What Is Market Design?
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» Design an institution to realize gains from
trade previously unavailable to solve the

problem of (lack of) market failure.

» [ERE—EFERERRAEZERNRZRSEREUER, BR RS
mERRIKRE ;) (MIZXE)

» Traditionally, market failure means:
» Externalities and Public Goods

» But these are lack of market failures

» Not failures of the market!

» B EAMEAERRRMARNRENRR(ANEL1E)TUHRZVEE
(RHET) - B EEERRSMIZATIEKHIKE!
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» Online Trading Platforms
» BERTAERARGEENESESENISHBEASH
» Patents
» BFBRAEB(TRSNARY)HERE,. RSIER
» Carbon Market
» BRHET S R EHRUER B RO TR A BYEE N R
» Social Norms
» HERER/BRZIHEEMRE. HXHEIEEI(Tragedy of Commons)
» Rebuilding Taipei First Fruit and Vegetable
Wholesale Market also! (atz—=zmamumeTirns)
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» Top-Trading Cycle for Agent-ltem Matching
» ABEMMEHTISER) BEEETR(TTC)REE

» Delayed Acceptance in Agent-Agent Matching
»  AELABVERS iR FIE B 12 (DA) BB

» Auction Design
» MEREEBG/ BEEEBESNNERERITH

» Screening and Signaling
» B E K I B2 58 ER AR B e AR T 3% P RY B B 5& 2= (asymmetric information)

» Let's see a story regarding Ten Principles of
Taiwanese Economics... ssgrcnzEEE0E. )
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» BFETARSEEIK 8 (RAEH) (R E5§2008/10/24)
» BnBEMEzmRHE, —E2004F3k 5, —{E2008FABTt
. —EBlEsE, —EEER. ..
» BIRES BHER
» —BBAHEXE... BfiZzx X/ EEEFIEYA,
AR E—FRfe=%, 2 8EN. , 8K
SLE¥iRE, ARMEIAST, FE&EEAERY,
» M=BRBEEENTE, HIEMEER, BESEeEit,
Aty sIATERERBREER, RIEABERL

» HRIBRAEREN, WEAKENRITRES




» MBRILRT. LEA, EFIAMRBERESR, s
BEEEARIE, /\/J\H%é}@ﬂo SX, KBHEA
FMmIpL, .

) %J‘P\Ml%%, —1?“5‘,‘%“, —EEER, —EHK

PRIEOHIE, FXARFRAYEMY,

» BRAMERFERRNRBE—FEELE, KBXK
AIRBVISIE, REXRTESEE, SEERRB LK
IR, REREARNESHEIINA/KXEK
15— IR BT,

» ANIBIEFIFI M, £ %IH%F'E'W\], g IR = 1H e e s it
E\ZDJ Z;—..[ll_.\nixE’J é, j(i%%_ﬂ.ﬁ:ﬁ




1. EBUMEHRERBENASE
» RFXRE BAEIE. QBiVHRBRRAFAR. FAF,

ABRHEFTKRHA, ETEAF—EIH, ERZBE, +/\i&
RN HEE, FAERHEEVEE, BEXEESSE Y
RN ZAEENRNE, NIRERXREERIVES,
SEXREERE? (JW: HEZHFR AT —EORNEEMD
R BRFXRE, IRAESMENR? AEPEIE! )

2. BEMIERFNE, BREREZRE. sERAGE
BY, IEBENRER, GERAZAEFHY

3. BRILAZENHEEIEEN, AR ESEHES
SENBAFET, St a, NEB AR

Market Design




g

187 A Efzcp
44 ) BB

b B

33A ZHfgdh
12 A EB1E

A B

1182 A Zf&h
67 A B

iR

815 A FfxP
365 A EBE

(FEEARERBERBEZERPIL 107FFR/IFEBEMET)

Hhe

7468 A &
123 A B8

g

121\ Zfgcp
10 A BB

B

PN
0ACiBHE



» 200922017 AR, 7 b Ees 188218 I 2K
> Eztlﬁ)\%%hﬁ%ﬁﬁﬁﬁc::u (2009/1/1~2017/12/31)

AtlE 266 344 401 431 447 485 505 428 406 3713

=k 90 97 84 73 128 129 104 112 112 929
>

NRAER— IBIUFIRE 1 INBFEREE
» https://youtu.be/mkRXHcQMAJo?t=1258
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» There is a place you can buy/sell organs legally!
» EHABE—EMS OIS EESESRE...
» The Guardian posted a touching album of postings
on streets around hospitals offering to...

