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Solving the Gale-Shapley Problem by Ant-Q learning
Hyun Kim' - TaeChoong Chung"™

ABSTRACT

In this paper, we propose Ant-Q learning Algorithm(1], which uses the habits of biological ants, to find a new way to solve Stable
Marriage Problem(SMP)[3] presented by Gale-Shapley[2]. The issue of SMP is to find optimum matching for a stable marriage based on
their preference lists (PL). The problem of Gale-Shapley algorithm is to get a stable matching for only male (or female). We propose
other way to satisfy various requirements for SMP.

ACS(Ant colony system) is an swarm intelligence method to find optimal solution by using phermone of ants. We try to improve ACS
technique by adding Q leaming[9] concept. This Ant-Q method can solve SMP problem for various requirements. The experiment results
shows the proposed method is good for the problem.
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Stable marriage problem(SMP)

SMPE Wil 479 o33 ol AHE WAL o
£ g A8 Aol EAg d4ol,

FHQQBE 7122 m, (=1, nhw,={1,..n})
Eodde 98 9", 9x EEou,
A={Gj): iEM,FEW} & dFel @ (myw)
g oudtt. Qe FAWE ez HFE WAL 2
AAe el 6(i,5), 7(,5) & muw; Aeldl Az
s JulzRE Rug HAZE A7Re Y A:
Aoz wj FHHNA &7} & 717 oA of HA 9
ye 243E 48e ¥,

&, 6(i,7) = 7(3,5) old SMPE B9 sHe
32 23

(%9 2) Ant-Q7t XS SMP ¥T2|E

Initialize

for BE dAbmel vzl QA€

Loop /* at this level each loop is called
a step */
RE vle A22E E93H m9 prd

AE WE o)l F8r},

Until
HEE AEo)E & 93 7+ & sz
o] 3459 vjYo] o]Fod W7 Addn
AQ++ / aggke] A& FUtET

Until End_condition

(H9l 3) Ant-Q &12|E

2 =fdAMe AEA B9 Ant-Qe e F9 SMPol
A9 A Ade Al myw; 2718 ACSE #HEdd
71E9 =812 2 FHM Aok

olo]dES e olF UHL iMA moH F%E sl
€ TAQ9 &9 @2 w,E ddsl do se F40)
o] &&¥¥(Probability distribution)ol]l ¢j&] wa} Aelg
729 getvleolrt, ojAe mogRy &Fwd vzt
PLe wg Adsge o SA=HE HEZo|d o] 7t
A Aol ddlEles dg k=g AYde V&Y
ACS[14]s} &2, §§ BEE o434 g ==& Mgs}
E #Ao] FgoEN ACSE 7HA T e ZFE A
B27] 4 @AM o= Fx Hojuymzt g 9ot &

3 AP k7b 22NN RE(HR )R HEL Aite
cdl, ¢< g 9 A% do|HEE &4 FF(exploitation
action)& FHsHA Hoh oRAL FAkEY FHE AR
(long-term)& HA¢] Hgoz dlo 2u|g FHZE HH
o} 9AZt AAE AR(short-term)Z °]F A9} #EH
Fel2g ghs Aged =Y 838§ 3E A2 Yo B
i ol F% zHde] A gro] HE&FEF E ol Hol HHol
Ak WHE g > g % AFolE doHEE HEFH T
& Y57 98 & LEQ)E Ao ZHo|7t Fu B
< ¢ FHzES VR A A9E AzEA g olq
&8 go] E x=7) Add 7hs4ol &tk

2 =M E Ant-QE vlgoz F4@2)0 e} sj|
v EE ¥ Zzel o) 34¥e dig &g Fo} o]FE u
o|FA R/} TSI HERS B3] o]F A=
o714 e H2Ee] ANAE SR Fo & F

. o _ [F if(i,j)Eglobal best matching done by antk
AAQ{M)—{D ortherwise 3

224 wehq PLY $4¢9 o43¥¢ T} 33d 03
2 o1& (myw,) Mol ¥4 Fi o83 Zean,

F=f(M)+AQ (5)

f(M) : AL hFE o1& FU F0< (M) <n)
AQ: RS A& AR AR HE d5 &
ojdf.

