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» Design institutions to realize gains from trade

previously unavailable to solve the problem of (lack of)
market failure.

) REHERERSRERNSRGE, BR [HB(REEEEN)XE)
» Traditionally, market failure means:
» Externalities and Public Goods

» But these are lack of market failures

» Not failures of the market!

* BRELOMBXRERARMADNERE(CHIL) MTRASHRR(2AM) - B
BE TR E R E!
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» Online Trading Platforms
y BHTARRAREEIESESHNKSHIEEASH

» Patents
y SFRAS(TESHALR)HBIE, BHSHEE
» Carbon Market
» BRI TR HE ISR B /6l 0 BR R ftb A O3B 91 A B
» Social Norms
» AEREBA/EEI®ZEMR. HBEERI(Tragedy of Commons)

» Rebuild Taipei First Fruit and Vegetable Wholesale
Market (zis—szmsnmarens)
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1. Top-Trading Cycle (Agent-ltem Match)
A RO T8 5 PR\ BB S S (T T C) B3
2. Delayed Acceptance (Agent-Agent Match)
» ABELAME MR E AR RS (DA)EHE
3. Auction Design
y AERERBY/ BESEESN NS REHEN
4. Screening and Signaling
R 5B RS I S AR T S ChHO B 5% 2 (asymmetric information)
» Let's see a story regarding Ten Principles of Taiwanese
Economics ressrarzr=sts)
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» ZIRAT BHERE
» —BRARS *H*
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» 200942

» BELEANRERERIES ﬁ':

22017

B (N BT .

55 v 18 B 2 1B 151 24

1) (2009/1/1 ~2017/12/31)

Athm 266 344 401 431 447 485 505 428 406 3713
=k 90 97 84 73 128 129 104 112 112 929

r RHEBHE— BIFIKE ] N AR X
» https: //youtu.be/mkRXHcQMAJo?t=1258

Market Design


https://youtu.be/mkRXHcQMAJo?t=1258
https://youtu.be/mkRXHcQMAJo?t=1258

(2022 61 28 98 173 10 518 4 892
2021 57 27 116 211 11 470 0 892
2020 78 23 125 241 18 670 4 1159,
2019 86 24 130 243 14 605 3 1105
2018 65 14 96 175 11 530 1 892
2017 82 11 120 217 7 529 2 068
2016 77 11 110 187 20 473 2 880



» There is a place you can sell organs legally! Not Chinal

» The Guardian posted a touching album of postings on
streets around hospitals offering... |t
(EHAE—ERSTINSFERSE, F2HEE!)
» At lran!! (eeR) ¥,
» Kidneys for sale:

AXAV "mi

Iran's trade in organs L T |
E/ww theguardian. com/SOC|ety/2015/may/10/k|dnevs for-sale- org;a\ : ;f ;

Kidney trade in Iran

Wikipedia: en.wikipedia. orp;/W|k|/K|dnev Iran

Market Design



https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://www.theguardian.com/society/2015/may/10/kidneys-for-sale-organ-donation-iran
https://en.wikipedia.org/wiki/Kidney_trade_in_Iran
https://en.wikipedia.org/wiki/Kidney_trade_in_Iran

» Should we ban all organ exchanges

» including those without monetary transfers?
» (EFEESRTER, HEESRTSNBEXRNARIIE?)

» | want to donate to my wife, but can't

» You want to donate to your family, but can't either!
» BNBRSEBERA. BORES, RE—E88, 8.

» Can | donate to your wife in exchange for you donating
to my wife?
» BILURIBEIRRA. [ REERRAR?
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» Kidney SWAP @#izmizm)

Paired Donor Exchange Transplantation
» When a donor and a recipient
cannot match (blood type...),
-
g )

» they can exchange with another

pair (of similar problems)
EREATEE(MA)RaBIREEMREEEBRS
HY 55— ¥ 32 84

» What about 3-way-exchange?

T =751808 1 JLAS? Source: UCLA Kidney Exchange Program
Market Design




» Chain Transplantation/Kidney Chain: (asism)
» Altruistic donor gives to a recipient, whose relative donates

to a 2" recipient, etc. (RERHZRBWT(T, B FEERE I B? LEDIE
mEEE, (BEEEERN)SREREEERE (RS, S NSREHBEEREE. )







Design Agent-to-Item
Matching Markets
s2Et [ A /DB ¥t mHi% |

Joseph Tao-yi Wang (£i&—)
RHEE <<§2|]1_Jn2.= J%*%%U} Ch.1)




» 4 dorm rooms assigned to 4 students: (zsEzmEEs. o)
» Room 1 to student 1 (rEmimzEywith 4 > 3 > 2 > 1

( )
» Room 2 to student 2 (EEmemzsnywith 3 >4 >2 > 1
» Room 3 to student 3 (EEm3m=z=s3)with 2 >4 > 1> 3

» Room 4 to student 4 (FEm4m=zsa)with 3 > 2 > 1> 4
» Everyone needs only 1 item; cannot buy/sell

Dorm Rooms, Office Space, Kidney (or other organs), etc.
» BARBE—E. EXARHSBERSNNE, NESEN. PAR(EAEY), SKHD)S

» What Properties do we wish to see? mmzzrzmamess)
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» Dormitory Exchange usually requires:
» BELEERGNAEHE, BERT
1. Non-Repugnance (rerm. ssrzizs)

2. Individual Rationality zsrmaen=mns=m)

3. Pareto Efficiency = No Pareto Improvement

» Some strictly better-off and nobody worse-off
» ParetoE R EB—EDETUSEParcto & (= [ERBEBIANERT, BELASG] )

» Anything else? =i

» Shapley and Scarf (1974), "On Cores and Indivisibility," Journal Mathematical Economics, 1, 23-37.

