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What's the problem?

Something like stable marriage problem ... but without sex.



Stable Marriage Problem (SM) What's the problem?

Ant: Bea, Ann, Cat Ann: Bob, Ant, Cal

Bob: Bea, Cat, Ann Bea: Cal, Ant, Bob

Cal: Ann, Bea, Cat Cat: Cal, Bob, Ant

Men rank women,

Women rank men

Match men to women in a matching M such that
there is no incentive for a (m,w) pair not in M
o divorce and elope

- i.e.it is stable, there are no blocking pairs

Order n squared
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Stable Roommates (SR) What's the problem?

In the Stable Roommates problem (SR) [8, 7| we have an even number of agents
to be matched together as couples, where each agent strictly ranks all other
agents. The problem is then to match pairs of agents together such that the
matching is stable, i.e. there doesn’t exist a pair of agents in the matching such
that agent; prefers agent; to his matched partner and agent; prefers agent; to
his matched partner!.



Stable Roommates (SR) What's the problem?

In the Stable Roommates problem (SR) [8, 7| we have an even number of agents
to be matched together as couples, where each agent strictly ranks all other
agents. The problem is then to match pairs of agents together such that the
matching is stable, i.e. there doesn’t exist a pair of agents in the matching such
that agent; prefers agent; to his matched partner and agent; prefers agent; to
his matched partner!.

Order n squared
(Knuth thought not)
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The stable marriage problem is that of matching n men and n women, each of
whom has ranked the members of the opposite sex in order of preference, 5o that no
unmatched coople both prefer each other to their pariners under the matehing At
least one stable matching exists for every stable marmage instance, and cfficient
algorithms for finding such a maitching are well known. The stable roommates
problem involves a single set of even cardinality n. each member of which ranks all
the others in order of preference. A stable matching is now a partition of this single
set into n/2 pairs so that no two unmatched members both prefer each other to their
partners under the matching, In this case, there are problem instances for which no
stable matching exists. However, the present paper describes an O(n?) algorithm
that will determine, for any instance of the problem, whether a stable matching
exists, and if so, will find such a matching. 1085 Academic Press, Ine.

1. INTRODUCTION AND HISTORY

The Stable Marriage Problem

The stable marriage assignment problem was introduced by Gale and
Shapley [1] in the context of assigning applicants to colleges, taking into
account the preferences of both the applicants and the colleges.

In its most familiar form, a problem instance involves two disjoint scts of
cardinality n, the men and the women, with each individual having ranked
the n members of the opposite sex in order of preference. A stable matching
is defined as a one-to-one correspondence between the men and women
with the property that there is no couple both of whom prefer cach other to
their actual partners.

Gale and Shapley demonstrated that at least one stable matching exists
for every problem instance, and described an algorithm that would yield one
such solution. McVitic and Wilson [4] proposed an alternative recursive

*Presen! address: Department of Computer Science, University of Glasgow, Glasgow G121
BOQ, United Kingdom.
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What's the problem?

Stable Roommates (SR)

82936457 10
2:438951106°7
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G:28734101509
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1425671305
GT25103481
316529847
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Taken from “The green book”

10 agents, each ranks 9 others, gender-free

(n=10, n should be even)
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1 :&29 %6457 10 (1.7} {2,3) (4,9) (5.10) (6.8]
2:43809511067 (1.7} (2.8} (3.5) (4.9 (6.10]
1:56821710409 (1.7} (2.8} (3.8) (4.9 (5.10]
1: 1073316258 (1.4} (2.8} (3.8) (5.7) (9.10]
E:T410E26310 (1.4} (2.9} (3.8) (5.7) (E.10]
6:2ET3410150 (1.4} (2.3} (5.7) (6.8) (0.10]
T:2183510460 (1.3} (2.4} (5.7) (6.8) (0.10]
E:1D425871320

96 3481

T251 .
M : 3168529847 7 stable matchings

Taken from “The green book”
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THE “STAELE EDOMMATES™ PROBLEM 1

the processing time of ithe procedare, are likely 1o be the Lmiting factor on
thie slze of roommates instances 10 which the algorithm can be soccessfully
applicd. (see the figures in Sect. 5).

