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Abstract

In this paper, we investigate a model of a combinato-
rial, procurement multi-attribute auction, in which each
sales item is defined by several attributes called quality,
the buyer is the auctioneer (e.g., a government), and the
sellers are the bidders. Furthermore, there exist multiple
items and both buyer and sellers can have arbitrary (e.g.,
substitutable/complementary) preferences on a bundle of
items. Our goal is to develop a protocol that is strategy-
proof for sellers. We first present a VCG-type protocol. As
in a standard combinatorial auction, a VCG-type protocol
is not false-name-proof, i.e., it is vulnerable against manip-
ulations using multiple identifiers. Next, we show that any
strategy-proof protocol in this model can be represented as
a framework called Price-Oriented Rationing-Free (PORF)
protocol, in which for each bidder, for each bundle of items,
and for each quality, the payment for the bidder is deter-
mined independently of his own declaration, and the bid-
der can obtain a bundle that maximizes his utility inde-
pendently of the allocations of other bidders. We develop
a false-name-proof protocol in this model.

1. Introduction

Internet auctions have become an integral part of Elec-
tronic Commerce and a promising field for applying
autonomous agents and multi-agent system technolo-
gies. Among various studies related to Internet auctions,
those on combinatorial auctions have lately attracted con-
siderable attention [10, 11] (an extensive survey is pre-
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sented in [6]). Although conventional auctions sell a sin-
gle item at a time, combinatorial auctions sell multiple
items with interdependent values simultaneously and al-
low the bidders to bid on any combination of items. In
a combinatorial auction, a bidder can express comple-
mentary/substitutable preferences over multiple bids. By
taking into account complementary/substitutable prefer-
ences, we can increase the participants’ utilities and the
revenue of the seller.

However, the widespread research on auctions (including
combinatorial auctions) deals mostly with models in which
price is the unique strategic dimension. However, in many
situations, it is necessary to conduct negotiations on mul-
tiple attributes of a deal. For example, in case of allocating
tasks, the attributes of a deal may include starting time, end-
ing deadline, accuracy level, etc. A service can be charac-
terized by its quality, supply time, and risk involved, in case
the service is not supplied eventually. Also, a product can
be characterized by several attributes, such as size, weight,
supply date, etc.

This problem becomes more complicated in case that
there are multiple tasks, services, or products. For exam-
ple, a task of constructing a large building can be divided
into many subtasks. One constructor might be able to han-
dle multiple subtasks, while another company is special-
ized to a particular subtask. In addition, since each construc-
tor may contract processes under different conditions, i.e.,
their quality, appointed date, price and so on, the utility of
the government may depend on these conditions in a com-
plex fashion. A similar situation exists in case of an order
of software development, etc.

In this paper, we investigate a model of a combinato-
rial, procurement multi-attribute auction, which can handle
such situations. In this model, each sales item is defined by
several attributes called quality, the buyer is the auctioneer
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(e.g., a government), and the sellers are the bidders. Further-
more, there exist multiple items and both buyer and sell-
ers can have arbitrary (e.g., substitutable/complementary)
preferences on a bundle of items. As far as the authors are
aware, there has been no study that treats combinatorial,
procurement multi-attribute auction so far.

In this paper, we assume that the preference/type of the
buyer is known and set our goal to develop strategy-proof
protocols for sellers. This assumption is natural in case of
the procurement of the government, etc. Except for this as-
sumption, our model is quite general. For example, the qual-
ity of a task can have arbitrary dimensions. Also, there is no
restriction on the possible types of the cost function of a
seller.

A protocol is strategy-proof if, for each bidder, declar-
ing his' true evaluation values is a dominant strategy, i.e.,
an optimal strategy regardless of the actions of other bid-
ders. In theory, the revelation principle states that in the de-
sign of an auction protocol, we can restrict our attention to
strategy-proof protocols without loss of generality [9]. In
other words, if a certain property (e.g., Pareto efficiency)
can be achieved using some auction protocol in a dominant-
strategy equilibrium, i.e., a combination of dominant strate-
gies of bidders, the property can also be achieved using a
strategy-proof auction protocol. A strategy-proof protocol
is also practically useful for applying to Internet auctions.
For example, if we use the first-price sealed-bid auction
(which is not strategy-proof), the bidding prices must be se-
curely concealed until the auction is closed. On the other
hand, if we use a strategy-proof protocol, knowing the bid-
ding prices of other bidders is useless; thus, such security
issues become less critical.

