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» Design institutions to realize gains from
trade previously unavailable to solve the

problem of (lack of) market failure.
» REHERERSREENTRGE, BR (HB(REEEN)XE)
» Traditionally, market failure means:

» Externalities and Public Goods

» But these are lack of market failures

» Not failures of the market!

» B EAMBEAERRRMARNRENRR(ANELE)NTUHRZVEIE
(1HE7T) > BERBERRESMIEAISHREIKE!
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» Online Trading Platforms
) BRTARRAREEIESESHNKSHIEEASH

» Patents
y BRBNE(TRSHAR)RSE. SHSNER
» Carbon Market
y BTSSR R RIESR B B B i A B R
» Social Norms
y HERESERIBEMR. LA (Tragedy of Commons)
» Rebuild Taipei First Fruit and Vegetable
Wholesale Market c#s—=zmsmmerienz)
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1. Top-Trading Cycle (Agent-ltem Match)
AR H TS A BB B R (TTC) B E

2. Delayed Acceptance (Agent-Agent Match)
B AR T AR S (DA) BB

3. Auction Design
 HEREEDE/ BESESSN IR B ENEN

4. Screening and Signaling
» B E 1 Il B 3R SR AR B e AR T 3% P Y B A& 2 (asymmetric information)

» Let's see a story regarding Ten Principles
of Taiwanese Economics essrareseste)
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» WEBiIREMT. LEAR, ERAEEREES,
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1. EEMEERERBHNIEER

» HEXE BAREBIE. Q2 REEHEAZR, F
A2, ARHEFTXHA, ETEAF—ER, ER
2, T/\IRKZ2DHEE, A8/ HEYEE,
Bk & K PE S B AV X 20 EBRIE, U
REXRBERIE, HEASEIXEER?

» JW: H E FHEHARRBE—IE i&ﬁﬂg%g:Fji%li
J{EESE, (RAEESHENR? ~AEHREIIE!
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2. mENILEmEF/NIE, ERGHEESE.

BERAmMEERY, UAERNIRE

5, BERASNESFTH

3. BRILAZENHBEEEEN, ENE
RERESZEN BTG, FitLZ
1, tNEE A ZR

» FFATARSE BIK 8 (R AEH) (FERER2008/10/24)
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112F EE%/RIEBEAR

BUSEERRE RKEEREZAKERE/ REREBEBEAR EZE (FB4) 1AM
BHEBA RS E ERPIE S

(HBEEASEREREZ RPN 1125 5%/ I5IBBEHET)
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» 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— IBUBIRE ] INFFIRE K
» https://youtu.be/mkRXHcQMAJo?t=1258
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https://youtu.be/mkRXHcQMAJo?t=1258

Post-COVID organ transplant dropped!

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 2 968
2016 77 11 110 187 20 473 2 880



» There is a place you can sell organs legally!

» The Guardian posted a touching album of
postings on streets around hospitals offering...
(RHRE—ERSTUS FEEEE) *
» At Iran!! (RER) X

Iran's trade in organs 2 ‘_ L
https://www.theguardian. com/soaety/2015/may/1
[m] Kidney trade in Iran , e e

/ R £l 1L, uff ] D
-[: Wlklpedla en.wikipedia.org/wiki/Kidney trade in_Iran

Market Design



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?
» EREESREER, HESESRTSNBETIRNUER I

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

» You want to donate to your family, too!
» BARSESGRA. BORRS, ME—E8E, 8.

» Can | donate to your wife in exchange

for you to donate to my wife?
» BIALUHIBEIRRA. [ REEERAR?
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» Kidney SWAP (@4t 3:1mi50m)
cannot match (blood type...),
» ERENSRENRRSHTRESE
10 1 E 05 B & ) 53— ¥ 504 g e

Paired Donor Exchange Transplantation (UCLA Kidney Exchange Program)
» they can exchange w/ another
» What about 3-way-exchange? s

» When a donor and a recipient
pair with similar problems
» =75 1BEE T LANS?




