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Chapter 1

What is a Matching Market

People’s lives are full of choices. They have to choose how to maximize their utility,
having unlimited needs but limited means. Economics is the science that studies
the reasons for these choices and their outcomes. Therefore questions, such as
which school people attend, which job they get, who they are married with, are of
fundamental importance. It turns out that these questions do not depend exclusively
on the choices people make, because they must be chosen back. To express this
concept in a more formal way we could say that: while, in many markets, price is
the only variable necessary to equate demand and supply, there are other markets in
which price alone is not enough. The markets in which the things we choose must
also choose us back are called "matching markets”.

1.1 Matching Markets Analysis

The very first thing to say regards the conditions for such a market to exist:
1. The market must be thick, with an high enough number of partipants
2. Those participants must follow the market rules, whichever they are

In practice these two conditions are very difficult to materialize, the first one because
people might not be aware of the existence of such a market or because they might
not be able to signal properly their qualifications to the other party. The second
condition often fails because people have an incentive to cheat, either when the rules
are not strict or when they are not subject to punishment if they do not comply with
such rules. Finding a job, applying to certain schools, or looking for a wife, are not
markets that can be regulated, and therefore other mechanisms come into play.



In a matching market prices are still important, (you still have to pay tuition or buy
a ring to your wife) but other factors, such as searching and wooing are important
as well.

After this first stages of market formation, the analysis must switch towards the
single participants of the market. In fact, while in commodity markets the same
offer is made to all participants, in matching markets each transaction may have to
be considered separately (for example each applicant will have his own interview, or
each man his date). Single participants need time to evaluate proposals, and this
might create congestion in the market, meaning that people wait long time for an
answer.

Another problem might be that since people do not like to see competition will act
in advance with respect to their competitors, and make exploding offers, meaning
offers that have to be accepted or rejected before participants have time to receive
offers from someone else.

Psychology as well plays a great role: sometimes a college might not offer a position
to its best applicant, only because there is an high probability that the same student
will be accepted into a more prestigious program and accept that offer.

In turn, market analysis will depend greatly on the details of the market, including
the culture and the psychology of the participants.

In order to proceed towards a deeper and more complete analysis of reality I believe
it might be of some use the analysis of the marriage model.

1.2 The Marriage Model

The model presents two groups of agents, represented by two disjoint sets of Men
and Women. The purpose of each man and each woman is to be matched with their
most preferred participant of the other set. The set of outcomes, defined as matches,
can be of three type:

1. between a man and a woman
2. between a man and himself
3. between a woman and herself

The model can be conceptualized in the following way:

Suppose there are two disjoint sets M = my, ..., m, and F = wy, ..., w, of men and
women, each of whom has complete and quasi-transitive preferences over the set of
individuals of different sex (plus the chance of being unmatched).



Complete preferences are defined as binary relation R over a set M U F' if for all m

and w in M U F, m is related to w or w is related to m (or both). In mathematical

notation, this is Vm,w € M U F (mRw V wRm)

Quasi-transitive preferences are instead defined this way: If m; > mo and mgy > mgs

then mq > ms.

Preferences are represented as a list P(m;) = wq,wy, wy, ...,m; meaning that the

agent m; prefers wo to any other choice, wy to any choice but wy, and so on, until

he prefers to remain unmatched (denoted in the list as m;).

