FIT2022 (%5 21 EERBFRM I+ —35 L)

CF-003

filfft &~y 5> 7DD 7 — XEREUZRBE AN B $ 2 W15

T H = BT
Akira Matsushita Kei Ikegami

T

Real-world matching markets often regulate the number of
matches for specific groups or types of agents.  In Japanese
medical residency matching, for example, the policymaker (PM)
restricts the number of doctors matched in urban areas in order to
maintain the minimum standards for health care services in rural
areas.  This paper proposes a tax scheme that regulates match-
ing outcomes to satisfy the upper and lower bound constraints in
the transferable utility setup, extending Our framework enables
the PM to (1) estimate agents’ preferences merely from observed
matching patterns and (2) compute the welfare-maximizing lev-
els of taxes and subsidies that the PM must impose to satisfy
the constraints. We prove that the unique optimal taxation can
be easily obtained by convex programming. Moreover, we show
how it performs better than the naive cap adjustment via simula-

tion.
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B2ny b jeJ3ME () BT 3. Z ZHEREDMMIR
DEEL L, Z = {z,2,...,21} forsome L € N ¥ E&ET
5. fHHEDRD, V—h—IZ2oTDT7V A KA T3
¥ o \ZHUE 2 BT AL L, ATy b HIK 2 BT B
B, jezifz(j) =2 L RELT 3. SHMIH 2z € Z 1TIF LR
0, €Ry ¥ THo, e Ry Z#HTF (0, >0, >0B&U 0, £0).
DEOHIE : DAY MR v FT IV —H—DFIT o, DLE
o, UTFIRLAFER SRV, b UHIE 2 1 ERZFHX 20
XX, 0, = 4oo & 5. [ARRICHIR 2 ICTREZHEXRVE
XiZo. =0 T3, %7, 7Y RHA FATS 2 VIO
HRBEREZVEDE TS 6, = +ooand o, = 0.
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FAY MEIBEREPFALTVWSIDT, Ry MIY7—
R SR a3 T e

Ry FUILBHEHEN Y FTELERTHDT, 0-1 R
IR d=(dy)y LRL, d =1 LREZDED L j STy
FLELEICRS. ~vF 27 dHRITHARE (feasible) ¥ 1,
A#il#) (population constraints) ¥ Hsil# %723 ¢ & TH
. NARIKIE 38T =TI —i e I 53, 5 diy = 1 Zilli:
L, Auv bjed Py dij=120TIeTH5.
HISHIRY & 3 BHIR 2 € Z 23,0, 3. dij € o, 0.] %l
T TH5.

ZIZ{ER¥I% (individual equilibrium) [3] ZE&RT 5. u; &
v; i BXYj OHEREL T 5.

EE 1 (EFEM). TR~ v F > 2 d, RS (u,v) €
RN RV BigH w € RY 0ff, (d, (u,v), w) HRE (stable) &
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RPEEMZ 23 TERY. Rbbig, FARET 2FE#ER
WAL Wo T fe BRE U THEZRD 2 28I 5. I
ZERT 27012, RETTEEIE (aggregate equilibrium) %
BAL, ZMEOWHERY S RELFMBAZRD SN DZ XS
29 5%.
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RESLTD. BV—F—icl3xA 7 z(i) e X TET
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Bel, T=XoxY\{(xo,90)} BRTOXA TDR7 DK
G35,

BORHYE IV - - A8y bDXA TOHREBIETE
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BRODEIFIZ R 2 EHRTO MBI WEENE (unobserved
heterogeneity) | 2TFEET 5.
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1RTE 1 (R4 (Regional Constraint)). %X A 7y € Y &7z
Z1Oo0HIBICES 2. X4 7y BET A2HEE 2(y) e Z &
35.
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c- #{i: x(i) = x}/(|I| + |J]) for some ¢ > 0. FERIC m, & &
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vy F U PEITARE X, ANDOHIK & sy & iz
FTLETHL. ANOAFINEEY—Hh—DE A4 Tz e X B
doyevy Hay = N ZifileL, A0y FOXA Ty e Y B
Yowex, Hay = My ZiieT I TH 5. IR 325 HI
2EZD Y ex dyes Moy € [0,,0:] ZiliTzT I THS.
WA Dy 1%, iid BEERZR &) 1THLT, By — &, &
TANDRT (i, §) WHREFELIRVD, Ho5D (i) BEUL y() 12
WIFETE. F/2, Kirjda@i)=2a2BLPy(j)=y ki
BYE, £ %200 iid BHRER ¢ &,y OFE LTH
T, IS OBARFEIOMEE %ML (independence) B & T
RIS B (additive separability) ¥ FECY, T3 &,

{RFE 2 (A7 (Independence)). ZHZhD z ¥ i€ z IR L
T, 0 ¢, IHERNT P, D HIRE S, FAICZRLZIhD y
eyt T, BEHE,, BRIMQ, »oRES. Zh
5OMAEEIZIETD G & jITHLTHIZLE T 5.