» Chain Transplantation/Kidney Chain: (asism)

» Altruistic donor gives to a recipient, whose

relative donates to a 2" recipient, etc.

» UNRECHRIABETT, B NEERE] B? RENIBBERE, (BXE
ZIREN)REERABREBHRE_UIRR, S_UZBEFEBIEIERS. .

28




» 60 Lives, 30 Kidneys, All Linked
F (20'13/2/18{,’?&’?']%#& From Start to Finish

BULE ot 1O 2
g%%p[a])qp N = E) Ruzzamenti, upper left,
| LS

*1. (“ ™ set In motion a 60-

&a".f'l“

- n person chain of
transplants that ended
= -f\ with a kidney for

g] Donald C. Terry Jr.,
Fia L&.

bottom right.
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Design Agent-to-ltem
Matching Markets
Syt T A /B 5] § g
Joseph Tao-yi Wang (£E—) B *

(i}i <<;2[H_.Jn2n ji}};—_,*%%lj>> Ch. 1)




» 4 dorm rooms assigned to 4 students:
» ERESENERG. FENCRE, HEEH:
» Room 1 to student 1 with4 >3 >2 > 1

» Room 2 to student 2 with3 >4 >2 > 1
» Room 3 to student 3with2 >4 >1 >3
» Room 4 to student 4 with 3 >2>1 > 4

» Agent-to-Iltem Matching Market Example

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

(or other Organs), etc.
» BEEEMN. BAE(EREMN), SHEE)53

» What Properties do we wish to see?

» BMEEERTSHPLEEE?
» Shapley and Scarf (1974), "On Cores and Indivisibility,"
Journal Mathematical Economics, 1, 23-37.
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» BRI SR S WL
» Dormitory Exchange usuaIIy requires:
» BEEBEENRETNBRERIE, i IE

1. Non-Repugnance (rirm. ssrpaizss)
2. Individual Rationality (zzreares=mmzms)

3. Pareto Efficiency = No Pareto Improvement

» Some strictly better-off and nobody worse-off
» Pareto %2 ER— A/ BT URIL RS EIParctol &, BHE M7
RBEBIANERT, BELASIS)

» Anything else? ==y




» 4 dorm rooms assigned to 4 students:

4
4
4
4

Room 1 to stuac
Room 2 to stua
Room 3 to stuc

Room 4 to stua

ent1:4>§>>1
ent 2: 3 >[4> 2> 1
ent3:2>4>>3
ent 4:3> 2 >[1]> 4

» How can you get everyone on board?

» Nobody worse-off! (mmazst#aemmeesmsnR?)
» RERBARILCENERESBNEBHRITI!

» Just don't give Room 1 to Student 2!
y AEREDEEN1ES

F2FIT S| EMBREATERE S
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» 4 dorm rooms assigned to 4 students:
» Room 1 to student 1:[4]> 3 > 2 > 1
» Room 2 to student 2:> 4>2>1
» Room 3 to student 3: 2 >> 1>3
» Room 4 to student 4:(3]> 2 > 1 > 4

1. Room 3412 to Student 1234 (Better!)

» Pareto Efficient? Any Pareto Improvement?

» What if assign Student 12 to Room 437

» DEEE3412i8F £ 1234 REKDE IS B E B ZEMParetoMXRIF/BE
o ic E B ISHIParetot N EIR AR ISR E12EE43(MIFFE34)1E?
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» 4 dorm rooms assigned to 4 students:

4
» Room 3 to student 3:
» Room 4 to student 4:

1. Room 3412 to Stuc

2. Room 4312 to Studg

» Room 1 to student 1:> 3>2>1
Room 2 to student 2:[3]> 4 > 2 > 1

2 >4 >[1]> 3
3>2]>1>4
ent 1234 (Better!)

ent 1234 (Red)

» Better than Allocation 1! (mmss126s= 4103428 1831)

» No Pareto Improvement/Efficient (2mparetodz!)
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» 4 dorm rooms assigned to 4 students:

4

4
4
4

Room 1 to stuac
Room 2 to stua
Room 3 to stuc

Room 4 to stua

ent 1:(4>3>2>1
ent 2:3J>4>2>1
ent 3:(2 >4 >1> 3
ent 4:3>2>(1]> 4

2. Room 4312 to Student 1234 (Red)

» What if another allocation is also efficient?
y UIRBEME DA S ParetotZ EREY?