Therefore when a proposal is received it may be considered acceptable or

unacceptable whether it is present in the preference list of the women. Furthermore

to express the fact that agent m; prefers wy to wy we will use the following notation:

[wy > wy] where the subscript m; under the > sign indicates the agent who presents
m;

a certain preference in his preference list.
Women preferences are conceptualized in the exact same way, meaning that in the
list P(w;) = ms, ms, my, ..., w; the female agent w; prefers some male agents, and at
some point she prefers to remain unmatched. Again to denote the preference that
wi has toward certain males we use the notation [mg > m;).

w;

An outcome of such a model is called a matching and is a one-to-one correspondence
from the set M U W into itself. This correspondence is of order two, meaning that
if a man m is matched to a woman w, then the woman w is matched to the man m.
Such a matching is expressed in the following way:

if u(m) = w then it must be also true that p(w) = m. A matching can also be
w1 w3 Wy We2 W4 My
meo M3 My MMy Wqge Mgy
example p(w;) = mo and wy and ms are matched to themselves. However matches
may not always be stable. It might be the case that a blocking pair is formed by a
pair of agents, if each one of them prefers to be matched with the member of the
pair, instead of the one who he was matched with. In symbols: if the pair (m,w) has
preferences such that [w > pu(m)] and [m > p(w)] then they form a blocking pair.

represented as a set of matched pairs: where in this

Furthermore a match can be also blocked by an individual k if k prefers being single
to being matched with pu(k). In symbols: [k > (k).

Therefore it can be concluded that a matching p is stable if it is not blocked by any
individual or any pair of agents.

Having defined these characteristics now it comes into play the deferred acceptance
algorithm, which is deemed to produce such stable matchings discussed above. The
algorithm works in the following way:



e step 0:

— If some preferences are not strict, then it must be specified a way that
allows the algorithm to arbitrarily break such ties (this task is only needed
if some agents are indifferent among one matching or another, and in this
case the problem can be solved in two different ways. The algorithm might
ask only for strict preferences, or break such ties at random).

e step 1:

— Each man m proposes to his first choice.

— Each women rejects any unacceptable proposal, and if she receives more
than one proposal she only holds the most preferred one.

e step k:

— Each man rejected at step k£ — 1 makes a new proposal to his first choice
who has not yet rejected him. In case he will have no more women to
propose to he will remain unmatched.

— Each woman holds her most preferred offer to date, and rejects the rest.

The algorithm will stop when no further proposals can be made by any men. All the
proposals held by women will form a match, and all the other women and men will
be matched to themselves.

1.2.1 Optimal Properties of Stable Matches

This area has been extensively analyzed in previous papers.

In its paper of 2008, Roth states that: ”The man-optimal stable matching p,, is
weakly Pareto optimal for the man in the set of all matchings.”

This means that there cannot be a set of matches, even unstable, that makes all men
better off. However this result about optimality is only true for the party proposing.
This result must be kept in mind since it will be useful in the subsequent analysis
about aggregate the welfare produced by the stable matches of the algorithm.



Chapter 2

Coding the Algorithm

The purpose of this chapter is to explain how, using a software like R, users can
have the chance to solve complex optimization problem in a market that has the
characteristics of a matching market.

2.1 R code:

In R we create a function with arguments x,y, m.prefs, andw.prefs. Among these
four arguments we have arguments x and y which represent the number of males
and females that constitute our experiment (x = number of males, y = number
of females), and two matrices m.prefs and w.prefs. These two matrices have the
following structures: m.prefs has as many columns as the number of males, with
each row representing the preferences, from the highest to the lowest (in the first
row we have the most preferred choice and so on) for each member. If a person
would, at some point, prefer to remained unmatched we will insert zeros for the
remaining females. The matrix w.prefs has a specular structure, with each column
representing a female, and with the preferences for that female ranked in the rows
from the highest to the lowest, with the possibility of inserting zeros to represent the
choice of remaining unmatched.

images to have an idea.

