The Kidney Exchange Problem

A weight W;; is associated to each arc (3,5) € E. These weights are used to
capture some priority (i.e., importance, urgency) for conducting the
corresponding matches.

Problem definition

Let P be the set of PDPs, N be the set of NDDs.
If the version of KEP concerns about cycles as well as chains is called

Cardinality Constrained Cycles and Chains Problem (CCCCP):

*We have G=(V,E), for V=NUP and E={(i,j) |i € V,j € P,
i # j}. Notice that {(i,5) | i,j € N,i #j} =2

If the version of KEP only concerns about cycles
is called Cardinality Constrained Multi-cycle
Problem (CCMCcP):

*We have G = (V,E),forV=P
and B ={(3,5) | i,j € P,
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required for a k-way exchange. Where k
iIs the maximal cycle size.
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Constraints:
* PDPs can be part of either a chain or a cycle, but not both.
* NDDs can only form one and only chain.
* Cycles must meet cardinality constraints. Cycle lenght is at
most k € N, chains may or may not be constrained.

Non-Directed Donor (NDD)

A “bridge donor”is a donor
in the last incompatible
pair forming a chain
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For the example below, we

would add 35 constraints.
As we propose, we only need
7 constraints, instead.

a chain. Also, a“bridge donor”
p6 can do it.

= Waitlist

Suppose we have two PDPs, the first donor’s kidney is compatible
with the second patient and vice versa (2-way exchange).

For finding paths that

begin at node ¢, we choose

in every strongly connected
component the node with highest out-
degree, hoping this path can eliminate more
than one infeasible path. Different choices yield a
different number of paths.

Results for test instances

NDDs PDPs | Density | Objective | Running Time(s) @ Gap
198 12% 14,115 163,907

N

202 1% 11,02
215 13% 9,01
261 13% 14,01
263 12% 9,005
284 12% 9,205
312 13% 20,025
324 12% 10,105
328 12% 8,105
330 12% 10,005
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Optimization.
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