3. Room 4321 to Student 1234 (also PE)

» DEEERBE4321E2 51234 FE ParetoN R IF | FEEE R — &7
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» 4 dorm rooms assigned to 4 students:
» Room 1 to student 1:[4]> 3 > 2 > 1
» Room 2 to student 2:(3]> 4 > 2 > 1
» Room 3 to student 3:2)> 4 >[1]> 3
» Room 4 to student 4: 3 >[2]> 1 > 4

2. Room 4312 to Student 1234 (Red)

» Student 2 and 3 will block Allocation 2:

» Switching themselves is Pareto Improvement!
» BN TR B E R EAEE A FIEREParetod#(32 > 31)
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» 4 dorm rooms assigned to 4 students:
» Room 1 to student 1:[4]> 3 > 2 > 1
» Room 2 to student 2:(3]> 4 > 2 > 1
» Room 3 to student 3'> 4 >[1)> 3
» Room 4 to student 4: 3 >[2]> (1] > 4

2. Room 4312 to Student 1234 (Red)
» Coalition 23 will block Allocation 2

» Allocation 3 = Strong Core (Can't block)
 NEER TR R BB EE A MEREParetol B(32 > 31)

» DECH3E 58 IO AN ERIE! 58 IO (38 J+ %) X8 5@l |
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» Non-Repugnance #maemsastmsRmameiEe:?
BEDEFERE. FEREETH)

1. Individual Rationality (IR) (memes:

W%

£0d )
» Yourself cannot block mz—mresin. ®xmre)

2. Pareto Efficiency (PE) =)
» Whole cannot block (msr—aresn. ®xmpe)

» Strong Core satisfies IR+PE automatically

» No coalition can block @ EESFE=E/ExERE)

» HAOROEBHmERMERTF, ARR=ECE/)EE
PE=FTEAE—KE
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» No coalition can block Strong Corel
» It's IR and:

(@) EEE B AEEEORE, MEEEMSHE

» Strong Core Exists (ngamsmsEsE)

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

)

» Strong Core is Unique (zrhuamoms—)

» 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? (zesnsm=sssss)
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Rm 1 to Stud
Rm 2 to Stuc
Rm 3 to Stuc
Rm 4 to Stuc
Rm 5 to Stuc
Rm 6 to Stuc
Rm 7 to Stuc

vV VvV VvV VvV VvV VvV VY

:h>06>7>1>2>3>4
:3>4>5>0>7>1>2
4 >5>2>7>1>3>6
1>2>3>4>5>0>7
4 >5>2>3>6>7>1
A >1>2>3>4>5>6
1>7>4>5>6>3>2

» Find Strong Core! @muurmzenmzsrnanasr)
» From 71=5040 aIIocatlons & 2'=128 coalitions

(EE B 7I=5040fF D f

I\/Iarket De5|gn



Rm 1toStud :5>[6)>7>1>2>3>4
Rm 2to Stud 2:3]>4>5>6>7>1>2
Rm 3 to Stud 3:[4>F)>2>7>1>3>6
Rm 4toStud 4:1>2)>3>4>5>6>7
Rm 5 to Stud 5:[4]>[B)>2>3>6>7 > 1
Rm 6 to Stud 6:(7]>1>2>3>4>5>6
Rm 7toStud 7:[J>7>4>5>6 >3 >2

vV VvV VvV VvV VvV VvV VY

» Top-2: Room 6352471 to Student 1-7

» Or switch 54 to 45! SC?

