O00000O0O0O000000000ooDoo
Approximation algorithms for stable matching problems

OO0 oo
Shuichi Miyazaki

0000 0ooooooooooo
0606-8501 0000000000
Academic Center for Computing and Media Studies
Kyoto University
Yoshida-Honmachi, Sakyo-ku Kyoto 606-8501, Japan

shuichi@media.kyoto-u.ac. jp
00

OoooDDDoDObODDO196200 Galed Shapley OO OOOOoOoOoooooooDOOO
goooooooobobooboboonoooooobooboooobobobobo
gbbooboobuoobooboobouobuooboboboboobobobobboo
gboobogboooboobooboobobooboobobooboooboooboooon
gbboboboobouogbooboobooboooobobbooobooobon
gobooboobobboboboooboboobboboboboobobobooboon
gbbooboobuooboooboobbooboobboboobobboboooo
gbooobooobooboooboobbon

Keywords: 000000000000 OOOODOODOOOODOO

1 0000

00000000000196200 Galed Shapley 0000000000000 11000
00000000000000000000000000000000000000 (00
0)0000000000000000000000000000000000000000
0000000000000000000000000000,000000000000
00020000000000000000000000000000MO00000 m
0000000 Mm) OO0 w0000000 Mw) 0OOODODOODO MOOOOOO
00000000 mOwOO@)mO Mim)I0 w0000@)wd Mw) DO mOO000
0000000000 (mw)0 MOODOOOOOODOOO 000000000m 0 w
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000mO00000000000000000 wOOOOO
0000000wOOO0OOO0O0000000000000000000000000000



gbooggbuoubooobooobbuoobbuoobbuoobbobbooobbood
goobbobuogobilglbobogooogobooobooobooobooboooon
gbbbogilggbbbbooooboboooobbbooooobbbod

GaleO Shapley U OO OOOOOODOODOODI100000000DO0DOOOOO
0000 [11]J0000Galed Shapley 0000000000 100000 0OMR)0OO0OOO
O00000Gale-Shapley 000 0000000000000 000O (110000000
gboliooggdobbobugggoobbougoobobobboooooboboboooon
gobooobooogn

gbobbooogobbbouoooobbbbbbuoooobbbooooooboboo
goboboobobbobuogodogobobuoogobbuooobbuoooobobogoo
00000000000000000000000000019520000000000 [42]
ggogoobiliooboobbobbbbbodgoooogoboobbbbboboobooobobo
gbl1bbobuooodgbobbbouoooboboobbuooooobb3sbuoooooobon
20000000000000000000000O000DODO0OODOODOO 4000000
O00000000043|00000000002004000000000000000 [41]00
00000000000 [36,39,1,2]00000000000 4o0o000oooOoO0O
0000000000 [30000000000000000000000000000O0
gbobbboodbogoobbuooooboooboboobouobooobuoooon
gbobogdbbogbbogbuoobbbbuogbboobbuooboboooboobobo
gbbobooogbbbod

gobobbogooboboboooobbobbooooobobobooooobooog
gbbooogboogboogbboogbboobuoobboobuoobobboboabn
gbobogdbbodgbbogbboogbboobbodgbboobbuoobboobobooo
googbobobbbtbtbdooooogoogoooobooobbbobbbbouuooo
00 [14,32]0 00000000000

2 0OJOooono

OO000D0D00D00D0O Gale-ShapleyD OO ODOODOODOOOOODOODOODOOODOO
gbobobobouooogbobobouoooobbo

2.1 Gale-ShapleyO O oo

Gale-Shapley OO D ODOO0OO0OO0OOOOODOODOODOODODOOOOODOODOODOO
gbobbboobbuoggbbbouodgbbooooobbbolbboooboboob
gbobodmbOoooboobbogbbogbobobboobbbwbogobooogoo
000w 00000000000000000000000(m,w)000000wO00O0O0
O00o00oOo0o0On»/00000mDO0OCO0O0ODOOO0OO0O0ODOOO0O0O00OOOM OO0
oooooddOmbOOO»OOOODOOODODDOOOmOODOOOOOOO®m OOOO
000000 (mw) 0000000000000 O00O00O0ODO0O0OOODOODOOOOOOO
U0 wDbooogbbbob200000bbbuoogbbboobobbooooobbon



OO0b00o0bOooooooboboobOo0bD0obobo0ob0o0bOoODn Gale-ShapleyO OO OO
OO0000000 Gale-Shapley OO OO ODOOOOODOODOODODO