We first present a VCG-type protocol. Next, we show
that any strategy-proof protocol in this model can be rep-
resented as a framework called Price-Oriented Rationing-
Free (PORF) protocol [13], in which for each bidder, for
each bundle of items, and for each quality, the payment for
the bidder is determined independently of his own declara-
tion, and the bidder can obtain a bundle that maximizes his
utility independently of the allocations of other bidders.

Electronic bidding via network becomes popular for pro-
curement auctions. Since auction procedures can be effi-
ciently carried out, it has been introduced very rapidly so
far and it will be used more widely in the future. How-
ever, in regard to combinatorial auctions, the author pointed
out the possibility of a new type of fraud called false-name
bids, which utilizes the anonymity available in the Internet
[15, 14]. False-name bids are bids submitted under fictitious
names, e.g., multiple e-mail addresses. Such a dishonest ac-
tion is very difficult to detect, since identifying each partic-

1 We use pronoun “he” to represent a seller/bidder and pronoun “she”
to represent the buyer.

ipant on the Internet is virtually impossible.

We say a protocol is fal se-name-proof if, for each bidder,
declaring his/her true evaluation values using a single iden-
tifier (although the bidder can use multiple identifiers) is a
dominant strategy. As for strategy-proof protocols, the rev-
elation principle holds for false-name-proof protocols [15].
Thus, we can restrict our attention to false-name-proof pro-
tocols without loss of generality.

The VCG is not false-name-proof in case of combinato-
rial auctions, i.e., it is vulnerable against manipulations us-
ing multiple identifiers. This problem becomes a more se-
rious one in the procurement auction. For example, let us
consider the task allocation problem. The number of tasks
is one hundred, there is no attribute except their prices, and
there are two companies. When company 1 carries out all
tasks, the cost is 100, and when company 2 does them, the
cost is 110. When using the VCG, company 1 are assigned
all tasks and the payment is 110. On the other hand, if com-
pany 1 makes 100 fictitious companies and each fictitious
company bids one task with cost 1, then VCG allocates one
task at the payment 11 to each fictitious company, respec-
tively. In this case, the total payment is 1,100. In this paper,
we also develop a false-name-proof protocol in this model.

The rest of this paper is organized as follows. We show
the related works in Section 2. Then, we describe our auc-
tion model in Section 3. In Section 4, we develop a VCG
type protocol to this problem. In Section 5, we show that
any strategy-proof protocol in this model can be represented
as PORF protocol. In Section 6, we develop a false-name-
proof protocol. In Section 7, we discuss the proposed pro-
tocols, then in Section 8, we present our conclusions.

2. Related Works

So far, very little theoretical work has been conducted on
multi-attribute auctions. One notable exception is the work
of Che [2]. In [2], bidders bid on both price and quality, and
bids are evaluated by a scoring rule designed by a buyer. In
addition, first score and second score sealed bid auctions
were proposed. However, in this work, the quality is as-
sumed to be one-dimensional. Furthermore, multiple tasks
cannot be treated.

Protocols and strategies of multi-attribute english auc-
tion were proposed in [4], then strategy with a deadline was
studied in [5]. In these studies, processes of auctions are se-
quential, and they provide the automated bidder agents and
their strategies. The value of the quality is extended in two
dimensions. However, in this case also multiple tasks can-
not be treated.

On the other hand, these works consider the incentive is-
sues of the buyer, while we assume the type of the buyer
is public. Also, these works propose non-direct revelation
mechanisms, which require less exposure of private infor-
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mation than direct revelation protocols developed in this pa-

per.
Bichler [1] carried out an experimental analysis

of multi-attribute auctions, showing through experi-
ments that the utility scores achieved in multi-attribute
auctions were higher than those of single-attribute auc-
tions.

3. Mod€

In this section, we describe the model of a combinatorial
multi-attribute procurement auction.

o There exists a single buyer 0.
e There exists a set of sellers/bidders N = {1,2,...,n}.
e There exists a set of tasks T' = {t1,...,tm }.

e Each bidder i privately observes his type 6;, which is
drawn from a set ©.

o For each task ¢;, quality ¢; € @ is defined.

e A possible allocation of tasks to bidders is represented
as B = (B1,...,B,), where B; C T and for i # k,
B; N By, = () holds.

e A profile of
?:(Qh---an)

e For a quality profile ¢ and bundle B; =
{ti1,ti2,...}, we represent a projection of B;
onto ¢ as T, = (G, 1+ Qtinr---)-

e The cost of bidder ¢ when the allocation is B;
and the achieved quality profile is 7 B, is repre-
sented as c(6;, B;, T p,). We assume c is normalized

asc(6;,0,()) =0.