FHADAA a (0<a< e AZEY FEe st
of dolg &4g taxshs A e o m(Azte] A
G2 H2Ee| FEdt), Ar(i,j)E 279 Bulg ¥
289 goltk. 4714 Fe 7jv] k7t PLolAS RE g4
o2 olF g& W BAE AA A2oM FAE HH H
29 4. & vl k7t @9 PLAA $4&490 Mz
o FBLE o]Fd vjF & o]FA HE AL vt

Mi(i=10)

Wi(j=10)

m, =1{10,1,9,2,4,5,3,6,8,7}
m, = {1.8,10,2,4,5,9.3,7,6}
my = {5,8,1.4,2,3,6,7,9,10}
m, = {9,8,10,3,2,4,5,6,1,7}
m, = {9,6,5,4,10,8,1,7,2,3}
mg = {7,4,10,2,5,6,8,1,9,3}
m; =1{1,10,5,6,3,7,2,9,4,8}
my = (4,2,9,7,5,6,8,1,10,3}
my = 19,8,5,6,3,7,2,1,4,10}
my, = {4.7,1,3,9.5,8,2,10,6}

w = {9,4,7,10,3,8,1,5,2,6}
w, = {5,3,9,4,2,10,1,8,6,7}
w, = {10,6,8,9,2,4,3,7.,5,1}
w, = {9,5,10,6,8,3,4,7.1,2}
w, = {5,8,1,4,2,3,6,7.9,10}
w,; = {9,8,10,3,2,4,5,6,1,7}
w; = {1,3,9,5,2.8,6,4,10,7}
w, = {8.6,2,9,5,1,7,4,10,3}
w, = {2,5,10,8,3.6,9,4,7,1}
wy, = {7.9,5,4,1,10,6,2,8,3}

(28 1) 28 m;,w;2| PL (preference list)




(28 1 m;gA9 PL, w; A9 PL)& & =&
A ANE guefFel 97kE A% 432 dAd m, w;e
a7& 747 1022 Y459

AQ(,j)e 3E 37 A% (myw)) Alel F =&

()3 xE()Atole] 22 Fo2 AAxsoy HAd
=7t AH A2, F 27 93 od¥old F= 43
$1 184 gom 0oz ALY AL H2E A
< 84 F71E @] Wgdor 7]&d Eud HEEY
gol HFe Fu gggd. H2E AN v ET
GUEY N2g A2 F7 @7 7|E A2 2 FUF
< nejste AF Az FHE Fad 94 9o (2d
2t (29 DE 7oz FA(B)E AL A Ay
o},

(1,10),(2,8),(35)(4,3),(56),(6,7),(7,1),(8,2)(99),(10.4)
(1,7,(29),(32),(4,1),(55),(6,3)(7,10),(8,8),(9,6),(10,4)
(1,10),(28),(35),(4,2),(59),(6,7),(7,1),(84),(96),(10,3)
(1,6),(25),((3,3),(4,10),(5,9),(6,4),(7,1),(8,7),(9,8),(10,2)

(33l 2) oH-E Fe| HBE

B ES

<E D& (BADE 7oz (a4 12949 m;, w9
g AN 47HA] Helo] A2 e WS A @
< guigct. oA e g 2o 43T F Atk 21¥ 29
(1N& w,o PLYA myol 713 $4€9d gEed o4
oo HEZ} o) EaHAl HE PLAAMY w;e Ag e T
ojtt. & m; 22 FE| A go| J/EFE o3
Mitke RAeld. 2olA+E 1 v At o W
o2 vl ke m,w;q AE A¥SA HEdW m R
e HEE shtole] X w; g9 Ag #& ¢ 1
@el M Ze Aol HAHY 7} ] o]RE <E D
Zo] g & gk sme FAA m; & 71FLR o] FojA
dAE v Adoln], swe AR w,; & VLR
Fojzl <A w9 ATt smtswE myw;
RE FAYY PLE wd) 9 dAd 9T 39 2
ol 3, [sm—sw| & m;% w; o= BFe| A$AA &
2 M2E Adsie o]Fojd AR AL ol§ AHAE
ujdct. M, & dA7t AAE dEde o]FojA wjYe
A99 Foln Myt W2 a7t FAE dEste] v
& o) A}E RoFn g M9 sm+sw7t ‘W=
AL (AYNel JAs RE FHLE BHI}E RS
olg Asoltt, (VAN AFH H4e |sm—suw] 9
A4 (29 28 2ol M9 AA 73 A e
1 o] HE Aoln.