Market Design



» 4 dorm rooms assigned to 4 students: =sEen@EREm. Emimmss)

4
4
4
4

Room 1 to stud
Room 2 to stua
Room 3 to stuc

Room 4 to stuc

ent 1

(EEm1mZE]) Wit
ent 2 (EEm2m=E2) Wit
( )

ent 3 (EEM3m=E3) Wit
ent 4 (EEm4m=EL) Wit

n4>3>2>.
3> 4>[2)>1
2> 4> 1>(3

h3>2>1>(4

» How can you get everyone on board?
» Nobody worse-off! (m@sstAsmmeamEsmRRE2s AR FEHE/HNT)

» Just don't give Room 1 to Student 2!
y REREIE [EHL @ P42 HiTT) HSEF xRS ER R ERNEN, FESET)
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» 4 dorm rooms assigned to 4 students: =sEenERm. Emimss)
» Room 1 to student 1 (Emimezs1) with 4 >> 2 >1
» Room 2 to student 2 (sEm2m=es2) with 3 >> 2>1
» Room 3 to student 3 (xEm3m=43) with 2 > 4 >> 3
» Room 4 to student 4 (zEmame=s) with 3 >[2]> 1 > 4
1. Room 3412 to Student 1234 (Better!) (mrmsaiomes103atmsmrss)

» Pareto Efficient? Any Pareto Improvement? (BaigmiParetomizi%?)

» What if assign Student 12 to Room 437
» BEMAEREBEMParetol EIB? MBS 4E12EI43(TIEEH34)IR?

Market Design




» 4 dorm rooms assigned to 4 students: =sEen@EREms. Emimss)
» Room 1 to student 1 (zEmimes1) Witn> 3>2>1
Room 2 to student 2 (xEm2m42) witn> 4>2>1

( )

( )

)

» Room 3 to student 3 (mmsm=as) with 2 > 4 > [1]> 3
» Room 4 to student 4 (xEmam=s4) with 3 >> 1 >4
1. Room 3412 to Student 1234 (Better!) (a1 mes)

2. Room 4312 to Student 1234 (Red) (a2 mue)
» Better than Allocation 1! (mm431262 4103 5 E1131)

» No Pareto Improvement, so this is Efficient! (Emparetoti /2 55%)

Market Design



» 4 dorm rooms assigned to 4 students: =sEen@EREm. Emimmss)
» Room 1 to student 1 (zEmimes1) Witn >3>2>1

» Room 2 to student 2 (rEm2m=42) witn> 4 >2>1

» Room 3 to student 3 (rEm3m243) Witn> 4>1>3

» Room 4 to student 4 (rEm4m=Es) with 3 > 2 > > 4

2. Room 4312 to Student 1234 (Red) is PE

» What if another allocation is also efficient? umesmEMr2ERGEs

3. Room 4321 to Student 1234 (also PE) ParetoRi BRI )

» DEEEA43218FR E1234B TG ParetoM RG] A2 ZH—1{E7

Market Design




» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1 (xEmimes1) Witn >3>2>1
Room 2 to student 2 (zEmam==) with(3) > 4 > 2 > 1
( )

( )

4
» Room 3 to student 3 (zmmsmeas) with(2 > 4 >[I > 3
» Room 4 to student 4 (xEmam=s+4) with 3 > >1>4

2. Room 4312 to Student 1234 (Red) (a2 mue)

» Student 2 and 3 will block Allocation 2:

» Switching themselves is Pareto Improvement!
» BRI TR S E RS EE A M FIEREParetod #(32 > 31)

Market Design




» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1 (xEm1mes1) Witn> 3>2>1
» Room 2 to student 2 (rEm2m=42) witn >4>2>1
» Room 3 to student 3 (EEm3m=43) with . > 4 >. > 3
» Room 4 to student 4 (xEm4m=244) with 3 >.>.> 4
2. Room 4312 to Student 1234 (Red) (22 miue)

» Coalition 23 will block Allocation 2 (nEE23=mREIRSE?)

» Allocation 3 = Strong Core (Can't block)
s DEAE THART | RERE! 80K (=R7-H/R), BAES TR

Market Design




» Non-Repugnance (migatzRsemameEes? SO0BFERD. FEREBETH)
1. Individual Rationality (IR) (mmaesmzs)
» Yourself cannot block ma—wre=i. muEsmEREs®R)

2. Pareto Efficiency (PE) (=

» Whole cannot block maAr—EFresn. muEzmRESR)

» Strong Core (SC)

» No coalition can block rareesre=s. rusrmrzse)

» Satisties IR+PE automatically manwaasnensmesmeEsy, @55
R= [fBE2EBESE | = TS /\EE ] , PE= MParetoM %] = TFIBABE—AE] )

Market Design



» No coalition can block Strong Corel
» It's IR and: (zaneEsEzmzEa 1w, TEEsESS)

» Strong Core Exists @nmamasmss)

» Shapley and Scarf (1974), "On Cores and Indivisibility," Journal Mathematical Economics,
1, 23-37.

» Strong Core 1s Unique @nmamasmer—)

» Roth and Postlewaite (1977), "Weak Versus Strong Domination in a Market With
Indivisible Goods," Journal Mathematical Economics, 4, 131-137.

