_

Fa—K NY)TIL:vFVYT

BME =

M KZERZERE S 2T LERIZHTR
EBRBUR

20159 A 8H

1AvhO¥ovay
EXETIL

g ERR

&5 T RR
Hh—poriE

[ 6 BES)

4vhassvay
HEAXETIL

Hhisk EFR

A &7 TR
H—rRE

A xeo

Ty F Y IRRERDIEE (1)

B ANZXLTHFAVD—DEFE LT, DAXH
—XALFEO—SDOHMFBIEH > -EDOD, BS
THRIT D& IEBo>TWasr o7k

m Gale & Shapley DR (% 1962 F (HMEA EF
nr=HE)

m SEICA ST, ADLKELRHRT—<HE>
TWaEWVWHI KA LAz

n FERE o HRE/ER, FEEF
®%, HEE« BRFOEZLVWEAYE
%K B &

m2012F ) —NIURFFE: OaAF-Iv
FL—& T7IEY-AR, ¥I=F v T
FAUvBLUYy FUUICEY 28

m IERIICEN - X A= X L& LT Deferred
Acceptance (DA) X =X L (Gale and
Shapley, 1962) Bk <FIHLNTWLW3

i

Ty F Y IRRERDIEE (1)

n N KREERBERIFR COXEMRLERE
(2011 FE) =B

m ERAKXNIIE—FLEEBEFRX (WbWBHRR
NrAR)

n PHEAIIIEEDHFLET 2MRAELELIHED
LELHFLEETHE

B EFEDEIFLEICBVWTEE.RBIETET
RAEIE ICBL/E

R REINTLVAVWEE L EEDKDARET
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R AR ORES T F Y IRRE D AR (1Il)

B FERTDFEAH L

m BEoN K ROTERNICENEEZRH DDA
'Eﬁééﬁﬁﬁiiiiwﬁgﬁ““mUt’ TEMBLAEVEBBATRRELTERINE
RN =5 3 S5 N 2 - < N
CEAEMEADE, DE L AVERIAD S ERIRA S SRR
y 'ﬁ\%
. g voZe \

T L PR AR, Ll BaD - HERIEEEIFHIES, EHIE2 TEE, Lol
s A E EB LA Ll BEEET BESNSCCRENRY T, Bk, EHR
55 C BED AFREES < OEENHEL, LESERIL LT, SEORINSINIEE
B & UBEAMEVNEE 2 ARE S N Tié“fkié . e e

R FELICESTH, AFFREICE > THEEL m COZRICEER, HERTAICLPED

B BEVHIEREAL L THE

RYFVITMRERDI-REE (V) The Melancholy of Prof. Y (Part 1)

m B, BICDAEZBAERWER>TUWE

s LHL, BHEDORNEBABERILT %0
EHY (BUR2, AHIZ1)

B INCHWEBFERATHAPLONTWS L
3H5¢B-oTFO7 vy aFILICBE (BrX
ZHEEE, RYVT+— K NBEKE)

m&EZ2D, ZOREEL < TRIFAW (EEME
ICIEBRMNICEF LVWHB AR T X H=X
LIE7RW) EEDNTERET S (B O#ER
T, DATTZE%&E->TLEL)

We start I need at least
laboratory one student to {
start a new

At most 3 students will
be assigned to a lab.

How can |
continue

Yy FUIMRERDRRE (V) The Melancholy of Prof. Y (Part Il)

We use a new | prefer Prof. Y to
mechanism other professors,
in this year. \—A%/Ie oo, ° i
n BEEBERIFN CORBERLBDORMEN—2 % @Q&WNQ\L
(RRAF—Y RN, FREEDO/ELIEL WA -
\7’-‘ \ 2 4t \" to Becky
ﬁ L d\kl ) &‘ PN and Carol.
" ZOBA, BREREAR (FREK) &H7% ‘ ‘ S—
ITHED, LA EMENT (serial dictatorship ignores my

AHNZ=ZZXLD—F&E)

3 [gﬂ@: preference...
- 1 \
Prof.Y 2 | & )
" 1 @

"RnEANAa® |
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DA X 71= X Ln (Deferred Acceptance, Gale and Shapley