5. COMPUTATIONAL EXPERIENCE

‘The algoriihm implementation lissed in the Appendix bhis been run, using
&8 data a namber of randomly penerated problem instances of varous sizes
up s M), bevond wheel mesory demosds bososme ten preat for Use mochine
in wsi. The results of these experiments, in terms of (he proportion of
problem instances far which a stable matching exisis, and the average cpu
‘i per probiem mstance, are presewied m Labée L

The proportion of problem instances af a given size n for which a stable
maiching exists is clearly a matter of some interest. The computational
evidence suggests thal this proportbon docreases as o increases, but 1 s o
clear whether this proporticn wends 1o a positive lismit as n grows large, Any
theoretionl results thot eoald be oblmmed m this respost would be of
considerable interesl

APPENDIN: PasCal IMPLEMENTATION OF THE ALOORTTHM

const SIZE = 91, [FOR PROBLEM INSTAMCES OF SIZE = = 90,
ALLOWING FOR SENTINELS)
type person_type = 0.8[ZE; rank _iype = 0.5[ZE;
matrix = array]persan_type,rank _Lype] of person_ivpe;
veckor m arras{person_tvpe] Al peeon Type;
sel_type = el of persom type;
procedune room_matesivar preference : matnix; n: infeger,
var partner : vechor; var soln_foand : hoolesn);
var ranking ! array|person_typeperson_type] of rank_type;
lefimost seoond, rightmont © armay{persos_type] of rank_type;
cyele - array|rank_type] of person_type;
person fird_unmaiched | person_type;
rank, Jirst df_eyelelasn_in_cyele | fank_rype:
salm. possble ; hoolean;
tall - se1_type;
provedure phase_1_reduce(var soln_possible | boolean):
var sel_propased o - sel_iyvpo;
[PErSOT, proposer, nex L chaice curnenl | person_type;

|61.28% | | page 15 of 19|

What's the problem?

Code

The Algorithm (Pascal)
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bhegin
set_propased_to = [];
for person = 1 o 0 do
begin
PROpOESr = peTEon;
Tepeat
next_chosce = prdﬂm:lpmpmu.lﬂ:mtpmmm]l
[(BEST POTENTIAL FARTNER |
current = prel: | choice righ ] chaice]];

[WEXT. l:‘HCIIE‘E HOLDSE CURRENT)
while ranking]mexi_choice proposer] > ranking nexi_choice carrent]
do
hegin [ PROPOSER 18 REIECTED BY NEXT_CHONCE)

lefmost[proposer] = beftmost] proposer] + 1.
next_choice = mhrm-:lpmpw:r.l:l'mlﬂwm]].

l:m'nm.l.l = pril shwisg]|

rghmmqnnt..nhmj = rankimp{nex_chose, proposer];
{WEXT_CHOMCE HOLDE PROPOSER |
PrOposeT = Curment
[ANN REIFCTS CLRRENT)
uniil nol {next_choice in se1_proposed_to);
s21_proposed_to »= sei_proposed_to + [next_choice]

sl
soln_possible = propaser = mexl_choics

end: {phase_]_reduce)

procedure findiwar firsi_unmasched : person_iypek

begn | FINDS FIRST PERSON WITH > 1 POTENTIAL PARTNER)
wiale lelimost| irst_enmatched| = nghimoss) irsi_unmaiched) do

firsl_urmaiched == firsi_snmaiched + 1
end; [fmd]

procedure seek_cycle(var firsl_in_cyele,last_in_cyele - rank_ty
feirst mnmabched : persan_ types var tal @ sel_lype);
var cycle_sel ! sel_lype;
persnm next choice : perann Dype:
posn_in_cyclepos_in_lisi : rank_(vpe;

if first_kn_cycle = 1

begin
persan = cyele firs_in_cyele-1]; {LAST FERSOM IN

FREVHIUS TAIL}

|61.28% | | page 16 of 19|

What's the problem?