From this point onwards I will write lines of code with explanations regarding their
meaning below:

daal < — function(x, y, m.prefs, w.prefs){

m.history < — rep(0, x)

w.history < — rep(0, y)

m.historyold < — rep(0,x)



The first line creates the function and specifies which arguments must be put into it.
These are x and y, the numbers of males and females respectively, and preferences
matrices for males and females. The following three lines of code create three vectors,
with the first two representing the history of each male and female, meaning that
for each man and women we specify with whom they are currently matched. Notice
that since it is just the beginning of our process these two vectors are vectors of
zeros, because there are no matches yet. In these two vectors each row represent
the current match of each agent. The third row represents a vector, still filled with
zeros, but that serves another purpose that I will explain later on.

m.singles < — 1:x
w.singles < — l:y
In this second step we create two vectors, representing the singles men and women,
that at this point will be constituted of all the males and the females.
funl < — function(w.history, m.singles, m.history, w.singles, m.mat,
stay.single) {

m.history < — m.historyold[m.singles]

m.history < — sapply(m.history, function(m.history) m.history+1 )
m.historyold[m.singles] < — m.history
Now we create a new function inside the original function. The reason is that the
algorithm we want to write consists of a repetition of a certain process over a list of
elements. Therefore we specify first which is the process and later how this process
will be applied. This new function will take as arguments many vectors that we
have previously specified. Inside this function we will start the process we are really
interested in. Our first goal is to change the vector m.history in order for it to
reflect the current round of the males proposing. Therefore we exctract from the
vector historyold the value of the history of single males, then we add 1 to each
element of the vector and we store back the informations in the m.historyold vector.
This process allows males which might have been matched and then unmached to
propose to the right woman.

if(any (m.history>length(m.prefs[,1]))){

m.singles < — m.singles[m.history<=length(m.prefs[,1])]

m.history < — m.history[m.history<=length(m.prefs|,1])]

}

Now we need an ”if” statement to evaluate whether inside the vector m.history there
is a number corresponding to a round which is higher than the maximum round a
single male can reach. If this is the case we will eliminate the male from the vector
of singles and eliminate his preference from the preference list.
if(length(m.singles)==0|length(m.history)==0){



return(list(w.history=w.history, m.singles—m.singles,
m.history=m.history, w.singles=w.singles, m.historyold=m.historyold))
}
Here we insert two conditions (there are no more singles or no more people in
m.history) for which the function should end and return a list of vectors.
offers < — rep(0, length(m.singles))
for (i in 1:length(m.singles)) {
offers[i]< — m.prefs[m.history[i],m.singles[i]]
}
if (any(offers==0)) {
stay.single < — m.singles[offers==0]
m.singles < — m.singles[stay.single!=m.singles]
offers < — offers|offers!=0|
Now that I have solved the issues regarding the history, I will start to construct a
vector of offers made by all the singles of this round. I will first create a vector of
zeros, then a "for” loop to fill this vector of zeros with the right offer of this round,
and later an 7if” statement to eliminate the offers=0, that in our model represent a
person who prefers to remain unmatched.
if (length(offers)==0){

return(list(w.history=w.history, m.singles=m.singles,
m.history=m.history, w.singles=w.singles, stay.single=stay.single))}
Here I specify that if there are no offers it means that the algorithm has ended.
approached < — unique(offers)
proposers < — m.singles
Now I define the two vectors of females and males that will actually take part in the
proposition and refusal process in this round. Those are the females approached by
at least one man, and the m.singles of this round.
for(j in approached) {
for (k in 1:length(proposers)){
Here I start two for loops with the intention of evaluating each girl and each man in
the two vectors above. The females will be called j and the males will be called k.
if(w.history[j]==0 && any(w.prefs| ,jjJ==proposers[k]) && offersk]==j)
{
w.history[j] < — proposers[k]
m.singles < — m.singles[! m.singles %in% proposers[k]]
w.singlesj-w.singles[! w.singles %in% j] }
This 7if” statement specifies a first case of the algorithm, in which the woman j is
not matched to another man already. Further I have to specify that the proposer k



is somewhere on the preference list for the woman j, and lastly I have to be sure that

the offer that k is making at this round is actually toward j. After this conditions are

met a match will occur, therefore in the vector w.history in the position of the woman