ERETIN
(1962)
n FEDES: S={s1,...,5} n EL2TFY T
n FROKE: C={c,...,cm} w BREEF, LY PIATOARVERHT, REFE
n - SO CICHT BEEBRRIFIERS EE§§“$§E$32326¢@ OBET. BEO
_ N o n BERIE, 775 \2FE %A EEROEET,
e P D S IO S EE SRR EIFIRIC LA SRY Y FET 5 (ZOBRTIES £ TR
w BEOD, FE/ BROWAICEST, TRTOER % RYFTHDI EIER).
HIEHFATRETHD I EHRE " ERBREBRAICFERL) DI MT 2.
g PR cDLRIE (E8) u ;9‘17 hégﬁziti, %h%’nm@i‘ﬁ%llﬁ{ﬁ@'—“?“—*&ccz
. N - TS, 5493, B2ERIE, BIORATY TTRY Y F &R
w o HBBERYFVY, ple) RelCEIYETONB2EDES 7 ek L,
§, /‘/(5) H: s @%H U %—C '51’1«’(\,\6—'“?57&7&7?\3' EE&, %ﬁ'lx < 7707’{ LT%TC%"—E’&_@JEEU@?: lgu}mﬁ

ICEDBRYYFETE. UT, IRNTOEENMRYY F&

m IATDce CRALT|u()] < g RIS 2HAIC, pld Ko tBERT, RY v FATREBRREE T 5.

RIRATEE (feasible) TH D E WD

DA X =X LDE B DAXA=ZZXLDHEE

n HEREVIRFR AR : PEICE ST, EBICESDRE
EiRHT 2 DA &E |
» FEELEV L > TH—E)BET BT EARL

s o ez les s [RYFZOFRICTELVS, BOORBETES £o &8
- — LWHAE?] EWIIBAETH, HELTETRMICRZ Z &IE

S2 || c1 | e3 | e €1 | Gy =2 | 51| 83|52 54|85 A

ik I I I W €2 | ey = S3 | S2 |9 | 51| 84 n ZEREOEBSAVIRVER AT Bt I A AL

Sq C1 c3 | C2 C3 | Qeg = 1 S1 Sq4 | S5 | S2 | 83 - r&%@zqiﬁéﬁj#ih{ﬁ& l/tJ:L\

S5 @sl@|a m HE s, BAPTELK TRBEINEI SR cIC, c D

BEIBATEHD LY S THORE & H'EESNTWVWEIHE
IZ, ZYULRHEERD
B EEY—RNEBERTZEENEELRV
n FEsE, BONMMTELSTEBINALI >ER D, EE
FRETEBEF S TVWAWSEGEIC, cDEEV—NEERT S



DA X A= XLDWE (%)

 ZYERRFERFORENFELAVW+ZEE
V= MNEBERTIEENVAGAVN=XAH=ZX LA
DIERDRE

n FEEOUBAERALT Y F U IHRT, BEIC
EOTRBERIYFVINELNDG : $RT
DEED, LEROUEE®-ITY F I &
T, DAXAZXLDERN (AREEHT)
RHEEVWER-TWS

m LD LAAS, DA X A= X AL ER{E
A TFRZMETE AW

E7 )L : 3k EFR (Kamada and Kojima, 2015)

m FEDESE: S={s1,...,5}

m EROEE: C={c1,...,cm}

m MIHOES: R= {r,r,...}, i r IEROBLEESTEH
AV

n BEROERLR ¢, BEHHDOLER ¢ 5Z 5N

BN HAOHHMEE~Y v F¥ 7 ICEWE W (RREDOKAH
BOMMEEDE EIMNA B I &IC& Y, H75 BERIC—EL
DHEEINEBIND L DICT D)

m IRRIEHIE FRRA 2T & D2, @RIDLEREZ ATHIC/INE
K92 (RROEEN 100 A, HEhed* 10745, BHEEDER
% 10 AICHNZ %) A% (Artificial Cap, AC-DA) BAFWLWS N T
WB D RRIEICRITS
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ZEEY— MOEKR (W ERIEET 5I557)

mFEESIE, us) &WEcZBEFL, |ulo)] < g
N cH BT Biigr ICEAL T
S )] = ()] < . T BB, cOEE
Y—hEBRTDHEWD