Gale-Shapley 000000
. M=00000000000000

22 while 000000000 do
3 DUuooobboodmuogn

4 mO000000000O0O000wOOOO

5. if w0000 then

6: (m,w) 0 MOOODOmOwOODOOOOOO
7 end if

8 ifwOOOO then

9 wOOODODODO»WOO000

10: ifwOmOOm OO0 then

11: mO0O0O00000D0 wO0DOO0O0O0

12: else

13: MOO (m,v)JO0000(mw) 00000 000000mO0O0O0OO0OO0O
14: end if

15:  end if

16: end while
7. MOOOOOO

22 QOQOO0oOoon

gobobooggobbbooooobobboooobboobobbboooooboboobog
obooboboboobobboobobuoNpPDOODOODOODOODDODODOOD
oboooboboboboboboboboboboboobobobooNpPOOODOODOODDOOO
gbogdgbogbbogbbuogobbbodgbbodbboobbuoobboobboo
gboboggbuogobuogobuoguobuooobuooobuoooobuooobooonoooo
gboboboooobbboooobbn

gobobooggobbboogoobobbiooouooobobbuoooobobogo
OoOooo0o0obOOo0O0ooOoobbD ADODOODOUOOOO cOODMOAD sOODOOO
obooboobooobooboobooboob rgoooog

0pt([)<c

A(l) —
guodoobbbbbboouoooooooobbbbubboooooooon

A(l)

opt(1)
O00000000000000O00pt(1) D00 I00000000O0A(/)D0ODOODOO A
000000000000 0000O0000O00DO0 ADODO0DODOOO0ODOOODOODOOOOn

<c



cuiggbogogboodgbboodbebl1oobbuoboboobboobboobbo
gobooobooggo

3 Uoouoouoouoot

oooooooooooooooooooobooooooooobooboOoOooooooDo
0000000000000 00000000000000000000000O00O0O0OO
ooooooooobooooooooooOoboooOOoObObbOOooooobobooObODboOooo
ooooooOoOoOoOOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOoOnOO
OooooOoooooo

oo00o0o000oooooOoooooooooOo0oooooooboOooooood
ooooOO0Oo0Oo0oOoooooooOOoooooODOOOOO00ooooooooDODODOObOb000
OO0 MOOOOO()OOmOOD0O0O0O0O0O0O0O0O0OOOOOOOOOO@R)mO000
0000 MmOODD«wO0D000000@B)wOhOODO0DO0O00 Mw)DOOOmOOODODOO
(m,w)0 MOOOOODODOOOOODOODOOOOOOODODO0DO0O0O0OOOOOOOOOO00OOO
O00000100000Gale-ShapleyDOOO0O0O0OO0OO0O0O0OOO0OO0ODOOOOODOO
OooOoOO0O0O0O0O0O0O0O0OOO0000000000000000ooooooooO0d
oooooooooooobooooooooooboooooooboboooo10o0oDoO0ODo
000000000000 000000000000ooooooooooooooO 12
05000000 Rural Hospitals Theorem O OO OO0 O0O000O0O0D0O0O0OOOOO0OO
oo0o0o00o0O0oooooooooooo

0000000000000 00000000030000000000 2000000
ooooo0oooooooooOooooo1ooooo0oooooobooooboboboOoooo
OooooboooooobbooooooboboooooboooboooooobooobooboOoo
O00000000000000000000000000000000O0OODODODOOO
ODomoooboooobooooboooooooobooooobooooooDooboooooDooboDboo
ooooo0oooooo0oooooooboo0oooooboboooooooooooDo
oooOoOoOoOOoODOODOO0000000O0OoOoDOoOOOOO0O0COOOODOODOODODOO
0000000000 O(R) 0000000 0ODO0O0OOO

Oo0oo0OooooooooO0OooooooocoOoOooooooooooooood
oooooooooooooOooooooooobooOobOobooOooOoo1bbooooDo
O0000DDO Gale-Shapley OO O00OD0DO0O0O00DOOO0O0O0O0ODOOOOOOODO
oooooooooooDoOoOoboooobooOooOoOODOODODODODODODODODODbO0ObOO0O0
ooooooOooOoODoODODOODOODOODOODOODOODOOOO0OOOOOCOOOOObOO
Oo0Oo0o00oooooOoooOoooooooOooooO0oooooD1o00oooooDOoObD0on
OooOooOoOOoODOOOOOOOO0O000O0OOO00000000000000000000
oooo01000o0o0O0O00000ooooOoboo0o0oooooOooboboOoooooooDoO
ODoooobbooooooobbooooooobooooobboooooboooooooDooboooo
OoO0000oooooooooooooooboooooobooooooooDbboooooOnDd
O0000000000000000000000000000000000 (MAX SMTT,
SMTI O O Stable Marriage with Ties and Incomplete listsd D 0000 )00000



3.1 OOO0oO0d
000000000000000 MAXSMTIO NPOOOOOOOOOO0O00O
00 3.1 /21) MAX SMTIO NPOOOOO0O

MAX SMTIOOOOO0100000000000000000000020000000
00000000000000000000000000000000000000000
00000002000000000000000000020000000000000
00000000000000002000000000000000000002000
00002-0(1)000000006(1)000000000000000002— & [22]
000 2-ck (230000 c000MO0OO00000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000002007 000002000000 1.8750000000000 [24]0

