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Abstract. This paper presents a new approach to the ddlimeat local labour
markets based on evolutionary computation. The mhjective is the regional-
isation of a given territory into functional regmibased on commuting flows.
According to the relevant literature, such regians defined so that (a) their
boundaries are rarely crossed in daily journeysdrk, and (b) a high degree of
intra-area movement exists. This proposal mergesaipalities into functional
regions by maximizing a fithess function that measuaggregate intra-region
interaction under constraints of inter-region safian and minimum size. Real
results are presented based on the latest datiibaséthe Census of Population
in the Region of Valencia. Comparison between thalte®btained through
the official method which currently is most widelged (that of British Travel-
to-Work Areas) and those from our approach is gissented, showing im-
portant improvements in terms of both the numbediéerent market areas
identified that meet the statistical criteria ame tdegree of aggregate intra-
market interaction.

1 Introduction

Delineating local labour markets (LLMs) is an exsechat has become very common
in the last decades across developed countrie§ [Hse sets of functional areas are
seen as an alternative to the use of local andmagadministrative areas as the rele-
vant geography for statistical purposes and forddgign, implementation and moni-
toring of labour market and other public policiesrélated fields such education and
housing markets. The reason for this is that advmative areas are defined by bound-
aries that very frequently derive from historicahsons, and so it is not assured that
they provide a meaningful insight of the territbfianctional reality. Most countries
have opted for defining markets through the agdregaf units which are intimately
related in terms of exchange of flows. Thus acewlgito their nature in most devel-



oped countries travel-to-work commuting flows haween used to identify LLMs
instead of defining markets characterized by thedgeneity of the constituting geo-
graphical basic units in certain attributes (aeewvof procedures which concentrate on
this last option can be found in [20]).

A LLM represents an area where the majority of ititeraction between workers
seeking jobs and employers recruiting labour occlinss refers to what Goodman [2]
called external perfection (the boundary of theaaserarely crossed in daily journeys
to work) and is joined by high degree of intra-n&rknovement (so that the defined
market is internally active and so as unified assfigie) to form the basis of the ideal
LLM. More than a decade ago Eurostat [3] estabtishecode of good practices to
guide the selection of a specific procedure: (B iteal map of LLMs should be
based on statistical criteria, thus defined in asggient way to allow comparison for
statistical and policy purposes, (2) the procedshieuld allow the delineation of
boundaries between areas within which most peaptle live and work, (3) each basic
spatial unit should be in one, and only one LLM), ¢dntiguity should be respected,
(5) a certain degree of self-containment shoulddaehed, so that most of the LLM’s
workers live in that area and most of the area’pleyed residents should work local-
ly, (6) the map should consist on homogeneous uwritsse size should overpass a
minimum threshold, (7) the areas defined shouldoeotinnecessarily complex from a
topographic point of view, (8) the map of LLMs skbuespect where possible the
standard administrative top tier boundaries, tkigdp considered advantageous from
both statistical and policy points of view and fipg9) the procedure should be flexi-
ble enough to allow evaluation and adjustmentoaltiin the possibility of varying the
statistical criteria between regions must be exaud he preference for detail (delin-
eating as many criteria-meeting LLMs as possitdedlso frequently included as one
additional criterion.

Despite sharing a common basic view about the idailires of such an area, cur-
rent official methods have a very diverse naturé are mostly based in sets of rules
whose sophistication substantially varies natignatid, to a certain degree, temporal-
ly. In [4] several classifications of these officigocedures are presented. One of the
procedures that has been more successfully apiplibadt of Coombes et al. [5] which
has been used in the United Kingdom for the defioraof LLMs (so-calledTravel-
to-Work Areas, TTWAS) since the 80s. This procedure has also bsed, with minor
changes, to define LLMs in ltaly [6], [7], [8], Spd9], New Zealand [10] and Aus-
tralia [11], among other countries. This is theqaure that serves as inspiration for
the one proposed in the article. In our proposalrdgionalisation problem is present-
ed as the maximization of markets’ internal cohesioterms of travel-to-work sub-
ject to a number of restrictions among which staméeting certain self-containment
and minimum size (in terms of occupied populatidmgsholds, with the aim of iden-
tifying as many independent markets as possibke vathout making use of contigui-
ties constrictions or distance measures. Unliketrnogent procedures, the method
proposed here meet the criteria listed above armhsa significant improvement in
measurable indicators such as the number of LLMstiflied which meet the stated
criteria compared with alternative methods.

