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Matching with Contracts: Comment By John William Hatfield and Fuhito Kojima* The theory of two-sided matching markets has interested researchers for its theoretical appeal and its relevance to the design of real-world institutions. The medical residency matching mechanism in the United States, the National Resident Matching Program (NRMP), and student assignment systems in New York City and Boston are important mechanisms designed by economists using the theory. Hatfield and Paul R. Milgrom (2005) present a unified framework of matching with contracts, which includes the two-sided matching and package auction models as well as a simplified version of a labor market model of Alexander Kelso and Vincent P. Crawford (1982) as special cases. They introduce the substitutes condition of contracts, which is an adaptation of the substitutability condition in the matching literature (Roth and Marilda A. Oliveira Sotomayor 1990) to matching with contracts. They show that there exists a stable allocation if contracts are substitutes for hospitals, and that a number of other results in matching generalize to problems with contracts. They further claim that the substitutes condition on individual hospitals’ preferences is necessary to guarantee the existence of a stable allocation for all possible singleton preferences of others: that is, if contracts are not substitutes for a hospital, then there exists a preference profile of other hospitals with single job openings and doctors such that there exists no stable allocation. We show that this last claim of Hatfield and Milgrom (2005) does not hold in general. The counterexample we present involves a hospital which has two different kinds of positions, and the preferences of the hospital are a combination of preferences of these two positions. While the substitutes condition does not hold for that hospital, we adopt a technique developed by Bettina Klaus and Flip Klijn (2005) and show that there exists a stable allocation. We then present the weak substitutes condition, which we show is necessary to guarantee existence of stable allocations. The modified result we present, as well as the original contribution of Hatfield and Milgrom (2005), suggest a connection between the substitutes condition and stability. I.  Model



Our model and notation follow Hatfield and Milgrom (2005). A matching problem with contracts (or simply a problem) is parameterized by a finite set of doctors D, a finite set of hospitals H, a finite set of contracts X, and preferences 3sa 4 a[D
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corresponding doctors by xD 1X92 5 5d [ D Z E x [ X9, xD 5 d 6. We assume that each doctor can sign at most one contract. The null contract, meaning that the doctor has no contract, is denoted by ~. For each d [ D, sd is a strict preference relation on 5x [ X Z xD 5 d 6 < {~}. A contract is acceptable if it is preferred to the null contract and unacceptable if it is less preferred to the null contract. As notational convention, we write acceptable contracts in order of preferences. For example, Pd : x sd y sd z







means that, under preference sd of d, x is the most preferred contract, followed by y and z, and every other contract is unacceptable. For each d [ D and X9 , X, we define the chosen set Cd by Cd 1X92 5 max 15x [ X9 Z xD 5 d 6 < 5~62 ,







sd



for any X9 , X. Let CD 1X92 5 	


Ch 1X92 5 max 5X0 , X9 Z 1x [ X 0 1 xH 5 h 2 ` 1x, x9 [ X 0, x Z x9 1 xD Z x9D2 6. sh



Let CH 1X92 5 


(b) There exists no hospital h and set of contracts X0 Z Ch 1X92 such that X0 5 Ch 1X9 < X02 , CD 1X9 < X02.



When condition (2) is violated for X9 by some h and X0 with corresponding doctors xD 1X02 , we say that h and xD 1X02 block X9 by X0. II.  Counterexample



The following condition plays a major role in our analysis. Definition 2: Contracts are substitutes for h if we have Rh 1X92 , Rh 1X02 for all X9 , X0 , X.



Hatfield and Milgrom (2005) show that there exists a stable allocation when contracts are substitutes for every hospital.
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Result 1 (Hatfield and Milgrom 2005): Suppose that contracts are substitutes for every hospital. Then there exists a stable set of contracts. Then they investigate further connections between the substitutes condition and stability, and present the following claim. Claim 1 (Hatfield and Milgrom 2005, Theorem 5): Suppose H contains at least two hospitals, which we denote by h and h9. Further suppose that Rh is not isotone, that is, contracts are not substitutes for h. Then, there exist preference orderings for the doctors in set D, a preference ordering for a hospital h9 with a single job opening such that, regardless of the preferences of the other hospitals, no stable set of contracts exists.