The Algorithm (Pascal)
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THE “STABLE ROOMMATES™ FRO&LEM 9%

poso_in_cyvele = first_in_cyele-1; [HIS SECOND CHOICE MAY
HAVE TO BE UPDATED)
eycle_sey = tall

e
hie b
cycle_set = [
poan_i -1
persan = firsl_onmalched
end;
repeal | GENERATE SEQUENCE]
cycle_set = cyck_set + |person];
cycle{posn_in_cycle] = person;
posn_in_syels = posn_im_oycls + 1;
pos_in_list = I:
repeat {UPDATE SECOND CHOICE FOR CURRENT PERSON)
next_choos ™ prelenenos personpos_in_lisl];
pos_in_list = pos_in_Est + 1
until rankingnest_choicenerson] < = rightmostinent_cheicel,
secondperson) = pos_in_lis = 1;
person »= preference(next_choice, ightmosinext_choace]]
wniil percon in evcle_set: [SEQGUEMCE STARTE TO CYCLE)
Es_im_cyelds = poom_in_cyele — 13
tatl = cycle_set;
repeal {WORK BACK TO BEGINNING OF CYCLE)]
posn_in_gycle = posn_in_cyele = 1
tail = tail — [evelef posn._in_cyele]]
undil eycle{posn_in_cyche] = person;
ferst_in_cycle = posn_in_cyele
and: [sosk_ovols)

procedure phase_2_reduce(first_in_cyclelasi_in_cycle : ramk_rype:
war anln possihle : honlesn):
var proposer,nexl_cheice : person. Lype;
rank : rank _type;
Tmpin
for rank = first_in_cyele 1o last_in_cycle do
begin [ALLOW NEXT PERSON IN CYCLE TO BE RETECTED)
propeser = cyclerank],

[FROPER UPDATE
UNNECESSARY AT THIS STAGE)

|61.28% | | page 17 of 19|
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The Algorithm (Pascal)
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rightmost{next_choice] = rankingnext. chedoe,
ﬁN’E}'ﬂ'.CHDICE HOLDS PROPOSER |
end;

rank = firsl_in_cycle;
il frank < = Inst_in_eyrle} and woln_possible do
begin [CHECK NO-ONE HAS RUMN OUT
OF FOTENTIAL PARTHERS)
propuser = vyl rank|.
saln_pussible = leflmos||proposer] < = rghtmos| proposer];
rank = rank + 1
end
end; {phase_2_reduoce}

begn

soln_fpund = falkse;

ferar_ummatched = 1:

farse_in_cycle = 1;

for persen = 1 1o o do

hegin
preference{person.n] = person; {SENTINEL)
Tor tank = 1 to n do

ranking] person, preference person,rank || = mnk;

lehmost|person] = 1;

ﬂdri;h.lmnal[mmr-- nl

lefimostn + 1] = 1; rightmosim + 1] = n; [SENTINELS FOR
FROCEDURE FIND)
phase_1_redocelsoln_possible);
for persom = 1 1o m do
second|person| = leftmost]person| + 1; {FRUPER INITLIALISA-
TION UMMECESSARY |

ﬁsﬂn_pmibkm nod soln_found do
find{first_unmaiched);

if first_unmstchad = n
1hen soln_lound == true
else begin
sek_cyclafirel_in_cvele last_in_cycle fimst, nnmatohed, tnl |;
mpmwrmmmmmmm
il
if solm_foand

|61.28% | | page 18 of 19|
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then for person = 1w n da

parimerperson] = prefersncepersonbefimos person ||
end; [ room, mates)
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Stable Roommates (SR) A simple constraint model

1: 82936457 10
2:438051106°7
3:0682171049
4:1079316258
2: 7410826319
G:2873410159
T:218351046 9
R:1042567139
9:6725103481
10:316529847

pref; Preference list for agent i
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pref;

prefir =j

Preference list for agent i

agent j is agent i’s kth choice

A simple constraint model




Stable Roommates (SR) A simple constraint model

1: 82936457 10
¥ 0 = L a

3:0682171049

[ | R

2: 7410826319
G:2873410159
T:218351046 9
R:1042567139

9:6725103481
316529847

pref; Preference list for agent i

pref; = 5,6,8,2,1,7,10,4,9
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pref;

prefss =1

Preference list for agent i

The 5t preference of agent 3 is agent 1

A simple constraint model
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1: 82936457 10

2:4389511067

3:56R82171049

4:10T7T9316258

5: 7410826319

6G:2873410159

T:2183510469

#:1042567139

9:67T 2 11{} %-LHJ.