0000200800 Kirdly [30] 0000 Gale-Shapley 00 0000000000000
5/3-000000000000000000 200900 McDermid [34)000 1.500000
0000 1.50000000000000000Kirdly (310000000000 1.5000
0000000000000000000000000000000

00 3.2 /34, 31 MAX SMTIODODOOOOOOO 1.5-00000000000000

gboodbobogbbodgbboobbodobbuoogbobooobooobooobo
gobboogbogoggobobobooogooon

00 3.3 [38] PANPODOODOOOODODOO e0000MAX SMTIODDO OO (33/29 — €)-0
gbobobooggobbood

00 3.4 [38] Unique Games Conjecture 00 00000000000 e0D00OMAX SMTI
0000 4/3—¢)-000000000000000

OO0000bO00O0o00o0b0ooOo0ob0obDoboobobo0oD MAXSMTI 1TOODOO
gbobobo1s-bbuogubbbuoodgbobobouooobbbbbuo 1s0obon
gbobobooggobobogobbboooobbobbooooobobbooooonoon

00 3.5 /27 MAX SMTI 1TO0O0O00O00O0O 25/17-00000000000000

O000000000KidlyOOOOOOO (30000000000 0000000O0O00O0
gbobbbooogobbboooobobbooooobon

00 3.6 [15) PANPOOOOOOO000 e0000MAX SMTI1TOODO0O (21/19—¢)-
000000000000000

00 3.7 [15] Unique Games Conjecture 0D 00000000000 e0000MAX SMTI
170000 (5/4—€)- 0000000000 OOOOO



4 OO0O0O0O0OO0OOOOOOO0

OO000D000D000O00D0O0O00bO00ODbO0o0obDO0o0ODOoDOOobDOOnOGale-
Shapley 000000000000 ODO0OOOOO OM)0D0OOD0ODOOODOOOOOOOOO
Gale-Shapley U0 DO DODOOO0ODO0ODOOODOOODODOOODOODOODOODOODO
gboogdgboobboobboobbuoobbuoobbuoobboobboobobood
0000000000000 0o0o00o0o0o0oOOO0O0o0ODUooDUooOoOoOoooODO
gbobogdgboogbboobboobbboobboobuoobbugboboobood
(000000000000 0)0000000Gale-ShapleyD 0000000000 OOO
000000000000000000000000000 (D0oDO00Do0oooooon)
gobooo

gboboboogoobbobbuoooobbobboooguobobbuoooobobobon
gbogdgboogbboogbboogbbooobboobbuoobbuoobboobboo
gobobobbobuooggbobobuoggbbuooobooobboobobboobuoon
gobobobbbubbbuooodobbbuoobbuooobbboduoooboooob
gbobogdbogobogoboogbboobbobogbbooboooboooobo
gboobogdbbodgbbodobboobbuouoobobooobooboooboooobn
gobobobouo3gooboboooan

oooooboMMbDOooobod pobooobooobdpbboonbobOoOon
O00cey(p) 0000000000000 00000000O0OO00ODOOOX0O0O0O0ODOO
yooooooooooo

C(M): Z CM(p)
peXUY
O0o00ooMOOOOOoOOoOooooooooooooooooooooooooono
Oo00oooooooooooooon

R(M) = max cu(p)
000000 MODO0OO0000000000000000000000000000
0000000000000

D(M) = ZCM(p)_ZCM(p)
peX peEY

O00D(M)|000000 MOOODODOOOOOODOO0O0OO0O0O00O0O000000000
gdoddododoooooooooooooooooouooodgno

goddobodduooodooooouoobooooooooooooooouoo
000000000000000000000000000000000000 (18, 5,370
gdoddododooooooooodooouoooododooooodooogo
oot oooonooouooooooouoooa
O00000000000000000000000000OO9 13,8, 900000000
00000000000 NPOOOODOOODOOOOODOO [28]0



4.1 0O0OO0ODOO

00000000000000000000000000000 (NSEOOO)0000
00000000000000000000/000000000070 |[D(M)|<eAD
0000000000 MOD0D000000000000000010000000000
00000000000000000AOOOOOOOOOOO MO000000000
0 M, 0000A =min{|D(M,)|,|D(M,)|}00000000000e=10000000
000000000000000000000000|D(M)|0000000000000
00<00000000000000000000000000000000NSEDOOD
000000000

00 4.1 [25) NSEDODODO O(»*+)00000000000000

gboboggbobbbggbobobouoggobobogoobboooobboooon
gbobobooogbobbbuoooobbboobbbuooooboboo

gobobooggoobobuoooobbobboooouobobobuoooobobooon
00000000000000000000 /0000000000000 0O0O0O0 (I, <)
ooooooboonoooobooobo0 booobooboooobboooobooo
0000000000000 000DOo000ORCIIODDOOO200 p,p ell0DDO
Ope ROO p<p000 p e ROODODODODODODORO (IILx)DOODODOOOOOOOOO
O0/000000D0000000(l,<x) 000000000000 1010000 0OOOO
oooooboboboobob MpOoboobobobob ROUDODOODODODO
000000000000000000 MpOODOOOOOOR=00000 MpOODOO
ooobobobo MyUOUOOR=1I0000O MgODOODOOOoooooo M,0O000

gbbooggubbuodgbbuodgbbuobbuodobuoobodobbdod pbbboobon
0000 D(M)D0O0O0O00000000000000d(p)O0OO0O0000OO0

d(R)=")_d(p)