» How can we find it? =esnsn=rsms e

Market Design



”*m 1 to
Rm 2 to
Rm 3 to
”m 4 to
Rm 5 to
Rm 6 to
”m 7 to

vV VvV VvV VvV Vv V9V VY

stug
stuc
stug
stua
stug
stug

Stuc

ent1:5>6>7>1>2>3 >4 EEmmes)
ent2:3>4>5>0>7>1> 2 EEmmes)
ent3:4>5>2>7>1>3 > 0(Em3mess)
ent4:1>2>3>4>5>0> 7 (Epmamzts
ent5:4>5>2>3>60>7 > 1 xmEsmess)
ent6: 7 >1>2>3>4>5> 0 (xEEemexo)
ent 7:1>7>4>5>606>3> 2 =Mty

» Find Strong Corel @swr1=sonmam. 2=128m1mEEm @ mans®@)

» From 71=5040 allocations and 2’=128 coalitions (7E=+rE=)

Market Design



Rm 1tostudent 1: 5 >[6]> 7 > 1> 2> 3 > 4 (zrmimes)
Rm 2 to student 2'.> 4 >5>0>7>1> 2 (EEmmes)
Rm 3 to student 3:[4]>[B]>2>7 > 1> 3> 6 (Ermness)
Rm 4 to student 4: 1 >[2]>3 >4 > 5> 6 > 7 (zemamzsa)
Rm 5 to student 5: (4] >[B)> 2 >3 > 6 > 7 > 1 (zEmsw=zEs)
Rm 6 to student 6:{7]>1>2 >3 >4 > 5 > 6 (x=remmre)
Rm 7 to student 7:[1J> 7 >4 > 5> 6 > 3 > 2 (zrurmesar)

» Top-2: Room 6352471 to Student 1-7 zezmessoariess7)

» Or switch 54 to 45! Strong Core? (muEsaimpiasthseisix x4 L8 — 76!

B35 238 )T 1577 /)\ B B o AR 115 ?
Market Design
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Rm 1 to student 1:>@> (>1>2>3>4nErmmes)
Rm 2 to student 2:> 4 >5>0>7>1> 2 (EEmmes)
Rm 3 tostudent 3: 4 >[5 > 2> 7 > 1> 3 > 6 (zmmsmmes)
Rm 4 to student 4:[1] > >3 > 4 > 5> 6 > 7 (ermamzs)
Rm 5 to student 5:(4>5>2>3>6>7 > 1 (zEmsmzrs)
Rm 6 to student 6:(7] > 1 >2>3 >4 > 5> 6 (xememzte)
Rm 7 to student 7:(1 > 7 >4 >5>6 > 3 > 2 (apamesr)

» Top-2: Room 6352471 to Student 1-7 »ezmessoariess7)

» Coalition 145 can block (since all get their favorite!)
() EIE 145 5 SUBE 1 ft 9] B4R B 55— B8, 2k Paretodlis®, MBE14T13. BE5EE)
Market Design
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Room 1 to Stucent >0>7>1>2>3>4(FERE1M0E4E])
Room 2 to Student 2:[3]> 4 > 5> 6 > 7 > 1 > 2 (zEmM2m=2)
Room 3 to Student 3:(4]>5>2>7>1> 3 > 6 (zEm3meE3)
Room 4 to Student(4:[1)> 2 >3 >4 > 5> 6 > 7 (zrmamzss)
Room 5 to Student{5:|4]>5>2>3>6 > 7 > 1 (EEmsm2Es)
Room 6 to Student 6:[7]> 1> 2> 3> 4 > 5 > 6 (EEmE6m=ts)
Room 7 to Student 7:(1]> 7 > 4 > 5> 6 > 3 > 2 (zEmrm=LE)

v VvV Vv V9V Vv Vv VY9

» Top Trading Cycles (mrmmerswm=sznzim)

» All point to 1%t choice, and bump others out (FiBEABmiEmES E—%EE

. EBIABHE, it
» Form Trading Cycle: [L =5 —> 4 — 1] wmBEE) =@EF—EALR)

Market Design




» Room 2 to Stuoen> 6> 7 > 2 (ERRE2MELED)
» Room 3 to Studentf3:[2)> 7 > 3 > 6 (zEm3mEE3)
» Room 6 to Student 6:(7)> 2 > 3 > 6 (zEm6m=0)
» Room 7 to Stucen> 6> 3> 2(ERETHELET)

» Top Trading Cycles Algorithm neseszr==:s

» Cycle [1 - 5 — 4 — 1] trade 1%t (z—m@[1 - 5 — 4 > 1] BEEZR)
» All point to remaining 1%t (EsASEEERN THEBOESNE—HEE)

Find Trading Cycle [2—_3 — 2] and Self Cycle [7 — 7]
(BRMANEE, BEEH/)EE)

» Hence, [2 — 3 — 2] and [7 — 7] trade 2™ (g EEbESSR)

Market Design




» Room 6 to Student(6:]6)(=mm6mzzs6)
» Top Trading Cycles Algorithm nesgxzn)
» Cycle [1 - 5 — 4 — 1] trade 1% (z—m%x®m)
» [2 > 3 — 2] and [7 — 7] trade 2" (zewmssm)
» All point to remaining 15t (B A®EENTEEDESNE—HE)

» Only Self Cycle [6— 0] left (ewRETEEEEm® s, BERESRE)

» A

4
4

gorithm ends if all allocated (marsmam=, s=mmer)
n general, TTC ends in finite time (F&BTTCES ZEEERBEKRL)

-inds the unique Strong Core allocation (B#zIE—mRIRTNIE)

Market Design



Room 1 to Student 1:(5]> 6 > 7 > 1> 2> 3 > 4 (zEmimes)
Room 2 to Student 2:(3]> 4 > 5> 6 > 7 > 1 > 2 (zEmm=L2)
Room 3 to Student 3: 4 > 5 >[2]> 7 > 1 > 3 > 6 (xEm3m@E3)
Room 4 to Student 4:(1]> 2 >3 >4 > 5> 6 > 7 (zEmam=4)
Room 5 to Student 5:(4]> 5> 2> 3> 6 > 7 > 1 (EMsm245)
Room 6 to Student 6: 7 > 1 > 2 > 3 > 4 > 5 >[6]=mmemn o)
Room 7 to Student 7: 1 >[7]> 4 > 5 > 6 > 3 > 2 (zRH7H2ED)

v VvV Vv V9V Vv Vv VY9

» Strong Core: Assign Room 5321467 to student 1-7,,...5

1. [1 — h -4 > ]_] trade 1st (INEE[1—5—4—1]B 532 iR) 1Y o B = I8 = A
' 5321467Ha 2 E1-7)

