gains more by
having exclusive buyers who were rejected by the first seller. (]

In the above theorem the case in which § — 1 is special since the sellers always keep
their promises. This leads to the following corollary.
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Corollary 1. If § — 1, then the following strategies profile is a Nash equilibrium:

e The buyers. A buyer does not return to an unreliable seller.
o The sellers. A seller rejects any 7 deal at regret time.

In order to extend the above results to markets different from the simple market assumed
in this section,® there is a need to compute the seller’s expected long term loss from break-
ing a promise due to losing a buyer. This loss depends on the number of buyers in the
market and the possible values and distribution of their needs. For a specific market, it is
possible to follow the same steps as in the proof of the above theorems as presented in the
appendix and identify the appropriate strategies.

We can show that the strategy that maximizes the sellers’ expected utility is monotonic
in the number of remaining trading cycles, K’ (see Lemma 1). This result can be beneficial
in order to prune the space of the sellers’ strategies. This space is searched when looking
for the strategy that maximizes the sellers’ utility given that the buyers are forced not to
return to unreliable sellers.

The data structure used to describe a seller’s strategy is a list of pairs: [(1 y1)...
(T — 1 yz—1)]. The first number in each pair denotes the difference that a certain 7 deal
will make to the immediate utility that the seller will obtain, if the seller accepts this ¥
deal at regret time. T is the maximal value that a deal B can obtain. If the number of the
remaining trading cycles is less or equal to y; (the second number in each pair), the seller
will accept a ¥ deal at regret time, such that Val(y) — Val(8) = i. For example, [(1 5)
(2 12)] represents a seller’s strategy in which the seller accepts ] deals when there are
less than 5 remaining trading cycles, and he accepts 7> deals when there are less than 12
remaining trading cycles.

Lemma 1. Assume that the buyers’ threat not to return to unreliable sellers is binding. If
[(1 y1)...(T — 1 yz_1)] is the strategy that maximizes the expected utility of a seller with
|B| buyers, |S| sellers and deals that range from 1to 7, then y; < yp < -+ < y7_1.

Proof: Let % and y; be two possible 7 deals in a general market such that Val(;) —
Val(B) = i and Val(y;) — Val(B) = j. Assume that i < j and, in contradiction to the
lemma, that y; > y;. This means that for some period of time, such that there are less
than y; remaining trading cycles, but there are more than y; trading cycles, the seller will
accept y; deals at regret time, but will reject a larger deal such as 7;.

This is unreasonable, because if the strategy that maximizes the seller’s expected utility
allows him to accept a deal such as 7; when only y; trading cycles remain; then it is clear
that while there are more remaining trading cycles (like y;) this seller cannot be affected
by accepting ¥; deals if he can accept 7; deals at the same time.

As long as there are less remaining trading cycles, the seller can lose less from accept-
ing larger deals at regret time. This is true since as long as there are less trading cycles
remaining, the gain of a seller from a tempting deal has more probability of being larger
than the loss he may incur from losing one buyer. This also means that as long as there are
more trading cycles remaining, the seller is more cautious about the tempting deals he may
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accept. Therefore as long as there are more trading cycles remaining he will risk the loss
of a buyer if the tempting deal is worth it (i.e., is large enough). In our case, y; is larger
than %;, therefore y; > y; would not be possible. O

5. Related work

Sullivan et al. [13] have investigated strategies for intention reconciliation in a team frame-
work. Self-interested but collaborative agents share a goal. Their intentions toward team-
related actions may conflict with their individual intentions and as a consequence they may
consider breaking a commitment to the team. A task may be given to another agent who
can replace the agent whose self-directed intentions conflict with those of the team. Other-
wise the task will not be done. When one agent does not keep his commitment, the whole
team incurs a cost. In our case, a seller and a buyer do not comprise a team. Buyers and
sellers are self-interested. They may choose their partners according to reputation mea-
sures and expected utility calculations, instead of considering themselves committed to a
team.

An extensive overview of the concept of trust can be found in [Marsh, 7]. Here, we
point out the necessity to consider trust and reputation in the design of agents’ behavior,
in E-markets, in particular. Castelfranchi, Conte, and Paolucci [2] study the control that
agents may have over others in order to comply with norms by communicating reputation
values. Here, we concentrate on the individual buyer and the individual seller, and how
each one of them decides on his strategy of behavior when the possibility of breaking a
commitment exists. In E-commerce, the direct communication between buyers is rare,
and global information about sellers may be found if some external mechanism exists that
objectively inspects the service given by the sellers. The direction we have chosen to study
in this paper is the influence that reputation has on markets by considering its possible
effects at the design stage and by describing the equilibria that exist for different markets
of sellers and buyers (i.e., all buyers and all sellers are aware of the temptations the sellers
may be faced with, and they are also aware of the possibility that the buyers may react to
the breaking of a commitment by not returning to a specific seller).

We assume that there are only implicit contracts between the buyers and the sellers,
and as such we cannot assume that these contracts are binding. The work presented in
[Sandholm, Sikka, and Norden, 11] allows agents to break a commitment by paying a
predetermined penalty. In our scenario, the implicit contracts can be broken unilaterally by
the sellers. There are no predetermined penalties, but the buyers can punish an unreliable
seller by refraining from approaching him.

Economic studies have been done on infinite markets in which an agent whose contract
has been violated will unavoidably look for another partner [Fafchamps, 3]. Agents have
types in such markets, and a screening cost is incurred in the process of finding new part-
ners. Relational contracting that is based on trust and reputation is shown to prevent the
breaking of commitments when agents have long-lives and the screening costs are high. In
a market like the one studied in our work, each encounter between a seller and a buyer has
its own value, so that we do not have a general payoff function for all these encounters.
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The role of reputation has also been analyzed in the context of bargaining [Abreu and Gul,
1].

Reputation systems can maintain records of complaints or can provide numerical ratings
of participants in E-markets (e.g., www . ebay .com and www.amazon.com). These
reputation values are left for the subjective judgment of the human user, as to how to
understand them and how to behave accordingly. In our framework, the sellers’ reputation
is taken into account at the design stage. The reputation is not considered a function, as
in [Zacharia, 17]. The agents do not have types attached to them [Fudenberg and Tirole,
4] that lead them to act in different ways. Our interest is in the notion of reputation and
how it influences the interacting agents’ strategies and hence the design of equilibrium
strategies. It is easy to show that there is no additional benefit to letting the agents change
the reputation values during trade in light of the results we have already presented.

6. Conclusions and future directions

E-markets are mostly based on implicit contracts between buyers and sellers in B2C inter-
actions. In this paper, we have studied the strategic behavior of the buyers and sellers when
the sellers can be tempted by other deals after having committed themselves to satisfy a
certain buyer.