Given the size of the problem, which can be charasd as NP-complete, an ex-
haustive search of the solution is not possibles it the reason why an evolutive



approach is proposed where specific operators tatégies have been designed and
implemented in experimentation using the latestrég available for Spain [12].

2 Problem description

Let A ={A1,A2, A n} be a set of areas (territory). The objective islitain the set
of regionsR={R,R, ... ,R} soasUR =A andR, n R, =0,0ij0[1,n] iz j,
that maximizes the fitness function ™~
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being R (i) the region containing area i, and
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where W is the number of commuters from area i to areagt is the number of
employed residents in area i that work in area j.

f([)] represents the interaction index between an arddte rest of the region to
which it belongs, while the introduction of the ruen of regions tries to maximize the
division of the territory.

Besides, each one of the regiofs R must fulfil two constraints of self-
containment 3, B,), B, 2B, and minimal sizef§,, B,), B, 2B,:
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A trade-off between both constraints has beendiited similarly to [5], but in the
formulation proposed by Casado [9]. According tis thade off, the self-containment
absolute requisite is relaxed for regions whichsariciently large following a linear
relationship. This trade-off establishes a new trairs:
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We have also included a requisite to guarantee stegece of contiguity by em-
ploying only commuting data: an area can only bgltm a region if some of thg
areas to/from it has more output/input commutiogvd is also part of that region.

3 Evolutive proposal

The structure of the evolutive algorithm for thgiomalisation of the territory is:

Produce a randominitial population of size n
Repeat
Eval uate fitness of all individuals
Cener ate new i ndi vi dual s by reconbi nation
Cenerate new i ndividuals by nutation
Eval uate fitness of all new individuals
Order all individuals (old and new) by fitness
CGenerate a new popul ati on choosing the n best indi-
vi dual s
Until there were no change in the best individual for a
nunber of iterations

3.1 Individual representation

The individuals of the population represent feas#lutions, that is, the aggregation
of all the geographical basic areas composingtéeyriA into no over-lapping local
labour markets (regions). Each individual is représd by a vector of n components,
each of which corresponds to an area of A, andstéke value of the identifier of the
region the area belongs to.

[1]J2J1]3]2]1[3]2]3] 4] Individual

R1 :{a1’a3’as} Rz :{az’as’afs} R3 :{aA'a7'a9} R4 :{am}

3.2 Selection

Selection of the individuals to be affected by mbmation and mutation operations
is performed following a ranking method [13], aatiog to which those individuals
scoring higher in the fitness function have a lafgebability of being selected.

3.3 Recombination operators

Due to the large number of constraints that théviddals must fulfil, and very nota-

bly to the fact that in a regionalisation exergtsgs important to guarantee the exhaus-
tive coverage of the territory and the avoidancewdrlapping between regions, the
usual operator of recombination does not in margesdead to feasible solutions.



This is the reason why we have designed a widepgaduspecific operators which
allow a more rapid evolution of the population tzeptable solutions:

- Recl: a crossover point is randomly selected. Offspitngenerated by taking the
initial part of one of the parents and the finaitpd the other one. This is the usual
operator employed in genetic algorithms. Howevagageptable offspring is a fre-
quent result of this operator in this specific ¢asiace frequently there is not a
compatible correspondence between the region faastof both parents.

Parent#1 [1 ]2 ]1[3]2]1[3]2]3]4]

offspring [ 1 [2[1[3|2[3]4]2[4]5] Crossoverpoint=4

Parent#2 [ 1 ]2 [3[4]2[3[4]2]4]5]

To avoid such discrepancies in the codificatiorthef regions of both parents two
new operators of recombination have been introduced

- Rec2: A region identifier belonging to parent #1 is damly chosen. The areas
with identifiers lower or equal to the chosen oneiaherited by the offspring. The
rest of the areas are then assigned the identiifepsirent #2, except for the cases
when this involves a region for which one or mof@®constituting areas were al-
ready in the offspring. In such cases, the ardasttee identifiers from parent #1.

Parent#1 [1 [ 2] 1[3[J2[1]3]2[3]4]

Offspring [ 1 ]2 ] 1] 4J2J]1[4]2]4]5] Crossoverregion=2

Parent#2 [ 1 [ 2] 3[4 2[3]4]2]4]5]

— Rec3: a crossover point is randomly selected. For tieasprevious to that point,
the offspring takes the values of parent #1. Frbat trossover point, values from
parent #2 are inherited, unless this involves #regith an area already set in the
offspring, when the identifier of parent #1 is used

Parent#1 |1 [ 2] 1[3]2[1]3]2][3]4]

offspring [ 1 [ 2 [ 1] 3] 2] 1[3]2]3]5] Crossoverpoint=4

Parent#2 [ 1 [ 2] 3] 4] 2[3]4]2]4]5]

Since the areas characterised by lower identiiegsalso assigned to regions with
lower identifiers, their probability of being takfnom parent #1 is greater than that of
areas with high identifiers. To cope with this vavé added two recombination opera-
tors (Rec4 andRecb), as variations of Rec2 and Rec3 respectivelyhém a random
recoding of the regions in the representation dh lparents is performed previously
to the recombination.