B FEEsIE, uls) KWVBZBIFL, |uo)] < e
MNDc& p(s) BPRICHIE - ICEL, |u(r)| =g
THDHE, cDEETY— M aigMIcEKRT 2
EWS

Flexible DA X 1= X /s (Kamada and Kojima, 2015)

m DADERAT Y THTUTEET

m HIEADOZREIC, BIROIEF
(Cl — Cy —> C1 — ) 75*‘—:7-% 53,

m COIEFICHES T, ERIDLERS & UHthigid
FRRICGER LARWRY, &FRIE, 7774
LTWBZEENL, Rt EBXDEEIEMLTLE
RLDEEE—ANRYYFICTES. FITH
TNET7 TS5 /4 L TWwWaEEEY) I~ L
DN A, HIAROERICT T4 LTV
BEERITRTURYYTF, BLLEYS Y
NEARDETIRYIERTY.



Flexible DA D174l Flexible DA D&

m (BHEICE > T) HIEHRER TR
B FUARNHEFOZELEIIFEELAEV

S1 C1 C3 (&]

q{c ,02}:4, cl—>C—>C]...

so e [es]e o oo Tss T 5a Tsi T sa B EEY— NEERTIFERFELADWVD,
:3 2 23 ca |55 | 54|51 | 82| s3 EEY— M eHIEMICERT 2EENEL D
ololalal Tl ThAER BB
m AC-DA & W) & FRERICEIY BT ABZHAETEE
(ARDOBWVWERIZ, FUZKDZENEIY Y
ohnd)
TIORZAY E7 )L : @B TR (Fragiadakis et al., 2015)

f1vha¥svay

m BRERCICEALT, BROTRp '5X5
EEXETIL ns
= BB DTFEROAE 3 0 pe EFEDRE N AT

B LIR B ETRTDASELT, pe < |ule)] < g DR
B B3 TR Y BIGAEICERATRE

mFESIE, c=puls) & WE I ZRIFL,
#r— sk ()| < qu DD |ulc)| > p. THBEE, ¢ DE
— EV—hFEEKRKTDHEWND

TBRHIH TEREMDRE

m R4 RIREOMEET RN ZH/AT I &
BE (BEMOHERIC—EROTHEE L ELE

ENBIE, BRERBICRE—BOEENE . BER (BUATEEBOSE, 5EURE
ifg?itigg%)(u da. Fragiadaki VoM EERTBREERLRWV) RV F VY
| - 7t (Ueda, Fragiadakis, A Fr R A A
Iwasaki, Troyan, & Yokoo, 2012) T, t#FTH] BFELBWGEDH S |
$HT DA X 5 = XL N — U FIRBIKI % %2 TTaTala 2N PP T T
T 2 BBRBOIRIER R REL X 1 = T LB RS A 2 [ =0 =1]on |
m Extended-seat DA: YRR F AR OZENFELRL €3 | Doy = Qs = s1 | 82

m Multi-stage DA: 2& Y — NAERT22EFFEELAL
n 0 FIRHID AL T BB 16 G4
(Goto et al., 2014)

29/52 30/52



Extended-Seat DA X =X A

Extended-seat DA X A= X L DMHE

B PRAEBEBROZR c (EEIETR) SIRRO2R o (&
I&EBR — TER) 2915 %

m AR EN—DOHIHICE LT3 & LT Flexible DA %
1

m MERHOH ERRA, FRAEZIND LD ICHE

m Bl :3DDER, BEROTR p. =1, FEH n =5 DBEE,
BEROES 1, RS EOHIE FR 5 -3 =2

C1 59 S1 S3 S4 S5

. * * *
S1 C1 (&) C3 C3 C9 Cy c . S, . S s
- - . = 2 || S5 | S4 | S3 | S2 | S4
S92 C1 &) C3 C3 C9 Cy s 53 51 59 54 Sr
s3 |l co | s les|ch|er |t - - =
NN Sy | S1|S3| 84| S5
. * . * * C1 S { S E S5
S4 (&) Cy Cc3 C3 c1 Cy P o ) 5. 5 51
ss ||y es|ch e | |25 2™