The results we obtained for the set of buyers characterized in Theorem 1 lead to the
perfect equilibria found for markets with finite and unrestricted horizons (Section 3). When
the equilibrium strategies are implemented, the sellers will always break commitments to
buyers when they are offered larger deals at regret time. The buyers, on the other hand, will
behave loyally by returning to a seller that has supplied their request or will need to return
to an unreliable sellers to avoid leaving the market. If the conditions we have assumed
for the buyers’ utility function do not hold, the market will not remain stable. There is no
equilibrium with pure strategies for such markets. Even if part of the buyers do not return
to unreliable sellers, any rational buyer will benefit most by returning.

These results show that in electronic marketplaces, where no external mechanism can
regulate the buyers behavior, as in most of the B2C interactions today, the sellers have
more power than the buyers. This asymmetry expresses itself in the unfair treatment which
abuyer can naively receive. Specifically, a buyer who successfully places his order and who
believes that eventually this order will be performed as expected, can indeed be deceived
by not being fully serviced as expected. This change in the service expected can be due
to more beneficial requests the seller is faced with at the same time, and which cannot be
fulfilled given its stock at that time. These situations arise in current electronic trade, as
we exemplified in the Introduction, when, for example, one buyer is trying to purchase a
large amount of products that are on sale. The seller may receive at the same time many
other orders for the same products, and may prefer to satisfy other customers instead of
one single buyer. Given the equilibrium strategies found in this paper, and assuming that
the buyers are not restricted in their future purchases as to which sellers they can approach,
these buyers will not receive the full order as expected because these sellers will always
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prefer to fulfill larger deals even after they have committed themselves to some deal (e.g.,
by sending a successful message by E-mail to the first customer).

We have also shown that a remedy to such asymmetry is the imposition of an external
mechanism for the B2C trade. Such a regulator system can actually prevent buyers from
approaching unreliable sellers. For example, by tracking the log histories of the buyers,
a market’s manager can know when to prevent a buyer from approaching a seller that
has behaved unreliably to this buyer in the past. However, threats were shown not to be
effective in a market without such an external regulator. But, given that such a mechanism
actually prevents the buyers from approaching unreliable sellers, these sellers will not
breach their commitments for their own benefit. The implementation of such a regulator
is our main recommendation for B2C electronic marketplaces. Then, buyers whose orders
were successfully processed can be certain that these orders will be fulfilled as expected.
Testing the inventories before accepting an order seems a simple solution, but then again
if the sellers themselves will be responsible for that, there is no guarantee that the buyers
can trust this test. A seller that accepts an order after having tested his inventory may be
tempted by a larger customer later on (and before the first order was actually fulfilled).
Thus, if the sellers are aware of this regulating system then it is not beneficial for them
to lose a customer for a short term larger deal. This regulating system will indeed lead
the sellers to satisfy the requests received in a first-in first-out order, resulting in buyers
remaining loyal to the sellers, and preventing any mistrust in the market.

Another alternative for solving the problem posed in this paper is an external mechanism
that will regulate the sellers behavior. For example, monetary penalties can be imposed on
such sellers. The main problems with such penalties is who will collect them and how will
they be used. On the other hand, since the long-term benefits of the buyers increase when
there is a mechanism that regulates their behavior, it is less problematic to implement such
mechanism. Therefore, we analyzed markets with no external mechanism that will prevent
the sellers from breaking their promises, but we focused on how the buyers’ strategies and
an external regulator will cause the sellers to behave reliably.

Thus, the main conclusion of this work is that E-markets that are based on implicit
contracts, encompass the potential of sellers that cannot be trusted. Nevertheless, we have
shown that if electronic markets’ designers impose an external regulating system the sellers
will benefit from not breaking their promises.

There are many open interesting directions to explore. It is possible to study the buyers’
and sellers’ strategies equilibria in more complex marketplaces when some of our assump-
tions are relaxed. For example, the market in consideration can be dynamic, i.e., the set of
buyers and sellers are not static, and the software agents that represent the buyers and the
sellers may have learning capabilities.

Another assumption that can be relaxed is the assumption of trading with fixed prices.
There are two cases that should be distinguished considering the buyers’ in markets with
negotiable prices. One consists of markets where the buyers can pay any price requested
by the sellers, but rational buyers will prefer to pay the least. The second case consists of
markets where buyers may have limited resources and therefore may not be able to actually
buy at any price.
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In the first case, even though the buyers would prefer to trade with the sellers that ask for
the lowest prices, whenever a seller breaches a commitment with a buyer, and assuming
that this buyer does not return to unreliable sellers, then the buyer will have to buy from a
more expensive seller. In the second case, when buyers are limited in the prices that they
can pay, then the buyers that do not return to unreliable sellers will find themselves in even
worse situations than in the first case. So, from the buyers’ perspective it seems that similar
results to the ones presented in this paper will be obtained. Buyers will return to unreliable
sellers if there is not any external mechanism that will bind the buyers’ threats not to return
to unreliable sellers.

From the perspective of the sellers, relaxing the constraint of maintaining equal and fixed
prices for the products can lead to a more interesting market where sellers adapt their prices
to the demand of the market, trying to supply as many buyers as possible (in other words,
trying to minimize the number of buyers being rejected). This topic is related to the price
wars that evolve in competitive markets. A special market where information is traded was
studied in [Kephart, Hanson, and Greenwald, 6] and [Yarom, Goldman, and Rosenschein,
15; 16]. The dynamics of the prices in the market was explicitly studied. However, the
problem of temptation and mistrust which we considered in this paper was not dealt with.
An interesting future direction would be to combine these two approaches and analyze the
dynamics of pricing in the framework of markets where breaching of commitments can
take place.

Appendix A. Sellers will be unreliable
A.l.  Proof of Theorem 1—markets with finite horizon

We need to prove that if the market satisfies the following condition:
Ureg(l + Pr(?)(K - 2)) > Uexit + (K — 2)

then if all the sellers in the market are unreliable; i.e., they accept any 7 deal at regret
time, then a buyer B will benefit more from returning to an unreliable seller, than from not
returning, regardless of the strategies of the other buyers.

Proof: We compare the expected utility a buyer obtains when:

1. He returns to an unreliable seller; and when
2. He does not return to an unreliable seller.

We divide the K trading cycles into intervals of trading cycles. fc; denotes the beginning
of the market. 7ck;, j > 1, will denote the trading cycles in which a buyer B is rejected
at regret time in case 1. tc’Kj, Jj = 1, will denote the trading cycles in which a buyer B is
rejected at regret time in case 2.

fck, is the first trading cycle in which buyer B is rejected at regret time and it is equal
to tc’Kl. However, the other time intervals may be different. We will denote by 7ck g, the
|S|th time that B was rejected by a seller at regret time, in case 1. tc’K‘S‘ denotes the last
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trading cycle when B was rejected at regret time in a market in case (2). At this trading
cycle B opts out of the market.

An interval of trading cycles that occurs between any two time limits fc; and fc; is
denoted [zc;, tc;]. The expected utility of B during such a period when it does return
to an unreliable seller is denoted EU(B, [fc;, tc;j]). The total expected utility of B in
this case along the entire market is given by the sum of EU(B) = EU(B, [tc1, tck,]) +
EU(B, [tck,, tck,]) +--- + EU(B, [th‘S‘, e ).