e The gross utility of buyer 0 when the obtained quality
profile is ¢ is represented as V (7).

qualities is represented as

e The payment from the buyer to each seller/bidder ¢ is
represented as p;.

e We assume each participant’s utility is quasi-linear,
i.e., for each seller ¢, his utility is represented as p; —
(8, Bi, @ g,)- Also, for the buyer, her (net) utility is
V(?) - EieN Di.-

o For an unallocated task ¢;, we assume the quality of ¢;
is go € Q. V is normalized by V(7,) = 0as 7, =
(90,90, - - -, q0)-

Please note that although there is only one parameter g;
for representing the quality of task ¢;, it does not mean our
model can handle only one-dimensional quality,i.e., g; can
be a vector of multiple attributes.

In a traditional definition [8], an auction proto-
col is (dominant-strategy) incentive compatible (or

strategy-proof) if declaring the true type/evaluation val-
ues is a dominant strategy for each bidder, i.e., an optimal
strategy regardless of the actions of other bidders.

In this paper, we extend the traditional definition of in-
centive compatibility so that it can address false-name bid
manipulations, i.e., we define that an auction protocol is
(dominant-strategy) incentive compatible if declaring the
true type by using a single identifier is a dominant strat-
egy for each bidder. To distinguish between the traditional
and extended definitions of incentive compatibility, we re-
fer to the traditional definition as strategy-proof and to the
extended definition as false-name-proof.

An auction protocol is individually rational if no bid-
der suffers any loss in a dominant-strategy equilibrium, i.e.,
the cost never exceeds the payment. In a private value auc-
tion, individual rationality is indispensable; no bidder wants
to participate in an auction where he might be payed less
money than what he spent to achieve the task. Therefore,
in this paper, we restrict our attention to individually ratio-
nal protocols. Also, we restrict our attention to determinis-
tic protocols, which always obtain the same outcome for the
same input.

We say an auction protocol is Pareto efficient when the
sum of all participants’ utilities (including that of the auc-
tioneer), i.e., the social surplus, is maximized in a dominant-
strategy equilibrium. In our model, the obtained social sur-
plus is represented as V (7) — >, n ¢(0i, Bi, T g,). The
author has proved that there exists no false-name-proof pro-
tocol that satisfies Pareto efficiency and individual rational-
ity at the same time [15] in a combinatorial auction. There-
fore, we need to sacrifice efficiency to some extent when
false-name bids are possible.

An example of this model is shown below.

Example 1 There are two bidders N = {1, 2}, two tasks
T = {ti,t2} and quality profile 7 = (q1,¢2). In this
case, we assume ¢; is one-dimensional. For example, the
cost functions of bidder 1 can be represented as follows.

o c(f1,{t1},(q1)) = im
o c(01,{t2},(q2)) = %
o c(b1,{t1,t2}, (01, ) = ta1 + 1a2

Assumethat V(¢) = 3, /g and the cost of bidder 2
is always greater than that of bidder 1. When both ¢, and
t, are allocated to the bidder 1 with 7 = (4,4), then the
cost of bidder 1isc(6y,{t1,t2}, (4,4)) = 2. Social surplus
ISV((47 4)) - 0(91, {tly tZ}a (4, 4)) =2.

In this case, social surplus is represented as (/g1 —
Y1) + (@& — Lg2). Since this expression is maximized
with the allocation described above, this allocation satis-
fies Pareto efficiency.
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4. VCG-type Protocol
4.1. Protocol Description

We can apply Vickrey-Clarke-Groves (VCG) mecha-
nism [12, 7, 3] to the model described in Section 3.

Each bidder ¢ declares his type 0~i, which is not necessar-
ily the true type 6;.

Definition 1 (VCG)

¢ Based on declared types, an allocation and a quality
profile that maximizes social surplus are calculated as
follows:

(B", ") = arg mas V()= cl0;,B;, 7 5,)

( s ) JEN

e For i, payment p; is defined as follows:

pi = V(T =D cl6;, B}, Tp)] -
‘ JF#i ) .