oA 71&S SMPY dHYE Holu & =&oIA 21
2 s SMPY] A2 sl & & A

Ant-Q B15E 0|8% Gale-Shapley X SHZ0I 28 93 169

bge FAGE 47 AT AQE TEHe WHoR
(Aot (3)e] <3 442 + Ak

31 Wxtel PLE $Mo2 Dais okNE oz

(AY1-1)& wehq B AE Bde o]F Me| sw
o Ay g A1 Yo wae Agdxe HHzd
Ase @ 4 Ao n(i,7) =w(i,j)e 8¢ ° 40
o Azee (i,5)d #Fa 2 nli,j)e 7ok Fa7t
SANHE 4R AL AAE WS F AQE £4
©)3 2o 3 & Ak,

n—1

TI () —i)

AQ:F(n'——l)! sw (6)

3718 swe we PLAAY m;9] £AE 272
detd e < 9uct

f(M)=n(M 348 vjH)eli AQ=swold, F
AG)el det f(M)=n+sw’t 484,

F46) 53 AQY AU ;e T8, m;E F4L
2 &t 43 WAL oE 7 Utk

32 OfAje| PLE $AMoz maE otNE ofH

(391-2)8 wel, 9Y ¢Add v Mol sme] Ao
#e Y w,E 952 dt 449 Uy g £ 3
t. (n(i,j)=mr(i,j)Q @& ¢844 m,e PLol &A%
JaA ozte §7) o] WHeR we PL A 43
o & 589 H=229 2 & 13 AE5E Addd

71 AQE w3t Zo| £4(6)9 swE smoz
vl ek,

n

-1
11 (5 (M) 1)
AQ= i=1

_(n— ] sm (7)

oli AQ=smelgtd, F=n+smolth
(B9 BY,  smol  Hge HAx
F(M)=nMol HAL WhYolz, 1 ol w; AHY &
39 oA ogtn ¥ o, wE $HE Ft 4 oY
£ 7% § U

33 2E AlRie| PLE D2{E HEX obdE ofE,

(He1-3)0 A 2, e jF Mo| (sm+sw)&
7HE oL BEE mw;4 PLE 1este 4L A
£ o]E Aozt & F Ak +4@)3)A



170 ZFEHcIs2=2X B H18-BA M3I=(2011. 6)

HE(i,j) = (mr(i,j) +wr(i,j) " 's, 94 g3
PLAA j¥iA czist juis ozt PLe| ¢ WA @29
e dFE AMGD olAL £99 Fo] AL5E
HE(i,j)7} AR,

AQE FAEO)NIHe 27 dag,

_](f(M)—e) .
4Q= =11 " (sm+sw) (8)
F=f(M)o]x f(M) < n(AQ=00114, =

f(M) <nel7]  wEeoltt, am AQ=smoln
f(M)=n(2e} Mo| dAE vjHold)old F=n+sm
o] g},

a8 (AY1-3A8 smtswrt Fige Az
f(M)=nold, F=n+(sw+sm) 'o] €t} o &
& EE 99 PLE 1% 5L $78: 444 o)
A& BE F ok ¥4 FE A4S g, 2E il 3
5% Y AL 7¥ ¢ e Aol

34 oA SHst obHE of

(Bol1-4)9] oA, Y A Mo] [sm—sw| ol
gal Hx @e etk muw,E 242 298 HAY o)
A& ZE Aoy, AL o= #F9 PLure 44 &
A %3 WY 22te) PLE B mesd 94, oAe