Similarly, when B does not return to an unreliable seller, EU'(B) = EU'(B, [tcy, tck, 1)+
EU'(B, [tck,, tc’Kz]) + ...+ EU(B, [IC’K‘S‘, tekl).

Up to tck,, B has not been rejected at any regret time, and therefore EU(B, [tc1, tck, 1)
and EU' (B, [tc1, tck, ]) are equal.

In the worst case, when B returns to unreliable sellers, B will be rejected |S| number of
times and will still remain in the market for another tcx — tc Kis| trading cycles, in which,
with a probability of Pr(7) he will obtain Ureg. During the intervals [tck;, fck il where
1 <i<|S—1land?2 < j < |S|, B will obtain a utility of zero. This refers to the
intervals during which B is not rejected, so the worst case is that it is not chosen by any
seller, leading to a utility value of zero. Therefore EU(B) > EU(B, [tc1, tck, 1)+ Ureg|S|+
Pr(]?)Ureg(tCK - tCK‘S‘)-

When B does not return to unreliable sellers, he can be rejected at most |S| number of
times. In [S| — 1 times, B will receive Upe, and it will attain Ui in the |S|th time, and
will opt out of the market. During the intervals in which B is not rejected, in the best
case, B will always have his deal performed, leading to a utility of 1 - (tc’K‘S‘ —tcg, — ).

Therefore, the upper bound for B’s expected utility is given by EU'(B, [tc1, tck, 1) + Ureg -
(IS = 1) + (tcx —ts)) - 1 + Uexit-

To prove the theorem we need to find the conditions for which EU(B) is larger than
EU'(B).

EU(B) > EU'(B) & Utreg + UregPr(’]/\)(tCK — ICK‘S‘) > Uexit + (tcx — ICK‘S‘). The
markets for which the problem studied in this paper is relevant, include at least 2 sellers.
Substituting 7k, with two, leads us to the characteristic of the utility function we assumed
the buyers have. (]

A.2.  Proof of Theorem 1—markets with unrestricted horizon

We need to prove that if the market satisfies the following condition:
1 ~
T3 [Ureg(Pr(7) — 1) — 1] > Uexit
then if all the sellers in the market are unreliable; i.e., they accept any 7 deal at regret

time, then a buyer B will benefit more from returning to an unreliable seller, than from not
returning, regardless of the strategies of the other buyers.

Proof: Denote by case (1) the case, in which a buyer B always returns to an unreliable
seller. EU(B) stands for the expected utility a buyer B attains in case (1). Denote by fck,



THE VALUE OF TEMPTATION 437

the first time when B is rejected at regret time. In the worst case, B is going to be rejected
|S| times, each time obtaining a utility of Uyeg discounted by the corresponding exponent
of the § discount factor. For the worst case, we can assume that these rejections will result
in a value very close to zero due to the discount rate with which they are computed. After
being rejected for |S| times, B still remains in the market and attains an expected utility
that is at least

. 1
UregPr(y) (m) .9

Denote by case 2 the case, in which a buyer B never returns to an unreliable seller.
EU’(B) stands for the expected utility obtained by a buyer B in case 2. B is rejected for
the first time at the same #c, as in case 1. Therefore, there is no difference in the expected
utility values attained by B in both cases, 1 and 2, in the interval [fc1, fck,]. In case 2,
B is going to be rejected |S| times, in |S| — 1 of them B obtains an expected utility of
Ureg weighted by a finite sum of discounted values (although this series is finite, its sum is
bounded by 1/(1 — §)). In the best of the cases of type 2, B may have obtained a utility of
one for the deals he asked for before he was lead to opt out the market and when he was
not rejected. Therefore the expected utility of B in case 2 is bounded from above by

1 1
EU/(B) < EU/(B, [[Cl, tCKl]) +1 — + Ureg(|S| — l)m + Uer[.

1-6
The conditions for which EU(B) is larger than EU’(B) are such that
s 1 1
UregP”(V)m - Ureg(|3| - l)m “1-3s > Uxit-

The size of the sellers’ set in the market should be at least 2, for our problem to be relevant.
This concludes the proof of the theorem.

If any of the other buyers do not return to an unreliable seller, then the probability of B
being rejected decreases, and this can only improve his situation when he still comes back
to unreliable sellers. If none of the other buyers return to unreliable sellers, then it is clear
that B will prefer to come back, so that he becomes the loyal, exclusive, and sole buyer of
one seller who will always satisfy him. ]

Appendix B. The computation of expected utilities in a simple market

We exemplified the method of computing the expected utilities of the sellers in a simple
market. This market is composed of three buyers, and two sellers. The trade is performed
over deals which can take values of {1, 2, 3} with a probability of 1/3. In Statel, the market
can start from four possible initial scenarios. These scenarios, with their possible contin-
uations, are shown in Figure 3. It is assumed that the buyers do not return to unreliable
sellers.

The immediate utility that each one of the sellers will obtain at each node is specified
using the format Si <— x when i € {1, 2} and x is the utility. The probabilities of reaching
each one of the nodes appear on the edges.
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S1<-8/3
§2<-

Figure 3. Statel—the sellers’ utility.

There are eight possibilities for the three buyers to approach two sellers. In two cases, the
three buyers approach the same seller (either S! or $2). In the remaining six possibilities,
two buyers approach the same seller, and the third buyer approaches the other seller. When
the three buyers approach S! (see the leftmost subtree in Figure 3), the expected utility
of St is %,10 resulting from the maximal value obtained from all of the combinations of
triplets of {I,2,3}. Consequently, $*’s utility will be the maximal value he can obtain
from the remaining two buyers’ deals (i.e., S>’s immediate expected utility is 2). The
leftmost subtree in Figure 3 is symmetrical to the rightmost subtree in the figure. The
subtrees in the middle differ in whether or not S! or $? is faced with a tempting deal 7 at
regret time. From Statel-2, there are 22 cases in which there is no possible deal at regret
time whose value is larger than the 8 deal to whom S' is already committed. In these 22
possibilities, the immediate expected gain of S! is 24/11. Then, with an equal probability
the market remains in State1-2 or in Statel-3, depending on whether or not the buyer that
is not restricted (and is not loyal) will choose to approach S2 or S'. From Statel-2, there
are five cases in which a 7 deal exists.!! If S! accepts the tempting 7 deal, and the buyers
do not return to unreliable sellers, the market moves to State2a.

Similarly, Figure 4 describes the possible scenarios when the market is in State2a and
the buyers do not return to unreliable sellers.