» At Iran!! (e

» Kidneys for sale: "‘ ouw j“ o5

Iran's trade in organs o }%
https//Wwwtheguardlancom/soaety/2015/may/1 "“ 2

» Kidney trade in lran

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

» Should we ban all organ exchanges

» including those without monetary transfers?

» BIEFEESREEE, HEEESRTSNRETRUNERILE?
» If | want to donate to my wife, but can't

» And you want to donate to your family, too!
» BOBBISBHREA. BORFRS, MB—E8IE, 8.
» Can | donate to your wife in exchange for

you to donate to my wife?
» MIALHIBRIFRA. [ZR ) RIBRBERANR?
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» Kidney SWAP (&sxzimism)

Paired Donor Exchange Transplantation (UCLA Kidney Exchange Program)
» When a donor and a recipient

cannot match (blood type,...),
pair with similar problems
» BEEBNZEBEMEASKIIREE

» What about 3-way-exchange? %\
» AB=T51BEE T CANS? ‘ ‘l

» they can exchange with another 9
LEREEHIEGRERc SRV S5 — ¥y 32 i




» Chain Transplantation, Kidney Chain: (zsigm)

» Altruistic donor gives to a recipient, whose relative
donates to a 2" recipient, whose relative donates...

» UNRECHZIRIBAETIT, B NEERE B? EENLBEERSE, (BE
EZEEN)ZEERERBEME_URE, F_UREEHREBEIER. .

28
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» 60 Lives, 30 Kldneys All Linked (2012/2/18 #B#JBF¥R)

e - d r -4 From Start to Finish
- 24 L& 18R A donation by a
aﬂ aF[ “‘ ’" Good Samaritan,
i@ﬁw«°

_ Rick Ruzzamenti,
B S al%jj E‘m upper left, set in
19809 ¢ §F

P n motion a 60-person

chain of transplants

( p A 5 -f\ that ended with a
Al % ﬂ.,, #i kidney for Donald C.

d Al g2 nua; A k@ Terry Jr., bottom
: s A right.
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Design Agent-to-ltem
Matching Markets

s2Et [ A /¥Dic ¥ %

ORESE (MEEstmiREs) Ch.1) i

Joseph Tao-yi Wang (E£i&—)
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» 4 dorm rooms assigned to 4 students:
» ERESENERYE. EENaSE, HIREA:
» Room 1 tostudent 1: 4 >3 > 2 > 1 (EEE1M241

( )
» Room 2 to student 2: 3 > 4 > 2 > 1 (IxERE269242)
» Room 3 to student 3: 2 > 4 > 1 > 3 (1XER3ELE3)
» Room 4 to student 4: 3 > 2 > 1 > 4 (1xER4EE4)

» Example of Agent-to-ltem Matching Markets

» Shapley and Scarf (1974), "On Cores and Indivisibility,"
Journal Mathematical Economics, 1, 23-37.
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» Everyone needs only one item; cannot buy/sell
» BARBE—E. BRAHSBTSNNE
» Examples: Dorm Rooms, Office Space, Kidney

(or other Organs), etc.
» BEEE. BRAE(EHZEE), BR(FE)SFSH

» What Properties do we wish to see?

» BFIBEERTSHILEARGF?
» Shapley and Scarf (1974), "On Cores and Indivisibility,"
Journal Mathematical Economics, 1, 23-37.
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» BMAE TR A R A ML 7
» Dormitory Exchange usually requires:

» BEEOERGNAEHE, BERE
1. Non-Repugnance (riegm. FsrziEvs)
2. Individual Rationality (zerzziemn=enEms)

3. Pareto Efficiency = No Pareto Improvement

» Someone strictly better-off and nobody worse-off

» ParetoX:RESZ—BDEILERILIER S EIParetotl &, HFLE
[EAREBERARBRT, EFLEAELF]

» Anything else? (==m7)
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» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1: 4 > 3 > 2 >.(1I%I%ﬁ189%*$1)
» Room 2 to student 2: 3 > 4 >(2> 1 (xEm2m=zL2)
» Room 3tostudent 3: 2 >4 >1 >(1I%I%ﬁ389%1$3)
» Room 4 to student 4: 3 > 2 > 1 >[4 (ixmmsm=z=s)

» How can you get everyone on board?

