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Abstract

We study a procurement problem in which multi-
ple multi-attribute items need to be acquired and
combined to a new innovative product. The novel
nature of the components as well as the final prod-
uct implies the non-existence of a market and thus
the necessity to design a market mechanism for
the provision of the goods. We propose the use
of a procurement auction and the implementa-
tion of a matching mechanism to solve the as-
signment problem. Within the procurement pro-
cess we face substitutability and complementarity
issues that need to be taken into account.

1. Model

• The customers are “innovators” that develop,
create, invent or design products, but are not
capable of producing them. They own the pro-
duction rights of the product.
• The intermediary has the ability to overview

the market of components. He has to design
a mechanism to acquire the components and
create a matching mechanism that incorporates
budgetary and compatibility restrictions in order
to be able to deliver the final good to the cus-
tomer.
• The suppliers are able to provide variants of one

of each of the components according to their
technological constraints.
• The novelty of the product makes its market

value unknown to all parties. It is assumed that
neither the consumer nor the providers can ar-
range to work directly with each other.

Figure 1: Explanation of the problem

The customer requests the intermediary to pro-
duce one unit of the designed good G, with cer-
tain minimum specifications denoted by θ, within
a budget P that equals his valuation of the prod-
uct V (G). We assume the intermediary is able
to determine the number m of components θi,
i ∈M = {1, 2, . . . ,m} needed to combine the good
and the required specifications that each compo-
nent must meet {θ1i , θ2i , . . . , θ

li
i }. Also, the interme-

diary can determine which technical specifications
of a given component i are compatible to the tech-
nical specifications of all other m − 1 components
−i. The production problem of the intermediary
can be then described as:

Produce: θ = {θ1, θ2, . . . , θm} (1)
s.t. θ ≤ θ = Fi∈I(αi, θi) (2)

θi ≥ θi, ∀ i ∈M (3)∑
i∈M

pi · θi ≤ P (4)

where θi denotes the minimum required attributes
that component θi must meet for the final product

G not to be a failure, αi is a weighting criteria of
the customer.

We assume that each component can be provided
by more than one supplier and each supplier can
produce only one of the m components of good G.

Figure 2: Proposed solution: procurement auction

2. Procurement auction

We propose a Multi-Item Multi-Attribute Procure-
ment Auction (MIMPA) based on Parkes and
Kalagnanam (2005). In this auction the poten-
tial suppliers of the m components participate in
component specific independent auctions. The
auctions’ result however depends on the compati-
bility of the components.

In the auction each supplier j participates by of-
fering a bid βi that consists of a duple 〈θi,j; pji〉 =

〈(θ1i,j, θ2i,j, . . . , θ
li
i,j); p

j
i〉. It specifies the attributes of

component i offered by supplier j and the price at
which the supplier is willing to provide such com-
ponent. m independent auctions are implemented,
for each single component using exactly the same
format. Suppliers bidding strategies are restricted
to meet conditions (3) and F j

i (Lj(θ
i,j)) > Kj

i (θ
j
i ).

Let Ni = {1, 2, . . . , ni} ⊆ N =
⋃
i∈M

Ni be the sub-

set of potential suppliers that bid in the procure-
ment auction of component i. Define B as the set
of all different given bids, i.e. components in its
variations, that result from all the auctions above
described.

β1,1 = 〈(θ11,1, θ21,1, . . . , θ
l1
1,1); p1,1〉...

β1,n1 = 〈(θ11,n1, θ
2
1,n1
, . . . , θl11,n1); p1,n1〉...

βM,1 = 〈{θ1M,1, θ
2
M,1, . . . , θ

lM
M,1}; pM,1〉

...
βM,nM = 〈{θ1M,nM

, θ2M,nM
, . . . , θ

lM
M,nM
}; pM,nM〉


The auction generates multiple results, with sev-
eral potential combination of components. Thus, a
matching mechanism is proposed to complete the
auction.

3. Compatibility matching for MIMPA
results

The compatibility of components is an impor-
tant issue in our problem, as all components are
needed to complete good G, thus the value of
the good without one component is V (G \ {θi}) =
0, ∀ i ∈ M . Any component bid θi,j may or
may not be compatible with other bid compo-
nents θi+h,j+k. Thus a combination of components

that is sufficient to make a version of the good
G′ such that V (G′) 6= 0 can be treated as coali-
tion with value different from zero. This leads us
to propose modelling the problem as a two-sided
matching problem with coalitions.

Let ΘM,N be the set whose elements are the
|N | = N components θi,j in {βi,j}i∈M,j∈N . In
an ordered list form then we have list{ΘM,N} =(
θ1,1 . . . θ1,N1 · · · θM,1 . . . θM,NM

)
. Call a combination

θ̂ij = {θij1 , ..., θijm} ∈ ΘM,N of single units, one
of each component, a coalition of components
formed with θi,j, and θ̂−ij = θ̂ij \ {θij}.

DEFINITION [COMPLEMENT COMPONENTS]: Fix
a component θi,j ∈ ΘM,N , the complements of
this component, whose set is Θc

ij,N ∈ ΘM,N ,
are those components of θ̂−ij ∈ ΘM,N such that
V (G({θi,j} ∪ θ̂−ij)) > 0.

DEFINITION [SUBSTITUTE COMPONENTS]: Fix a
component θij ∈ ΘM,N with V (G({θi,j} ∪ θ̂−ij)) > 0,
for θ̂−ij ∈ Θc

ij,N . If ∃ θij∗ ∈ ΘM,N such that
V (G({θi,j∗} ∪ θ̂−ij)) > 0; θ̂−ij ∈ Θc

ij∗,N ; then θi,j∗

is a substitute of θi,j.

Let Θi,Ni ⊆ ΘM,N be the subset of components i
present in the bids made by all j ∈ Ni on compo-
nent i. Define Θ−i,N−i = ΘM,N \ Θi,Ni.

DEFINITION [COMPONENTS MATCHING]: A match-
ing set correspondence µ : ΘM,N ⇒ ΘM,N such
that:
• µ(θi,j) = θ̂ij

• |µ(θi,j)| = M

• µ(θi,j) satisfies condition (2).
• µ(θi,j) \ θi,j ∈ Θc

ij,N

Call a combination θ̂ij = {θij1 , ..., θijm} = µ(θi,j) a vi-
able coalition.

DEFINITION [PREFERENCE OVER MATCHINGS]: A
viable coalition θ̂ij is strictly preferred over other
viable coalition θ̂′ij′ iff V (θ̂ij) > V (θ̂

′
ij).

Figure 3: Matching solution for the procurement
auction

4. Summary

CURRENT STATUS: our work is at an early stage.
MIMPA seems to be an efficient mechanism, with
the caveat that compatibility issues are highly
probable to arise. Our COMPATIBILITY MATCH-
ING correctly discriminates compatible from non-
compatible components. Proofs are not yet termi-
nated. FORTHCOMING: a revision of MIMPA and
the Compatibility Matching, proof of consistency of
the mechanism as a whole, verify stability, obtain
final versions of the proofs, revise, revise, revise...

Thanks for watching! Comments welcome!
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