2. 2 >3 —>2], [T — 7] trade 2" / [6 — 6] last (zxExn)

Market Design




Room 1 to Student{1:[3]> 6 > 1 > 2 > 4 > 5 (xEm1m®s1)
Room 2 to Student|2:[1]> 6 > 2 > 3 > 4 > 5 (xEmameLs2)

Room 3 to Student[3:[2]> 6 > 5 > 1 > 3 > 4 (EEm3m=s3)
Room 4 to Student 4:(3]> 1 > 6 > 2 > 5 > 4 (zEmanzE)
Room 5 to Student 5:(4]> 1> 2> 6 > 3 > 5 (£EmsamE45)
Room 6 to Student 6:(4]> 1> 2> 3> 5 > 6 (£EM6a=0)
» Top Trading Cycles nem@srzmz=s)

» All point to 1%t choice (FisAmismESHmE—%EE)

vV Vv Vv VvV Vv VY9

(
(
(
(
(
(

» Find Trading Cycle [L > 3 — 2 — 1] mmoEE)1 -3 -2-1])

» Cycle [1 > 3 — 2 — 1] trade 1% (z—msisexm)

Market Design



» Room 4 to Stuoent>

» Room 5 to Student 5:>

» Room 6 to Stucent>
» Top Trading Cycles (1

» Cycle [1 53 -2 -1

b > 4 (EEM4HE%4)
6 > b ((EERI5HIZ45)
b > 6 (EER6HZ406)

BB B TR EEE)
| trade 1% (s—ms%xm)

» All point to remaining 15t (2@ AmEER FTHEBESNE—HE)
» Find Trading Cycle [4 — 6 — 4] trade 2" (g#mmA)EEBEZR)

» All point to remaining !

St (HBARBEN THERDESNE—SEE)

» Only Self Cycle [5 — 5

left GEBBERRTERBESHS LS. BSRECTIR)

Market Design



Room 1 to Student 1:(3]> 6 > 1 > 2 > 4 > 5 (zEm1meE)
Room 2 to Student 2:[1]> 6 > 2 > 3 > 4 > b5 (zEm2m=2)
Room 3 to Student 3:[2]> 6 > 5 > 1> 3 > 4 (zEm3m=43)
Room 4 to Student 4: 3 > 1 >[6]> 2 > 5 > 4 (rEmamma)
Room 5 to Student 5: 4 > 1 > 2 > 6 > 3 >[5](xmmsmass)
Room 6 to Student 6:[4]> 1 > 2 > 3 > 5 > 6 (xEmom=to)

» TTC assigns Room 312654 to Student 1-6

BB B EE A IEERI31265448 2 £ 1-6
1. [1 >3 —> 2 — 1] trade 15t nEE[1-3-2)8%%R)

vV Vv Vv VvV Vv V9

2. [4 — 6 — 4] trade 2™ /[5 — 5] last ()EE[—6] @ zR/SRESR)

Market Design



» TTC is a Strong Core Rule rrczanmane)
» It cannot be blocked and is: (v Ferm 1 EERRES)

» Strategy-Proof (SP) wxze mszsrsresm)
» Honesty is the Best Policy (Lylng is worse!)

» Can you see TTC is strategy-proof? (=wsm)

» If not, we may need to remind subjects

"This rule is strategy-proof, so it is best for you to report truthfully!"
(FEREE: FRAEFRREE, FILIEERLR!)

» Other rules strategy-proof? (samurimammeszzE?)

Market Design



1. Strategy-Proof (SP) wxzs mszsrsre=a)
» Honesty is the Best Policy (Iylng is worse!)

2. Individual Rationality (IR) (mm=mzs)
» Yourself cannot block (me—wres3. mxmumsi)

3. Pareto Efficiency (PE) (=
» Whole cannot block (misAr—are=3. mxmrzomn)
» Non-TTC Rules Can Only Satisfy 2 out of 3!

» BSEREBEREEOXTHETTCARTE=EERAF, EMRE=E_]
» Jinpeng Ma (1994), "Strategy-proofness and the strict core in a market with indivisibilities,"
International Journal of Game Theory, 23(1), 75-83.

Market Design




Room 1 to Student 1: 5>6>7>1>2 >3 > 4 (EEBE1H024])
Room 2 to Student 2: 3 >4>5>6>7 > 1> 2 (EERBE29242)
Room 3 to Student 3: 4 >5>2>7>1>3 > 6 (EEB3H9243)
Room 4 to Student 4:1 >2>3>4>5>0> 7 (EEBH402%4)
Room 5 empty/Newb: 4 >5>2>3>6>7 > 1 (Er5=mEes)
Room 6 empty/New6: 7 >1>2>3>4>5> 6 (RrE6=m#%o)
Room 7 empty/New7: 1 > 7 >4>5>6> 3> 2 (BETSEGEHET)

» New Student 567 not assigned sissermzsmziEn, FesERTTO)
» Can randomly assign New Student 5-7 to Room 5-7
» Then use TTC amusmrrms mwiss7, BREE—EETTCRELAE)

Market Design

vV VvV VvV Vv VvV V9v VY



Room 1 to Student 1: 5>6>7>1>2 >3 > 4 (EEBE1H024])
Room 2 to Student 2: 3 >4>5>6>7 > 1> 2 (EERBE29242)
Room 3 to Student 3: 4 >5>2>7>1>3 > 6 (EEB3H9243)
Room 4 to Student 4:1 >2>3>4>5>0> 7 (EEBH402%4)
Room 5 empty/Newb: 4 >5>2>3>6>7 > 1 (Er5=mEes)
Room 6 empty/New6: 7 >1>2>3>4>5> 6 (RrE6=m#%o)
Room 7 empty/New7: 1 > 7 >4>5>6> 3> 2 (BETSEGEHET)

v VvV Vv VvV Vv Vv ©9

o =B
» Priority 1-3 to New Student 5-7 (#iss-78m51-3) HEEEA)