There are two special leaves that denote the possible transfer of the market either to
State3a or to State4. Three types of nodes are distinguished in the tree corresponding to
State2a:

e Type I nodes —B? becomes loyal.!?

e Type Il nodes —B? remains not restricted.

e Type 11l nodes—A deal is proposed at regret time; the seller can move the market to
State3a or State4.'3
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B2 approaches S1 w. prob. 1/, 0 B2 approaches S2 w.prob. 1/2 K
B2 becomes loyal .
827 B2 rofnains \ A deal is offered 127 / 827\ 23
S1<-21/8 14/27 5/2°\ at regret time
S2<-3 Si<-2
K’-1
S2<-7/3
S1<-31/14 S1<-17/8
S2<-2 S2<-21/8
S2 S2 accepts
827 | 1412\ 5/2 does no Y
accept
’Y ’
1
S doesAnot S1 accepts
- 7 @ ; @ ° ‘
Sl<-1 S1<-2 S1<-17/8 S1<-2
S2<-3 S2<-3 §2<-21/8 S2<-7/3

Figure 4. State2a—the sellers’ utility.

Computing the expected utilities of the sellers in other markets can be done in the same
way as shown here, when the appropriate trees are developed to capture the numerical
values resulting from the market that is being analyzed.

Appendix C. Proof of Theorem 3—unrestricted horizon

We need to show that when 0.92 < § < 1, the following strategies are in Nash equilibrium:

e The buyers. The buyers remain not restricted from approaching an unreliable seller that
has accepted a 7, deal, at regret time. The buyers will not return to an unreliable seller
if the seller accepted a ; deal, at regret time.

o The sellers. The sellers accept a > deal at regret time, and they do not accept a 71 deal.

Sketch of proof:

1. The sellers. Assume that the buyers and one seller behave according to the strategies
stated in the profile in the theorem. The other seller may deviate by rejecting all the deals
requested from him at regret time, or by accepting any deal that is requested from him at
regret time. Based on the following computations,'* the seller will be better off by not
deviating from the strategies specified in the profile proposed in the theorem for 0.92 <
§ < 1.

We assume that the buyers return to unreliable sellers only after these sellers have ac-
cepted a 7 deal offered to them at regret time. One of the two sellers follows the strategy
specified in the profile presented in the theorem for 0.92 < § < 1;i.e., he will accept only
> deals at regret time and will reject any | deal offered to him at regret time.
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We first computed the expected utility of the second seller, when he follows the same
strategy as stated in the profile of the other seller. Then we also computed the expected
utility of the deviating seller.

(a) Both sellers accept only y deals at regret time. The market will remain in Statel
forever, because the buyers will return to the sellers after they have behaved unreliably.
The expected utility of S! is given by

2.074 4+ 0.407 - § - z3*

% 5,81 ’
st 1-0593-5
and
4
o 2,444 +0.407 -5 - 22}
8,8 1—0593-5 ’

resulting in
4 4 4
EUj o =227840.5-8 - (225 o1 + 235 ¢1)-
(b) S' accepts any deal offered to him at regret time, S* accepts only > deals at regret

time.
The expected utility of S! in State2a is composed of:

5 2241401488 - hy (, +0.333-8 - g7, +0.037/(1 —6)

Tsst = 1-05-6 :
S 2.03740.296 -8 - f; , +0.074/(1 = 8)
85,51 = 1-0.667-5 :
5
5 2444 40.704-5 - f;
5,81 —
: 1—0.296-6

In Statel, S'’s expected utility is built of
5 5
2222404078 -23)  +0.148-8 - g}

2 = ,
“s.s! 1 —0.444-5
and
2444404078 - 225
23 1= 2 ,
8.8 1-0.593-8

resulting in

EU; o =2.333 40444822 , +05-5-23 o +0.056-8 - ¢} .

Comparing both cases, we found that for § > 0.92, S' will benefit most by following
the strategy specified in the profile; i.e., he will accept only 7 deals, at regret time.

Another possibility is for one seller to deviate by rejecting any deal at regret time. We
assumed that the buyers return to unreliable sellers. Based on Theorem 1, part 2, no seller
can benefit from deviating by rejecting any ¥ deal at regret time.
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2. The buyers. Assume that both sellers and two buyers follow the strategies stated in
the profile proposed in the theorem. One buyer can deviate from the strategy specified
in this profile by not returning to an unreliable seller or by always returning to him. If a
buyer deviates by always returning to an unreliable seller, he also will be returning to an
unreliable seller when the seller accepts 7 deals. This is an irrelevant case, since, as stated
in the profile, no seller will accept such a deal at regret time. Therefore the deviating buyer
could not profit from the deviation.

If a buyer deviates by never returning to an unreliable seller, he will decrease his utility.
From Theorem 1, we already know that, regardless of what the other buyers strategies are,
one buyer will gain more by returning to an unreliable seller than by not returning to him.
This is true for all the buyers. That is, the deviating buyer cannot benefit from not returning
to an unreliable seller.

Therefore, this buyer would be better off by abiding by the strategy stated in the profile
proposed in the theorem. Consequently the strategies as described in the theorem are in
equilibrium for 0.92 < § < 1. ]

Appendix D. The advantages of an external binding mechanism

D.1. Proof of Theorem 4—finite horizon

If a buyer can be obliged not to come back to an unreliable seller, e.g., by an external
mechanism, the only way for the seller to maximize his expected utility is to follow the
next strategy:

Statel. If the market is in Statel then:

e if K’ < 5, the seller accepts any deal 7 at regret time. >

e if 5 < K’ < 12, the seller accepts any deal 7, at regret time.
o if K’ > 13 the seller rejects any » deal offered to him at regret time.

State2a. If the market is in State2a then: !0

o if K’ < 3, the seller accepts any deal ¥ at regret time.

e if 3 < K’ < 7, S! accepts any deal 7 at regret time, and seller S% accepts any deal 7>
at regret time.

o if K’ > 8 the seller rejects any » deal offered to him at regret time.

Proof: The computations performed in this proof are based on the values explained in
Appendix B.

1 < K’ < 5. We need to show that the expected utility of S' when performing any 7
deal at regret time, is higher than when keeping the promise to perform g if the buyers’
threats not to return are binding.

In Statel, S!’s expected utility when he accepts any 7 deal at regret time is given, fol-
lowing Figure 3, by
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. 1/8 1, 1
EUg o1 = 33 + EZZK’—I,SI + 5131('—1,51
1 e 1,
+ g 2+ EZZK’—I.,SI + EZSK’—I,SI
3/22/24 1 1,
+ g E H + 5121('—1,51 + EZSK’—I,SI
51 ) 1 )
+ ﬁ(g -3(2 +gK’—l,Sl) + 5 -2(3 +gK’—1,S')))

3/22(26 1 L.
M AT Rl
5 /1 | 1 1
+ ﬁ<§<2+gb1«_1,sl +3-40 *gbK’—l’Sl)»)’

! | are the expected utility of S' at Statel-2 and Statel-3,

1
where 72 K'—1.§

“K'-1,8
respectively.

Applying algebraic manipulations, we obtain:

, and z3

1 1 1 1 1
EUy, o =2.33340.431 (zzK,_l,S1 + Z3K,_1,SI) + 0.069(gK/_1’51 + gbK,_LSl).