V(2™ =Y el By ™ 23500
i '

(B™"",9~") is an allocaion and qual-

ity profile that maximizes social surplus ex-
cept for 4. More specifically, for an alloca-
tion that does not allocate a task to bidder i,

‘§Nz = (Bl,'",Biflym,BiJrl:"',Bn)u
(B™"", ™) is defined as follows:

arg max V(7™ - C(éj; B]'Ni, THe)
B~ 7 ; 5

The proof that this protocol is strategy-proof is shown
below. The utility of bidder ¢ is written as follows.

ot B}, Th:) =

V(7" - Z (6, B}, T%:)
J#i

V(7)) =Y el B, ;;1‘,»]

J#

9 B* ?B*

Because the second term of the equation is inde-
pendent of declaration of bidder ¢, he can maximize
his utility when he selects f; which maximizes first
term. On the other hand, since (ﬁ*,?*) maximizes
V(g*) - D jeN c(t‘)Nj,B;,?E;), bidder 7 can maxi-
mize his utility if he declares 0~i = ;. Because the first
term is greater than the second term, individual rational-
ity holds for a seller.

Some examples of the VCG mechanism are shown be-
low.

Example2 We assume there are two bidders N = {1, 2},
two tasks T' = {t;,t,} and quality profile 7 = (q1,¢). In
addition, we assume V() = Vi(q1) + Va(g2) holds. Cost
functions ¢; when tasks are allocated to each bidder i are
shown below.

| t1 t2 t17t2
al|lin 3@ 0+ 50
| sn 3@ 50+ e
We assume that Vl(q1) = «/Q1,V2(Q2) = \/q>. In this

case, V() — X, ci(q;) ismaximized when atask ¢; isal-
located to bidder 1 and atask ¢5 is allocated to bidder 2.

V(7) - Zci(%’) =

i

Vi(q) + Va(ge) —c1 — c2

1 1
= V@ t++vq — qu - Zq?'
1 1
= (Vo - qu) + (Va2 — th)

When the former part and the latter part of the equation
are independently maximized, V() — 3°, ¢;(g;) is maxi-
mized. Therefore, g7 = 4,q¢5 = 4.

The payment to bidder 1 is calculated as follows. When
bidder 1 is absent, the best allocation is that both tasks are
allocated to bidder 2.

V(7) - Zci(%’) =

i

Vi(q) + Va(gz) —c1 — c2

= W 3w+ VB - )

Inthiscase, ¢;""* = 1,¢;""* = 4. Then the payment is

(Vi+Vi-1) - (\/I+\/1—%—1) = 3. The payment
to bidder 2 is the same as bidder 1,2. The buyer's utility is
\/_+\/_———— =1, andthebldder sutilityis 2 — 1.4 =
:.

Let us consider an example of the influence of fictitious
bidding.

Example 3 (A) Conditions are same as Example 2 except
for cost functions, i.e. T = {t1,t2}, N = {1,2}, ¢ =
(q1,92), and V(q) = Vi(q1) + Va(ge). Cost functions are
assumed as follows.

| t1 t2 t17t2
al|lin 3@ 0+ e
| s 5@ 30+ 30
We assume that Vi (¢1) = /a1, V2(g2) = /@2. When
both task ¢;and ¢, are allocated to bidder 1, V(7)) —
> ci(q:) ismaximized. Inthis case, ¢7 = 4, ¢5 = 4, then
the payment to bidder 1is21.
(B) We consider that bidder 1 create a fictitious bidder 3
and cost functions are set as follows.
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tl t2 t1, t2

a|1n 3@ 0+ 50
|30 3% 0+ 3e
¢ | s 7R 30+ 10

In this case, the best allocation is that ¢, is allocated to
bidder 1and¢, isallocated tobidder 3, and ¢ = 4, ¢5 = 4.
Then, the payments of bidder 1 and bidder 3 are both 1 %
However, since bidder 1 and bidder 3 are the same one, bid-
der 3 obtains 3. Thisis greater than the payment of bidder
1lin Example 3 (A).

4.2. Individual Rationality for Buyer

Unfortunately, this protocol cannot guarantee individual
rationality for the buyer. Actually, even if the type of the
buyer is known, there exists no protocol that is strategy-
proof for sellers, individually rational both for sellers and
a buyer, and can always achieve a Pareto efficient alloca-
tion.

We show a counter-example assuming such a protocol
exists. There are two tasks 1, 2 and two quality level qg, q; .
g1 means the task is performed and gg means the task is not
performed. We assume V((¢1,q1)) = 10, V((¢1,9)) =
V((go,q1)) = V((go,q0)) = 0, i.e., these tasks are all-or-
nothing for the buyer. Assume bidder 1 can execute task 1
with quality ¢; at cost 1, and bidder 2 can execute task 2
with quality g; at cost 1. In this case, since the protocol is
Pareto efficient, it must assign task 1 to bidder 1 and task 2
bidder 2.