RE 3 LRI 5 BEE (Additive Separability)). & X4 7 o B
B g6 Y LT, &)ij — €y — Naj FeTofiNicx BLY
jeyicELT—Er T 5.

¥, MEHe, B 0, WIAFR—-rDOTTHES R
EIREST S BFE2A T 2 BIEy T LT, ZDRAEHDR
FEHER D Py, BEO Q) FERINCH D AIRETH 5. S HI
supp(Py) = RN BX U supp(Qy) = RM+L x5 3.

Example 1. 2 24 7OV - =2 3 XA T7DT aThH3
YardwvFr I eERE JaTlE 200873V (21, 2)
aensd. bbb |X|=2,]Y|=3,L=2.0,, %

o [P Pas @Ilyﬂ _ {2 1.5 1]

Dioyr Pasys Pasys 1.5 2 1
EL, @i = Oy ey +1; EF5. L, €y &
ARG LS. MOZEBIIUATOED TH
%:in = (Ng,Ng,) = (0.5,0.5), m = (my,,my,,my,) =
(0.3,0.3,0.4), z(y1) = 2(y2) = 21, 2(y3) = 22, 0,, = 0.5,
6., = 04,0, =0.1,0,, = 0.05.

ZZETOREZAVT, BllF -k LTovwyF v
MR SMEOMA GRZEESICHET 2R % B
113 3. FFRHEMIZIA (systematic utilities) DEE&ZEA L,
U, BEOV,, %

Upy = min {u; — €y}, Vo = min {v; — nja},
i x(i)=x J )=y
ey

YEHRTDE. HERA T2 e X BRUye Y RNLT, Uy, =
Vigy =0 £F 5.

IMENDTBERTREME X D, BN ic 2 BLU j e yiexfl
T, B4 — €4y — Ny BRA T2 BRE y DABLKIFT 2 IR
ET 5. IHICHREHEOOMIX, SENicaBIUFjcyl
FUT, B — €iy — Ny = Uny + Vi 27T ERET 3.

ROMEL LD, 2O~y F UV IHR BRELET—X) &
HENC BT 2 BINE DEROKER, 2F D, BETERVEY
M v 755 BERGEIRME O R LTBRT 2 2T, #E
BIC3BIETERWBIIEOIHZEL.

BEL TREOV—I—ic [ BXUOERDOYa7Z2mY b

JEJITHLT, uyy BEUYv; 2
U; = MaXycy, Ux(i),y + €y @
vj = MaXgex, V() t M)

ETBIENTES.

M1 XD Uy & Vo BDEA TORTIZOBKET 250
O—He LTIHRIRTE 2. ZORE, U= Usy)sexyey B
KOV = (Vay)zexyey, W= (W:):ez £FTDLE, U—F—
rYar7Ruy FOREE

©)= Snee B, [ U+ @
v yey Yo~y [zeXo T g

Y EFT 5. Daly-Zachary-Williams EFE [6] & D,

0
m@yﬁﬂ%k%%lhy+g4 ®)
= Pr(i with type = chooses type y). (6)

B3, ZOMIEA T yDROY FERIZA Tz DT —
H—DHIEE L, (0G(U))/(0Us,) EEA T & DRAT y
CHTBWEL B, FHIC, (QH(V))/(0Vey) 1EX4 Ty
DERAT 2 ITNT2REL RS, HFTRY—H—rAny
FOFEIFLLA RS, GBXU HIFEEHOSHRICHET S
HFETH Y, ZhoDRMUNIERICBE L, ~vF v
MR (XA T 2DV —h =024 T yDRARY b=y FT
BHER) YELWV. ZO LI, BllF—2esmEOMA%
BT 5.

Tk VT, #UBHIRIAT =8I (aggregate equilibrium
with regional constraints) 2 E# 3 5%. ¢,y Zicz ¥k jey
D2y FhoBRONIMRBOBETEZLILTE. 2D
O, EEETRED 5 X L T4 LU, FerpolEEsh
. [513HEHN O N~ v F U TGO T =25 &,y &
HETZHEEZREL TV, UTTRE, 20k587—X
DPRATEZ LRELT, O, HE5EXHNZDDL L, HBIH
Rl EEr5 5.