» Priority 4-7 for Student 1-4 (m«1-ssmm47)

Market Design



| [E

1T
Q
1l

(1 < Room 1Jto Student(L[5)> 6 > 7 > 1> 2 >3 > 4 (zmmimme
2 « Room 2 to Student 2:(3]> 4 >5>6 >7 > 1> 2 (zRm2m=42
3 < Room 3 to Student 3:> 5>2>7>1>3>0(tEM3m2%3

[4 — Room 4]to Student >2>3>4>5>6> 7 (EEE4nesEs
[5 — Room 5)empty/NewW5:[4]>5>2 >3 > 6 > 7 > 1 (mesziw#iss)
5 «— Room 6 empty/New6:[7]>1>2 >3 >4 >5 > 6 (Mo o)

5 « Room 7 empty/New7:[1]> 7 > 4 > 5> 6 > 3 > 2 (mmrmm#r)

» Student point to 1%, Room to priority (#4+izmazms—sem.
ER s R EL)

)
)
)
)

» Tenant/Top Priority (Student 5) ¢riEF/smsE—#74+5)
» Find Cycle [l =5 —>5—>4—->4—> 1> 1] @reEm)

Market Design




| [E

(2 < Room 2Jto Student[2:[3]> 6 > 7 > 2 (xEm2mz )
(3 < Room 3Jto Student3:[2]> 7 > 3 > 6 (=Emam=3)
6 < Room 6 empty/Newp:[7)> 2 > 3 > 6 (Brcziaiio)
(6 — Room 7)empty/New7:(7]> 6 > 3 > 2 (mrar==i#ivo)

(
(

QoL

» Top Trading Cycles and Chains neamezpmessmsn:)
»[l 5 —>5—>4—>4 51— 1] trade 1t (z—-mEE2SR)

» Students point to remaining 15t (B T2 4EER T ERC

AHY 5

)
5 7 68)

Rooms point to remaining priority (I FEREmFE 24t sE—E5%)
» Cycle 2 =23 >3 =2 > 2]& [6=7 — 6] (snmE EE)

» Only New Student 7‘Room 6 left ‘7 — 6 = 7| (Rm=eranmm)
Market Design




vV VvV Vv VvV Vv V9v ©9

4
4

Room 1 to Stud
Room 2 to Stud
Room 3 to Stua

Room 4 to Stud

| [E

1T
Q
1l

ent L:[5]>6>7>1>2>3> 4nurmunes
ent 2:(3]> 4 >5>6> 7> 1> 2 (xEmmss
ent 3: 4> 5>[2]>7 > 1> 3> 6 (rEm3mesEs

)
)
)
ent 4:(1]>2>3>4>5>6> 7 (xEmaners)

Room b empty/NeW5: >5>2>3>0>7 > 1 (EEo=EHEs
Room 6 empty/New6:(7)>1>2>3>4>5>6
Room 7 empty/New7: 1 > 7 > 4 > 5 >[6]> 3 > 2 (mErmw#isr

» TTCC assigns Rm 5321476 to Stud. 1-7 (zmssouremzei7)

( )
(62T 46)
( )

1—>5—>55—>54—>4—>1—>1]trade 1 nEE/serEELzR)
2—>3—>53>52>52] [657-0], [T-06—-7] =rExg)

Market Design



Roth BN ENTTCEE AKX E 28 B IR T E

» Student 1 in Room 1 — Patient 1 with Donor 1,
> ... (HERER Bt > BRRERIEE RS )

» Student n in Room n — Patient n with Donor n,
» Empty Room (n+1) — Deceased Donor

» N(n+1) — waitlist Patient (n+1) without Donor
) REM(n+)RE / FE(nt]) S BESE F(BIEERR)HE(n+1)

» Since Deceased Donors are rare, empty rooms waitlisted
(AREEALD, TEHRESREZE)

» Adjusts real-time as deceased donors appear 1-by-1 (=% rres
— EEERHERDN, EEEUENRSEE)

Market Design



(IREE ST (RESEIRETN)ZEBOR?)

Room 1 to Student 1:(5]> 6 >7>1>2>3> 4> 0 (Ermimes
Room 2 to Student 2:(3]> 4 >5>6>7> 1> 2> 0 (EEmom=i
Room 3 to Student 3: 4 > 5 >[2]> 7> 1> 3> 6> 0 (EEM3m243
Room 4 to Student 4:(0]>(1>2 >3 >4 > 5> 6 > 7 (rmmamma
Room 5 empty/New5:(4]>5>2>3> 6> 7 > 1 > 0 (RHsma#iEs)
Room 6 empty/New6:(7]> 1> 2 > 3 > 4 > 5 >[6]> 0 (mr6z5i0)
Room 7 empty/New7:(1>[7]> 4 > 5> 6 > 3 > 2> 0 (Br7=#@#4%7)

» Strong Core was: Room 5321467 to Student 1-7

» But now has Pareto Improvement [4 - 0,1 —> 7,7 — 1]
(BEAB PRI D EEIEParetoll 2 B4 4RT|ZE R0/ EEEREGE4E7/ELEETHES%06)

Market Design

)
)
)
)
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Roth BN ENTTCEE AKX E 28 B IR T E

» Kidney swap is a Pareto Improvement (zmigmzrarcomnz)
» Nobody better-off even if kidney swap banned (zi-ximigmm A gx)
» Kidney chains give priority to those who can continue
the chain reaction (zErarresrersesrn A, mESEISEIHA)
» Not Pareto Improvement (Waitlist deferred) @murzpareomz)

Unless Altruistic Donor donates only if chain reaction occurs

Or, if chain reaction ends at the first person on the waitlist
» BEEEENERTHNSERREABEEE, NEURENREONSESELNE—FEA
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(2010-12-30M & 36/ ERTE. BES. THARS)