The following example shows that Claim 1 does not hold in general. (In the Web Appendix, available at http://www.aeaweb.org/articles.php?doi=10.1257/aer.98.3.1189, we point out the part of the proof of Claim 1 that contains an error.) Example 1: Suppose that h has possible contracts denoted by 1d1, hr 2 , 1d2, hr 2 , and 1d1, hc 2 , where 1d1, hr 2 D 5 1d1, hc 2 D 5 d1 and 1d2, hr 2 D 5 d2 , and 1d1, hr 2 H 5 1d1, hc 2 H 5 1d2, hr 2 H 5 h. Preference of h is given by



Ph : 5 1d2, hr 2 , 1d1, hc 2 6 sh 5 1d1, hr 2 6 sh 5 1d2, hr 2 6 sh 5 1d1, hc 2 6.







The preference Ph above has the following interpretation. Hospital h has a research position hr and a clinical position hc , each with one seat. Its potential candidates are d1 and d2 . Although h wants to fill both research and clinical positions, if possible, it prefers to fill a research position if only one doctor is available. Doctor d1 is eligible both for research and clinical positions, whereas d2 qualifies only for a research position. Muriel Niederle (2007) and Niederle, Deborah D. Proctor, and Roth (2006) observe that in the gastroenterology fellowship market in the United States, hospitals often wish to hire fellows in research positions and then try to hire fellows in clinical positions in case they fail to hire enough research fellows. First, note that contracts are not substitutes for h, since 1d2, hr 2 [ Rh 15 1d2, hr 2 , 1d1, hr 2 62 , but 1d2, hr 2 o Rh 15 1d2, hr 2 , 1d1, hr 2 , 1d1, hc 2 62. Next, we show that there exists a stable allocation for any preferences of other hospitals, including h9, such that contracts are substitutes and any preferences of doctors. To show this, given the original problem, consider an associated problem where h is replaced by two hospitals named hr and hc , but hospitals other than h and all the doctors in the original problem are present. The set of contracts in the associated problem is identical to the one in the original problem, but 1d1, hr 2 H 5 1d2, hr 2 H 5 hr and 1d1, hc 2 H 5 hc in the associated problem, that is, contracts involving a research position of h in the original problem belong to hospital hr and the one involving a clinical position of h belongs to hc . Preferences of hr and hc are given by Phr : 5 1d1, hr 2 6 shr 5 1d2, hr 2 6,







Phc : 5 1d1, hc 2 6.







Note that hr and hc are not different hospitals. Rather, hr and hc refer to different terms of contract with the same hospital h.  Note that this is a slightly stronger claim than needed to disprove Claim 1, as we allow for preferences of h9 with multiple job openings.
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Preferences of all other hospitals and doctors are identical to those in the original problem. Contracts are substitutes for hr and hc since only singleton sets of contracts are acceptable to them, and also for other hospitals by assumption about the original problem. Hence, by Result 1 there exists a set of contracts X9 that is stable in the associated problem. The proof of the following observation, as well as the proofs of other propositions, are given in the Web Appendix. Observation 1: If X9 is a stable allocation in the associated problem, then it is a stable allocation in the original problem. By Result 1 and Observation 1, there exists a stable set of contracts in the original problem. Since contracts are not substitutes for h, this fact implies that Claim 1 does not hold in the current problem. Intuitively, the hospital h can be regarded as two different hospitals, hr and hc. The decomposition is conducted in such a way that preferences of hr and hc satisfy the substitutes condition. The preferences of h are responsive (Klaus and Klijn 2005) to those of hr and hc. That is, if the contract pertaining to one position improves according to the preferences of that position, then the set of contracts as a whole improves according to the preferences of the original hospital. Following the idea of Klaus and Klijn (2005), we first show the existence of a stable matching in the associated problem, and then show that the stable matching in the associated problem is stable in the original problem. The example above is certainly nonpathological and suggests that stable allocations may exist without the substitutes condition in realistic environments. More generally, if one can construct an appropriate mapping from the original problem to an associated problem such that (a) every stable allocation in the associated problem is stable in the original one, and (b) a stable allocation exists in the associated problem, then a stable allocation exists even if contracts are not substitutes. III.  Restoring the Result