(7% BB — S BER  D B B R635247 145 B8 4 1- 75U IB5 AR A A5 38 11 B 15 7)
Market Design




Rm 1to Stud 1:B]>[6)>7>1>2>3>4
Rm 2to Stud 2:B]>4>5>6>7>1>2
Rm 3toStud3: 4 >B>2>7>1>3>6
Rm 4 to Stud 4:[J>>3>4>5>6>7
Rm 5 to Stud 5:{4]>5>2>3>6>7 > 1
RmM 6toStud 6:[7]>1>2>3>4>5>6
Rm 7to Stud 7:[J>7>4>5>6 >3 > 2

» Top-2: Room 6352471 to student 1-7

» Coalition 145 can block (all get favorite!)
NEIEIL45E AL 0T AT S — TR £ 4E. B SRR
Market Design
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Rm 1to Stud(L:B5)>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(&:]1)>2>3>4>5>6>7
Rm 5 to Stud(5:4]>5>2>3>6>7>1
Rm 6toStud 6:[7|>1>2>3>4>5>6
Rm 7 to Stud 7:[1)> 7 >4 >5>6 >3 > 2

» Top Trading Cycles (mimmersm=sznziw)

» All point to 1%t choice (FisAzmEEEE 5—%6E)
» Find Trading Cycle [1L. =5 — 4 — 1] m=®n&E=)

vV VvV Vv VvV Vv Vv ©9
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Rm 2 to Stud|2:[3]> 6 > 7 > 2
Rm 3 to Stud{3:[2]>7>3>6

» Rm 6 to Stuc 6:>2>3>6

» Rm 7 to Stud|7:[7]> 6 > 3 > 2
» Top Trading Cycles Algorithm nesgxzn)

» Cycle [1 — 5 — 4 — 1] trade 1% (z—E%x®@)

v Vv

» All point to remaining 1t (=2 A sisER ToE—%EE)
» Find Trading Cycle [2 = 3 — 2| snmAnES)

» And Self Cycle [7 = 7] casas e

)
» [2 — 3 — 2] and [7 — 7] trade 2" (seemszim)
Market Design




» Rm 6 to Stud

» Top Trading Cycles Algorithm nesgxzn)
» Cycle [1 — 5 — 4 — 1] trade 1% (z—m%x®)

»[2—>3 = 2] and [T —
» All point to remaining

7] trade 2" (Eewrnm)

1St (2s A miBERN THE—56H)
» Only Self Cycle [6 — 6]

left (EramToRaSRR)

» Algorithm ends if all allocated #sm=siwcr)

(—fF2RER, TTCEE] = BB [is B5 4%

» In general, TTC ends in finite time
» Finds the unique Strong Core allocation

i 21— [F 5 ) 82 0] {Y 73 fi )

Market Design




vV VvV Vv VvV Vv Vv ©9

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]

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

» Strong Core: Rm 5321467 to stud.1-7

1.
2.

1—>5-—> 4 — 1] trade 1% (@nzT5321467451-7)
2 > 3 2], [7 > 7] trade 2'¢/[6 — 6] left

Market Design




Rm 1to Stud(1:[3)]>6>1>2>4>5
Rm 2 to Stud(2:]1)> 6 >2>3>4>5
?m3toStuc>6>5>1>3>4
Rm 4 to Stud 4:(3]>1>6>2>5>4
?m5toStuc5:>1>2>6>3>5
Rm 6 to Stud 6:[4]>1>2>3>5>6

» Top Trading Cycles nem@srzmz=s)
» All point to 1%t choice (FisAzmismES 5—%6E)

vV Vv Vv VvV Vv ©9

» Find Trading Cycle [1 = 3 — 2 — 1] mmnE=)