Based on the notation explained in Appendix E, g}<, st is the expected utility S' will
obtain at State2a after a deal is accepted at regret time. We need to compute it in order
to find the expected utility at Statel. f 1‘,’% is the expected utility that S' will attain at
is the expected utility that S! will attain in the state represented by

lor2
K’—1,S8!

expected utility that S' will attain in the state represented by type I node at the rightmost
subtree (i.e., when B2 becomes loyal to $2).

In State2a, the only 7 deal that S! can be facing has a value of 2 when he has already
committed himself to a 8 deal with value of 1. If S accepts this 7; deal, he will move the
market to State3a, in which he will obtain a utility of 2 during the K’ remaining trading
cycles. Seller S? in State2a may face two possible 7 deals with values of 2 or 3 when he
himself is already committed to a 8 deal with a value of 1 or 2. If § accepts any of these
deals at regret time, he will move the market to State4, in which he will receive an expected
utility of 2 for the K’ remaining trading cycles.

The following functions were found after we checked for which K’, and for which dif-
ference Val(y) — Val(B), it is worthwhile for a seller to accept the deal 7 requested from
him at regret time. In this case, such a seller will lose one buyer if this buyer does not
return to an unreliable seller.

lor2
hK’—l,S1

type I node at the leftmost subtree (i.e., when B> becomes loyal to S'); and g

type II node.
is the

e If 1 < K’ < 3 (both sellers accept any 7 deal at regret time),

121 4 11 1

6
1 _ 1 1 ’
fK/’Sl - 54 + EhK/—l»Sl + ﬁfK/—l,Sl + ggK/_l’Sl + E(K — l),



THE VALUE OF TEMPTATION 443

55 2 2
1 _ /
8k 51 = 27+3g1<’ 1S1+ fK’ 1sl+27(K - 1),
| 28 0, ,
hK/ s! = + 27hK/ l,Sl + ﬁfK/—l,Sl + E(K - 1)'

o If4 < K’ < 7(S" accepts the 7] deal at regret time, and S? accepts the 7> deal at regret
time),

119 4 1 2
2 _ 2 2 2 /
feost = 55+ 7k _fK/—lSI+3gK’ 151+54(K - 1),
55 2 2
2 _ 2 /
8kt = 37 T 381,51 T 5 fK/ 1sl+27(K — 1),
22 8 18 2
2 _ /
hg st =5+ hK’ 1sl+27f1<’ 151+E(K —1).

We evaluated the followmg inequalities:

o If 14+ fL s> 2+2K’, then S! will not accept the deal at regret time and will keep the

market in StateZa instead of moving it to State3a.
o If 1+ f§, o > 242K/, then S will rejecta 7 deal. If 1 + £, , > 3 + 2K/, then §°

will reject a 7> deal. If 2+ f,, o, > 3 4 2K, then S will reject a ; deal.
The results we obtained show that:

o If there are at most 7 remaining trading cycles, S! will accept the ¥; offered to him, and
S% will accept any 7 deal proposed to him at regret time.
o If there are at most 3 remaining trading cycles, S* will only accept the 7; deals.

These results show that while K’ < 5, even at State2a, S! will keep accepting a deal
offered to him at regret time.

The corresponding inequalities for S' at State1!” also show that for K’ < 5, §' will
benefit most by accepting any 7 deal at regret time. Remember that as short the market is,
the sellers gain more from the difference between the 7 deal and the 8 deal, than from the
loss they incur by remaining with a single buyer (that will give the seller a secure gain of
only 2 until the end of the market).

6 < K’ < 12. ' benefits most by accepting only those 7> deals offered to him at regret
time. The expected utility of S' while 6 < K’ < 12 is given by:

e If6 <K' <7,
1/8 1 1
3 _ 3 3
EUK, Sl — §<§ + _Z2K/—I,Sl + §Z3K/—1,Sl>
1 1
+8 2"'2121« 1sl+2 K’—1,51
3(22(24 1, 1,
+8<27< +2 2% 151"'2231« 1sl>

504(5 1
+ﬁ(§<1+521(/—1,51> §(3+3K’ 1sl)>>
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3022026 1 4 I 4
+ g(ﬁ(ﬁ + 5121«—1,51 + 5231«—1,51)

5/74/11 3 1 2
+ ﬁ(g(z +23K’—1,Sl> + 5(3 +gbK’—l,S1)>>'

The final expression is obtained after simple algebraic manipulations:
3 3 3 2 2
EUy, g = 2278+ 0.486(22y,_ | o1 +23%,_; g1) +0.014(g5 | o1 + &by 1),
3

K’ X Sl B
tively. g%{, g1 is the expected utility when the market moves to State2a due to a 7> deal,

where 72 and zSi, g1 are S1°s expected utility at Statel-2, and Statel-3, respec-

and gbé, g1 18 the expected utility of § ! when the market moves to State2b. In State2a,

S1 will accept any 7; deal offered to him at regret time.

o If8 < K’ < 12, S will refrain from accepting any further deals at regret time at State2a.
The expression for the expected utility of S! at Statel (when there are 8 < K’ < 12
remaining trading cycles) is given by

EU;,S1 =2278 + 0.486(z2§{,_w1 + 133{,_1’51) + 0.014(g;¥<,_1’51 + gb‘lz,_l’sl),

where g‘l‘{, and gb‘}{, 1 are the expected utility S! will attain in State2a and State2b,

.81
respectively.

We compared for which K’, and for which difference between possible 7 deals and S
deals, the seller will benefit most from accepting them at regret time. The only inequality
that will be true here is: for 6 < K’ < 7, if S! accepts a y deal with a value of 3, instead
of a B with a value of 1, and moves the market to State2a, in which S! will accept any
71 deal offered at regret time (in State2a, S! will only face 7; deals at regret time). For
8 < K’ < 12, the inequality will still be true, when S' accepts a 7 deal with a value of 3,
instead of a 8 deal with a value of 1 and moves the market to State2a, in which he will
refrain from accepting any deals at regret time.

K’ > 13. We show that if more than 13 trading cycles remain in the market, a seller
will benefit most by rejecting any 7 deal offered to him at regret time. We show this
formally for S', though it can be similarly computed for S%. In such a case, the market
will remain in Statel (see Figure 3). Following the notation in Appendix E, z2§{, i stands
for the expected utility the seller S’ will obtain at State1-2 when there are K’ remaining
trading cycles. z3>, i expresses the expected utility a seller S’ will obtain at Statel-3,

correspondingly (when the seller refrains from accepting any 7 deal at regret time).