We present a weakening of the substitutes condition that is necessary to guarantee existence of a stable allocation. Definition 3: Contracts are weak substitutes for h if we have Rh 1X92 , Rh 1X02 for all X9 , X0 , X such that x, y [ X0 and xD 5 yD imply x 5 y. The condition is the same as the substitutes condition, except that we require that no two different contracts with one doctor are in X9 or X 0. Clearly, contracts are weak substitutes if they are substitutes. Preferences of h in Section II satisfies the weak substitutes condition but not the substitues condition, implying that the former is strictly weaker than the latter. Proposition 1: Suppose H contains at least two hospitals, which we denote by h and h9. Further suppose that contracts are not weak substitutes for h. Then, there exist preference orderings for the doctors in set D, a preference ordering for a hospital h9 with a single job opening such that, regardless of the preferences of the other hospitals, no stable set of contracts exists. 



Responsiveness as defined by Klaus and Klijn (2005) is different from the standard definition by Roth (1985). Contracts are substitutes if the preference is responsive in the sense of Roth (1985) but not in the sense of Klaus and Klijn (2005). In Example 1, for instance, sh satisfies responsiveness of Klaus and Klijn (2005) but not Roth (1985), and contracts are not substitutes for h.
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In the standard matching model in which contracts are specified by the doctor and hospital signing it, contracts are weak substitutes if and only if they are substitutes. Hence, Result 1 and Proposition 1 show that the substitutes condition is sufficient and also necessary for guaranteeing the existence of a stable allocation in that environment. On the other hand, an example in the Web Appendix shows that the weak substitutes condition is not sufficient for the existence of a stable allocation in general. In fact, even a pairwise-stable matching (see Roth and Sotomayor 1990) may fail to exist with the weak substitutes condition. Preferences of hospital h [ H satisfy the law of aggregate demand (Hatfield and Milgrom 2005) if X9 , X0 , X implies Z Ch 1X92 Z # Z Ch 1X02 Z. One conjecture may be that the weak substitutes condition and the law of aggregate demand are sufficient for the existence of a stable allocation. An example in the Web Appendix shows that this is not true. Complementarity in preferences is analyzed in recent papers by Michael Ostrovsky (2008) and Ning Sun and Zaifu Yang (2006). In a supply chain setup, which is more general than the current model, Ostrovsky (2008) shows that a chain-stable network exists if preferences of each agent satisfy the same-side substitutability and the cross-side complementarity conditions. In an exchange economy setup, Sun and Yang (2006) show that a Walrasian equilibrium exists if preferences of consumers satisfy the condition called gross substitutes and complements. Both of these conditions are weaker than the substitutes condition, and, in fact, some preferences that are not even weak substitutes are allowed. However, Proposition 1 does not contradict their results. In the models of Ostrovsky (2008) and Sun and Yang (2006), there are restrictions on how violations of substitutes appear across agents, and preferences of agents cannot be chosen freely, as in our Proposition 1. The job matching problem with adjustable wages has been widely studied since pioneering works of Crawford and Elsie Marie Knoer (1981) and Kelso and Crawford (1982). It recently attracted renewed attention as Crawford (2005) advocated the use of a matching mechanism with wage adjustment in the NRMP. The current model subsumes a simplified version of Kelso and Crawford (1982), in which only a finite number of wages are allowed. Although Claim 1 does not hold in the general matching model with contracts, in the Web Appendix we show that the claim holds in the simplified version of Kelso and Crawford (1982) with finite wages. IV.  Concluding Remarks