C3 53 S1 S92 S4 S5

4> Oy svay
EXETI
g E R

A &7 TR
H—ryia

A xeo

— R R—2DET IV

m A set of doctors D = {dy,...,d,}
m A set of hospitals H = {h1,..., hn}.
m A set of contracts X. A contract can contain some additional

information besides the doctor and the hospital (e.g., wages,
working hours).

m 4. a strict preference ordering of doctor d over X,.

m Distributional constraints and hospital preferences are
aggregated into a preference of a representative agent (the
hospitals H).

m The preference of H is represented as a function
f:2¥ 5 RU{~o0}.

m If X’ C X is not hospital-feasible (i.e., it violates some
distributional constraint), f(X’) = —oo, and it is normalized
by f(0) = 0.

35/52

n FREFZBTHLT

m FEICE - THBHNEFERTRE

m ZELARB L/ OFEIRFELARL

m EEV— M EERTDIRENFELRVI L
EREET E 78N

ThOAREDAX A= L

B DAXAZZTLDNY) T—> 3y THIGATREARE S0
72 AF?
B ZEPR—ZADETITER

m UTF, BEN@ERcRVWOhZSTHhasv bOS K&, 2
R DRI FM % 7= ¢ 2NEE & DEKR %R (Kojima,
Tamura, & Yokoo, 2014).

EIREE

m From X', Chy(X') chooses {(d, )}, where (d, h) is d's most
preferred contract in X’ (or () if no contract is acceptable).

m Chp(X') = Ugep Cha(X').
m Chy(X') is given as arg maxxrcxs f(X").
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—#&1k Deferred Acceptance (DA) X 71 =X L Hatfield-Milgrom (HM)-&E %

Re « 0.
X'+ Chp(X \ Re), X" + Chy(X’).
If X’ = X" then return X', otherwise, Re + Re U (X’ \ X"), Notation: X' +z:= X" U{z} and X' —z:= X"\ {z}. In
go to 2. particular, if r =0, X'+ 2= X' — 2 = X'
m Re: rejected set, which represents a set of contracts that are Definition (Hatfield-Milgrom (HM)-stability)

proposed by doctors and rejected by hospitals. Doctors are not ) ; -
allowed to propose a contract in Re. We say a matching X’ is HM-stable if X’ = Chy(X') = Chp(X')

m Initially, Re is empty. holds, and there exists no # € X \ X’ such that z € Chy (X' + )
m Thus, doctors can choose their most preferred contracts and and z € ChD(X’ + z) hold.

propose to hospitals. This set is X’.

Then, hospitals choose the most preferred subset X” from X'.

If no contract is rejected, the mechanism terminates.

Otherwise, the rejected contracts are added to Re, and the

mechanism repeats the same procedure.

37 /52

ME-[11B9 %5 —%1L DA DE (f 2 M-MERDIZE)

Definition (ME-concavity)

We say that f is Mf-concave when for all Y, Z C X, for all

y €Y\ Z, there exists z € Z\ ¥ U {0} such that

FY)+f(2) < f(Y —y+2)+ f(Z —z+y) holds. The time complexity of the generalized DA mechanism is O(| X |3),
assuming f can be calculated in constant time.

£
f¥ —y+2) The generalized DA mechanism is strategyproof for doctors. Also,
f(Z — 74 y) it always produces an HM-stable matching, and the obtained
matching is doctor-optimal among all HM-stable matchings.

f(Z)
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v hOA K& M-V ~bhaAq R (FER)

Question: when/how f can be M%-concave? How can we RhOAREE, TR (XM Y IR)DEIBREDE WD BB

aggregate ordinal preferences of hospitals, stability requirements, Lo o1 | 0 L L
and distributional constraints into f7 A=[0 1 0 1|, x= o, o )| 1
00 1 1 0 0 1 1

m WLOG, we assume f is represented by

FOXT) = FX') + F(X7): . o AN
m f represents hard distributional constraints; it returns 0 when F={p 0 , o |, [ 1 i o), 1].,] o o
)A(’ is hospital-feasible, and otherwise, —oc. 0 0 0 0 0 1