Let us represent the payment bidder 1 receives as p; and
the payment of bidder 2 as p». In another situation, if the
cost of bidder 1 is 9 — €, where € is a small amount, since
the protocol is Pareto efficient, the protocol still assign task
1 to bidder 1 and task 2 to bidder 2. Let us represent the pay-
ment bidder 1 receives in this case as p}. Since the protocol
is individually rational, the following condition must hold:
p; > 9 — e. Since the protocol is strategy-proof, p; = p}
must hold. Therefore, p; > 9 — €. The same condition holds
for po. As a result, p; + p» > 18 — 2 x € holds. However,
this contradicts the assumption that the protocol is individ-
ually rational for the buyer.

4.3. Additive Case

Let us assume V is an additive form for the quality
of each task, i.e., V() can be represented as V(q) =
Vilqr) + Va(g2) + . . . + Vin(gm)- In other words, the gross
utility of the buyer is the sum of the utilities for all tasks.
Such a utility is quite common if these tasks are indepen-
dent for the buyer.

In this case, the VCG-type protocol satisfies individual
rationality. We assume V; is normalized by V;(qo) = 0,

where go means the task is not performed. Also, we assume
VB(?B) = EjeB VJ(CIJ)

The payment bidder ¢ receives when he is assigned a bun-
dle of tasks B; and achieve quality profile 7 B, 1s defined
as follows:

pi = [V(T)-)_ cb;,B; »T:)] -
J#i ‘ '

V(7™ = e, By, g5
J#i ’

Now, let us consider a case in which the task as-
signments and qualities except for bidder ¢ are
identical to B*,7¢*, but tasks in B; are not per-
formed. In this case, the obtained sqcial surplus
becomes  Vip(Tig) — il B Th:):
The sgcond term of~ the definition of p;, ie,
V(g™ = X0, B7", i) is  obtained
by optimizing the social surplus for all possible situa-
tions including the above-mentioned situation. Therefore,
the following condition holds.

pi < V(@)= el B}, T5:)] —

Jj#i
Virns(@7m5) — Y e85, B} ,Th;)]
JF#i

= Vi(T%)

As aresult, Y,y pi < V(") holds, which means the
protocol is individually rational.

If V does not have an additive form, we can design a
modified protocol that is individually rational for the buyer
by sacrificing efficiency. Let us assume V' is an arbitrary
function that satisfies the following condition:

e Forall 7, V() >3, V/(¢;) holds.

Then, let us represent >, V;(¢;) as V(). If we apply
the VCG-type protocol assuming the buyer’s gross utility
is V' rather than V, as in the above discussion, we de-
rive Y,cn i < V'(7F) holds. Since V'(7*) < V()
holds, we can guarantee that this modified protocol satis-
fies individual rationality for the buyer. However, this pro-
tocol optimizes the social surplus using V' rather than the
true gross utility of the buyer. Therefore, this protocol can-
not guarantee Pareto efficiency.

Please note that this condition, i.e., V' has an additive
form, is a sufficient but not necessary condition that the
VCG-type protocol is individually rational for the buyer. We
expect that a condition similar to decreasing marginal util-
ity [15] would be a necessary condition.

5. Extension of PORF Protocol

In this section, we show that any strategy-proof proto-
col in this model can be represented as a framework called
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Price-Oriented Rationing-Free (PORF) protocol. For a stan-
dard combinatorial auction, it is shown that any strategy-
proof protocol can be represented as a PORF protocol [13].
We then show that the PORF framework can be extended
to the case of a combinatorial, multi-attribute procurement
auction.

A POREF Protocol is defined as follows.

Definition 2 (PORF Protocol)

e Each bidder i declares his type 6;, which is not neces-
sarily the true type 6;.

e For each bidder 4, for each bundle B C T, and for
each quality profile 7 5, the payment Pipq is de-
fined. This payment must be determined i ndepe?dently
of i’sdeclared type 6;, whileit can be dependent on de-
clared types of other bidders.

e Weassumep; ¢ () = 0 holds.

e For bidder ¢, a bundle B* is allocated and he

is required to achieve the quality 7 5., where
(B~*, Tp) = ABMAX(p 7 Py G,
c(0:, B, ¢p). Bidder i receives p. .. 7., |

there exist multiple bundles that maximize i’s util-
ity, one of these bundlesis allocated.

e The result of the allocation satisfies allocation-
feasibility, i.e.,, for two bidders i, j and bundles al-
located to these bidders B; and B}, B N B} = 0
holds.