» Nobody worse-off! (mni@sgst 7 s EazapmEaaRE?)
» RERZBAREEEHIIEASERIEEMT !

» Just don't give Room 1 to Student 2!
y AERBHEENIAREMTT HBE RS TET
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» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1: 4 >> 2> 1 (EEBE1mEL])

» Room 2 to student 2: 3 >[4]> 2 > 1 (zEm2m=42)

» Room 3 to student 3: 2 > 4 >> 3 (EERI3HIZLE3)

» Room 4 to student 4: 3 >> 1 > 4 (1TEE4mELE)
)

1. Assign Room 3412 to Student 1234 (Better!

» Is it Pareto Efficient? Any Pareto Improvement?

» What if assign Student 12 to Room 437

» DERER3A126E2 1234 B AR D B3 HE 2B ERPareto M RIS H
ELfth 5 B 2 T 3HParetot 15 7 01 R 442 4 12 S RI43(T I ERI34) IR ?
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» 4 dorm rooms assigned to 4 students:

1. Assign
2. Assign

» Room 1 to student 1:[4]> 3 > 2 > 1 (zEmim=E1)
» Room 2 to student 2:(3]> 4 > 2 > 1 (zEm2m9%£2)
» Room 3 to student 3: 2 > 4 >> 3 (EERI3HIZLE3)
» Room 4 to student 4: 3 >> 1 > 4 (1TEE4mELE)

)

Room 3412 to Student 1234 (Better!
Room 4312 to Student 1234 (Red)

» Better than Allocation 1! (Em43126a28 £ 1234t D E1E3!)

» Any Pareto Improvement? No, so Pareto Efficient!
» BEISHIParetoRZENF? 28! FILAFLEE|Pareto X ZK [EE !
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» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1:> 3>2>1 (xEmimesl)

Room 2 to student 2:> 4 >2 > 1 (EEmMmBE)
)
)

4
» Room 3 to student 3:> 4 > 1> 3 (EEB3m9243
» Room 4 to student 4: 3 > 2 >> 4 (EEREAER LS

2. Assign Room 4312 to Student 1234 (Red)

» What if another allocation is also Pareto efficient?
» UIRBMEL LD E T ParetoM R ERENE?
3. Assign Room 4321 to Student 1234 (also PE)

» DECEE4321#58 £ 1234 F S ParetoW R 1F ! AREE M —1E?
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» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1:(4]> 3 > 2 > 1 (zEmM1m%E)
» Room 2 to student 2:(3]> 4 > 2 > 1 (zEm2m242)
» Room 3 to student 3:> 4 >> 3 (EERI3HIZLE3)
» Room 4 to student 4: 3 >> 1 > 4 (1TEE4mELE)

2. Assign Room 4312 to Student 1234 (Red)

» Student 2 and 3 will block Allocation 2, since
» DEC2ERBE2M3TA FRZFAEE!

» Switching is a Pareto Improvement! (32>31)
» ABRTLUIEEEM ABParetotiZ(32 > 31)
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» 4 dorm rooms assigned to 4 students:

» Room 1 to student 1:(4]> 3 > 2 > 1 (zEm1m%2E)
» Room 2 to student 2:(3]> 4 > 2 > 1 (zEm2m242)
» Room 3 to student 3:> 4 >> 3 (EERI3HIZLE3)
» Room 4 to student 4: 3 >[=]>U> 4 (EER4RELES)

2. Assign Room 4312 to Student 1234 (Red)
» Coalition 23 will block Assignment 2 (32>31!)
» AE2EHE/EE (L3 TR BHAER, BH32 > 31!

» Assignment 3 = Strong Core = Cannot block!
» BAWASNERNMTRBRIE! 87T (B/R)E TR
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» Non-Repugnance (i fi#% Eminigat 10 R & ML ¢
BDERBRRER. FEREHEXS)

1. Individual Rationality (IR) (mszmze)

» Yourself cannot block (BE2—#ERE=3. ®EERZOER)
2. Pareto Efficiency (PE)

» Whole cannot block (FiEA—tEREE 3. EEMEEZAER)
» Strong Core automatically satisfies IR and PE

» No coalition can block (F@/ BEHAEEE. &EERE)