PER
Oodouoooootoobooouooboooooooboob0 ROODOUOoooouoooOg Mg
0 D(Mg) = D(M,)+d(R)0000000000000000|D(M,)+d(R)|<eADDD
0000000 ROODUOUOOOOOO0OOOOD RUOUODODOUDOOOOOOOUOOOO
oooooodon

(1)d(p) 00000000 pOD0ODODOOOOOODOOOODODODOO

(2)(1)0DODODODODODODODODODO0DODO0O0O0ODOU00O0ODO0O0O0O00000OOooOoOoO
Oo0oooooooooooooooogon

OO0OONSEOOOOOOOOOONSEOOOOOOO0OOOOOO0O0O0O0O0O000000
0000000000 C(M)00000000000000000 |D(M;)| =|D(M,)|=0
00O0C(M;) =0(r0C(M)=06(r)0000000000000 MO MOO0O0O0O
O00000000000000O02000000000000O000000D0O0OOOO
000000000000 0000O00000O000000O00000 MinESEOODODOO
Oooooobooooboooboobooboobooooooouobouob Io0boo edboono
0070 |D(M)|<eAD00D0OO0ODODDOOO MOOOOOODOOODOOODOOOODOOOOO



O0cM)0OoOoOoOOoOOOoOOOOOOODOOO000O00O0O0DO0DU0DODUOOOOOOO
gobbbouogooboboboooouobboooboobogg

00 4.2 [25] MinESEQD NPOOOOOO

1+e

00 4.3 [25] MinESEDDDODO O(M**5))0000000 2—-52)-000000000
00000000060 0<d<e0000000000O

5 Uoooboooboooboon

Oo0ooboooboobooboob 1bbobobooboboobooboobooo
000000000000 000000bO0oDOO0oDoobOobOOooDOooDoDOooDoOooOoOoDOo
O00oooobobobobooobooboboooobobobooooooooboboog
0000000000000 00000O0000ODO00O0O0O0G)D0OoOoDO0o0oDoOO
1000003G)000000000000000000000000O0000O0O00000
O00000O000o0oo0o0obOooOoDooooooD MOOODODDOOO-rO0O0ODOOO
0000000000000 M(rH)ODOOD AODODDOOODODOOOODOOOO MMOODOO

00000 MOOOOODOOO-000 AROOOO0OOOOOOO(Mr0AROOOCOCO
00000000000000(@)-r0000000000000000000r0 M(r)O
00 A0D000@B)AODDOODODODOOOODOOOOOOOODOOOOARO 0000000
00000000 MAOOODODOO0O3000000000(,A 0 MOODOOOOOOO
Oo0odboooboooooboooboooboboooboooobooDooooboobOon
000000000000 00bO0bO0bOO0obOobOOoDOoooOobODoOooDoobobOoog
0000000000000000000000000000 (40000000000
O000010000000000000D0Gale-Shapley0O0D0O0O0O0O0OODOOODOOO1
O0Oo0obOoobooog

0000000000000 bO000bO0bO0oD0DbObO0oD0DbOOoDDbOoDbOoDDbOOoDoDbOOoDoO
Oo00ooobOoz20040000000000000D0DODOD0ODODODODODOODOOUObDOOODO
000000000000 00DO000D0000D00oO0oDOoooOoo 1,0 000000
oo0s85000000000000O000DLO00DbD0O0bLDU0oO0DbUOoODbUOoODbOobOooDbOoOD
0000000000000 00O00bO000bO0oOOoDOoOoDoOO0obOooDODOobDoooDooon
ooobobobooobooboboobooobooboboobDoobobooboboooooo
O00o0ooooobobobbbDbODbDbOO0O000000 Rural Hospitals Theorem [J [0 [J
0000 [12]0000000000000000000000000DO0O000O0OOOO0
000000000000 0000bO00bO0DO00DoO0obOoOoOoDoooOOobOooDOooDOon
Ooob0obobooooboooboboboooDbobUobooDooooboboooooo
o0oooo

O0b00oboobobooboboobboobboobooboobooobooooDObooboboooo
0000000000000 000000000000000 ()0D000000000o0 (i)
oobooboobooboobooboobooobDoboobobOoooooooboooo
0000000000000 0000000000D00O00OHRMQO Hospitals/Residents
Problem with Minimum Quotal O 0O O [16]0