The matching problem with contracts subsumes a large class of problems, such as the matching model with fixed terms of contract, a version of the job matching model with adjustable wages of Kelso and Crawford (1982), and the package auction model of Lawrence M. Ausubel and Milgrom (2002). On the one hand, Example 1 suggests stable allocations may exist without the substitutes condition in some natural environments. On the other hand, the only slightly weaker condition of weak substitutes is crucial for the existence of stable allocations. We have observed that a stable allocation exists whenever the problem can be associated in a certain way to another problem in which contracts are substitutes. On the other hand, the weak substitutes condition the current paper introduces does not guarantee existence of a stable



 However, Sun and Yang (2006) consider a slightly different model from the current paper in that a continuum of prices is allowed.  The proposal of Crawford (2005) is partly motivated by a recently dismissed antitrust lawsuit against the NRMP and certain theoretical support for the plaintiffs’ claim people inferred from Jeremy Bulow and Jonathan Levin (2006). See also Kojima (2007), Niederle (2007) and Niederle and Roth (2003), who provide counterarguments to the plaintiffs’ claim.  Kelso and Crawford (1982) consider a model with continuous prices as well as a model with finite prices.



1194



THE AMERICAN ECONOMIC REVIEW



June 2008



a llocation. A condition on preferences that is both sufficient and necessary for guaranteeing existence is still an open question. references Abdulkadirog˘lu, Atila, and Tayfun Sönmez. 2003. “School Choice: A Mechanism Design Approach.”



American Economic Review, 93(3): 729–47.



Abdulkadirog˘lu, Atila, Parag A. Pathak, Alvin E. Roth, and Tayfun Sönmez. 2005. “The Boston Public



School Match.” American Economic Review, 95(2): 368–71.



Abdulkadirog˘lu, Atila, Parag A. Pathak, and Alvin E. Roth. 2005. “The New York City High School



Match.” American Economic Review, 95(2): 364–67.



Ausubel, Lawrence M., and Paul R. Milgrom. “Ascending Auctions with Package Bidding.” Frontiers of Theoretical Economics, 1, Article 1. Bulow, Jeremy, and Jonathan Levin. 2006. “Matching and Price Competition.” American Economic



Review, 96(3): 652–68



Crawford, Vincent P. 2008. “The Flexible-Salary Match: A Proposal to Increase the Salary Flexibility of



the National Resident Matching Program.” Journal of Economic Behavior and Organization, 66(2): 149–60. Crawford, Vincent P., and Elsie Marie Knoer. 1981. “Job Matching with Heterogeneous Firms and Workers.” Econometrica, 49(2): 437–50. Gul, Faruk, and Ennio Stacchetti. 1999. “Walrasian Equilibrium with Gross Substitutes.” Journal of Economic Theory, 87(1): 95–124. Hatfield, John William, and Fuhito Kojima. 2007. “Substitutes and Stability for Matching with Contracts.” Unpublished. Hatfield, John William, and Paul R. Milgrom. 2005. “Matching with Contracts.” American Economic Review, 95(4): 913–35 Kelso, Alexander S., Jr., and Vincent P. Crawford. 1982. “Job Matching, Coalition Formation, and Gross Substitutes.” Econometrica, 50(6): 1483–1504. Klaus, Bettina, and Flip Klijn. 2005. “Stable Matchings and Preferences of Couples.” Journal of Economic Theory, 121(1): 75–106. Kojima, Fuhito. 2007. “Matching and Price Competition: Comment.” American Economic Review, 97(3): 1027–31. Milgrom, Paul. 2000. “Putting Auction Theory to Work: The Simultaneous Ascending Auction.” Journal of Political Economy, 108(2): 245–72. Niederle, Muriel. 2007. “Competitive Wages in a Match with Ordered Contracts.” American Economic Review, 97(5): 1957–69. Niederle, Muriel, and Alvin E. Roth. 2003. “Relationship Between Wages and Presence of a Match in Medical Fellowships.” Journal of the American Medical Association, 290(9): 1153–54. Niederle, Muriel, Deborah D. Proctor, and Alvin E. Roth. 2006. “What Will Be Needed for the New Gastroenterology Fellowship Match to Succeed?” Gastroenterology, 130(1): 218–24. Michael Ostrovsky. 2008. “Stability in Supply Chain Networks.” American Economic Review, 98(3): 897– 923. Roth, Alvin E. 1984. “The Evolution of the Labor Market for Medical Interns and Residents: A Case Study in Game Theory.” Journal of Political Economy, 92(6): 991–1016. Roth, Alvin E. 1985. “The College Admissions Problem Is Not Equivalent to the Marriage Problem.” Journal of Economic Theory, 36(2): 277–88. Roth, Alvin E., and Elliott Peranson. 1999. “The Redesign of the Matching Market for American Physicians: Some Engineering Aspects of Economic Design.” American Economic Review, 89(4): 748–80. Roth, Alvin E., and Marilda A. Oliveira Sotomayor. 1990. Two-Sided Matching: A Study in GameTheoretic Modeling and Analysis. Cambridge, MA: Cambridge University Press. Sönmez, Tayfun, and M. Utku Ünver. 2003. “Course Bidding at Business Schools.” Unpublished. Sun, Ning, and Zaifu Yang. 2006. “Equilibria and Indivisibilities: Gross Substitutes and Complements.” Econometrica, 74(5): 1385–1402.





