» BEI%RY, EEIME B imE R m E 5!
» IR=BCE/NMEE. PE=FTBEAE—XKE

Market Design
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No coalition can block Strong Core! It's IR and:
I EESELREEIRT EEESSEEen, BasES
» Strong Core Exists @nmamsesnz)
» Shapley and Scarf (1974), "On Cores and Indivisibility,"
Journal Mathematical Economics, 1, 23-37.
» Strong Core is Unique @nzamasii—)

» 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? (zEBmsEsE@ERHx?)
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»Rm1toStud. 1: 5>6>7>1>2>3 >4
» Rm2toStud. 2:3>4>5>6>7>1>2
»Rm3toStud. 3: 4 >5>2>7>1>3>6
» Rm4toStud. 4:1>2>3>4>5>6>7
»Rm5toStud. 5:4>5>2>3>6>7>1
» Rm6toStud. 6:7>1>2>3>4>5>06
»Rm7toStud. 7: 1 >7>4>5>6>3 > 2

» Find Strong Core! ntrm2snmEssimans®m)

» Need to check 7!1=5040 allocations and 27’=128
coalitions! (Bwg&7I=504018 08 . 27=128%&/\EE!)
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Rm 1to Stud. 1: 5 >[6]>7>1>2>3>4

Rm 2 to Stud. 2:[3]>4>5>6>7>1>2

Rm 3 to Stud. 3:(4)>[5)>2>7>1>3>6

Rm 4to Stud. 4:1>2)>3>4>5>6>7

Rm 5 to Stud. 5:|4)>[5/>2>3>6>7>1

Rm 6 to Stud. 6:(7]>1>2>3>4>5>6

?m?toStuc.7:>7>4>5>6>3>2

» Top-2: Assign Room 6352471 to Student 1-7
R R D R ER635247 1B £ 1. TR R NI M D RIS
» Or switch 54 to 45! SC? (iEs4impasth e 2 IRTIE?)

Market Design
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Not
Rm 1 to Stud. 1:(5]>6]>7>1>2>3>4
Rm 2 to Stud. 2:[3]>4>5>6>7>1>2
Rm 3to Stud. 3: 4 >[)>2>7>1>3>6
Rm 4 to Stud. 4:(1]>[2)>3>4>5>6>7
Rm 5 to Stud. 5:[4>5>2>3>6>7>1
Rm 6 to Stud. 6:(7)]>1>2>3>4>5>6
?m?toStuc.7:>7>4>5>6>3>2

» Top-2: Assign Room 6352471 to student 1-7

» Coalition 145 can block (all switch to favorite!!)
» /NEIE 1450 LAPHE: I ERIREISE —ERERR E14F 5, BELRE

Market Design
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Rm 1to Stud.(L[5)>6>7>1>2>3>4

Rm 2to Stud. 2:B]>4>5>6>7>1>2

Rm 3to Stud. 3:[4)>5>2>7>1>3>6

Rm 4 to Stud [4:[1]>2>3>4>5>6>7

Rm 5 to Stud.(5:[4]>5>2>3>6>7>1

Rm 6 to Stud. 6:|7|>1>2>3>4>5>6

?m?toStuc.7:>7>4>5>6>3>2

» Top Trading Cycle (mnEEE s mss s mT2E)
» All point to 1%t choice (FFE A EABEE E—EEE)
» Find Trading Cycle [L—=>5 — 4 — 1] (m)EE)

Market Design
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Rm 2 to Stud2:[3]> 6 >7 > 2

)
» Rm 3 to Stud[3:[2]> 7 >3 >6
> ?m6toStuc.6:>2>3>6

> ?m?toStuc.>6>3>2

» Top Trading Cycle Algorithm (1nEEExzmEE7)
» Cycle [1 - 5 — 4 — 1] trade 1%t (BB BETR)
» All point to remaining 15t (E& A#EARE T ERENE—EEE)
» Find Trading Cycle [2 = 3 — 2] (#EmANEE)
» And Self Cycle [7 — 7] (g#Bsaz1EE)
» [2 > 3 — 2] and [7 — 7] trade 2™ (Et@sEig)
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» Rm 6 to Stud.(6:[6]

» Top Trading Cycle Algorithm (1EEExsm=E=H7)
» Cycle [1 - 5 — 4 — 1] trade 1%t (EEEEZR)
» [2 > 3 — 2] and [7 — 7] trade 2" (sem@EwR)
» All point to remaining 15 (Heg A& EIER TRREMNE—EEE)
» Only Self Cycle [6 — 6] left (EBRRFTEEREE iR
» Algorithm ends if all allocated (Figr#msm=aer)
» In general, TTC ends in finite time