5.1 DOODOO

Rural Hospitals Theorem OO0 OO 00000000 OO0OOO0OOOOOOOOOOO
gbuogggbbbboooobobbbbuooobbdob 1bboooobbooooobob
gboboggboogboggbboogbooobbodboooobboobboobobo
OoobobOoboooobobooobooooboooooERMQUDOOOODOODO
gboboggbuogobuogoboggboooboogbooobbuodbboobonon
gbogdbbogbboobboobbuoobgobboobbooboboobobodgbbo
gb20000000bbboogooboboboooaoon

lgboooooobooboooooooooooooobo0oobioMin-BP HRMQU O
oooboboooboobobboboboboobobob0o HO ROUDODODODODODO
0000000000000 |H|ODODOO|R 0000000 OUODDOOMin-BP HRMQ
ONPOODODDODOOODOODOODOODOODO

00 5.1 [16) PANPOODODOODO000 0000Min-BP HRMQOOOOODDOOO
(H|+|R)'-000000000000000

gooobobobbbbbbbbbbbtbliogbuddooooooooooooooo
gogooooobbbobboboboooododdgoooooobboobbbbooooo
gbobbooooobbbuoogobbbooooobbboooobon

00 5.2 [16] Min-BP HRMQDOODODODOOOO (|H|+|R)-00000000000000

2000b0bbobbodooooooooooooLobbobbbboboboon
OMin-BR HRMQUODUOOOODOOOooOooooooobobooooooooooobog
goobooogod

00 5.3 [16] Min-BR HRMQ O NPOOOOOO

gobbobdogoouobobbooguobbuooobooboboobboboooooooo
gboggboogbboogbbogbboobbooobbobbuoobboobboon
goooog

00 5.4 [16/ Min-BR HRMQU OO ODOOODO /|R-0OODODODDOOOODODOOOO

OO000b0oooooooboOoOMin-BP HRMQUOOOODOOODOOOODOOODLOOOOO
OO0O0ODESODO0O0OO00O0OO0D0O0O0 Min-BRHRMQUOOODOODOODODODESODOODO
OoobOobooob0 GUbobck0obOob0O0o0rkDbObOO0OO0OD GUOOODODODOOO
D0000000000D0000000DASOO000000DODO VY4000 [6]0DES
O0000000000000PTASOODODOOOODOODOOOOOOOOO [10,29]0

00 5.5 [16/ Min-BR HRMQU O OOODO «-0 0000000000000 O0O0DOOOO0
0e00000DEKSOOODOOD (1+e)c-00000000000OO0



6 LUUobOboOo-Ooobooon

gbogbobgbodgboboobobobobuobobobooooboobuoobooobo
1g0bbbouogobbobuoggbbbuooogbobbbuoooobbbbouooon
gboboggbooobodbobodgbbodbbuoobboooobuoobobooboobooo
O0000-0000000SPAODODOODODOOOO BUODOOODODOODODODODOOOODOOO
gboboggoobbodgbbuoobnlioobooobbogbobbuoobbuoobbmo
gboogbboobbuooobooobooobooobooobbuooboboobn
gbogdbbodgbbodgbogbbuogbobuogbobooobboodbboobooon
gbobogbobuogbbuoooboobooobbuoobouoobbugbobobooob
goobgdboggbdgbbuodobbuogobbuoobbuoobboobboobuonooboo

oooooboooboboobooboobobooobobooboboooooobo M
00000000000000000000O000000 (s,p) 0 MOOOOOOOOO
OO00obO0o0obOO0o0o0o0oo0o0obobOoogpobO0bObOODODODODpOODO
OobooobodopiboobOobobOobbO0bOpoob0obbOOoooDOoeoD
oOooooobobOov/0b0bO0ObO0O0OO0ODOODOO/ODODODODOO

1. sUpdbobuooogoboo
2. sgigdbobbbouooobbbooobbbuoooobbbbobuoogpbbog

3. 000 (a), (b), ()000000000O0OOOO

(a) pO /00000000

(b) pO00D0O0ODODODODO/YO0DDOOOOOOOOsO/000O0O0O0pOOOOOO
0000y 000000000000O0¢0D000DODO0ODOOODODOO0ODOO
000000000 (¢)Y000 sO0O0O0

(c) pOODODODODODO/(O sOODODOOOOOOOOODODO (fYODOD sOOOO

OO00200s000000p00000D000O0DOOODOODOODO3O0OYO sOp
oooooooobobbo¢vOobO0bOoboOoobbOOoOobOOoboobooboDobobooooooDo
()0 0000p00O¢00D000000DO0O0O0OO00ODOODODODOsOOOO0ODOOOOO(b)
O0000sO0p00p00000000000O0/00000000O00OO0O0O0sOO0O0O
0000000000000 0000D0000O¢0 000000 0O0ODOOOO0O0OOsO
0000000000000D0O0OD0O0O000000O0 (o)D0000s0O0000D0OOODP
gbobobbuoggodsbogogbboboooon