» Cycle [1 — 3 — 2 — 1] trade 15" (g—Bm% %@

Market Design




» Rm 4 to Stuc> b >4

» Rm 5 to Stuc 5:> 6>5
» Rm 6 to Stud(6:]4)> 5 > 6
» Top Trading Cycles nem@rzmz=s)
» Cycle [1 — 3 — 2 — 1] trade 1%t (z—m%x®)
» All point to remaining 1t (2 A sisa% THE—568)

» Find Trading Cycle [4 — 6 — 4] trade 2
(B3IRAA BB th 55 35 1)
» All point to remaining 1% (=2 A @@ ies THE—568)

» Only Self Cycle |5 — 5] left (ewrRuTsEEE%®)

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

y BB EE AT ERI31265445% 16
1. [1— 3 —= 2— 1] trade (1—3-2)%x®@)

vV VvV Vv VvV Vv VY9

2. |4 — 6 — 4] trade/|5 — b] left (u—61%m/52)




» TTC is a Strong Core Rule rrceanmang)
» It cannot be blocked and is sy FrerEERRES)

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

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

» If not, we may need to remind subjects

» This rule is strategy-proof, so it is best for you to
report truthfully! (=== seauEzE, FUEEALEE)
» Other rules strategy-proof? (zamesammeyEzE?)
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1. Strategy-Proof (SP) wx=s mszsrsre=a)
» Honesty is the Best Policy (lying is worse!)

2. Individual Rationality (IR) (mm=mze)
» Yourselt cannot block ma—wres3. mxmumsm)

3. Pareto Efficiency (PE) (=
» Whole cannot block (sisAr—Ere=3. ®mxmrzsmn)
» Non-TTC Rules Can Only Satisfy 2 out of 3!

» SEHEBERERIRITHETTCARTS =E1FF, EmMHRgE=E"!

» Jinpeng Ma (1994), "Strategy-proofness and the strict core in a market
with indivisibilities," International Journal of Game Theory, 23(1), 75-83.
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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
Rm4toStud. 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

» BEXTHER? UEEDEZEEES6TIEAESCTBIREE—IEMTTC

Market Design

vV VvV Vv V9V Vv Vv V9




Rm 1toStud 1: 5>6>7>1>2>3>4
Rm2toStud2:3>4>5>6>7>1>2
Rm 3toStud 3:4>5>2>7>1>3>6
Rm4toStud4:1>2>3>4>5>06>7
Rm 5 empty-Nb: 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
 (BhefaikER

» Assign 1** to tenant, then by priorityg e,
» Priority 123 to New Student 567 (#4s67#m5123)

vV VvV Vv V9V Vv Vv V9

» Priority 4-7 for Student 1-4 (#1234 m4567)

Market Design




|1 < Rm 1to 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
(< Rm4Jto Stud.[&:[1)>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

5 < -
Rm 7 empty/N7:{1|>7 >4 >5>6> %m%a%% -

» Student point to 1%%; Room to priority ZF~

» Tenant/Top Priority (Stud 5) r&Es/smE—21s5)

» Find Cycle [L>5—>5>4—>4 > 1—> 1]




(2 < Rm 2}Jto Stud. 2:[3]> 6 > 7 > 2
|3 < Rm 3]to Stud.3:2]>7 >3 > 6
6 — ?m6empty/>2>3>6

«— Rm 7)empty/N7:[7|> 6 >3 > 2
Lo ) p.y/ L () EEEEHRE
» Top Trading Cycles and Chains gswmsss)
»[l>5—->5—>4—>4—>1— 1] trade 15%®m)
. . o (WTHLERN TR
» Students point to remaining 15t ‘ws—xmE, nTEmsE

_ . .. BETBRLERmE—E8%)
Rooms point to remaining priority (& 5EmE/)\EE)

»Cycle[2 >3 —2>3—22—-22]&[6—=>7— 6]

» Only N7/Rm 6 left |7 — 6 = 7| (RE=E£770ERS)
Market Design




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 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