3.4 Mutation operators

We have designed an extensive set of mutation tgrerasome of them specifically
intended for the delineation of local labour marketas, with the aim to accelerate the
obtaining of individuals with adequate fitness:

— Mutl: This is the mutation operator usually employeévolutionary computation.
The only difference is that instead of muting jose gene (area), we mute a ran-
domly selected number of genes, changing the rag@nbelong to.

— Mut2: This operator is analogous to Mutl. In this cdmmyever, instead of choos-
ing the region assigned to the muted area on aonarahsis, such area is merged
with its optimal region, that is, the region witlhigher interaction index with it:

W2 WS 1
R'(i) =arg ma Ur__ 4 nd) )
OR;0R-R(}) V\/{i}'A DNA,RJ WRJ A DNA,{i}

— Mut3: In this case, two randomly selected regions azsged.

— Mut4: A region is randomly chosen. Each of its constityareas is then merged
with its optimal region (see Mut2). So, as resaftthis operator, the number of re-
gions in the offspring is one less compared tpaent.

— Mut5: This operator divides a region into two. Thetsiplg process is as follows:

1. Aregion R, is randomly selected. This region must fulfil taonstraints:
(@) Wy 4 >28, and ()  Wia=Wiagrya>Ba where
focus( R) = arg maxx ( Woat W{a}) (that is, the region is large
enough).

2. An area belonging t&; is randomly chosen. It is then assigned to the new
regionR; .

3. Another area belonging t&®; is randomly chosen. It is then assigned to
the new regiorR; .

4. The rest of the areas belonging® are taken at random, being assigned
to regionR; or R which they have a greater interaction index with.

— Mut6: This operator creates a new region from anotherlwy removing from the
latter a number of areas sufficiently large sooafotm a valid market:

1. Similar to Mut5.

2. An area belonging tdR; is chosen at random, being assigned to the new
regionR, .

3. If region R, does not fulfil the size constraint (equationitjakes the ar-
ea belonging toR; with which it has a higher interaction index. Thi®-
cess is repeated unft; is large enough.

— Mut7: This operation removes from a region the areasstore lower in the inter-
action index when measured with regards the refteofegion. Such areas are then
assigned to their optimal regions:

1. Similar to Mut5.

2. The area to remove is selected as:
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3. If WR_{\%YA >B, (R, is large enough), the area s is assigned to timap
region, and step 2 is repeated. If that condit®onadt fulfilled, mutation is
finished.

— Mut8: An exchange of areas between regions is perfor@ee area is randomly
chosen and it is assigned to its optimal regione @rea of that optimal region is
then transferred to the source region.

— Mut9: This operator is similar to Mut2 in the sense ti@as are assigned to their
optimal regions. In this case, however, instead sfngle area a group of them is
transferred. Such a group is chosen so that tltiaeships among its component
areas are high. The process is as follows:

1. An area i is randomly selected.

2. The k areas belonging tE(i) with which area i has more interaction are
also selected. k is chosen at random.

3. All the selected areas are assigned to the optiegabn for area i.

— Mutl0: As, in some cases, there is a great interacttween regions, this operator
tries to redistribute areas in such regions. Tloeguiure is:

1. Anumberk =2 of regions to mute is randomly chosen.

2. Aregion R, is selected at random.

3. The k-1 regions that have a higher degree of intiena with R, are se-
lected.

4. These regions are then disintegrated into theistitoiting areas.

5. k areas from this new group are selected at randdrase areas act as
seeds for the new regions.

6. The rest of unassigned areas are individually taterandom and merged
with their optimal region among those k new regions

4 Experimentation

Our proposal has been implemented for the delioeatf local labour markets in the
Region of Valencia, Spain, using data about travetork derived from the Spanish
Census of Population [12]. This data allow us tddoa 541x541 matrix (541 is the
number of municipalities constituting the Regiomhiere each cell representy, .