(0 < mr(i,j) —wr(i,j)l < n—1)9 HAIA &
F4& g g 48 4+ 3o

i - [m'-“(iJ)_w?‘(%'JN'I mr(z’,j)#wr(i,j)
HE(,j) { 2 otherwise

2 FFeAE $4de] glo] Y RFeA FHsHA
PL € °1%48& 27 93 Ant-Q ¢ngFe sze
AU o] g3t 2 HZE e FAE Fol AAY
WEE o€ F AU WA MY &5 g ¥5 5= 54
@9 sw+sme [sw—sm| o2 vy,

Moon-0
AQ="= . (9)

(n—1)! (sm—sw)

FA@ANA [sm—swl=0 ¥ o,
0<|sm—swl<n—1 & 9W=s9, AQ: +4
(100 wigho 2 AA )

n—1

[Il(f(M)—e‘)
AQ=2"—r—yy— (10)
F(M) < neld, F= f(M)e]t}.
(AQ=0%¥ o, BE f(M) <no|t})

lsm—sw| ° HAxgg AAzm,  f(M)=nod
F=n+|sm—sw|™" (£& F=h+2 if sw=sml
o]t}
(E 1) 39 10 o748t "Wt Ao
sm 5w sSmrsw SIM-sW
M, 16 56 71 9
M, 58 15 73 13
M, | a | = 58 16
M | @ | @ | ® 1

4.8 B

SMPI| Ant-Q ¢nFL AFA F48 £ =52 7|
Ed AAIEY Gale-Shapley ¢1#E3 ACSY1EZ
o] Jsof v HAE 918 g 2ol BANAEL &
k=g

ea=0.1,0=2,¢,=09,n=2022 43 %}

71E9 HMED vnE ¥ Ant-Q¥unEe A4%d
T& A8 myw;el Azt St oo E(An)Y LA
n=20,m=152 31 10003] ytEoz AYPL AA Y
i SMPY HiEH #*§l Gale-Shapley Lu2Z3 713
FHo] AFEHAY ACSY R E([12]3% vl H7h AL
m; & FASE = Y AFH w;E $HLE s
A e A= <F 2>9 go| 7|1EY duEE
H3 A% Fdo] JU&E B9 Fa gtk <§ D=
Ant-Q, Gale-Shapley[2], ACS(Ant Colony system)[12] &
1EF5E A48 vFe 2A%E BAFa Yo} Ant-QYx

& 2 ACSET 9| £71 BolASE Asito] &
BFE7161] & =RAME 7129 ACSE Hgs T3
SMP sjRt} 459 4o &S ¢ + AUt

(E 2) 7|&e| gne|Ene] ds Kn=15m=20)

Ant-Q | Gale- Shapley ACS

B Men-optimum(sw) 657,53 68,69 69.12

1 Women-optimum(sm) 80.1 836 332
Egalitarian(sm+sw) 136 - 121
Sex-fair(|sm-swl) 1 l




2 =RdA AN Ant-Q 1T Q-F5& T
SMPe| Mz¢ HPE FE F AU

(29 3)& Ant-Q ¢g]Ee vja A3 £58 71E9
AS(Ant System)[15], ACS(Ant Colony System)[14]¢} ] i
H71g A8 BoFa 9o Ant-Q7F ¥HE 357} ol

42 ggadd o 7|F9 AS, ACS g Fdl v
5 H%5L Ho F3 9ok

The average terations
B & B

8

i i : i i . —§
0 2 4 B 8 10 12 14 16 18 L1l
N

(2 3) Ant-Qe 2| &S| ds Hot

B =EdME SMPo| i@ Aol s Ant-Q¥ue]F
& 28389 7|& Gale-Shapleyde]FolA D o=
gzue uzd A g2/ Ggde 2HE Fu E
gg 271A dej9 ojd $yE AASL oo & =¥
HHe e 4 A 2z ojAdd AANE ACS A&
Al Q-stgolgts AE2E WHE B3 MEE SMP
o &8 2= A 714 T F YUk

A 71 &3} oA 2 A oz} o] £ T
2L U 248 nsA g3 Llojgde AR 873
oA EAle AYPL Akrlel FF AFdME mn T
7kzke] vl go] O FAA <tAddE wAY HE FE F

EATE Agsta B =54 AN gnFe 4%
& %7 Bz @
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