2224 1 1 5/(6
5 _ 5 5 5
2y g1 = (ll + §ZZK’—1,S‘ + EZSK/—I,S‘> + 77 (5 +ZZK’—1,S‘>’

27
2226 1 1 5 /14
5 _ 5 5 5
Z3K’,Sl = E(H + EZzK’—l,Sl + 5231{,_1’51) + E(? +Z3K’—1,Sl)'

The expected utility for S! when the market remains in Statel is given by
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1/8 1 1
5 _ 5 5
EUK’,SI = g(g + EZZK'—LSI + EZSK’—I,SI)

1 1 s L s
T3\ 2+ 32k st 55
3(22(24 1 L 55
+3(F 5+ 32 + 35 ) +

3/22/26 1 s 1 s
+ §(E<ﬁ + §Z2K/_1’Sl + 5231{/_1’51) +
Applying algebraic operations, the expression becomes:
5 5 5
EUy, o =225+ 0-5(121«_1,51 + Z3K’—1,S1)'

We have compared the utility S' will obtain in the following cases: if S' accepts a deal
at regret time (i.e., S! gains Val(7) and continues from State2a where S! will either accept
any 7 deal or will not accept any of them). The second case is when S! remains committed
to the B deal accepted at t3 and may continue in Statel either by rejecting any deal at regret
time or by accepting any deal at regret time. The result shows that for K’ > 13, it is always
beneficial for S! to reject any 7 deal offered to him. There are still too many trading cycles
for the sellers to take the risk of losing a buyer. (]

D.2. Proof of Theorem 5—unrestricted horizon

If the buyers are forced not to return to unreliable sellers, each seller will maximize his
own expected utility by following the strategies corresponding to the profiles:

1. If 0 < § < 0.907, each seller accepts any 7 deal at regret time.

2. 1f0.92 < § < 1, each seller accepts any 7, deal at regret time and rejects any ) deal at
regret time.

3. If § — 1, each seller rejects any 7 deal at regret time.

D.2.1. Casel. 0 <36 <0.907 Buyers are forced not to come back to unreliable sellers.
We denote by S! the seller who follows the strategy specified in the profile presented in
the theorem; that is, he accepts any 7 deal offered to him at regret time. S can deviate
from the strategy specified in the profile by accepting only 7> deals at regret time, or by
rejecting any » deal at regret time.

We show later in Appendix D.2.3 that if the buyers do not return to unreliable sellers
and one seller accepts deals at regret time, the other seller will not benefit from rejecting
deals offered to him at regret time.

The other possibility is for S to deviate by accepting 7> deals at regret time. The
expected utility of S? in State2a is based on the following functions:

2.185+0.148-8 - h% , +0.333-8- g%, +0.082/(1 - 8)
1—-0.481-6

k]

6
fS,SZ =
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2.44440.296 -5 - f2, +0.091/(1 — 8)

85,52 = 1-0.667-5 :
. 2.03740.667-68 - f2, +0.074/(1 - 8)
he ., = ’ .

5,8% 1—0.296-6

The expected utility of S? in State2b is based on the following functions:

2.426+0.148 -8 - hb§ , +0.333- 5 - gb% , +0.074/(1 — 8)

6 _ > )
fos.52 = 1—0.481-6 ’

] 2.074+0.296 - 8 - b5 (, +0.074/(1 — 8)

- » ,
8%.52 1-0.667-6

2778 +0.667 - 8 - b5 , +0.074/(1 — 8)

ho o, = ’ )
8.8 1—0.29-6

$2’s expected utility at Statel is based on

6 6
2,444 +0.407 -5 - 230  +0.185-5- g0

20 = ,
“s.52 1-0.407-5
and
6 6
g 2.074+0.407 - § - 229 , +0.037 -8 - gby
8,5 1—0.556-8 ’
leading to

EU§" o = 2278404315 zzg, 2104865 - 132’ o
+0.014-5-gb% ; +0.069-8 - g5 ;.

However, if both sellers abide by the strategies in the profile presented in the theorem,
i.e., $2 also accepts any 7 deal at regret time, S2’s expected utility will be as follows:

2.259+0.148 -8 - h] , +0.333-5 - g] ,, +0.23/(1 = §)

7 5,82
fss2 = 1—0.407-6 ’
; 2444 40.296 -8 - f] ;) +0.091/(1 - 8)
5.5 = 1-0.667-5 ’
2.07440.519-8 - f/ , +0.37/(1 = §)
hl o = 5.5 :
5,8% 1—0.296-6

The expected utility for S? in Statel is based on

. 2444404076237 o +0.185-5- g
25 0= 1—0.407-5

’

and
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7 7
P 2222404076 -22] ;, +0.185-8 - gb]

5.8~ 1—0407-5 :

resulting in

7 7 7 7 7
EUj o = 2333404318 - (22 o +23{ o) +0.069 -8 - (gbg o + 85 o)-

After we computed all of these formulas, we found that for 0 < § < 0.907, $2 will
benefit most by following the strategy specified in the profile stated in the theorem; i.e., he
will also accept any 7 deal offered to him at regret time.

D.2.2. Case 2. 0.92 < § < 1 The buyers are forced not to come back to unreliable
sellers. One seller (e.g., S?) follows the strategy specified in the profile, as stated in the
theorem for 0.92 < § < 1; i.e., he accepts only 7, deals at regret time.

S! can deviate from the sellers’ strategy as specified in the profile, by accepting any
y deal offered to him at regret time, or by rejecting any y deal offered to him at regret
time. We show in Appendix D.2.3 that if the buyers do not return to unreliable sellers and
one seller accepts deals at regret time, the other seller will not benefit from rejecting deals
offered to him at regret time. The proof in the appendix was presented for any value of
0 < § < 1, and, in particular, the result is true for 0.92 < § < 1.

So, it remains to check which utility will be greater for S 1 the one in which he abides
by the strategy specified in the profile as described in the theorem or the one he deviates
from.

If S' accepts any 7 deal offered to him at regret time, his expected utility in State2a is
computed as follows:

224140.148-8 - h% | +0.333-8- g% | +0.074/(1 - )

1
Tist = 5’51—0.481-8 :
] 2.03740.296 - 6§ - f;Sl +0.074/(1 — 6)
85,51 = 1-0.667-5 :
6 2.444+0.667-8-f§sl +0.074/(1 — §)
5,8t ™ 1—0.296-8 ’

The expected utility of S! in State2b is based on the following:

2.259+0.148- 8 - hbS | +0.333-5- b8 | +0.185/(1 - 8)

6 _ s s
o551 = 1—0.426-6 ’
2444 4+0.333-8 - b6
gb6 1= 2.5 ,
8.8 1—0.667-68
2.07440.519-8 -6 s +0.37/(1 — 8)
hbe o = 2.5
88! 1—0.29 -6 '

In Statel, S'’s expected utility is given by
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6 6
2.222+ 04078235 | +0.185-8 - ¢,

20 =
“ast 1—0407-5 ’
and
6 6
o 2.444 4 0.407 - 8 - 229 ( +0.037-8 - gb}
8,81 1 —0.556-8 ’

comprising the final function:
EUp ¢ = 2333404318229 ¢ +0.486-5 - 23] ¢, +0.069- 5 - g
+0.014-8- b0 .

If both sellers follow the strategies in the profile of the theorem, they accept only 7>
deals at regret time, S'’s expected utility is based on the functions that follow:

e In State2a, S'’s expected utility is composed of:

2.22240.148- 8- h¥  +0.333-5-¢% | +0.037/(1-9)

8 _
fss1 = 1050 ’
8

s 2403338 f3
85,51 1-0667-8

. 24444 0.667-8 - f¥ +0.074/(1 - )
o, = : .