» BEAIGIE, BRFAEFY, BaxBERENFULTT

ST 7

» FiRElSTE RN NERBRERIREERIEF ISR

74l Faﬁﬁﬂﬂlﬁﬁ%%‘\ﬁj*ﬁ  RIBESN, 82881, £

= R RIS m, BEFHBARBMEARMSZI,

» #Fidl CE T ESAFRESREEEENES, aXERiSE
ERmre—mmEN, ANabDmWKRER. /J\IL\HE, %%E?S,.\

KR IBBH S EERIE, F':UA%:EI’JE&% EOge —8Blm—81 .,

Market Design




(2019-12-30H &% /SCEFRME. BHESF. ERARE)

B=p-t=3== 0k —:‘%F%%’ﬂiﬂ»ﬁﬁzﬁ UERIEFIXRES
i, BERREBERRARE, XEBREPELEXRRE, Fi1I8
10011%&&55@*51"55']%%53 ESABKEES ﬂ#ﬂimﬁiifz’fﬁo

»Z.%IIIS 'EflTEa*Bﬁﬁ/v\f' '¥ﬂﬁaﬁﬁQ3Eﬂéﬁl§#"'Eiﬂ#ﬁE%’\ﬁj—
s —8, s EEREERE/ND), EREME
%'\Eﬁé}@*%';, I8 I05E H“ﬂ#ﬁgﬁ_%i H ﬁﬂjﬂa
EiZHE, RAE, #Fdl SR, 5F§TE1'E1EH

I tTE_aj =SgdRAERIEHE, ?EED [ EHERE— 1‘@

, EERHESE......

Market Design




(2019-12-30H &% /SCEFRME. BHESF. ERARE)

=N Bn%ﬂi}‘a‘%ﬁﬂi%—%%?s HIEOE 5 E R 1THIEI 58,

REAF

1. _"‘_5'6, !
=B

=X
By &

o BER
“‘“E
1_/_~E

==

=

f 3

&%1%

e B ERIE, BELEREIRE, UKRA

INBEFh,

QE*E%/EEH }'=' *g;':"g, ’E’f‘:‘c‘x_fmdﬂéé -
KEE—RSRER, ARETSEEE

T, HEBBEMFINEANE, FBIRIRBIEE,

TRERE

= AHY

ADEBEAERIBIE—FHAE

158, —.,—’?Eﬂsj(iﬁz, EEZRBEaRE,

Market Design



(2019-12-30H &% /SCEFRME. BHESF. ERARE)

3. ERB=FBIZEAEBEN, E=Z5ER, IEEORE
EC¥tpNID, BEfZRmRATTEIR, 7 HRXE MR
fes/y, TDEEEETE | , REIBRBRWAE., Hig
IMEFCRES, HREZBENSRIA S,

» BT ERETIRINVITRETEM, MAIIT.

» F UL, LER—IRARIIRB TNV SMERRBBE R,
» BZIETEEEEIEE, WEE, EBAHRBEMKEMN
EREEE, BoRRE, BHLTRE, RINEERAR, B
FhlESE CRE, EAWMRE...




(2019-12-30H &% /SCEFRME. BHESF. ERARE)

AR LBIXRZSEAEN—H, £EEBIAFAIE
ﬂﬁaﬂﬂlﬂ, s A i e = 2K HYES, }f"ll_,\x_’fmﬁéiﬁ O EEEIZE5
EERRs, [BEEaEZEBHEHIT—BR—8, E8—RER
E'JEREA:O 1 ...

j( BJE%%F E?ﬁ%gﬂj%1 HL _l, _l_fi-ﬁh'j, jlmin
mEEHFANFHRESHERE, BERNER:REESE,
LK@%W

» BEEHRIERERES HIRMATE, ERBUGH EUTIEREERTS
N, RMED, BN Z RIS E E.

Market Design

E




(2019-12-30H &% /SCEFRME. BHESF. ERARE)

» S—EBIEFIENE, sERIEEAEHEEREIRBIEER
A P,
) *E?f%%%h%”ﬁﬁtﬂlbﬁﬁﬁ%fﬁﬁé\zﬁ ith g, ZFEFERER
BAEOOA, SERHIIBFI24A, BERIGEBIIE404ANEE
370\, ??éﬁ%*z’fﬁ SIEHI0ABEZE494 AN

» BREE[R R 77N, EOJgeEHREIRERYCNE

» #E B, CAAZE MR, RREH 98%/1897&5%5,%%,

MR ZRTINEE, 2017TEMARKFE, EEIRAEER

& A DA,

Market Design



(2019-12-30H &% /SCEFRME. BHESF. ERARE)

» —HiRERNABEB AR EERSENRB, BEIE
RiGIUCR AT B,

» REER, FEHBPESESECHIABHZS, %3]73’:'5
TS Bt EEEE, KigkE KB SIERYARE

y SIEMOER, BERMBNCHMFZE, SEBEE=E =1E1%%n1j

RRFZ2HHNESZTRHELZR, WBEREE, BEEFIERHBBIE,
» TAEBEZEHNE, 92 ALRSS, RERRERIERFSE
SIEEILHEZRRDR RS, G ERBIERE
2% EFo

Market Design



» . HREER], RERSFEABRIH B KE,
Bl ﬂ#ﬁijiasﬂli*ﬁ%}.ﬁm ﬁﬂﬁ%ﬁ?‘#ﬁ“ﬂ#ﬁﬁ%* HYZX
E, OFaEs | —8B|)m—-81, ZESH/UHER, E
IREXRBEZS,