[image: Matching with Contracts: Comment]
Matching with Contracts: Comment












[image: Matching with Contracts]
Matching with Contracts












[image: Matching and Price Competition: Comment]
Matching and Price Competition: Comment












[image: Substitutes and stability for matching with contracts - Science Direct]
Substitutes and stability for matching with contracts - Science Direct












[image: Substitutes and Stability for Matching with Contracts]
Substitutes and Stability for Matching with Contracts












[image: Group incentive compatibility for matching with contracts]
Group incentive compatibility for matching with contracts












[image: Group Incentive Compatibility for Matching with Contracts]
Group Incentive Compatibility for Matching with Contracts












[image: Contracts as a Barrier to Entry: Comment]
Contracts as a Barrier to Entry: Comment












[image: Contracts as a Barrier to Entry: Comment]
Contracts as a Barrier to Entry: Comment












[image: Stable Matching With Incomplete Information]
Stable Matching With Incomplete Information












[image: Pricing and Matching with Frictions]
Pricing and Matching with Frictions












[image: Stable Matching With Incomplete Information - University of ...]
Stable Matching With Incomplete Information - University of ...












[image: Matching with Myopic and Farsighted Players - coalitiontheory.net]
Matching with Myopic and Farsighted Players - coalitiontheory.net












[image: PDF Matching Supply with Demand]
PDF Matching Supply with Demand












[image: Bilateral Matching and Bargaining with Private Information]
Bilateral Matching and Bargaining with Private Information












[image: Matching with Myopic and Farsighted Players - coalitiontheory.net]
Matching with Myopic and Farsighted Players - coalitiontheory.net












[image: Two-Sided Matching with Indifferences]
Two-Sided Matching with Indifferences












[image: Matching with Limited Resignation]
Matching with Limited Resignation















Matching with Contracts: Comment






Jun 2, 2008 - preference profile of other hospitals with single job openings and doctors such that there exists no stable allocation. We show that this last claim ... 






 Download PDF 



















 119KB Sizes
 20 Downloads
 268 Views








 Report























Recommend Documents







[image: alt]





Matching with Contracts: Comment 

with contracts, which includes the two-sided matching and package auction models as well as a .... The following condition plays a major role in our analysis.














[image: alt]





Matching with Contracts 

electricity supply contracts.1 Package bidding, in which .... Milgrom model of package bidding, we specify ... Our analysis of matching models emphasizes.














[image: alt]





Matching and Price Competition: Comment 

where each firm can hire only one worker and ... sizes on that Web site (the data were collected on October .... Our analysis relied crucially on the assumption.