J the proposer k will be inserted and will represent a match. Then the single male

will be eliminated from the vector m.singles, as well as the woman from w.singles.
else if (w.history[j]!=0 && any(w.prefs| ,jjJ==proposersk]) &&

offers[k]==j && match(proposers[k] , w.prefs| ,j])imatch(w.history[j],

w.prefs[ ,j)){

m.singles < — c(m.singles,w.history][j])

w.history[j] < — proposers[k]

m.singles < — m.singles[! m.singles %in% proposers[k]|

w.singles < — w.singles

}
}
}

Now the other case, in which the woman has already a match. If this is the case k
will still propose to her, and therefore the if statement will still require the conditions
that k is in j’s preference list and that at this round k is actually proposing to j,
but now another condition to met is that the proposer k of this round is actually
higher on the preference list of j, than the previous man matched with her. If this
conditions are met then the man formerly matched with the woman j will return
single, and all the other steps are the same as above, since a match will occur.
output < — list(w.history=w.history, m.singles=m.singles,
m.history=m.history, w.singles=w.singles) return(output) }

At this point the function has evaluated the match of this round and will return a
list of vectors.

iter=function(lista)

{return(do.call(funl, lista))}

Here I specify another function called iter, which performs iteration of the function
do.call over the list I will give it.

Ires=list(w.history, m.singles, m.history, w.singles, m.mat)

while (sum(Ires[[2]]);0) {

Ires=iter(lres)

}

Now I just have to combine these two processes and tell R to perform the iter function
over the list Ires that I have defined. However this repetition cannot be carried out
forever, in fact here I specify that it is only while m.singles is not empty.
return(list(”matches” =lIres|[[1]], ”wsingles” =lres[[4]])) }



Now my process is over and I can take the vectors I want to show and tell the function
to display them.

2.1.1 Processing Capacity

Depending on the number of participants the iterations performed by the algorithm
vary, therefore I believe it might be useful to assess the magnitude of data that can
be processed through this algorithm. With a standarc PC it takes only seconds
to perform iterations among two groups of 100 people, however time increases
exponentially with the number of players. It takes 10 minutes, for example, to
perform iterations among one group of 1000 and one group of 500. This is because
the number of preferences in the two matrices is 500.000 in this case, while it was
only 10.000 for two groups of 100 individuals each.
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Chapter 3

Social Welfare Application

Now that I have defined the algorithm and I have proposed a solution to program
it using the R software, my analysis will shift the focus toward welfare problems
connected with the proposed algorithm. The algorithm produces stable results
because each of the participants could not find a better result by himself, given that
all were all given perfect information. Therefore a question that might be of interest
would be: How big is the loss in social welfare that results from stable matches, as
opposed to optimal matches. This task poses some important challenges, both in
the definition of concepts and in the interpretation of results. Furthermore we must
specify which measure we are going to use to proxy the welfare of society; which
utility function we can attribute to each individual and which are the more relevant
aspects we want to take under consideration. These issues must be kept in mind to
interpret the result of the study in the correct way.

3.1 Price of Anarchy

A sensible and quick measure of the analysis described above can be provided by the
price of anarchy, which is defined in the following way:

Consider a game G = (N, S,u) , defined by a set of players N | strategy sets S; for
each player and utilities u; : S — R(where S = S5)...5,, also called set of outcomes).
We can define a measure of efficiency of each outcome which we call welfare function
W.S—R.

This function must be meaningful for the particular game being analyzed. In this
particular case the sum of players utilities W (s) = Z%:l u;(.S) is the function to be
maximized.

11



We can define a subset £ C S to be the set of strategies in equilibrium (for example
stable matches).

The Price of Anarchy is then defined as the ratio between the optimal solution and
the 'worst equilibrium’:

mingep W(s)

PoA = (3.1)

maxges W(s)

3.2 Studies

Therefore I will try to construct and conduct a study, taking the variation in the
price of anarchy to formulate certain hypothesis:

1. What if I change the party proposing?
2. What if I increase the number of participants?

3. What if the party proposing and the party that receives the proposals have
different utility functions?

4. What if the number of proposers and the number of receivers are different?

12



Case #1

What if I change the party proposing?