000000000000000000000000000000Abraham0 [3]000
gbobogdbbogbuogbbuogbobooobooboobuogoboooboobogboba
gbobbbooooobodgglbbbouoooobbbooooobbbobbouoooob
gobobbouogggobooood

Manlove 0 O'Malley [33] DOSPAOOOOOO SPA-PO0DODOOOOOOOSPAD
OO0000b0o00o0oooO0boob0oobooboboOoSPA-POODODODODOODODOO
OO00000oOooOooooDoooOoospPAOO0DODODODOOOODOODOOODODOOOO



oboobooboobobboobbob MODbOoODOODLOODOODOODOO
0000000 (s,p) D MODOOOODODOOOOOOOOOOOOOOOOOOODO pOO
ooooogoeonogono

1. sUpdbobuooogoboo
2. sgigdbobobbouooobbbooobbbuoooobbbobouogpbbog

3.p0000000000 (a), (b), (¢)00000000000O000

(a) sO/000C0DO0OpOOOOODODOOODYOOODOOOOOOC D YODOO )P
gooo

(b) sO/¢00000O0ODODOOOODOOOOOOOOODOOYOOOOOODO

(c) (i) s0 (00000000000 00000000000000 (e-ii) ¢000
D000000(e-ii)¢00000000000000000000010000
000000¢000000000000000y00000¢0p000 pO
000

1020000 SPAO0OOOOO3000000000((DOOsOpYOO0pO0O0O0O
00000/00000000000O00O0O0O00OO0OOO0O0OOOO0O0O0O0O000(b)O
OO00/¢0p000D00OD000DOpO sOOODODOOODODOODOODODODODO
O00000000000000(c) 000000000 100000s0p0000000
gobobobbobuoogoobbbuooobbobbouooobobobobbouoooon

00000000000000000000000D000000OOManloved O’Malley [33]
OOoSpPAO000CO00O00DODOOODOOOODODOOOO0ODOOOUODOOOODDOOOOD
O00ODOO0ODO0O0O0O000000000 MAX-SPA-POOOOOOO0O0OO0COO MAX-SPA-P
OAPXOUODOODODOOOOOMAX-SPA-PODOODO 2-000000O00O0OODOODOO

6.1 UOOOO
gbobobogoobbbuoooobobooogoooo
00 6.1 [26] MAX-SPA-PO OO0 1.5-00000000000000O

O000000Manloved O'Malley [33]0000000000003000000 Kiraly
30000 MAX SMTI 1TOOOO 1.5-000000000000000000O00O00O0OO
O0O00000D000 MAX-SPA-PO MAX SMTI 1TOOODOOODOOOMAX SMTI 1T
OO0 MAX-SPA-POODOOO0OOOOOODOOODOOODOOODOODOODODODO
goo

00 6.2 [26)] PANPOOOOODODODOODO{ODDODOOMAX-SPA-POOOOOODOOO
(21/19—-0)-000000000000000O

00 6.3 [26] Unique Games Conjecture 0 D 00000000000 e000OMAX-SPA-P
000000000 (5/4—¢-000000000000O0O0O0O



T oouobooobobuoooooood

0000000000000 oooooooooooooooooobnO SMI
[0 Stable Marriage with Incomplete lists0 0 000000000000 0OOOOOOOO
000000000000 000000O0d0o0oo0oooooooooooooood
0000000000000 00O00DODO00DO0DODO0bO0ObOO0obOO0ODOODOoDOOobDOoO
000000000 DO0DbOO0oOO0bLbO00 MOODDOODDOODODODODOODODOmMODODO
wOOOOO@Gl)mDOwO00O0ODDODOODOOOODOOOODOOODOOG) MO MODDOOO
O00Mm) 00 wOO0D00(G) wO MOOODODODODODOMw)OOmOOODOO 300
000000000 ((m,w)0 MOODDOOOOODODODODODODOOOOOOOOOOOOO
OO000000O000O0oOo0ooooo0ooooooDooooooooooooooaon
0000000000000 0000O0DO000O000O000D001bOb0bO000O00O0oDOooDOooDOg
0000000001000 0000000000000o0oooDooDo0bDoooon
O000000000000000 [12)0

Oo0OoOoSMIDOOODOODODODODOODOOO0ODOO0ODOO0ODOO0ODOOo0ODbOOo0ODOOo0OOn
000000000000 00000O0D0000DO000D0O000O00DODO00oOoO0OoDOog
0000000000000 0000000000000O00C000BI6O (7000000
000 MAX SIZE MIN BP SMIOODO0OO0O00OO0O0O0OOODOODDOMAX SIZE MIN
BPSMIOOODOOOOSMIDOOOODOODODODODODODODOOOODOOODODOOOODOO
000000000000 00DO00000DO0DOD0D00DOO0ODO0ODbOD pO0qgODOODO
MAX SIZE MIN BP (p, ¢)-SMIOOO0O0OO0OO0OCOOOOOO0OO0p0O00000O0DODODOO0O
O000q0D000D00D00D000000000p=cx0q=0000000000000O0
OO00DO0DO0DOOooooooood