Parameters employed in the following examples sime population = 100, off-
spring size = 123 with the following individualoofn the application of the different
operators of recombination and mutation (5 for eafombination operator, 30 for
mutations 5 and 6; and 6 for each one of the athdation operator), iterations with-
out changes in the best individual to stop the @ssc 1,000. Since one of the criteria
stated in the introduction section of the papddeasail, i.e. reaching the highest possi-
ble number of independent LLMs, division operates over considered.



Fig. 1. Comparison between the delineation employing Coomiethod (left) and our evo-
lutionary approach (right)

The thresholds for the self-containment and mininsime conditions (equations 4
to 6) aref3; = 0.7,B3, = 0.75,33 = 20,000 ang@, = 3,500; that is, the levels used in the
British procedure for the delineation of TravelMsrk Areas. This allows the com-
parison of our results with those from that proced@arametey of “neighbourhood”
is established to 5.

Our algorithm has been executed 100 times. Redeficted in Table 1 and Figure 1
are quite straightforward. The number of indepenaesrkets identified through the
evolutive procedure is approximately 35 per cemyda compared to the results
reached through the use of the British official Imeet which has become the standard
in the field, as already noted in Section 1. Iis #&nse, this procedure performs clear-
ly better according to one of the good practicatera listed in Section 1, that of
Detall. In territorial terms it is clear that theodutive procedure manages to identify
independent LLMs following a nested pattern in \bhicLMs identified in the
TTWAS' method are divided into LLMs which keep oreeting the statistical requi-
sites which are the same (notably self-containmenitigrion 5, and minimum size,
criterion 6), but with little variation of the extel boundaries of such markets. Also
criteria 2 and 3 are fully met by our procedureg&tding criterion (1), the procedure
proposed here is clearly based on statistical pti@geof the areas considered, and it
is not subject to subjectivism (which is the madmeern in that criterion), although as
in any other genetic algorithm procedure, it i®efftd by a lack of determinism in the
results that could at least potentially be relevara policymaking context. Assessing



the degree of accomplishment of criterion (8) fialilt here due to space constraints,
although it can be stated that the procedure pexpaseets this criterion in a degree
that is at least equal to that of the TTWAs procedEinally, and concerning criterion
(4), the number of discontinuities is higher in euolutionary approach (although the
absolute number remains low considering that norinétion on geographical dis-

Table 1. Comparative results between traditional method (Gmshand our evolutionary
proposal

tance or contiguity between basic areas has beed msthe procedure). It is im-
portant to state, however, that these are rawtsesid that the observed discontinui-
ties can be solved in any case, as it was in tH&A3 case, through the application of
a final calibration stage in which residual areas assigned to LLMs they share
boundaries with through a decision rule based antanaction measure.

Our proposal
o | B[ | Sandard
individual deviation
Number of labour markets 46 62 59.76 1.07
Fitness function 129.18 191.03 182.43 3.29
Non-contiguous regions 4 7 - -

5 Conclusionsand current works

The degree of success in the delineation, implestient and monitoring of public
policies in different contexts (Statistics, labanarkets, housing markets, transporta-
tion, urban planning...) heavily depends on the adtmess of the geographical
reference. Official methods for the delineationfafictional areas which serve as a
reference for these purposes have until now relpmtedures that very frequently
were designed some decades ago and that can nawpbaved through the use of
new procedures such evolutionary computation thatvao deal with complex da-
tasets in a different way so as to reach bettardtsedn this piece of work we model
the regionalisation problem as one of optimisatidrich is then solved through a
genetic algorithm based on operators and stratégsshave been designed to meet
the specificity of the problem. The need for exligety covering the territory and
avoiding overlapping is one of the more charadierfeatures of the regionalisation
problems. The experimental results show that, dheerespect of statistical con-
straints such minimum size or minimum separatiotwben functional regions is
granted, the proposed method performs better atifibs a number of LLMs that is
significantly larger than that resulting from curtefficial methods whilst it manages
to meet all the criteria that has been includeth@ncodes of good practices like such
of Eurostat, the Statistical Office of the Europ&ommission.

The major concern in this policy making contexuigloubtedly the fact that the
use of our evolutionary approach does not guarahtgehe results of the regionalisa-
tion exercise would remain unaltered in differerl$é. Despite giving place to worse
results in the referred terms, traditional methadsconsistent through different appli-



cations. Further research is needed on the wagdheergence can be assured in a
reasonable time and on the reduction of uncertabifferent solutions are to be ex-
plored in immediate research: statistics extradteth different independent execu-
tions [14], [15], parallel evolutionary algorithmis6], application of other evolution-
ary proposals for clustering as the Grouping Genglgjorithms [17], [18] and multi-
objective optimization [19].
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