It is straightforward to show that a PORF protocol is
strategy-proof. For each bundle and quality profile, the
payment that bidder ¢ receives is determined indepen-
dently of ¢’s declared type, and he can perform the bundle
with the quality so that his utility is maximized indepen-
dently of the allocations of other bidders, i.e., the protocol
is rationing-free.

On the other hand, in a PORF protocol, the pay-
ments must be determined appropriately to satisfy
allocation-feasibility. The definition of a PORF proto-
col requires that if there exist multiple bundles that maxi-
mize ¢’s utility, then one of these bundles must be allocated,
but it does not specify exactly which bundle should be al-
located. Therefore, if there exist multiple choices, the auc-
tioneer can adjust the allocation of multiple bidders in order
to satisfy allocation-feasibility.

Theorem 1 Any dstrategy-proof combinatorial —multi-
attribute auction protocol can be described as a PORF
protocol.

This can be derived from lemma 1 and lemma 2 de-
scribed below.

Lemma 1l When types declared by the others are fixed, a
strategy-proof protocol can be written as a function 7. The

argument of 7 is bidder i's declared type 6, and it returns
bundles B, the qualities 7 5, and the payments p bidder i’s
receives, i.e., m(8) = (B, ¢ 5, p)-

Assume for 6,0', n(f) = (B, qg,p) and n(0') =
(B, g,p') hold, i.e, the protocol assigns the same bun-
dle and quality profile. Then, p = p’ must hold.

Proof: We assume that p < p’ without loss of generality.
When a bidder’s true type is 6, if he declares false type
@', the payment increases though the bundle and the qual-
ity are the same. This is contrary to the assumption that 7
is strategy-proof. Therefore, the unique payment is deter-
mined, when 7 allocates the bundle B at quality 7 g to
bidder :. O

From Lemma 1, we can describe the payment of a
strategy-proof protocol as p(B, ¢ g), i.e., a function of the
allocation and quality profile.

Lemma?2 A dtrategy-proof protocol =« is de
scribed as a PORF  protocol, that is, for any
6, 76) = (B.ThpB,Tr), (B.Th) =
argmaX(B’?B)p(B,?B) — ¢(8,B,7q ) holds, where
(B, 7p,p(B,qp)) € U, (). In other words, the pro-
tocol allocates (B, 7 ) Which maximizes bidder i’s
utility based on the payment p(B, ¢ ), which is de-
fined by each combination of B, 7.

Proof: Assume that this does not hold, i.e., there exists
7T(0l) = (Bla ?B’,pl) and p(Ba ?B) - 0(07 B: ?B) <
p(B', ¢ ) — c(,B', ¢ ) holds. In this case, if a bid-
der’s true type is ¢, when he declares his true type, his util-
ityis p(B, ¢ g) — ¢(, B, 7 ), and when he declares false
type &', his utility is p(B', @ /) — c(8, B', ¢ /). The lat-
ter utility is greater than the former. This contradicts the as-
sumption that 7 is strategy-proof. O

6. False-name-proof Protocol

The VCG-type protocol described in Section 4 is
strategy-proof and individually rational both for bid-
ders and the buyer if V' has an additive form. However,
it is not false-name-proof protocol as described in Ex-
ample 3. In this section, we develop a false-name-proof
protocol in our model.

6.1. Additive Case

First, we consider the case that V() has an additive
form for the quality of each task, i.e,, V() can be rep-
resented as V() = Vi(q1) + - .. + Vin(gm). We denote
ZjeB Vi(g;) as V(T p)-

We determine the payment that bidder ¢ receives if bun-
dle B and quality profile 7 p is assigned to bidder i as fol-
lows.
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o First, we define s; p as:
max(o’ mang]’;ﬁi,?B, (VB’ (?B’)_c(ej’ B,, ?B’)))’
where B’ represents an arbitrary bundle, which con-
flicts with B, i.e., BN B’ # ).

o Then, p, , 5 is defined as V(T p) — si.B-
Dy B

Theorem 2 In case that p, , 7 is defined as above, the
protocol satisfies allocation-feasibility.

Proof: For each task tj, let us select a bidder, a bun-
dle and a quality profile j*, B*, @ . so that Vz(q 5) —
c(8;, B, ) is maximized for all bundles that include t.

For the other bidder i, the payment is Vg (¢ 5/) —
VB« (q g-)—c(8;, B*, 7 g.)] when he carries out any bun-
dle B’ that includes ¢}, at ? p- If he chooses this bundle and
quality profile, his utility is given as follows.