5,81 1-0.296-6

e In Statel, S'’s expected utility is composed of the following two functions:

8 8
2.074+ 04078235 | +0.037-8- g8,

28 =
st 1—0556-6
and
8 8
o 2.444 +0.407 -5 - 223 +0.037 -5 - gbf
8,5 1-0.556-8 ’

leading to the final expected utility for S!:
8 8 8 8 8
EUj ¢ =2.278+0.486-6 - (zzwl + zsw) +0.014-5 - (gwl + gbwl).

The results we obtained for 0.92 < § < 1 show that S! will benefit most by accepting
only 7 deals at regret time.

D.2.3. Both sellers will be unreliable 1In this section we show that the sellers obtain
their maximal expected utility when the buyers do not return to unreliable sellers, and both
sellers are unreliable. That is, all the other combinations of sellers will not lead to stable
strategies at regret time.

Assume that the buyers will not return to unreliable sellers, and that one seller (e.g., Sz)
rejects any 7 deal proposed to him at regret time. We computed the expected utility S! will
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attain when (1) he also rejects any y deal offered at regret time; (2) he accepts any 7 deal
offered to him at regret time; and (3) when he accepts only 7, deals at regret time.
The functions were developed based on the trees in Figures 3 and 4.

1. Both sellers reject any ¥ deal. The market remains in Statel forever. The expected
utility of S! is given by

2 4+0.407 -8 - 73}

2 _ 5,81
5.5t 1-0593.5
and
244440407 -8 - 225
Z31 1 = - ’
5.5 1-0.593-6
giving
1 1 1
EUj o =225+05-8- (25 o +23; 1)

2. S' accepts any 7 deal offered to him at regret time, and S* rejects any deal offered
to him at regret time. The corresponding utility functions for S! at State2a are the
following:

4482402968 - hy o +0.667 -8 - g3, +0.074/(1 — )

2 _
fg’Sl - 2 _ 5 l
5 6.111+0.889-68 - f7(, +0.222/(1 — 8)
851 = 3-25 ’
2
2 2,444 +0.704 -8 - f7
5,81 1—0.296-8

The expected utility for S! at Statel is built of

2 2
2.222+ 04078237  +0.185-8 - g2 ,

22 = ,
“s.s1 1-0407-5
and
2
o 2,444 +0.407 -5 - 225
5.5 1-0.593-68 ’
leading to

EU?SI =2.3334+0.431-65- zzg,sl +05-68- z3§’51 +0.069 -6 - gg’sl.

3. S' accepts only P> deals at regret time, while S? rejects any deal offered at regret time.
The expected utility of S! in State2a is based on the following functions:
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3 3
2222+0.148-8-h} o +0.333-8- ¢

3 _ s
Tost = 1-0519-8 ’
3

. 2403335 fq

8,81 1-0667-8§

3
s 2444 +0.704-5 - f7
=
8,8 1-0.296-8

In Statel, S'’s expected utility is based on
3 3
2.07440.407 -6 - 138’51 +0.037-6 "85 g1

23 = ,
st 1-0556-6
and
244440407 -8 - 227
233 1= 2 ,
8.8 1-0593-5

resulting in

3 _ 3 3 3
EU; 1 = 2278 +0.486 -6 -ZZ(S’SI +05-6 '133,5! +0.014-6 “ 8 g1
S! gains the largest expected utility by deviating from S>’s strategy, by accepting any
deal offered to him at regret time for any value of §.

Appendix E. The seller’s expected utility notation

The expected utility of a seller in the market is given by the following five parameters:

1. The horizon of the market: K’ indicates the number of remaining trading cycles for
which the market lasts, and § indicates that the length of the market is uncertain.

2. The identity of the seller: either S or S2.

3. The state in which the market is. This is given by the roles of the buyers relative to
the sellers (i.e., which buyers are not restricted, which buyers are loyal, which buyers
are in the market and have not opted out). This parameter is refined even more by the
state represented by the nodes that have been identified in Figures 3 and 4 (as shown
in Appendix B). The labels used for the expected utility notation that a seller obtains
in Statel is EU, and z2 and z3 are used for the two special states encountered when a
seller is already in Statel, i.e., Statel-2, and State1-3. For State2, we use the labels, f,
g, h for the special states State2a-I1I, State2a-I-right, State2a-I-left, respectively; and fb,
gb, and hb for the special states State2b-I1I, State2b-I-right, State2b-I-left.

4. The buyers’ profile. These values will differ when the buyers come back to unreliable
sellers (denoted BR), when the buyers do not come back to unreliable sellers (denoted
BR), when the buyers come back to an unreliable seller only if the seller has broken his
commitment to the buyer due to a 7> deal (i.e., BRy) or due to a y; deal (i.e., BR).

5. The last two parameters correspond to the sellers’ profile. This parameter is a pair of
values, in which the first one determines the 7 deals that the corresponding seller is
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willing to accept at regret time if he is offered such a deal, and the second one corre-
sponds to the second seller. The values for this parameter consist of any combination
of the following: ¥, 71, 72, ¥ (when the seller rejects any 7 deal offered at regret time).

In Tables 2 and 3, we explain the notation used to describe each one of the cases that
were relevant to some of the proofs presented in this paper.

Table 2. A summary of the notations used to present the expected
utility of a seller when the horizon is finite

Notation Description

ZZ}«, g EU(K’, S, State1-2, BR, (¥, 7))

13}(,’ g EU(K', S, State1-3, BR, (7, 7))
EU}“ g EU(K', §', Statel, BR, (7, 7))

f}(,. si EU(K’, S, State2a-11, BR, (7, 7))

g }( s EU(K’, S, State2a-I-right, BR, (¥, 7))
h}(/. g EU(K', S!, State2a-I-left, BR, (¥, 7))
gb}(a . EU(K', S', State2b-I-right, BR, (7, 7))
f12<,. si EU(K’, S, State2a-11, BR, (¥, 7))
S si EU(K', §', State2a-I-right, BR, (71, 72))
h%(/. g EU(K', S!, State2a-I-left, BR, (71, 7))
gbi/, . EU(K’, S, State2b-I-right, BR, (7}. 73))
zzi(/.si EU(K', S!, State1-2, BR, (75, 7))
133(,&. EU(K’, S, State1-3, BR, (73, 7))
EU?{,.SI. EU(K’, S, Statel, BR, (5, 7))

f[‘é,’ g EU(K’, S, State2a-11, BR, (7, 7))

g‘;{,’ g EU(K', S!, State2a-I-right, BR, (7, 7))
h‘[‘( ' si EU(K', S, State2a-I-left, BR, (7,7))
gb‘[‘( s EU(K’, §', State2b-I-right, BR, (7, 7))
z2§(,. si EU(K’, S, State1-2, BR, (¥, 7))

23;! g EU(K', S, State1-3,BR, (7, 7))
EU?{,. 5 EU(K', S!, Statel, BR, (7, 7))