» Finds the unique Strong Core allocation
(—WRE, TTCREEZEEERBREARL. RAE—REEIRTNIE)
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» Rm 1to Stud. 1:[5]>6>7>1>2>3>4
» Rm 2 to Stud. 2:[3]>4>5>6>7>1>2
» Rm3toStud. 3:4>5>[2]>7>1>3>6
» Rm 4 to Stud. 4:(1]>2>3>4>5>6>7
» Rm 5 to Stud. 5:(4]>5>2>3>6>7>1
» Rm 6 to Stud. 6: 7 >1>2>3>4>5 >[6]
» Rm7to Stud. 7: 1 >[7]> 4 >5>6 >3 > 2
S

1

2

» Strong Core: Assign Rm 5321467 to stud.1-7
1 - 5 — 4 — 1] trade (81T BRI5321467#8 4 1-7)

2 > 3 — 2] and [7 — 7] trade/[6 — 6] left




Rm 1to Stud [L:[3]>6>1>2>4>5
Rm 2 to Stud.(2:]1]>6>2>3>4>5
Rm 3 to Stud (3:[2)> 6 >5>1>3>4
Rm 4 to Stud. 4:(3]>1>6>2>5>4
?m5toStuc.5:>1>2>6>3>5
Rm 6 to Stud. 6:(4]>1>2>3>5>6
» Top Trading Cycle nEmEssmsss)
» All point to 1%t choice (FiEAEERBEE E—%E8)
» Find Trading Cycle [1. > 3 — 2 — 1] (=x)&E=E)
» Cycle [1 > 3 — 2 — 1] trade 1%t ()\EE# BETR)

Market Design
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» Rm 4 to Stuc.> 5> 14
» Rm 5 to Stud. 5:> 6> 5

» Rm 6 to Stuc.> 5> 06

» Top Trading Cycle nEmEssmsss)
» Cycle [1 - 3 —» 2 — 1] trade 1%t (EEBEZR)
» All point to remaining 15t (H@ A&iE@H T EREMNE—SEE)
» Find Trading Cycle [4 — 6 — 4] (#BEmANEE)
» Cycle [4 — 6 — 4] trade 2™ (E@EbESEZR)
» All point to remaining 15t (Heg A& BIER T RREMNE—EEE)
» Only Self Cycle [5 — 5] left (EBRRET-EEEEEZER)

Market Design




Rm 1to Stud. 1:[3]>6>1>2>4>5
Rm 2 to Stud. 2:(1]>6>2>3>4>5
Rm 3 to Stud. 3:(2)>6>5>1>3>4
Rm 4 to Stud. 4:3> 1 >[6]>2>5> 4
Rm 5 to Stud. 5:4>1>2> 6> 3 >[5
Rm 6 to Stud. 6:[4]>1>2>3>5>6
» TTC assigns Rm 312654 to Student 1-6

» NEERTEREXIEREE312654155£1-6
1. [1 >3 — 2 — 1] trade ([1-3—2—1]B5%Ex @)

2. [4 —> 6 — 4] trade/[5 — 5] left (j4—6—4]%im/58REE)

Market Design
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» TTC is a Strong Core Rule (TTessssmnmass)
» It cannot be blocked, and it is (T *=&/) EEMEE, 2B)

» Strategy-Proof (SP) (mrstmze  mammrsasE)
» Honesty is the Best Policy since lying is worse!

» Can you see TTC is strategy-proof? (s=wsmE?)
» If not, we may need to remind subjects (z=izsm)

» This rule is strategy-proof, so it is best for you
to report truthfully! (&imaIsEzE, FUHER %)
» Other rules strategy-proof? (2amermahmEsEzE?)

Market Design




1. Strategy-Proof (SP) wxzg mszsrsresm)
» Honesty is the Best Policy since lying is worse!

2. Individual Rationality (IR) (mezemzem)
» Yourself cannot block (BE2—#EREE3. ®EEREZOER)

3. Pareto Efficiency (PE) (=)
» Whole cannot block (FiEA—tEREE 3. E\EMEEZAER)

» Non-TTC Rules Can Only Satisty 2 out of 3!