Ve (T ) = [VB- (T ) — (05, B*, T )]
_c(ei,B,,?B’)

= [VB’(?B’) - c(eiaBlv?B’)]
~[VB-(7 p-) — c(8;,B", T p-)]

Because of the condition of choosing B*, etc., the second
term is greater than the first term. Therefore, this utility is
negative so bidder ¢ won’t choose this bundle. Therefore,
allocation-feasibility holds. O

Next, we show that the protocol is also false-name-proof.

If bidder ¢ is assigned a bundle B = B1 U B2 with qual-
ity profile 7 g, the paymentis V(7 ) — si.5-

If bidder 7 uses two identifiers (i' and i'") and is assigned
B1 for i’ and B2 for i, the payment becomes as follows?.

Ve1(T 1) — si,81 + VB2(T o) — si,B2
VB1(T p1) + VB2(T ) — [56,B1 + si,B2]
Ve(T ) — [si,B1 + Si,B2]

Since s;, B = maX(Sinl, Si732), s;,B < 84 B1+5;i,p2 holds.
Therefore, if a bidder uses two identifiers and is assigned
tasks separately, his payment becomes less. Thus, this pro-
tocol is false-name-proof.

Also, this protocol is individually rational for both bid-
ders and the buyer. Since a bidder can always choose not
to perform any task, his utility is at least 0. Also, for the
buyer, s; p is non-negative. Therefore, for any feasible al-
location with quality profile 7, the sum of the payments is
less than V(7).

Example4 We assume there aretwo bidders N = {1, 2},
two tasks T = {t;,t,} and quality profile 7 = (q1,¢2). In
addition, we assume V() = Vi(q1) + Va(ge) and V; =
/@i~ Costs are shown below for when tasks are allocated to
each bidder 1.

2 Strictly speaking, the payment becomes less because the declaration
of 4’ can decrease the payment for 7"’.
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bidder 1
QG | t1 ta | t1 i
113 33
411 2|2 1

When a bidder has carried out both tasks, the costs are
added.

Combinations of bundles of tasks are represented as
{ti,t2}, {t1}, {t21, 0.

Inthe casethat ¢; isallocated to bidder 1 and ¢ isallo-
cated to bidder 2, the payments and the utilities of bidder 1
for each quality are shown below.

@1 g2 | payment utility
11 ‘1% i
s 1| 1A
s sl 107
4 4 5 3

Inthis case, the maximum utility of bidder 1is % For the
other bundles, the maximum utilities are calculated in the
same way. These are shown as follows.

task allocation maximum
of bidder 1 payment utility
t1, to % 0
t 2 3
to 0 -1
0 0 0

Therefore, the best allocation for bidder 1 is that he
choi)sm only ¢4, then he obtains the payment % and the util-
ity <.

I%or bidder 2, the best allocation is that he chooses only
t, at the quality 4, then he obtains the payment % and the
utility 1.

Inthis case, social surplusis 2.

Example5 Next, we consider the example of the same con-
ditions asin Example 4, except for a table of costs.

Costs are shown below, when tasks are allocated to each
bidder i, respectively.

bidder 1 | bidder 2
QG | t1 ta | t1 1o
L1 )3 3
4|14 2|2 2

The result of calculation of bidders' utilities is that bid-
der 1's utilities are always negative or 0, and the bundle
which makes bidder 2's utility positive is the only one de-
scribed below.

bundle | quality utility
{tu} | {1} 3

In this case, bidder 2's utility is 1. Social surplusis £
and the buyer’s utility is 0.




6.2. Extension to General Case

In this subsection, we consider the case where V' does
not have an additive form. Let us assume V' (g;) is arbitrary
function that satisfies the following condition.

e Forall 7,V(q) >3, V/(q) holds.

As in Section 6.1, we denote >, 5 V; (g;) as Ve(Tg).

The discussion of Section 6.1 still holds for newly de-
fined V; as long as the above condition holds. Therefore,
this protocol satisfies allocation feasibility and false-name-
proof. Also, this protocol is individually rational for both
bidders and the buyer. For the buyer, for any feasible allo-
cation with quality profile 7, the sum of the payments is
less than 3. V] (q). Since Y=, Vi (g;) < V(7), this
protocol is individually rational for the buyer.

7. Discussions

We discuss the condition described in Section 4.3 and
6.2,1.e. Y. Vi(¢:) < V(). When V has an additive
form, we can simply use V;. Otherwise, we need to define
V! that satisfies this condition.