In order to analyze the changes in social welfare I will first define a simple utility
function, equal for all participants, and look at the loss in social welfare in the two
cases. U = 1/x where z is the position of the match in the preference list of the
individual.

Let’s examine a situation with given set of preferences:

miy | Mo | M3 | Ty | My
1 4 4 1 1
3 3 2 4 3 | Male Preferences
2 2 1 2 4
4 1 3 0 0
Wy | W2 | W3 | Wy
2 |5 131
i) le ; ;1 Female Preferences
4 | 2| 4] 2
5131010

Therefore the set of stable and optimal mathces with male proposing are:

1 21 31| 4 | 5 | Stable Matches

112 1]31] 4] 5 | Optimal Matches

Following from these results, the utility from stable mathes is U = 4,11 , while

13



Uopt = 5,08 and therefore:
PoA =0,81

When instead females propose these are the stable matches:

1 2 1 31| 4 | 5 | Stable Matches

M1o| 2 | B3 | Ha | M5
1123 1] 4| 5 | Optimal Matches
11413 ]0]2

Following the same procedure, the utility from stable matches is
U = 3,86 and therefore the PoA = 0, 76.

The conclusion to be drawn from these example is that the set of stable matches
might change, and so does the welfare of participants.

In particular what I believe it is important to notice, is that the utility of the party
proposing is much higher:

In particular for men it changes from 2,75 to 1,33, less then half.

For women it changes from 1,36 to 2,53.

Case #2

What if I increase the number of participants?

In general increasing the number of participants seems to have a negative effect on
the price of anarchy.

However the study here becomes more interesting, since the results will differ
depending on the preference list of people. In the case in which participants might
dislike certain participants of the other group the loss of social welfare is in fact
magnified.

This happens because when everybody has the possibility to be matched with
everybody else under the algorithm, (meaning every participant would accept
someone of the other group instead of remaining unmatched) it becomes more difficult
to increase social welfare.

14



Lets consider these as the two preference matrices:

Male Preferences

DNO| | | W
;J;C»JI\DHS
(V)
»—t»-lkwws
w
H[\Dwﬂks
Ny

W1 | Wy | W3 | Wy
1131 2
0| 2| 2| 3 | Female Preferences
0| 1] 3| 4
04|41

11213 1] 4] 0] Stable Matches

Hi | Mo | B3 | B4 | K5
11213 ] 4| 0| Optimal Matches

4 12101

In this case stable matches are equal to optimal matches, and so are the utility
generated. Thereore the price of anarchy in this case is equal to 1.

Such a price of anarchy means that if people follow their preferred alternative, then
the collective welfare is maximized.

If we increase the number of participants, with preferences as follow:

15



E
3

Male Preferences

OOO%D—‘CT!OJ[\DHS
OOOOO\][\DO‘!I—Ag
OO OO O N W
OOOOO“@OOOJUS‘
OOQDH[\DOO\]CD§
OO | DN W Oy Ut 0O

g
=
g

Female Preferences

oocncnq;cow»ag
oooowooco\”g

olololo| ol v —]|w
ol ol oo w| | o] ol &
o|o|o|w|~| || =&
= ro| wo| | on| o] 1| 0| &
ol ool o =] o] w| o
olo|o|r|k|wlale|&

112134 |5]6|7|8]0 0 0 Stable Matches

112134516780/ 0 | Optimal Matches

Stable matches generate utility of U = 7,87619
Optimal matches instead U = 8, 5333
Price of anarchy therefore is = 0,9229 (3.1) as defined in the previous equation.
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Now the case with random preferences over each individual of the other group:

Male Preferences

OJCH%P—‘@\][\DOO);‘
l\DCﬁ\IOOOJ%—‘CﬂHkg

[\D\IOOb—‘CDCﬂOJH;§

OOOT@[\DOOHB\]H§

%@OOP—‘%I\DNIQC‘?