10:31665H2¢ T
pref; Preference list for agent i
prefi, =j agent j is agent i’s kth choice
rank; ; =k agent j is agent i’s kth choice

NOTE: a rank value that is low is a preferred choice (large numbers are bad)
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15263105
T3410159
B35 10460
042567139
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16529847

pref;

prefir =j

rankzs =1

Preference list for agent i

agent j is agent i’s kth choice

agent 5 is agent 3’s 1st choice

A simple constraint model
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82936457 10
4380511067
3 6R21T71049
10 T7T9316258
7410826319
28734101559
2183510469
1042567139
9:6725103481
10:316529847

=1 &0 O o OO B2 e

o0

pref; Preference list for agent i
prefi, =j agent j is agent i’s kth choice
rankss =1 agent j is agent i’s kth choice

a; € {1..n— 1} constrained integer variable agent i with a domain of ranks
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1: 82936457 10
2: 4389511067
3:H682171049
4:1079316258
B: 7410826319
[i:EH"r"}r-l 1 59
T:21835 -'lij.l]'
H:LfJ-—lEc yi 139
H:[rf?;l'[}.'%iﬁ].
10: 316529847

pref; Preference list for agent i
prefi, =j agent j is agent i’s kth choice
rankss =1 agent j is agent i’s kth choice

a, =6 agent 7 gets 6" choice and that is agent 10



Stable Roommates (SR) A simple constraint model

Given two agents, i and j,

if agent i is matched to an agent he prefers less than agent
then agent j must match up with an agent he prefers to agent i
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Given two agents, i and j,

if agent i is matched to an agent he prefers less than agent
then agent j must match up with an agent he prefers to agent i

vi[[]..w] a; & {151 + 1} (1)
vi[[]..w]v_;'(:pf'rafz a; = '?‘f}.'?lk?;_j — a; < rﬁn};_”
v

ic[l.n]Vjepref, @i = rank; ; = a; = rank;;
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Given two agents, i and j,

if agent i is matched to an agent he prefers less than agent
then agent j must match up with an agent he prefers to agent i

vi[[]..w] a; & {151 + 1} (1)
vi[[]..w]v_;'(:pf'rafz a; = '?‘f}.'?lk?;_j — a; < rﬁn};_”
v

ic[l.n]Vjepref, @i = rank; ; = a; = rank;;

(1) agent variables, actually we allow incomplete lists!
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Given two agents, i and j,

if agent i is matched to an agent he prefers less than agent
then agent j must match up with an agent he prefers to agent i

vi[[]..w] a; & {151 + 1} (1)
vi[[]..w]v_;'(:pf'rafz a; = '?‘f}.'?lk?;_j — a; < rﬁn};_”
v

ic[l.n]Vjepref, @i = rank; ; = a; = rank;;

(1) agent variables, actually we allow incomplete lists!
(2) If agentiis matched to agent he prefers less than agent j
then agent j must match with someone better than agent i



Stable Roommates (SR) A simple constraint model

Given two agents, i and j,

if agent i is matched to an agent he prefers less than agent
then agent j must match up with an agent he prefers to agent i

vi[[]..w] a; & {151 + 1} (1)
vi[[]..w]v_;'(:pf'rafz a; = '?‘f}.'?lk?;_j — a; < rﬁn};_”
v

ic[l.n]Vjepref, @i = rank; ; = a; = rank;;

(1) agent variables, actually we allow incomplete lists!
(2) If agentiis matched to agent he prefers less than agent j
then agent j must match with someone better than agent i
(3) If agent i is matched to agent j
then agent j is matched to agent i
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Given two agents, 1 and 3,

if agent 1 is matched to an agent he prefers less than agent 3
then agent 3 must match with an agent he prefers to agent 1
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viE[l..ﬂ]VjEpTEfi a; > rank; ; = a; < rank;; (2)
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o6 8 10 4 9
1079316253 Given two agents, 1 and 3,
T4108263159 . .