» Jinpeng Ma (FBEHR) (1994), "Strategy-proofness and the
strict core in a market with indivisibilities," International

Journal of Game Theory, 23(1), 75-83.
(REEDRAHBETTCERAR TS =EIFE, FEZMAE=E"])

Market Design
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Rm 1toStud. 1: 5>6>7>1>2>3>4
Rm2toStud. 2:3>4>5>6>7>1>2
Rm 3toStud. 3:4>5>2>7>1>3>6
Rm 4 toStud. 4:1>2>3>4>5>6>7
Rm 5 empty/N5: 4 >5>2>3>6>7>1
Rm 6 empty/N6: 7>1>2>3>4>5>6
Rm 7 empty/N7: 1 >7>4>5>6>3>2

» Can randomly assign New Student 567 to

Room 567 and then use TTC
) BETTHER? TSR ERS6TIR T AESTEIRE £ — BT TC

Market Design

vV VvV Vv VvV Vv V9v ©Y




Rm 1toStud. 1: 5>6>7>1>2>3>4
Rm2toStud. 2:3>4>5>6>7>1>2
Rm 3toStud. 3:4>5>2>7>1>3>6
Rm 4 toStud. 4:1>2>3>4>5>6>7
Rm 5 empty/N5: 4 >5>2>3>6>7>1
Rm 6 empty/N6: 7>1>2>3>4>5>6
Rm 7 empty/N7: 1 >7>4>5>6>3>2

» Assign 15t to tenant, then by priority (BZE#ERER
BIZRHE)

» Priority 123 to New Student 567 (#i4567# % %123)
» Priority 4-7 for Student 1-4 (B412345 K 54567)

Market Design
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(1< Rm Jto Stud.[L[5)>6>7>1>2>3>4
2« Rm2toStud. 2:3]>4>5>6>7>1>2
3« Rm3toStud. 3:(4)J>5>2>7>1>3>6
4 — ?m4]toStuc.>2>3>4>5>6>7
(5 — Rm 5lempty/N5:[4)>5>2>3>6>7>1
5« Rm 6 empty/N6:(7]>1>2>3>4>5>6
D «— ?m?empty/N7:>7>4>5>6>3>2

CEIECE

» Student point to 1%t choice; Room to priority B
» Tenant or Top Priority (stud 5) (REE/HEE—24%5)

» Find Cycle L. =5 —>5 5454 51 — 1]




(2 < Rm 2Jto Stud.2:[3]> 6 > 7 > 2
|3 < Rm 3]to Stud.> (>3>6
6 — ?m6empty/>2>3>6
6 < Rm 7]empty/N7:> 6 >3>2
» Top Trading Cycle Algorithm (1nEEExzmEE7)

»[1l 5 —>5—>54—4—1— 1] trade 1% (Bxxig)

1st (RMT2EEORTEEFRE—EERE,
MTEEEQRTRERNE—EE)

» Rooms point to remaining priority (&REmE/)NEBE)
» Find Cycle 2 >3 >3 —22—-2>2]&[6 =7 — 6]
» Only N7/Rm 6 left [7 = 6 — 7] (RE&47RIE~H6—1)

Market Design
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Rm 1to Stud. L:[5]>6>7>1>2>3>4
Rm 2 to Stud. 2:3]>4>5>6>7>1>2
Rm 3toStud. 3:4>5>[2>7>1>3>6
Rm 4 to Stud. 4:[1]>2>3>4>5>6>7
Rm 5 empty/N5:(4>5>2>3>6>7>1
Rm 6 empty/N6:(7)>1>2>3>4>5>6
Rm 7 empty/N7: 1 >7 >4 > 5 >[6]> 3 > 2
» reT TC assigns Rm 5321476 to Student 1-7
»[Ll—>5—>5—>4—>4—>1— 1] trade 1%t (Bxig)
»[2—>3—->3-52->52,[6>7—>6|,[7T>6—7]

Market Design
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» Stud. 1 in Rm 1 — Patient 1 with Donor 1,
> ... (EEE: WEE: > BRRBEEIRS BVRE )
» Stud. n in Rm n — Patient n with Donor n,
» Empty Room (n+1) — Deceased Donor

» N(n+1) — Patient (n+1) on waitlist (w/od Donor)
» ZEE(n+1)—-EEB / FHTE(n+l)->FERBREL(BEBHAR)RE(n+1)