@%I\DOOU!OJH\Ig

\1[\')00)—‘@%030‘!5

CD\IOT[\D#—‘OO#OJ(;

5

Female Preferences

| ot ~1|oo| o 0| co| x| B
00| | o | o] on| | = o]
%\]OOCﬂCle\Dr—\Jg
| ot oo| 1| o wo| = | | B
2| —| o] | ~1| 00| co| | B

~|oo| ||| o oo &

~1| =] oo| ro| | | | w| B

OO DN OO | H| | W

1 21314 |56 | 7] 8| Stable Matches

11213141567/ 8| Optimal Matches

Stable matches U = 9, 875
Optimal matches U = 10, 209524
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Price of anarchy = 0,9672

Here we can see that for people who accept every person of the other group as a
match, the PoA is higher: 0,96 compared with 0, 92.

Case #3

What if the party proposing and the party that receives the proposals have different
utility functions? Lets try here to model the game having as utility functions the
usual 1/x and 1/2z, therefore the second utility function produces much less utility.
Now lets see the variation in the price of anarchy and derive some results.

my | Mo | T3 | Ty | Ty | Mg
1 5 5 5 3 5
2 3 6 1 2 3
5 6 1 2 1 4 | Male Preferences
4 2 3 3 5 1
6 4 4 6 4 2
3 1 2 4 6 6
Wy | Wy | W3 | Wy | W5 | We
6 | 6 |46 ] 5| 2
311161 1] 4
5 | 5| 3] 5 | 3| 3 | Female Preferences
1121213615
213|512 2]6
4 14114 1| 4|1

1121131 4]| 5| 6 | Stable Matches

Optimal matches in this case are the same if the utility function is the same.

18



However in the case there are different utility functions the optimal matches are:

11213 1]4]5 ]| 6 | Optimal Matches

U of stable matches in different utilities functions case:

U=5

U.opt = 5,475

The price of anarchy becomes therefore: 0,981

Which are the conclusions to be drawn? First of all it appears that stable matches are
very efficient, and they depend on the random allocation of preferences. The further
consideration is that they are extremely effienct in the case in which the utility
functions are equal for all participants. This is a strong assumption to be made and
not so true in real life. However it is also true that it is impossible to ascertain
which person derives a higher utility from a certain event. This said I believe that
once again the deferred acceptance algorithm produces very good results in term
of welfare for the society. Furthermore each participants behaves in a way that is
actually plausible because it just respects its own preferences. This has notorious
positive implications in practice.

Case #4

What if the number of proposers and the number of receivers are different?

Male Preferences

my
3
2
1

W[~ N

1 | Female Preferences

19



1| 2 | 0 | Stable Matches

2 |1
M| 2 | U3
1] 2| 0 | Optimal Matches
2 |1
U stable = 3,5

U optimal = 3,5
Price of anarchy = 1
Now lets increase the number of participants:

my | Mo | M3 | My | Ty | Mg | TI7 | TNY

3 2 2 5 5 5 2 1

g i’) i Z ;l i ;1 ;l Male Preferences
4 5 5 3 2 1 1 5

1 4 1 1 1 2 5 3
W1 | W2 | W3 | Wy | Wy

112526

513|715 |3

911191 4

4 | 7 10| 7 |10

316 | 8| 8| 5 | Female Preferences
6 | 93] 6|8

215121319

814|119 |7

71100 4 [ 10| 1

10 8|6 | 4] 2

20



1| Mo | M3 | M4 | 5 | M6 | M7 | M8 | M9 | H10
1 213145167189 | 10 | Stable Matches

Mi | f2 | B3 | Ha | U5 | He | B7 | B8 | Ko | H10
912|156 /|3 |4]| 7/ 8] 10| Optimal Matches

11721314 ,5]0,0]0/10]0

U from stable matches is = 6,4
U from optimal matches is = 6,958
Price of anarchy = 0,919 Here the PoA with few players is 1 and decreases to 0,91

with more participants.