—

m [ represents soft preference over hospital-feasible contracts; it FHADIINRS NLDESE X, 512, F &, X OBMHES
returns a bounded non-negative value. ) AR DD (£ADESR) &4 2 &, LLTD
wlet F={X'CX|f(X')# oo}, i, Fisa family of 'g’j%&g;fgﬁf;g R (REDRA) » BUF

hospital-feasible contracts.
DeF,
B X' e F 2o X' C X Bbid, X' e F
If f is MP-concave and f()) = 0, then (X, F) is a matroid. X X" e F Ao (X > (X! B5E, X'U{s) e F BB
Hard distributional constraints are required to constitute a matroid re X'\ X" D EHESS.
to make f M%-concave. e e



T hO4 K (EH) EA =R @Ol

Definition (¥ kB4 F) Example (—#k~ b O 1 K)

BRES X 8LV X OHIESHK F BUTD 3 DDO&RM%im FACEME, HREA X ICBLT, F={X'| X' CX|X|<k}&
FTEXIC (X, F) 27 bOA REER 2% (X, F) ik hOq R
0eF,

Example (E#])

X' e FhD X' C X BB, X'eF, :
BX'er cAED €F (X1, 1), (X, Fr) DENZAAT RO KT, X; RENCETH

X' X" e FD2|X|>|X" &biE, X"U{z}ec F&id 3158, TOBEA (X, F), $hb5 X =, Xi,
re X'\ X' BFET B. F={X"| X' = U,cicp X}, where X/ c F}E=bhoq R

= ¥ MOA RIEEHEERIZ DR 4 705 THRH Example (T54]Y)

n BEMETRERIBONDI S ORREIET MO RiEESE (X, F) BT hEA RTHBBE, FEOEHLICEALT, ThAS KR
FEoTW3 (B/MIRMEER, BARE) D EIBY (X, F), $abb F={X'e F||X'|<k} e bOq R

v hOA RRGEDF v 7 Y 7 MERICEE T B &4

Hard distributional constraints (f) are required to constitute a
matroid to make f = f + f M®-concave.

m Checking matroid conditions 1 and 2 is trivial, checking 3 is Theorem (sum of weights)

not too difficult.
Suppose (X, F'), where F is a family of hospital-feasible contracts,

DeF. f
If X' € Fand X" X' then X" € F holds. is a matroid and f(X') is given as }_, . s, w(x), where each
If X, X" € F and |X'| > |X"|, then there exists z € X"\ X" weight is positive and unique. Then, f = f + f is MP-concave.

such that X" +xz € F.

m Also, there exists a vast literature on matroid theory; it is
usually sufficient to show that the hard distributional
constraints can be mapped into existing results (no need for

If there exists a total preference ordering >p over X, e.g.,

T1 g Ty =g X3 =K ... such a preference can be represented

using w(-) such that w(z) > w(a’) holds when = =y z’.

. . Several other alternative conditions are presented in (Kojima,
reinventing the wheel). A Tamura, & Yokoo, 2014).

Question: what kind of conditions f should satisfy to make

f = f+ f Mi-concave, given that hard distributional constraints

(f) constitute a matroid?
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AN =X LDEREE v hOA R EHERSRG
Suppose you have a matching problem with constraints, and initial EXRETTIN )
ideas on hard distributional constraints and stability requirements. m X' e Fif | X7 < g forall e
Check whether (X, F'), where F is a family of (X, F)lEebnAR
hospital-feasible contracts, is a matroid. If not, modify m FERICE LT (X, Feo), where F, = {X' C X, | |X'| < q.}
distributional constraints so that (X, ') becomes a matroid. F—tk~ hO4 RTHY, (X, F) & EFRICATSZ< MO
Compose f, which reflects stability, such that it satisfies one 1 ROEM
of the sufficient conditions described in this paper. iz EBR (Kamada and Kojima, 2015):
m Modify the stability definition as necessary, by adding more s X' cF, &ihigiricBELT |X!| < g AL (X, =, X2
’ et rl = T cer c

desirable properties, relaxing too demanding requirements, or

simply introducing tie-breaking. n (X, F) BEFOLS ISR TE S0, Y hOA FERD

& - —1 CE =
Now, your jobs are done; the off-the-shelf mechanism does the i@?%gﬁj?gi T\g q7ﬁ;;tﬂnbf&|;;g_*u%ﬁé

rest. 2Tk MOAS ROEMERS
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