» EXLET, KFTEEE"(?EEETEE“)EI'J%F%BKE & {a 550 FF %R
EERBXRHFEIRY, BREEUFREGR, S A BIRAE:S

BEXRIR, B 2 A BB,

» IARERESRZEIBIEEERE ME, 2019F s

T.A%IEB»?SA 2020 2R 2 Ei%ﬁ%émz}\,

N H




» fg Rl EAT RIS, asIBARBAE Me, SEETCHERL,
233 AIBHEE,

» ZIFSERENAERRLIZEH., EFERILHKET, 2019FF
FABA,985 A, 2020FERIFE—E KR, KRE10,080A, S
f:% FABBIELL 091 A,

Elh—EEsEZEFERATR, HREIBS488ALEAEFTSHE.

p JL’EZETJ, ﬁ’nTEBEﬁﬁﬂ = hmHY IFRR S ERE 18 e, ?%1_#%._:'.
E“‘“’“ﬁ)ﬁ %E ERHEEMEFRERELE, FIR
= R— ~ J:E“i’)‘.vEﬂlﬁlﬂiﬂﬁﬂﬂfﬁﬂo

Market Design

|:| i
fil \EE




» estiERFERINEIFITREIZIEHSR, HIELLRESHVGEHESR
SERECE, B (M) KRIRXSBEE NI, BEFREH S
SEEFETFEH, HEERNGEN, BEHEER, UPIR®E
éﬂﬁﬂﬁﬂsegﬁo
» MOREE R ERERIVEIE(ELINZER, EhtIEFR
EEEZR, EFEBRREBESE. SEEXE [ SEDN
B1E] ,
» MHXERSEBIE, FU5/), ERGERSIE,
a/JiE—RAEA~EERIE, Hji'ﬁ'?ﬁ%b%ﬁzo

Market Design

JL

)—Ill
gl




» TEAEHB)IEHES IR,
HIZRIR ] , JE&s N EL A B ZHIER,

» REIEIBERERERARRKRIR,
BE _ EIJ/L.,\%E

I EY NIEEREHIL  (BREFHH
S TINERR, 8802 EAKETHIAVER

4

J-

fisa 56 BF B2 X 5 5% BH 2R 15 &
1FikEs, &BIADEINER
IBSE. B,

Market Design

ANNE—REEEIBINKE 158

4 L)

B—EFfkE 2=

ERBHE
=RATE

) RIgIENN=RE RIR,

es i B X TR A

Eﬁﬁéﬁiﬁ, Bl 22 HE N

ST

C, AKEE R



r —(UARERIIBEFRKEREL, SE1LL A%ﬂse%?i

EIJAEQEEU;EEU 1|E| _../t_-\%ml?_ﬁ_:, ‘fﬁ‘ IL;\#ZH:/L,
EME ilﬁﬂﬁﬁ"ﬁ%ﬁ":’:, [ Mg DN E 25 & b,

» Fiesle=E oo REIGTEIEL, FFHEERERBE LR
R BERIIZ=R, ERENEEE, FlUlZEEREEREIE
EE2DEHEE, HEASEHIEE, mTHERET
HE S HENE.

Market Design



» ZE [ EBBER/ THEYHRI REETHE EHBE [ IR =BEULEFE] )
» To Push for Reform, You Need: (@#tam=, (rES)

1. Understand Logic of Current System (How it Works)
» EERRIRHYEEE: AERERRETRERINIER

2. Wisdom from God (on How to Fine Tune the System)
» Bie LFMARNESR: MEXRKFEHE, FMEUNMEEREHERBARELS

3. Convince Key Person (to Make the Change)
» ERARBEETINEAIARNE: EREBREZN, ARAIMEBREAZE KA

» Note: 1 & 2 are mutually exclusive!

Market Design




Market Design @ Taiwan
MimeEl: QEBRPETS

Joseph Tao-yi Wang (£i&E—)
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» History School Choice in Taiwan

» Old: Sequential Dictator using Exam Score
» New System in 2014

» Exam-exempt School Choice based on:
» # of ABC from Joint Exam (B 3&)
» Self-reported School Choice Rankings
» Chinese composition: Grade 1-6
» A++, A+, A, A-, etc.

Other factors (that all iet the same score)
Market Design



» How can we analyze this?
Simplify to obtain a tractable model/example

» What are key elements of the situation?
» What are the key results to reproduce?

» Next: Run lab experiments to
1. Test the model

2. Try alternative institutions

3. Teach parents/policy makers

Market Design



» 3 schools: A, B, C
» 3 students: 1 and 2 are type a, 3 is type c
» Student Payoffs: u(A) =h, u(B) =1, u(C)=0
» School Payoffs: wv(a) =1, v(c) =0
» Actions: Self-report School Choice Rankings
S={ABC,BAC,ACB,CAB,CBA, BCA}
» Assign 15t choice (tie-break: type then random)
» Remaining students go to remaining schools

Market Design



» Would

» Does t
» How can this example inspire you to design your experiment?

all students truthfully report ABC 7
» If others truthfully report ABC, truthful reporting is not BRI

» What is this game's Nash Equilibrium?
» Is the

» Does t

equilibrium outcome efficient?

nis model capture key elements of situation?

ne outcome reproduce key results of interest?

Market Design



» Would all students truthfully report ABC 7
» If others truthfully report ABC, truthful reporting is not BRI

» This is manipulable (=not strategy-proof)

» Outcome: Student 1, 2 go to schools A, B (randomly);
student 3 goes to school C
» Schools ABC get students of type aac

» But: Student 3 can gain by misreporting!
Ug(BAC) — u(B) =1> U(C) =0 = Ug(ABC)

Market Design




» What is this game’'s Nash Equilibrium?
1. Student 3 reports BAC

2. Student 1 and 2 report ABC with prob. p,
report BAC with prob. (1-p)

» Qutcome:

» p* : School ABC get students aca
When both Student 1 & 2 report ABC...

» 1-p*: School ABC get students aac



3 reports BAC'; 1,2 report ABC/BACW/ (p,1-p)
» For Student 1 (and 2) to mix, need:

U(ABC) =p (5 - uld) + 5 - u(C >)+(1—p)-u< )
(

Market Design



» Why is this a Nash Equilibrium?