» Since Deceased Donors are rare, empty rooms
are actually waitlist (mrgEszxy, zruEszsEeE)
» Deceased donors appear 1-by-1; algorithm adjusts

real-time (B REZ—BERRLEN, BEELU/EMEHE)
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Rm 1to Stud. 1:[5]>6>7>1>2>3>4>0
Rm 2 to Stud. 2:3]>4>5>6>7>1>2>0
Rm 3toStud. 3:4>5>2)>7>1>3>6>0
?m4toStuc.4:|g]>|l]>2>3>4>5>6>7
Rm 5 to Stud. 5:(4]>5>2>3>6>7>1>0
Rm 6 to Stud. 6:(7)> 1 >2>3>4>5>[6)>0
» Rm 7 to Stud. 7:(1)>[7]> 4>5>6>3>2>0

» Strong Core: Assign Rm 5321467 to stud.1-7

» Pareto Improvement [4 - 0,1 > 7,7 — 1] (2%
Paretotl &: S4B ERHO/FELEEELERET/ELERBTHEES)

Market Design

vV Vv Vv VvV Vv ©Y9




» Kidney swap is a Pareto Improvement

» Others not better-off even if we ban kidney swap!
» (RIRIBMEParetol &, AERAIZIRIBE, Hit A BSHSERK)

» Kidney chains give priority to those who can
continue the chain reaction

» Not Pareto Improvement (Waitlist pushed back)

» Unless Altruistic Donor donates only if chain
reaction (or if chain ends on the waitlist)

g =y

» EHBIBRICETRERIGEEEERENA, EANETEHEHRBE, B
MEFRZELHNE—@EA. MIEParetotlE, FRIFMERBIBE [ REH
EEERETMRES NEEHEHREARMERFRRE FHISE—EA
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HEH B EBHRE / AERE
CDEEBABEEARBMBIE SR IRE R AE 18 & E
HEZEEERIE, EXEEEE,
» B EZAGEEEREZHFPFINESE. BREERS
RIERXRT, BINBR /GEESWIEE, SBEEBEET

m, REREEBROMREIRE, FWEEEEEERE
HEEIgHE,

» BiR CECY, FRRWABHATHERIBRIR S,

» ZRIEXRT, SERBRILVEEERERESR ALY
BAEGHARERE, BHEISRESIR CECR,
*EE%ET%#E%EE‘B%E& 7R L&
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» BITZNA, B, C3REBEEAETFTIRE

HEFEE AT,
y #E@IR CECER, TIREAHVEAISRE 5B, BRI AISHE
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Market Design @ Taiwan
MimeEl: QEEPES

Joseph Tao-yi Wang (Ei&—)
Lecture 11, EE-BGT
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» (FRPRAECAETIRIE) BIZUTEBBES KR, BIZA
SHESE Y, LREESER, RFFRAMAL
iEGRE, EE&SECRSRRETD.

» BT ERZEITEE AT, BINVEZASTHIERA
EEEFNAR, REENIRRER#Z.

» BZUTEIMBESREIIFRT, BRIBAASZH
EHEAEESE, WERERSTo, BIRARBIAL
RS, Z2EABCEERNERUEERZE

H, SEBAESERVRAIR, BERRMLUES
GER
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» History School Choice in Taiwan
» Old: Sequential Dictator based on Exam Score
» New System in 2014

» Exam-exempt School Choice based on:
» # of ABC from Joint Exam (B3&)
» Self-reported School Choice Rankings
» Other factors (that all get the same score)
» Chinese composition: Grade 1-6
» A++, A+, A, A-, etc.
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» How can we analyze this?
» Simplify to obtain a tractable model/example
» Implement in the lab

» 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




» Three schools: 4, B, C

» Three students: 1 & 2 are type a, 3 is type ¢

» Student Payoffs: u(4) =h, u(B) =1, u(C)=0

» School Payoffs: v(a) =1, v(c) =0

» Actions: Self-report School Choice Rankings
S={ABC,BAC,ACB,CAB,CBA, BCA}

» Assign everyone to their first choice
Ties broken by student type/grade, then random
Remaining students assigned to remaining schools

Market Design




» This is manipulable (=not strategy-proof)
» Truthful Reporting of Ranking is not BR!