Bir6 0OOOO [70000000O0OOOOOODO

00 7.1 [7] MAX SIZE MIN BP (0, o0)-SMIO NPOOOOOOPANPOOOOOOO
000 0000x'"0000000000

00 7.2 [7] MAX SIZE MIN BP (3, 3)-SMIO APXOOOOOOPANPOOOOOOOO

000000 (B —¢)D00000000000000

00 7.3 [7] MAX SIZE MIN BP (2, 00)-SMIODOOO O(»*)00000000000000

7.1 0OOdgodd

goboboodgor2ogdobobuogoobobuogogn

00 7.4 [17] PANPOODOOOOOO00 e >000000MAX SIZE MIN BP (3,3)-SMI
000000000 x--000000000000000

Ooo0oO0oO0oOoOoOoOOoOO [7jooo0o0b0Oo7100000O0O0OO0OOoOOO00O (70O
goooboobbobobboobbbbbbbbbbobboobbbbbbboooooon
gbogdboodbbodbbogbbodbbuoooboouobobuoobboobobo
gboubodbbos3sugbbugbbudgbbuoobbuoobbuoobbobboobboo



8

Ooon

gboobobudboobobogbogoooboobuogbooboboobooog

gbobooogobbbbooooobboooobbbbouoooobouoooooboboo
gooobobobbbbbbooooooooobobobbboooooooooooooobn
obooboboobuooboobobooboobooboobboboobobbobg
gboboggboodgbbogoboobooobbuogbbuogboooooooboon
000000000000 32/000000000000

000 0000000 (15700010, 17700015, 20700009, 24500013) 0000000000
goo

Ooon

1]

2]

A. Abdulkadiroglu, P. A. Pathak, and A. E. Roth, “The New York City high school
match,” American Economic Review, Vol.95, pp. 364-367, 2005.

A. Abdulkadiroglu, P. A. Pathak, A. E. Roth, and T. Sénmez, “The Boston public
school match,” American Economic Review, Vol.95, pp. 368-371, 2005.

D. J. Abraham, R. W. Irving and D. F. Manlove, “Two algorithms for the Student-
Project Allocation problem,” Journal of Discrete Algorithms, Vol. 5(1) pp. 73-90, 2007,

D. J. Abraham, R. W. Irving and D. F. Manlove, “Two algorithms for the Student-
Project Allocation problem,” J. Discrete Algorithms, Vol.5, No.1, pp. 73-90, 2007.

A. T. Benjamin, C. Converse and H. A. Krieger, “How do I marry thee? Let me count
the ways,” Discrete Applied Mathematics, Vol.59, pp. 285-292, 1995.

A. Bhaskara, M. Charikar, E. Chlamtac, U. Feige, and A. Vijayaraghavan, “Detecting
high log-densities — an O(n'/*) approximation for densest k-subgraph,” Proc. ACM
Symposium on the Theory of Computing (STOC 2010), pp. 201-210, 2010.

P. Biré, D. F. Manlove, and S. Mittal, “Size versus stability in the marriage problem,”
Theoretical Computer Science, Vol. 411(16-18), pp. 1828-1841, 2010.

T. Feder, “A new fixed point approach for stable networks and stable marriages,” Jour-
nal of Computer and System Sciences, Vol. 45, pp. 233-284, 1992.

T. Feder, “Network flow and 2-satisfiability,” Algorithmica, Vol. 11, pp. 291-319, 1994.

U. Feige, “Relations between average case complexity and approximation complexity,”
Proc. ACM Symposium on the Theory of Computing (STOC 2002), pp. 534-543, 2002.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

23]

[24]

D. Gale and L. S. Shapley, “College admissions and the stability of marriage,” American
Mathematical Monthly, Vol.69, pp. 9-15, 1962.

D. Gale and M. Sotomayor, “Some remarks on the stable matching problem,” Discrete
Applied Mathematics, Vol.11, pp. 223-232, 1985.

D. Gusfield, “Three fast algorithms for four problems in stable marriage,” SIAM Journal
on Computing, Vol. 16, Issue 1, pp. 111-128, 1987.

D. Gusfield and R. W. Irving, “The Stable Marriage Problem: Structure and Algo-
rithms,” MIT Press, Boston, MA, 1989.

M. M. Halldérsson, K. Iwama, S. Miyazaki, and H. Yanagisawa, “Improved approx-
imation results for the stable marriage problem,” ACM Transactions on Algorithms,
Vol. 3(3), Article No. 30, 2007.

K. Hamada, K. Iwama, and S. Miyazaki, “The Hospitals/Residents problem with quota
lower bounds,” Proc. European Symposium on Algorithms (ESA) 2011, LNCS 6942,
pp. 180-191, 2011.