» TTCC assigns Rm 5321476 to Stud. 1-7
»[l>5—->5—>4—>4—>1-— 1] trade 15%%m®)
y[2 >3 > 3> 2> 2], [6>7—>6], [T—>6—>T7]

Market Design
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» Stud. 1 in Rm 1 — Patient 1 with Donor 1,
> ... (EER NBE > BRRESBE NRS)

» Stud. n in Rm n — Patient n with Donor n,
» Empty Room (n+1) — Deceased Donor

» N(n+1) — waitlist Patient (n+1) w/o Donor
y R RS [ FE () > SREE L (ERERR) RSB ()

» Since Deceased Donors are rare, empty
rooms are waitlisted mnEEr, zeunzzEss)

» Adjusts real-time as deceased donors appear

1-by-1 (B2 EEEELED, EEEUENRREE)
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Rm 1to Stud. 1:[5)>6>7>1>2>3>4>0
Rm 2to 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:(>[7)>4>5>6>3>2>0

» Strong Core: Rm 5321467 to Stud 1-7

» Pareto Improvement [4 — 0,1 — 7, 7 — 1]
(BParetol &: B4 ARTIZ B0/ BEERN1GS4ET7/EE ERTHEE0)
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» Kidney swap is a Pareto Improvement

» Nobody better-off even if kidney swap banned
» (RIRIBMEParetolE, BIERAHTIRIEN, HHABREHER)

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

» Not Pareto Improvement (Waitlist deferred)

Unless Altruistic Donor donates only if

chain reaction (or if chain ends on waitlist)
» ERIEMAIEBERERGEDERRENA. EROFEHER, &
BERBELME—BA. LIFParetoE, RERERMEE 15
AIEE AR R R | SR S A D515 % 8 ) — [
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EEABLEABRBE B CEBRE/ARRE
BEREERS EEIEEE, ENEETE,
> EZI/EA%E”"TEﬂmif%’fﬁ’é“‘ﬁczlb\é‘%m BIRE
]Y%1EI§§ T, BINBEREEESEEE, SR
BEEETA, /\BEE"EE#:/ h#EFXE, FWE
1%%2%%?‘1_%‘113 SiE. BHiF LilE, FER
= .*EAZ“EE?EE‘EE’SIBE%U
 SEERT, BERERLREDRSERESR
ANOEFLESHAGRESIE, BEF) EESER
FHECES, MHEAET= iﬁ'ﬁ.wmnBéﬁé 7TH LS,

||+?H|




» iR CECE S RFERBERRE
REH H R B R A —iEEc¥, MOIRE,

» BIZIA, B, GBREZHATFFERE

oo
i

HEAEE AT,

cR AT RIENEA,

=, RAMRBREIE

» #E@IR LECETR, TIEEARVR AIEE1GB, BRI AR
IEiaC, CHIRRABRIBIEA.

» BIEEE
PAZE
1‘%1

.

SRz, abo0e2hlER A HlRR"

FEMSTIERERE, EEDIR

& 2 #8182l 3R Eo £ A X,
REH H {2 B ¥ ABCEI AR LD,
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» EWHE T RIINE I =ELZRME] ...

- EEERIR I HY B EE
» AEREEREREENNE(FRIMELAEE)
2. Bie LHMARBNEE, AEZXiKEEHE
) Zztﬂul*]*ﬁfiﬁﬁﬁumﬁjtﬁiﬁ( IE REREEg!)
3. aR AR B EE I RY A RN &
) Exstlsﬁsté%ﬂﬂ ABBEIMEBRAEDFRAY!
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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.

» B THENEKERZEITEEEE, BINVEZASTHIERA
EEEFNAER, REENIRRER#Z.