Table 3. A summary of the notations used to present the
expected utility of a seller when the horizon is unrestricted

Notation Description

22; . EU(S, S', State1-2, BR, (7, 7))
13; si EU, S', State1-3, BR, (7, 7))
EU! EU, S', Statel, BR, (7, 7))
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Table 3. (Continued)
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Notation Description

f; E EU(S, S', State2a-11, BR, (7, 7))

gi s EU(S, S, State2a-I-right, BR, (¥, 7))
h§ § EU(S, S', State2a-I-left, BR, (7, 7))
223 . EU, S, State1-2, BR, (7, 7))

23; . EU, S, State1-3, BR, (7, 7))

EUS EUG, §', Statel, BR, (7, 7))

f;, B EUS, S, State2a-11, BR, (73, 7))

g; E EU(S, S', State2a-I-right, BR, (73, 7))
hg o EU(S, S, State2a-I-left, BR, (73, 7))
122,51‘ EU, S, State1-2, BR, (7, 7))
Z3§,si EU, i, State1-3, BR, (72, 7))

EUS EUG, S', Statel, BR, (72, 7))

222,51’ EU(S, S, State1-2, BRa, (72, 7))
232,51* EU, S', State1-3, BRy, (7, 7))
Ut EU(S, S', Statel, BRy, (7. 72))

f; 5 EU(S, S, State2a-11, BRy, (7, 72))
g; g EU(S, ST, State2a-I-right, BRy, (¥, 7))
hg,si EU(S, S, State2a-I-left, BRy, (7, 73))
122,51’ EU(S, St, State1-2, BRy, (7, 72))
23;&} EU(S, S, State1-3, BRy, (7, 7))
EU?,si EU, S, Statel, BRy, (¥, 7))

f; ; EU(S, St, State2a-11, BR, (7, 72))

g; . EU(S, S', State2a-I-right, BR, (7, 7))
hg . EU(S, S', State2a-I-left, BR, (7, 72))
.fbf o EU(S, S, State2b-11, BR, (7, 72))
8}’2 o EU(S, S, State2b-I-right, BR, (7, 7))
hbf;, B EU(S, S, State2b-I-left, BR, (7, 7))
z2§, g EU(S, S', State1-2, BR, (7, 72))

232’ . EU(S, S, State1-3, BR, (7, 72))

EUS EUG, S, Statel, BR, (7, 7))

f; E EU(S, S', State2a-11, BR, (7, 7))

g; ¢ EU(S, St, State2a-I-right, BR, (7, 7))
hg o EU(S, S', State2a-I-left, BR, (7, 7))
gb’;’si EU(S, S', State2b, BR, (7, 7))

22;, g EU(S, S', State1-2, BR, (7, 7))

Z3Z . EU(S, S', State1-3, BR, (7, 7))

EU’ EU, §', Statel, BR, (7, 7))
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Table 3. (Continued)

Notation Description

f; i EU, S, State2a-11, BR, (73, 7))

g§ g EU(S, S, State2a-I-right, BR, (72, 7))
h§ s EU(S, S, State2a-I-left, BR, (72, 7))
gb§ s EU(S, S', State2b, BR, (73, 7))

z2§ si EU, S, State1-2, BR, (73, 7))

z3§ g EU, S', State1-3, BR, (93, 7))

EU§ si EU, S, Statel, BR, (73, 7))

Notes

w

~N N L A

10.

11.

12.
13.

14.

. This is one of our simplification assumptions. In general, even in cases in which sellers can serve several

buyers simultaneously, such a problem arises.

. The sellers decide according to their utility that is based on the size of the buyers’ requests.
. A buyer may need to leave the market if he does not return to unreliable sellers, and all the sellers he has

approached have broken their commitments to this buyer throughout the trade period.

. In this work K’ denotes the number of cycles that are left until the end of the market; i.e., K’ = K —

. 73 is a ¥ deal offered at regret time, such that Val(y>) — Val(B) = 2.

. S! and $2 have to be exchanged to obtain the sellers’ strategies profile for State2b.

. S! reaches a type I node at the leftmost subtree of Figure 4 with a probability of % and obtains a constant

of 2.444. S! reaches a type I node at the rightmost subtree of Figure 4 with a probability of % and obtains
a constant of 2. Finally, § 1 will reach the other nodes with a probability of 1 — (% + %) and will obtain a

constant of 2.222. Therefore, at State2a, S will obtain on average: 24—7 -2.444+ % 2+(1- (24—7 + %)) 2,222 =
2.18.

. A simple market consists of three buyers, two sellers, and t values that could be one, two or three with a

probability of 1.

. We assume that the market has unrestricted horizon, therefore the values of Ureg will be accumulated with a

weight of the infinite series §°1 4+ -+ --- = L

(1-142-743-19)/27 = 8/3; the value 1 is eliccsepted by the seller with a probability of 1/3 once, when all
of the buyers offered a deal with value 1, the value 2 is the maximal value in 7 cases, the value 3 is chosen
by S (because it is the maximal value) in 19 cases when all of the buyers approach the same seller with
B=1,273.

These cases correspond to when: (1) S 1 is offered {1}, and 52 is offered 2,2}, S 1 is offered {1}, and 52
is offered {3, 3}; (3) St is offered {1}, and 52 is offered {2,314 SV is offered {1}, and §2 is offered {3,2};
(5) S is offered {2}, and $2 is offered {3, 3}. When a seller has two offers, the first one represents the value
of the deal offered by the loyal buyer.

B2 was chosen for the presentation, although any other two buyers can be in B%s place.

The market can move to State3a with a probability of 1/27 when: § Uis offered {1}, and $2 is offered {2, 3}.
The market can move to State4 with a probability of 5/27, when (1) S 1 is offered {2,2}, and §2 is offered
{1}; (2) S1 is offered {2, 3}, and $2 is offered {1}; 3) st is offered {3, 2}, and 52 is offered {1}; 4) stis
offered {3, 3}, and §2 is offered {1}; and (5) S1 is offered {3,2}, and §2 is offered {1}. If a seller obtains two
deals, the first one represents the value of the loyal buyer.

The functions were developed based on the trees in Figures 3 and 4, with the relevant corrections based on
the case we were testing. The expected utility for each seller is computed by summing up all of the possible
combinations of paths through which the market could be moved with respect to a certain seller. The utility a
seller gains in each one of these paths is given by multiplying the probability of reaching the situation given
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15.
16.
17.

by the node (denoted on the edges) by the utility a seller will obtain at that node (denoted next to each node).
A summary of the notations is presented in Appendix E.

K' =K —tc.

S1 and 2 has to be exchanged to obtain the sellers’ strategies profile for State2b.

H1+520, ) 3850 g <2% 8 g adif24 322, | o + 525

1 <3+g}<,

1
1,8 K'—1,81"

then S! will accept the ¥ deal at regret time, and

is | <3+g

i 1_51 1 >l
and if 1 + 7Z2K’—1.S1 + 7Z3K
the market will move to State2a.

'—1,8 —1,81°
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