ifagent 1is matched to agent 3
28734101559 y 3 hed 1
9123510460 fhen agent 3 is matched to agent
1042567139
6725103481
316529847

o 8 |2 o 6 4l 7|10
3|5 608 2 |7 0|49

Viel.nViepref, @i = rank; j = a; = rank;; (3)
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class StableRoommates [

static woid main{ String [|] args) throws [OException |

BufferedReader new DBufferedReader (new FileReader{args |[0]));:

fin =

int n = Integer. parselnt({fin.readLline({)};
int [|]]] pref = new int [n][n];
int [][] rank = new int [n][n];
int [] length = new int | n];
for (int i=0:i<n;i44){
StringTokenizer st = mew StringTokenizer(fin. readLine() ™ "J};
int k = 0;
length [1] = 0;
while {=t.hasMoreTokens{)){
int ] = Integer.parselnt({st.nextToken ()} — 1;
rank [i|[j] = k;
pref[i|[k] = j;
length [ 1] = length [i] 4+ 1;
k = k 4+ 1;

}
rank [i][1i]
pref[i][k]

}

fin.clozse ()
Model model = new CFModel();
IntegerVariable [|] a = new IntegerVariable [n];
for (int i=0:i<n;i4++4) a[i] = makelntVar{"a_"4+ i .0,.length[i] ,"cp:enum" );
for (int 1=0;1<n;1+4+)
for (int j=0;j<length[i];jit++){
int k = pref[i][]i];
model . addConstraint({ implies({gt(al[i] . rank[i][k]),.lt{a[k], rank[k]
model . addConstraint({ implies(eq(al[i] . rank[i][k]) (a[k] ,rank[k]
}
Solver solver = mew CFPSolver(]):
solver . read (model )
if (solwver.solve (). booleanValue(])
for (int 1=0;i<n;:i44){
int j = pref[i][solver . getVar(a[i]).getVali]];
if (1<]) System.out.print (" ("4 {141} 4" .7+ (j41) +7) " );
S}r:-:.t?t?m.uut..print]n[};

choco

Listing 1. A simple encoding for SRI, StableRoommates.java
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11
12
13
14
15
16
17
15
149
20
21

23
24
25
26
27
28
29
a0
31
3z
a3
34
35
a6
aT
s
39
40
41
42
43

-

public class StableRoommates |

public static woid main{String [] args) throws [OException |

BufferedHReader fin = new DBufferedReader {new FileReader{args [0]));
int n = Integer . parselnt{fin.readLine(})};
int [|]]] pref = new int [n][n];
int [][] rank = new int [n][n];
int [] length = new int | n];
for (int i=0:i<n;i44)]
StringTokenizer st = mew StringTokenizer(fin.readLine() . ,” " );
int k = 0;
length [1] = 0;
while {=t.hasMoreTokens{)){
int ] = Integer.parselnt({st.nextToken ()} — 1;
rank [i|[j] = k;
pref[i|[k] = j;
length [ 1] = length [i] 4+ 1;
k= k 4+ 1;
}
rank [i]|[i] = k;
pref[i|[k] = i;
 in elese () Read in the problem

iodel Tnodel F§ T3 W ) W T U=R LIS

IntegerVariable [|] a = new IntegerVariable [n];
for (int 1=0;1<n;1+44+) e'L[i] = makelntVar (" a_"4+ i.ﬂ:ltrngth[i] Voprenum"” ) g
for (int 1=0;1<n;1+4+)
for (int j=0;j<length[i];jit++){
int k = pref[i][]i];
model . addConstraint({implies{gt(a[i] . rank[i][k]),.lt{a[k], rank[k][ i
model . addConstraint({ implies({eq(a[i] . rank[i][k]).eqgl{a[k] . . rank[k]][i
}
Solver solver = mew CFPSolver(]):
solver . read (model )
if (solwver.solve (). booleanValue(])
for (int 1=0;i<n;:i44){
int j = pref[i][solver . getVar(a[i]).getVali]];
if (1<3]) Bystem . out.print (" ("4 (141} +" . "4+ (341) 73 " )

}

System .out . println (};

choco

Listing 1. A simple encoding for SRI, StableRoommates.java
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10
11
12
13
14
15
16
17
15
149
20
21