Let as assume V(@) is defined as V(7q) =
maxjer Vj(g;), i.e., tasks are substitutable for the
buyer. If we define V/(q;) as Vi(g;) = Vi(q;)/Iml.
then the condition } ;.7 Vj(g;) < V() is satis-
fied. For the false-name-proof protocol, we can use this
V'. For the VCG-type protocol, even if we use V in-
stead of V', the protocol satisfies individual rationality for
the buyer.

On the other hand, let us assume V() is defined as
V() = minjer Vj(gj), i-e., tasks are all-or-nothing. In
this case, we need to choose Vj’(qj) = 0 for all g, if we as-
sume V;(qo) = 0, where go represents that the task is not
performed. This means no task can be assigned if we use
Vj’ . In this case, the VCG-type protocol cannot satisfy indi-
vidual rationality for the buyer if we directly use V.

8. Conclusions

In this paper, we introduced a new model of a combinato-
rial procurement multi-attribute auction, in which each sales
item (e.g. task) is defined by several attributes called quality.
First, we presented a VCG-type protocol. Next, we showed
that any strategy-proof protocol in the model can be repre-
sented as a framework called PORF protocol. Then, we de-
veloped a false-name-proof protocol in this framework.

As discussed in Section 7, our proposed protocols have
limitations when the gross utility of the buyer does not have
an additive form, especially in the case that it is all-or-
nothing. Our future works include developing new proto-
cols that can handle such situations. Also, we hope to de-

velop a non-direct revelation protocols that require less ex-
posure of private information.

References

[1] M. Bichler. An experimental analysis of multi-attribute auc-
tion. Decision Support Systems, 29(3):249-268, 2000.

[2] Y. Che. Design cometition through multidimensional auc-
tions. RAND Journal of Economics, 24(4):668-680, 1993.

[3] E. H. Clarke. Multipart pricing of public goods. Public
Choice, 2:19-33, 1971.

[4] E.David, R. Azoulay-Schwartz, and S. Kraus. Protocols and
Strategies for Automated Multi-Attribute Auctions. In Inter-
national Joint Conference on Autonomous Agents and Mul-
tiagent systems, pages 77-85, 2002.

[5] E. David, R. Azoulay-Schwartz, and S. Kraus. Bidders’
Strategy for Multi-Attribute Sequential English Auction with
a Deadline. In The Second International Joint Conference on
Autonomous Agents and Multiagent systems, pages 457-464,
2003.

[6] S.de Vries and R. V. Vohra. Combinatorial auctions: A sur-
vey. INFORMS Journal on Computing, 15, 2003.

[7]1 T. Groves. Incentives in teams. Econometrica, 41:617-631,
1973.

[8] A.Mas-Colell, M. D. Whinston, and J. R. Green. Microeco-
nomic Theory. Oxford University Press, 1995.

[9] R.B.Myerson. Optimal auction design. Mathematics of Op-
eration Research, 6:58-73, 1981.

[10] D. C. Parkes and L. H. Ungar. Iterative combinatorial auc-
tions: Theory and practice. In Proceedings of the Seventeenth
National Conference on Artificial Intelligence (AAAI-2000),
pages 74-81, 2000.

[11] T. Sandholm. An algorithm for optimal winner determina-
tion in combinatorial auction. In Proceedings of the Sx-
teenth International Joint Conference on Artificial Intelli-
gence (1JCAI-99), pages 542-547, 1999.

[12] W. Vickrey. Counter speculation, auctions, and competitive
sealed tenders. Journal of Finance, 16:8-37, 1961.

[13] M. Yokoo. Characterization of Strategy/False-name Proof
Combinatorial Auction Protocols: Price-oriented, Rationing-
free Protocol. In Proceedings of 19th International Joint
Conference on Artificial Intelligence (1JCAI-2003), pages
733-739, 2003.

[14] M. Yokoo, Y. Sakurai, and S. Matsubara. Robust Combina-
torial Auction Protocol against False-name Bids. Artificial
Intelligence, 130(2):167-181, 2001.

[15] M. Yokoo, Y. Sakurai, and S. Matsubara. The Effect of False-
name Bids in Combinatorial Auctions: New fraud in Internet
Auctions. Games and Economic Behavior, 46(1):174—-188,
2004.

Permission to make digital or hard copies of all or part of
this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or
commercial advantage and that copies bear this notice and the
full citation on the first page. To copy otherwise, to republish,
to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee.
AAMAS'04, July 19-23, 2004, New York, New York, USA.
Copyright 2004 ACM 1-58113-864-4/04/0007...$5.00



