
 
 
 
 
 
 

 
 
 
 
 
 
 

 
SHORT TERM SCIENTIFIC MISSION (STSM) 

SCIENTIFIC REPORT  
 
This report is submitted for approval by the STSM applicant to the STSM coordinator  
 
Action number: CA15210 
STSM title: Impossibilities in Kidney Assignments 
STSM start and end date: 2017-10-29 to 2017-10-29 
Grantee name: Dominik Peters 
 

PURPOSE OF THE STSM: 
  
(max.200 words)  
In many areas of economic design and social choice, impossibility theorems have played an important part 
in pointing the way towards best-possible mechanisms. In the theory of kidney exchange, this type of result 
has not been explored in much detail. Based on techniques for assignment problems that we have 
developed during a previous COST action, we wish to explore impossibilities as applied to kidney 
exchange markets. In particular, we will develop several axioms capturing efficiency and non-
manipulability properties. Using SAT and SMT solvers, we will then check whether these axioms are 
compatible; if not, we hope to obtain human-readable but computer-generated proofs of these 
impossibilities. This technology based on logic solvers has been developed by Felix Brandt's group at TU 
Munich. As part of this exploration, we may also consider probabilistic (mixed) kidney assignments, and 
explore analogues of popular matchings in this context. 
 

 
DESCRIPTION OF WORK  CARRIED OUT DURING THE STSMS 
  
(max.500 words)  
We started our STSM with a literature review of the theoretical literature on kidney exchange, to identify 
previous work and to find prior work applying the axiomatic method to this domain. The main setting in which 
strategyproofness has been considered is on part of the hospitals involved in a kidney exchange market: 
hospitals may have an incentive to not report some of their incompatible donor-patient pairs (to later match 
them internally). This will typically harm overall social welfare. Previous work has identified an incompatibility 
between efficiency and strategyproofness in this setting (Roth et al 2007), and other papers found some 
possibilities by relaxing either efficiency or strategyproofness. The known impossibility operates in a 
deterministic setting; randomized mechanisms may be able to do better. Several questions are open in this 
area, particularly concerning how much efficiency can be achieved by strategyproof mechanisms in a three-
agent setting, and whether the approximation factors of existing mechanisms for the two-agent case can be 
improved. Further, the case when we also allow three-way exchanges (rather than only two-way exchanges) 
is not well-understood. We discussed ways in which the computerized approach to developing mechanisms 
or impossibility results can be applied to this setting, and began implementing several ways of formulating 
them in terms of integer linear programs or SMT (satisfiability modulo theories) formulas. 
 
More abstractly, we also considered general assignment settings, which may make sense both in the kidney 
exchange context, but also have several other applications. Recent work by Chang and Chun (MSS 2017) 
on randomzed assignments in the house assignment setting (with ordinal preferences) showed that certain 
known incompatibilities between efficiency and strategyproofness obtain even if agents’ preferences are 
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almost identical (except for slight perturbations). This case is particularly relevant when there is an objective 
sense of how desirable various goods are (which is plausible in the organ donation setting when abstracting 
away from tissue compatibility issues). We explored whether this result continues to hold with weaker 
versions of efficiency and strategyproofness. Since previous work suggested that handling this type of 
problem quickly hits the limits of tractability of modern SMT solvers like Microsoft’s z3, we also explored 
ways in which one can avoid explicitly modelling the probabilistic content of these (conjectured) impossibility 
results. In particular, we considered ways in which one can translate the axioms of efficiency and 
strategyproofness into statements that only concern the support of the returned random assignment; such a 
translation would then allow us to use SAT solvers instead of SMT solvers; the former can routinely handle 
much larger problem instances. 
 

 
 

DESCRIPTION OF THE MAIN RESULTS OBTAINED 
  
Since the duration of this STSM was short, we did not obtain finalized results during my visit in Munich (as 
expected). In particular, we have not yet found an impossibility of the types that we hoped for; this is 
unsurprising given the computational complexity of the problems involved. Some of the implementation 
work is still ongoing. For the case of kidney exchange with strategic hospitals, we found that at least a 
naïve approach was relatively hopeless: The number of possible compatibility graphs between donor-
patient pairs grows very quickly with a growing number of patients, and (more importantly for our 
approach) so does the number of possible kidney matches, which need to be enumerated explicitly for the 
associated logic problem to be solvable by a theorem prover. Our current discussion focusses on ways in 
which this combinatorial explosion can be avoided, possibly using some structural results contained in 
existing papers. Several of the results that had previously been obtained analytically in the literature apply 
to the case where there are a large number of patients, and our approach will not be able to scale to such 
instances. 
 
For the assignment setting, we were able to establish that (at least for small values of n), the result of 
Chang and Chun (2017) is not robust to changes in the efficiency and strategyproofness conditions used, 
even if one allows significantly broader preference domains. We are still engaged in ongoing work on 
further variants of this problem, particularly when using so-called PC-efficiency, which poses interesting 
technical challenges due to highly non-convex behaviour. We are also considering cardinal analogues, 
which we think may lead to very interesting results. 
 
  

 
FUTURE COLLABORATIONS (if applicable) 
  
 Our work on these topics has continued after the end of this STSM, and we intend to continue 
collaborating. Several questions, both conceptual and technical, remain challenging open problems. In 
particular, several “approximations” to key axioms in the preferential domains we have studied are not yet 
well understood, and we have experimentally found several cases where our current approach did not 
work as we had hoped. We are working on developing better ways of formulating these axioms in our 
settings.  

 
 