23
24
25
26
27
28
29
a0
31
3z
a3
34
35
a6
aT
s
39
40
41
42
43

-

public

public

class

StableRoommates [

static woid args ) throws

choco

main{ String [] IOException |

BufferedHReader fin = new DBufferedReader {new FileReader{args [0]));

int n = Integer . parselnt{fin.readLine(})};
int [|]]] pref = new int [n][n];
int [][] rank = new int [n][n];
int [] length = new int | n];
for (int i=0:i<n;i44)]
StringTokenizer st = mew StringTokenizer(fin.readLine() . ,” " );
int k = 0;
length [1] = 0;
while {=t.hasMoreTokens{)){
int ] = Integer.parselnt({st.nextToken ()} — 1;
rank [i|[j] = k;
pref[i|[k] = j;
length [ 1] = length [i] 4+ 1;
k= k 4+ 1;
}
rank [i]|[i] = k;
pref[i|[k] = i;

}

I F I, P
Model model = new CFModel();
IntegerVariable [|] a = new IntegerVariable [n];
for (int 1=0;1<n;1+44+) e'L[i] = makelntVar (" a_"4+ i.ﬂ:ltrngth[i] Voprenum"” ) g
for (int 1=0;1<n;1+4+)
for (int j=0;j<length[i];jit++){
int k = pref[i][]i];
model . addConstraint({implies(gt(al[i] ., rank[i][k]).lt{a[k] , rank[k][i]))]);
model . addConstraint({ implies(eq(a[i] . rank [i][k]).eqgia[k] rank[k][i]))]);
}
Solver solver = mew CFPSolver(]): '
solver . read (model ) BL“Id The mOdel
TI lSolveEl.oolve L. poolean v arge nry
for (int 1=0;i<n;:i44){
int j = pref[i][solver . getVar(a[i]).getVali]];

if (1<]) System.out.print (" {"4 {141} 4" .74

(i41) +7) ")
}

System .out . println (};

Listing 1. A simple encoding for SRI, StableRoommates.java
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16
17
18
149
240
21

23
24
25
26
27
28
29
a0
a1
32
33
34
35
34
aT
38
39
40
41
42
43

~

public class StableRoommates |

public static woid main{ String [] args) throws [OException {

BufferedReader fin = new DBufferedReader (new FileReader{args [0])):
int n = Integer . parselnt{fin. readLlLine ()}
int [|[] pref = new int [n][n];
int[]'_] rank = new int'_n]'_n];
int [] length = new int'_n];
for (int i1=0;i<n;14+4){
StringTokenizer st = mew StringTokenizer(fin.readLine () ,” ");
int k = 0;
length [i] = 0;
while {st.hasMoreTokens{)}){
int j = Integer.parselnt (st .  nextToken())}) — 1;
rank [i][j] = k;
pref[i][k] = j;
length [ 1] = length [i] 4+ 1;
k= Lk 4+ 1;

fin.close ():
Model model = new CPModel(];
IntegerVariable [|] a = new IntegerVariable [n];
for (int i=0;i<n;i44+) a[i] = makelntVar{"a_"4+ i .0,length[i] ,"cp:enum"” );
for (int i=0;i<n;i4++)
for (int j=0:;j<length[i]:ji4++){
int k = pref[i][j];
model . addConstraint (implies{gt(a|[i].rank[i][k]).lt{a[k] . rank[k]][1i
il 1

choco

P10
31 -

model . addConstraint({ implies{eq(a] ranl [ 1[1 enlalkl rank(lki{j

Solver solver = mew CPSolver ()
h | 1 - 1 5%

Find and print first matc

]
h

ing

if {Hc:lvt:r.:::c:-]vﬂ-{i.bc:nluan‘c’aluef}}
for (int i=0;i<n;i4++){
int j = pref[i][solver . getVar(al[i]).getVali]];
if (i<j) System.out.print (" {"4+ (141} 4" . "+ (41} +7) ")
}

System .out . println ()

S

Listing 1. A simple encoding for SRI, StableRoommates.java
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Ant: Bea, Ann, Cat

Bob: Bea, Cat, Ann

Cal: Ann, Bea, Cat

Ann: Bob, Ant, Cal

Bea: Cal, Ant, Bob

Cat: Cal, Bob, Ant

PR = RS e

("

SM
men

:1la624d45 1
A 1255 2
:1ld5362 3
tB 53421 1
231456 5
3126584 6

women

156424
246135
td3EESH1]
1354206
326145
313642

Can model SMI as SRl

SRI

women+6

1:79 1281011
210 1Z2THRI1LS
J:T10 119 128
1 :12 11 9108 7
o T L1 12
LF B 12 11 1ib
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Yes, but what’s new here?