[image: alt]





Substitutes and stability for matching with contracts - Science Direct 

Jan 22, 2010 - www.elsevier.com/locate/jet. Substitutes and stability for matching with contracts. âœ©. John William Hatfielda, Fuhito Kojimab,âˆ— a Graduate School of Business, Stanford University, Stanford, CA 94305, United States b Department of E














[image: alt]





Substitutes and Stability for Matching with Contracts 

Sep 17, 2008 - Annual Conference at Waikiki, GAMES 2008 at Northwestern and ... the doctor-optimal stable mechanism is strategy-proof for doctors (Dubins ..... way. A matching problem with couples can be seen as a special instance of a ..... matching














[image: alt]





Group incentive compatibility for matching with contracts 

Jan 30, 2009 - (2004) refers to a technical result (the Blocking Lemma of Gale and Sotomayor, 1985, adapted to .... College admission with affirmative action.














[image: alt]





Group Incentive Compatibility for Matching with Contracts 

Oct 27, 2008 - Matching Program) and student assignment systems in New York City ... incentive and welfare conclusions have been shown in the literature.














[image: alt]





Contracts as a Barrier to Entry: Comment 

a result the entrant must charge slightly below x P - P0 in order to induce the buyer to switch. The incumbent's payoff can thus be expressed as. (1) V(x,P,k) =xP + ...














[image: alt]





Contracts as a Barrier to Entry: Comment 

JSTOR is a not-for-profit service that helps scholars, researchers, and students ... into long-term contracts with buyers so as to .... distance from the 450 line.














[image: alt]





Stable Matching With Incomplete Information 

Lastly, we define a notion of price-sustainable allocations and show that the ... KEYWORDS: Stable matching, incomplete information, incomplete information ... Our first order of business is to formulate an appropriate modification of ...... whether 














[image: alt]





Pricing and Matching with Frictions 

The University of Chicago Press is collaborating with JSTOR to digitize, preserve and extend access to The ... Queen's University and Indiana University.














[image: alt]





Stable Matching With Incomplete Information - University of ... 

Page 1. Econometrica Supplementary Material. SUPPLEMENT TO â€œSTABLE MATCHING WITH INCOMPLETE. INFORMATIONâ€�: ONLINE APPENDIX. (Econometrica, Vol. 82, No. 2, March 2014, 541â€“587). BY QINGMIN LIU, GEORGE J. MAILATH,. ANDREW POSTLEWAITE, AND LARRY S














[image: alt]





Matching with Myopic and Farsighted Players - coalitiontheory.net 

Apr 19, 2017 - of the standard definition of the vNM stable set is that it does not take ..... It can be verified that the myopic#farsighted improving paths that were.














[image: alt]





PDF Matching Supply with Demand 

83-93 84 NPD- Supply Chain Management (SCM) alignment have been ARTICLE IN PRESSG Model JMSY-212; No. of Pages 16 Journal of Manufacturing Systems (2013) â€“ Contents lists avai Disclosed herein are systems and methods for demand forecasting that ena














[image: alt]





Bilateral Matching and Bargaining with Private Information 

two$sided private information in a dynamic matching market where sellers use auctions, and ..... of degree one), and satisfies lim+$$. ; (2,?) Ï† lim-$$ ... matching technology is assumed to be constant returns to scale, it is easy to see that J(") .














[image: alt]





Matching with Myopic and Farsighted Players - coalitiontheory.net 

Apr 19, 2017 - heterogeneous with respect to their degree of farsightedness and confirm ... may result, with the top school enrolling up to 45 percent more high ...














[image: alt]





Two-Sided Matching with Indifferences 

workers on their waiting lists which yields the desired matching. The firm proposing .... Call an edge of G strict if one of these preferences is strict and denote a ...














[image: alt]





Matching with Limited Resignation 

Oct 19, 2017 - Similarly, let D = Du âˆªDc where Du and Dc are the ...... not admit a constrained-stability preserving and assignment-increasing feasibly im-.


























×
Report Matching with Contracts: Comment





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