EE2. (Puy)ey ZFIELT 2. (1, (U, V,w)) DI
EEIIGETH 2 LT ORMEW-TLETH S !
1. NO#l#; foranyz € X,y €Y,

{Z@mw+wm—nz

Doz Hay T Hagy = My
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2. fomy X R7; foranyzr € X,y ey,
Uy + Viy = @y — w(y)

3. HEHE,; foranyz € X,y €Y,
Hay = VayGU) =V, H(V)

4. UK, forany z € Z,

0, < Z Z Hazy <0,
yEz xeX
4 WEMEFGE
EEMEI—BIER S LR RV, ek s, BED
HABEDEIZ X T, Example 1 IZ7RT Xk Sic~ v FHEFH%E
TELZ00THS. £ I THRIEEIIMN (efficient aggregate
equilibrium, EAE) ¥ W5, #5384 > F LR WHIBEIZ 3B
BERSBVE ST LI ERT 2.

EE 3 EBRNEEEME). (1, (U, V,w)) BBNEIIET
BBk, ZNHEFHIETH Y, POMTOEEEHZT L
XTH5 :

5. FERMESAME; forany 2 € Z,

w, >0 = ZZ“’WZ&Z’ and

yez xeX

w, <0 = DN pay =0,
yez xeX
AIFFZ DT 7 548 1E EAE 0 FHFEL, —RBITEED,
oIz D RMARFRE IO TRRILE NS, 20
FERIX EAE ZMEHHEEOR Y L TRBOU R ER 1 oRE
LCEpND.

FE L BRE O e RVM 2AiEr 32, L (1, (U, V,w))
2 BAE %2 51F, (U, V,w,w) [ $R#ELEE (D) OffTh b, p
WIS RS R R T, 2L, 0, = max{0,w,},w, ==
—min{0,w,} 3 2. #icd L (U, V,w,w) PE@EtHE
(D) OfFTH Y, p HHHEASRN 2 T25, (b, (U, V,w))
T EAET® 5.

min  GU)+HV)+ > 6.0, — Y o.w,

U,V, w0, ,w
I z€Z z€Z

(D) st. Vze X yey,
Vee Z, w, >0, w, >0

z(y)?

% 1. EAE I3 ICFEL, —BICEEX 3.

(D) DR HIEEE A 49 & BRI O B 5 1 2 RF %
BRI 3SR L 72 3. 7 000 R o SR 1 P
TH% (D) DML MAAEL DEL 25, T, WS

g2

HAERED XS ICHEERITLZHIBLARVOT, HilAD
B (ws)zez 1E EAE IZBWVWTH 5 W 2 HBURAIO FTH &
(ESHES TN (A

% 2. EAE MU T O 2R 2 AT 5. 2D
BUBHIEY » F L7RT D24 FIkfFE T, ¥ OMIKT~ v
FLIDDAIZE > TRE S.

EE 1 e 2 ERERAWS Z 2T, Rl
EREITE L. FIZE, HEHEHN R LTS T ARy F
PEHETELPOTF—XDAHATESZ LT3, HllokSic
T RVGHE D RBEHDAERET 2, BRLE
& DRBES~< v F ¥ 7 ORER» LHRRE O, ZHETES.
7, M1 XY y—p—r 2oy FOREERTHEKG B
XU H OE»REZDT, O, G, H %52 LT, (D) %@
HE, V—Ah—rZxuy FORKWATHZ U LV, ZL
THBHAE RS w FETE 3.

Example 1 (Continued). X 1 O #EGOERIEF B OES
ERT: COEBICEEND (w,wh) TRZFIITH L THIG
T REEMH (1, (U, V,w)) DFFET 5. Panel (a) ICHRMR
FOMEICET 2FER %2R L, Panel (b) ICEBUERHEYSE O RF
(0 x Pl MlE0AEGE) 2R3, & <IZ Panel (b) T,
B (A OFE) OREIMEORE L I KEVE X, AOR
BZFAR LT3, Panel (a) DIRWVE (wr,ws) = (0.5825,0)
MEAEZRLTED, R2HPRLEISIC—EIELZ VAR
MRFE L RT3,
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Panel (b) : Surplus of the policymaker

Panel (a) : Social welfare
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1: The vertical line is the tax (or subsidy if negative) on region z; and the horizontal line is the tax on z3. In panel (a), the yellow
region is the set of aggregate equilibria and the red point coincides with the EAE. In Panel (b), all the points in the orange region where
the surplus of the policymaker is not less than zero are BBAE defined in Section 5.
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