In the case in which we had same number of participants, PoA started at 1 and
deceased to 0,96.

Therefore on average the disparity in the number of participants is negative from a
social welfare perspective, when stable matches are formed.

3.3 Final Conclusions

In this paper I have proposed a brief overview of matching markets, with a special
focus on the marriage model.

I have programmed the algorithm in order to have immediate results, to be used to
analyze the properties of such algorithm.

By doing so I was able to empirically analyze the welfare properties of stable
matchings, and provide some empirical conclusions.

Welfare Properties There are four variables that determine the loss in social
welfare coming from stable matchings, if social welfare is thought of as the sum of
utilities.

Those are:

1. Depending on which party is proposing to the other, results change, and benefit,
in term of aggregate utility, the party proposing.

2. The number of participants: on average the higher the number of participants
the higher the loss.

21



3. The difference in utility functions of participants: on average the more different
the utility functions the higher the loss.

4. The disparity in the number of men and women: on average the higher the
disparity in the number of men and women, the higher the loss.
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.1 Code

daal < — function(x, y, m.prefs, w.prefs){
m.history < — rep(0, x)
w.history < — rep(0, y)
m.historyold < — rep(0,x)
m.singles < — 1:x
w.singles < — 1:y
funl < — function(w.history, m.singles, m.history, w.singles, m.mat,
stay.single) {
m.history < — m.historyold[m.singles]
m.history < — sapply(m.history, function(m.history) m.history+1 )
m.historyold[m.singles] < — m.history
if(any (m.history>length(m.prefs[,1]))){
m.singles < — m.singles[m.history<=length(m.prefs[,1])]
m.history < — m.history[m.history<=length(m.prefs[,1])]
}
if(length(m.singles)==0|length(m.history)==0){
return(list(w.history=w.history, m.singles=m.singles,
m.history=m.history, w.singles=w.singles, m.historyold=m.historyold))
}
offers < — rep(0, length(m.singles))
for (i in 1:length(m.singles)) {
offers[i]< — m.prefs[m.history[i],m.singles[i]]
}
if (any(offers==0)) {
stay.single < — m.singles[offers==0]
m.singles < — m.singles[stay.single!=m.singles]
offers < — offers[offers!=0]
if (length(offers)==0){
return(list(w.history=w.history, m.singles—m.singles,
m.history=m.history, w.singles=w.singles, stay.single=stay.single))}
approached < — unique(offers)
proposers < — m.singles
for(j in approached) {
for (k in 1:length(proposers)){
if(w.history[j]==0 && any(w.prefs| ,jjJ==proposers[k]) && offersk]==j)
{
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w.history[j] < — proposers[k]
m.singles < — m.singles[! m.singles %in% proposers[k]]
w.singlesj-w.singles[! w.singles %in% j| }

else if (w.history[j]!=0 && any(w.prefs| ,jjJ==proposersk]) &&
offers[k]==j && match(proposers[k] , w.prefs| ,j])jmatch(w.history[j],
w.prefs| )1
m.singles < — c(m.singles,w.history][j])
w.history|[j] < — proposers[k]
m.singles < — m.singles[! m.singles %in% proposers[k]]
w.singles < — w.singles

}

}

}

output < — list(w.history=w.history, m.singles=m.singles,
m.history=m.history, w.singles=w.singles) return(output) }
iter=function(lista)

{return(do.call(funl, lista))}

Ires=list(w.history, m.singles, m.history, w.singles, m.mat)

while (sum(Ires[[2]]) > 0) {

Ires=iter(lres)

}

return(list(”matches” =lIres|[[1]], ”wsingles” =lres[[4]])) }
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