Model appeared twice in workshops
Applied to SM but not SR!

(two sets of variables, more complicated)
One model for SM, SMI, SR & SRI

Simple & elegant




TYwrwwy m
Mo adds Brightness 3
y_to whiteness ;

fo

But this is hard to believe ... it is slower than Rob’s 1985 results!

4.

Yes, but what’s new here?

Model appeared twice in workshops
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(two sets of variables, more complicated)
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4.

Yes, but what’s new here?

Model appeared twice in workshops
Applied to SM but not SR!

(two sets of variables, more complicated)
One model for SM, SMI, SR & SRI

Simple & elegant




Cubic to achieve phase-1 table

Not so neat
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A specialised constraint

| implemented a specialised binary SR constraint and an n-ary SR constraint

This deals with incomplete lists
This is presented in the paper
You can also download and run this
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A specialised constraint

Listing 2. SEN java

Here’s the code.
Not much to it ©




A specialised constraint

puabklle claes SN sxtends AbstractblargelntsSCanetralnt

pErivats Jmt o=

privats It ramk ;
privats Iimt prel;
privates ot || length;
private lSintalnt | uph
privats ISteteln
pErivats Int

'ar (] a,imt [ ][] mreef cent |[[]] o Lint | length 1

Fulrlle SIEN(

o

publle wold swshnkei| throws O
Far {int i=0i<n; i4++4+] awnkedldlnlni(

e Constructor

publlle wold propagste |1 throws CentradictionBExceptien |}

publle wold » plmlnt{int L) Ehraws Uoanti pnExcEpt 1
int = Fa gatlnd |} Aoal | lawas far &
Imt | prof [ 1] |=]
all].- =otSapirank | il
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sl |4 i

i eeiix];

pmiint | ,Int x| throws ContradictianBExzceptlion |

i =

Imit | Br |
alj] - remValirsmk|[j[[4]);

publle wold sweskalinlmacdlint 1} Ehrows ContrsdictlomExcoaption |

Imt v x[E FatWali}

Far {imt = Iwh |: pot |0 sy w44t
It prof |1 ]| =
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H
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Listing 2. SEN java



puabklle claes SN sxtends AbstractblargelntsSCanetralnt

pErivats Jmt o=
privats It ramk ;
privats ot prel;
privates ot || length;
privats 151 alnt | uph
privats ISteteln
pErivats Int
Fubllle SIEN(
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fnr A&, Int

prafl , int [
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publle wold awnke|| throws ol
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removal of a value
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Empirical study

When | was younger, my mother did things to annoy me



Empirical study

SR: simple constraint model, enumerated domains
SRB: simple constraint model, bound domains
SRN: specialised n-ary constraint, enumerated domains
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This is new (so says Rob and David)

n cpu time  nodes matched — max matchings
LEaEh S 4 (1T) LIS 1
20100 (.511 G (34) .52 L
AL (G5 T [33) (.53 L
A0 L i T 25) (144 Li)
S RSN T [35) .45 L3
G L1 7 [2T) .41 14
O L2 T [31) .42 12
MO L .55 2 (50} {144 24
LN | T8 2 [ 249) (.44 12
L (MK 2 [l 2 [85) (Al L(1

n, average run time, nodes (maximum), proportion with matchings, maximum number of matchings
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Well, think on this ...

There are hard variants of SR. One example is egalitarian SR where a match-
ing is to be found that minimizes the sum of the ranks, and this has been shown
to be NP-hard [9]. In our constraint model an egalitarian matching is one that
minimizes ) a,;. Therefore we can model this problem by adding one more vari-
able (totalCost), one more constraint (totalCost = > a;) and a change from
solving to minimization (line 36 of Listing 1). Naively, to find an egalitarian
matching we could consider all matchings. As we see from Table 2 no instance
had more than 40 matchings, no search took more than 85 nodes and the longest
run time (not tabulated) was 2.6 seconds. Therefore, although NP-hard we would
fail to encounter a hard instance in the problems sampled. So, (as Cheeseman,
Kanefsky and Taylor famously asked [3]) where are the hard problems? As yet
I do not know.



What'’s still to do?

Prove that the model finds a stable matching in guadratic time ...



This was all my own work ...
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