» Suppose all students truthfully report ABC

» Outcome: Student 1, 2 go to schools 4, B
(randomly) and student 3 goes to school C
» Schools ABC get students of type aac

» But: Student 3 could gain by misreporting!
U3(BAC) =u(B)=1>u(C)=0=Uz(ABC)

Market Design




» What is the Nash Equilibrium of the game?
1. Student 3 reports BAC

2. Student 1 & 2 report ABC with prob. p,
report BAC with prob. (7 —p)

» Outcome:

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

» 1 —p?: School ABC get students of type aac

Market Design




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

1(ABC) =p (5 u(d) + 5 -u(C) ) + (1 - p) - uld
=p(52+50)+0-ps=(1-5)n

Market Design




» Why is this a Nash Equilibrium?
» Student 1 & 2 report ABC with prob. [p=h—T1]

» For Student 3, we need
f(p) = Us(BAC) — U3(ABC) > 0
=p*-1—(1-p)*-h
=p’—(1—-p)-(1—p%
» Since f'(p) =2p+ (1 —p*) +2p(1 —p) >0
f(p)increasing = 14+ p = h > 1.555(0.55496)




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

2. Student 1 & 2 mix between truthful &
untruthful reports ABC/ BCA, (p, 1 —p)

» Outcome:

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

» 1 —p?: School ABC get students of type aac

Market Design




1. Is Cardinal Utility Required?

Ordinal preferences is fine if exists p so that

g0+ (-9 a~(12) m+ (152)
2. What if students have different preferences?
Different Risk Attitudes?
nat if there are more students/schools?

nat if schools can also act strategically?
nat is a Good Alternative Mechanism?

Market Design
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» Gale & Shapley (1962); Roth & Sotomayor (1990)
» Finite Set of Students S'and Schools C
» 1-1 Matching, Strict (Ordinal) Preferences:

» ¢ >, ¢: Student s prefers School cto ¢
» s =, §: School ¢ prefers Student sto s
» i >, 0: ¢ is acceptable to ;

» A matchingis p: SUC — SUCU{0}

u(s)=c & pulc)=s
GOU{Z} GSU{@}
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» Matching u blocked by individual 7if @ =; w(7)
» Matching p blocked by pair s, cif
b c s p(s) and s >, u(c)

» Matching is stable if it is blocked by neither
» Core = Set of all stable matchings
» A stable matching is Pareto efficient

» Theorem (Gale-Shapley, R-S Theorem 2.8)

» Exists a stable matching in any 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 ¢ (2 and above): Students rejected in
Step ¢ — 1 apply to next highest choice

» Schools tentatively hold most preferred student
(new or held) 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, ¢
» Student Payoffs:u(A) =h, u(B)=1, u(C)=0
» School Payoffs:v(a) =1, v(b) =0.999, v(c) =0
» Step 1: All students apply to school A
» School A holds student a and rejects b, ¢

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

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

Market Design




» 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!

4
4
4

fc=s p(s) # ¢, swas rejected by ¢ before in DA
But in DA, crejects only if it sees better choice!
Hence, p(c) ¢ s

> Matching 1 not blocked by any pair!
» Resulting Matching i of DA is stable. QED
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» What does stable mean in the field?!
» Roth (1984):

» stable ones successfully used
» continue to be used (unstable ones abandoned)

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

» Student-optimal stable matching

» (superior to all other stable matching)
» Proot of Theorem? See R-S Theorem 2.12
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» Male-optimal stable matching
» (superior to all other stable matching)

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

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

» Why is proposing power less important
school choice?
» Student/School Preferences More Aligned?
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» 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 ERE S )

» Cannot expect any stable-matching mechanism
to solve rural hospital problem ({RiRIEEE)

» Proof?

Market Design




» Student-optimal stable matching &
» Alternative stable matching p

» 7t is student-optimal:
» Students matched in @ also matched in

» T is school-pessimal:
» Schools matched in 11 also matched

» # of matches are the same in any match
» Same set of students/schools matched in 1z, i1
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» Main problem of the new system in Taiwan:
» People want to misrepresent their preferences!

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

» A mechanism is strategy-proof if reporting

true preferences is a dominant strategy for
everyone

» The new system in Taiwan is not strategy-proof
» Is DA strategy-proof?
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» In fact, no stable mechanism is strategy-
proof! (R-S Theorem 4.4)

» But, by Dubins and Freedman 1981, Roth 1982:

» Theorem (R-S Theorem 4.7): The student-
proposing DA is strategy-proof for students.

» Why DA (old system in Taiwan) is good:

1. Stable
2. Students prefer it to all other stable matching

3. Strategy-proof for students
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1. Strategy-proof = Manipulable
» Degree of strategy-proofness (instead of Y/N)

2. 1-1 = Many-to-one
» Schools can accept up to ¢c 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?!