» Student 1 and 2 report ABC with probability
» For Student 3, we need

f(p) = Us(BAC) — U3(ABC) > 0
=p>-1—(1-p)*-h
=p°—(1-p)*-(1+p) =p°—(1—-p)-(1-p*
» Since f'(p) =2p+ (1 —p?) +2p(1 —p) >0

f(p) increasing and f(p) > 0 requires = 1 +p = h > 1.55496




» Nash Equilibrium of this 3-student game:
1. Student 3 untruthfully reports BAC

2. Student 1 and 2 mix between truthful and untruthful
reports ABC and BCA with probability (p, 1-p)

» Qutcome:

» p?> : School ABC get students aca
When both Student 1 and 2 report ABC...

» 1-p* : School ABC' get students aac




1. Is Cardinal Utility Required?

Ordinal preferences is fine if exists p so that

(g)-c+(-2) 4 (552) 2+ (152)
2. It students have different preferences?
Different Risk Attitudes?
3. If there are more students/schools?

4. |t schools can also act strategically?
5. What is a Good Alternative Mechanism?

Market Design




» Gale and Shapley (1962); Roth and Sotomayor (1990)

» Finite Set of Students S and Schools C
» 1-1 Matching, Strict (Ordinal) Preferences:
» ¢ =5 Cc: Student s prefers School ¢ to ¢

» S > S: School ¢ prefers Student s to s
» i >, (: i is acceptable to j

» A matching is u: SUC — SUC U {0}
o) = e o M) = s s,

Market Design



» Matching i blocked by individual : 0 >=; u(7)

» Matching i blocked by pair s, ¢ if
: c s u(s) and s =, u(c)
» Matching is stable if blocked by neither

» Core = Set of all stable matchings
» A stable matching is Pareto efficient

» Theorem (Gale-Shapley, Roth-Sotomayor Theorem 2.8)

» Stable matching exists in 1-1 matching market

Market Design



» Step 1: Students apply to their first choices

» Schools tentatively hold most preferred student and
reject all others

» Step t (2 and above): Students rejected in Step t—1
apply to next highest choice

» Schools tentatively hold most preferred student (new or
neld) and reject all others

» Stop when no more new applications
» Happens in finite time!

Market Design



» 3 schools: A, B, C; 3 students: a, b, c
» Student Payoffs:u(A) =h, u(B) =1, u(C)
» School Payoffs:  v(a) =1, v(b) = 0.999, o(

» Step 1: All students apply to school A
» School A holds student a and rejects b, ¢

» Step 2: Students b, ¢ apply to school B
» School B holds student b and rejects ¢

» Step 3: Students ¢ applies to school C
» School C holds student ¢ and terminates DA

Market Design

C



» Proof of Theorem (Gale-Shapley)

» DA gives matching where no student/school applies
to/holds unacceptable schools/students

» Matching 1 not blocked by any individual!
» If ¢ =5 p(s) # ¢, s rejected by ¢ before in DA
» But in DA, ¢ rejects only if sees better choice

» Hence, u(c) = s
» Matching 1 not blocked by any pair!

» Resulting Matching it of DA is stable. QED



» What does stable mean in the field?!
» Roth (1984):

» Stable ones successfully used
» Continue to use (unstable ones abandoned)

» Few complaints in Taiwan?!
» A student-proposing DA algorithm vyields:

» Student-optimal stable matching
» (superior to all other stable matching)

» Proof of Theorem? See Roth—Sotomaﬁor Theorem 2.12
Market Design



» Male-optimal stable matching
» (superior to all other stable matching)

= Female-pessimal
» (inferior to all other stable matching)

» In contrast, female-proposing DA leads to
» Female-optimal /male-pessimal stable matching

» Proposing power less crucial in school choice
» Since Student/School Preferences More Aligned?

Market Design



» The same set of students/schools are left unmatched
in all stable matching

» This means:
» A loser is a loser in any stable matching

(BRI EEE 2 LE)
» Cannot expect any stable-matching mechanism to solve

rural hospital problem ({REMMEEE)

» Proof?

Market Design



» Student-optimal stable matching
» Alternative stable matching p

» 1t is student-optimal:
» Students matched in gy also matched in i
#{u(s) # 0} < #{7n(s) # 0}
» Tt is school-pessimal:
» Schools matched in 7z also matched g

#(1(s) #0) < #(u(s) #0)



m = #(u(s) #0) < #(7(s) #0)=n
n=#(7(s) #0) < #(uls) #0)=m

» # of matches are the same in any match
m = #(u(s) #0) = #(a(s) #0) =n
» Same set of students/schools matched in both student-
optimal stable matching and alternative stable matching

Hy [

Market Design



» Main problem of new system in Taiwan:

» People want to misrepresent their preferences

» Mechanism: Rule that yields a matching from
(reported) preferences

» Mechanism is strategy-proof if reporting true
preferences is a dominant strategy for everyone
» New system in Taiwan is not strategy-proof

» Is DA strategy-proof?

Market Design



» In fact, no stable mechanism is strategy-proof! (Roth-
Sotomayor Theorem 4.4)
» But, Dubins and Freedman 1981, Roth 1982:

» Theorem (Roth-Sotomayor Theorem 4.7): Student-
proposing DA strategy-proof for students.

» Why DA (and Taiwan old system) is good:
1. Stable
2. Student-preferred in all stable matching
3. Strategy-proof for students

Market Design



1. Strategy-proof = Manipulable (Degree instead of Y/N)
2. 1-1 = Many-to-one

» Schools can accept up to ¢, students (quota)

» Existence of stable many-to-one matching market
» X-proposing DA > X-optimal stable matching

» Rural Hospital Theorem (fill same # of students)
» Student-proposing DA strategy-proof for students
» No stable mechanism strategy-proof for schools

3. Problem for Married Couples?!
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