» BZUTEIMBESREIIFRT, BRIBAASZH
EHEAESE, WERRSTo, BIRAFBIAL
RS, Z2EABCEERNERAUEERZE

H, SEBAESERVRAIR, BERRMLUES
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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 (B3&)
» Self-reported School Choice Rankings
» Other factors (that all get the same score)
» Chinese composition: Grade 1-6

» A++, A+, A, A-, etc.




» 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 & 2 are type a, 3 is type ¢
» Student Payoffs:u(A) =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 15t choice (tie-break: type then random)
» Remaining students go to remaining schools

» Would all students truthfully report ABC 7

Market Design




» When all students truthfully report ABC
» Truthful Reporting of Ranking is not BR!

» This is manipu

» Outcome: Stuc

able (=not strategy-proof)
ent 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!

Market Design



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

2. Student 1 & 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/BAC w/ (p,1-p)
» For Student 1 (and 2) to mix, need:[[+p=1T]

1(ABC) =p (5 u(d) + 5 -u(C) ) + (1 - p) - uld
=p(52+50)+0-ps=(1-5)n
A(BAC) = p- u(B) + (1~ ) (5 - ulB) + 5 - ut4) )
1
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» Why is this a Nash Equilibrium?
» Student 1 & 2 report ABC with p=h—1]
» For Student 3, we need
f(p) = Us(BAC) — Us(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= 1+ p = h > 1.555(0.55496)




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

2. Student 1 and 2 mix b/w truthful and
untruthful reports ABC/BCA, (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

3)-cr(-2)an(552) e (552) 4
2. It students have different preferences?
Different Risk Attitudes?
3. If there are more students/schools?

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

Market Design




» Gale & Shapley (1962); Roth & Sotomayor (1990)
» Finite Set of Students S and Schools C
» 1-1 Matching, Strict (Ordinal) Preferences:
» ¢ = C: Student s prefers School ¢ to ¢
» S > S : School ¢ prefers Student s to s
» 4>, () : i is acceptable to j
» A mat(ching isu:SU C(—> SUCU{D}
u(s) =c & u(e) =s
& OU{@} GSU{H}




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

» Matching i1 blocked by pair s, c it
> c s (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, R-S 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 £ (2 and above): Students rejected in
Step t—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, c
» Student Payoffsiu(A) = h, u(B)=1, u(C)=0
» School Payoffs:iv(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, ¢ apply to school B
» School B holds student b and rejects ¢
» Step 3: Students ¢ applies to school C
» School (' holds student ¢ and terminates DA

Market Design




» Proof of Theorem (Gale-Shapley)

» DA gives matching where no student/school

d

oplies to/holds unacceptable schools/students

» Matching 1 not blocked by any individual!

4
4
4

f c¢>=s u(s) #c, srejected by ¢ before in DA
But in DA, c rejects only if sees better choice

"dence, u(c) = s

» Matching 1 not blocked by any pair!
» Resulting Matching pof DA is stable. QED

Market Design




» 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 yields:

» Student-optimal stable matching

» (superior to all other stable matching)

» Proof of Theorem? See R-S Theorem 2.12




» 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 EEEEIE)
» Cannot expect any stable-matching
mechanism to solve rural hospital problem

(IRZHERE)
» Proof?

Market Design




» Student-optimal stable matching 1
» Alternative stable matching u

» 1 is student-optimal:
» Students matched in p also matched in &

#{(s) A0} < #{n(s) # 0}
» 11 is school-pessimal:
» Schools matched in i also matched u
#(7i(s) £ 0) < #(u(s) £ 0)




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

» # of matches are the same in any match
m = #(u(s) # 0) = #(7a(s) # 0) = n
» Same set of students/schools matched in

both student-optimal stable matching and
alternative stable matching &, p

n
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» 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! (R-S Theorem 4.4)

» But, Dubins and Freedman 1981, Roth 1982:
» Theorem (R-S Th'm 4.7): Student-
proposing DA strategy-proof for students.

» Why DA (& 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 of strategy-proofness (instead of Y/N)

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

Market Design
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