K. Hamada, K. Iwama, and S. Miyazaki, “An improved approximation lower bound for
finding almost stable maximum matchings,” Information Processing Letters, Vol.109,
Issue 18, pp. 1036-1040, 2009.

R. W. Irving and P. Leather, “The complexity of counting stable marriages,” SIAM
Journal on Computing, Vol.15, pp. 655-667, 1986.

R. W. Irving, P. Leather and D. Gusfield, “An efficient algorithm for the “optimal”
stable marriage,” Journal of the ACM, Vol. 34, pp. 532-543, 1987.

R. W. Irving, “Stable marriage and indifference,” Discrete Applied Mathematics, Vol.48,
pp. 261-272, 1994.

K. Iwama, D. F. Manlove, S. Miyazaki, and Y. Morita, “Stable marriage with incomplete
lists and ties,” Proc. International Colloquium on Automata, Languages and Program-
ming (ICALP) 99, LNCS 1644, pp. 443-452, 1999.

K. Iwama, S. Miyazaki and K. Okamoto, “A (2 — clog N/N)-approximation algorithm
for the stable marriage problem, IEICE Transactions, 89-D(8), pp. 2380-2387, 2006.

K. Iwama, S. Miyazaki, N. Yamauchi, “A (2 — c\/—lﬁ)—approximation algorithm for the
stable marriage problem,” Algorithmica, Vol. 51, pp. 342—-356, 2008.

K. Iwama, S. Miyazaki, N. Yamauchi, “A 1.875-approximation algorithm for the sta-
ble marriage problem,” Proc. ACM-SIAM Symposium on Discrete Algorithms (SODA)
2007, pp. 288-297, 2007.



[25]

[26]

[27]

[28]

[30]

[31]

[37]

[38]

[39]

K. Iwama, S. Miyazaki, and H. Yanagisawa, “Approximation algorithms for the sex-
equal stable marriage problem,” ACM Transactions on Algorithms, Vol. 7(1), Article
No. 2, 2010.

K. Iwama, S. Miyazaki, and H. Yanagisawa, “Improved approximation bounds for the
Student-Project Allocation Problem with preferences over projects,” Journal of Discrete
Algorithms, Vol. 13, pp. 59-66, 2012.

K. Iwama, S. Miyazaki, and H. Yanagisawa, “A 25/17-approximation algorithm for the
stable marriage problem with one-sided ties,” Algorithmica, to appear.

2

A. Kato, “Complexity of the sex-equal stable marriage problem,” Japan Journal of
Industrial and Applied Mathematics (JJIAM), Vol. 10, pp. 1-19, 1993.

S. Khot, “Ruling out PTAS for graph min-bisection, densest subgraph and bipartite
clique,” Proc. IEEE Symposium on Foundations of Computer Science (FOCS 2004),
pp. 136-145, 2004.

7. Kirdly, “Better and simpler approximation algorithms for the stable marriage prob-
lem,” Algorithmica 60(1) pp. 3-20, 2011.

7. Kiraly, “Linear time local approximation algorithm for maximum stable marriage,”
Proc. the Second International Workshop on Matching Under Preferences (MUTCH-UP
2012), pp. 93-110, 2012.

D. F. Manlove, “Algorithmics of Matching under Preferences,” World Scientific, 2013.

D. F. Manlove, and G. O’Malley, “Student-project allocation with preferences over
projects,” Journal of Discrete Algorithms Vol. 6(4) pp. 553-560, 2008.

E. McDermid, “A 3/2-approximation algorithm for general stable marriage,” Proc.
International Colloquium on Automata, Languages and Programming (ICALP) 2009,
LNCS 5555, pp. 689-700, 2009.

7

A. E. Roth, T. Sonmez, and M. U. Unver, “Pairwise kidney exchange,
Economic Theory, Elsevier, Vol. 125, No. 2, pp. 151-188, 2005.

Journal of

C.P. Teo, J.V. Sethuraman and W.P. Tan, “Gale-Shapley stable marriage problem revis-
ited: strategic issues and applications,” Proc. Integer Programming and Combinatorial
Optimization (IPCO) 99, LNCS 1610, pp. 429-438, 1999.

E. G. Thurber, “Concerning the maximum number of stable matchings in the stable
marriage problem,” Discrete Mathematics, Vol.248, pp. 195-219, 2002.

H. Yanagisawa, “Approximation algorithms for stable marriage problems,” PhD thesis,
Kyoto University, Graduate School of Informatics, 2007.

oood,“bobbobbobdbD —bobooobooogor, NTTOO, 2010.



[40] Canadian Resident Matching Service, http://www.carms.ca/
[41] Japan Residency Matching Program, http://www.jrmp.jp/
[42] National Resident Matching Program, http://www.nrmp.org/

[43] Scottish Foundation Allocation Scheme (SFAS),
http://www.nes.scot.nhs.uk/sfas/About /default.asp



