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Abstract

This articlepresentsa modelof thestructureof informationfluxesthat
underliethecreationof productionchainsin atextile districtlocatedin Prato,
Tuscany, centralItaly. Contraryto mosttextile districtsin westernEurope
and north America, Pratodid not extinct onceaveragesalariesin the re-
gion rosewell above theworld’s loweststandards.Thereasonis thatPrato
wasableto switch from a competitive advantagebasedon low pricesto a
competitive advantagebasedon aestheticalfeaturesandvariety of textiles.
Analysisof thestructureof productionchainscanexplain thebehaviour of
thedistrict throughoutits evolution. Themodelreconstructsinteractionsof
tentypesof Pratesefirms from 1946to 1993in scale1:1.

1 Introduction

Industrialdistrictsstandout asa counterfactualevidenceto the generalpattern
of the evolution of industries. Industriesexhibit a large numberof small firms
when they are in their infancy, but sincemost profitablefirms tend to increase

�
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their market share,matureindustriesaregenerallycharacterisedby monopolies
andoligopolies.Industrialdistricts,on thecontrary, aregeographicalclustersof a
largenumberof smallfirms thatshow little or no tendency to increasetheir size.
Evidently, somefactor must counterbalancethe economiesof scalethat larger
firms wouldenjoy.

To someextent, the explanationlies in tax evasion,labourexploitation and
costs-saving environmentpollution. It is possiblynot a chancethat industrial
districtscanoften be found in low-incomecountries,wherea large part of the
economyescapesfiscalcontrolsandthelawsthatshouldprotectenvironmentand
labourarepoorlyenforced,if they exist at all.

However, this is not the wholestory. Someindustrialdistrictsarewell alive
in high-incomecountries,andcompetesuccessfullywith similar districtsthatare
locatedin low-incomecountries.ThePratotextile district is onesuchcase.

Pratois a town nearFlorence,Italy, wheretraditionof textile manufacturing
goesbackto theMiddle Age. At theendof theXIX centurya few wollen mills
werealreadyoperatingin thearea,andtextile manufacturingexpandedthroughout
thefirst half of theXX century. However, it wasonly afterWorldWar II thatareal
textile district emerged.

Sincethe1950s,somewoollenmills foundit profitableto lay onto handwork-
ersthejobsthatexceededtheirproductivecapacity. Whendemandwashighthese
handworkerscouldsettheir wholefamily to work, while they did not have to pay
idle workerswhenno orderscame.In this way, woolenmills couldmeetdemand
peakswith aproductivecapacitytailoredto demandthroughs.

During the 1960sand1970sthis processaccelerated,extendingfrom hand-
workers to small firms with a few employees. At the end of the 1970sPrato
arrivedto countmorethan10,000firmsdirectlyor indirectly relatedto thetextile
business.Most of thesefirms hadaverysmallsizeandcarriedoutabrief portion
of theproductionprocess.

During the 1980s,a deepcrisis stroke Prato. Expertshad good reasonsto
claimthattextile productionwasno longerfeasiblein a regionwhereincomehad
grown upto theworld’shigheststandards,andthattextile productionwouldmove
away from Prato.

However, this did not happen.Contraryto all expectations,Pratomanagedto
recoverduringthe1990s,andit is well aliveby now.

Pratois now averydiferentdistrict from theonethatexistedin the1960sand
1970s.It is lesstypicaladistrict,bothbecausesomeconcentrationdid takeplace
andbecauseit is no longera self-containedproductive area. Nevertheless,it is
still ahighly integratedsystemof thousandsof textile firms.
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To someextent, Prato recoveredbecauseit was able to exploit a cheaper
labour force than the one that is generallyavailable in Tuscany today. On the
onehand,Pratesefirms eitherlearnedto purchaseintermediateproductsabroad,
or they moved abroadthe early stagesof their productionchain. On the other
hand,massiveillegal immigrationfrom low-incomecountriesprovidedcheapand
unregulatedlabour.

However, if cutting labour costswould be the main determinantof Prato’s
recovery, then all of productionhadmoved to low-incomecountries. This has
beenthefateof mosttextile industryin WesternEuropeandNorth America,but
notof Prato.

2 From Price Flexibility to Features Flexibility

At its beginning, Pratoproducedlow-quality, low-price textiles. In particular,
Pratospecializedin wool regeneration.

Pratousedto collectragsfrom all overEurope.Oncein Prato,ragsunderwent
a seriesof chemicalandmechanicalprocessesthat transformedtheminto regen-
eratedwool. Regeneratedwool is of lowerqualitythanvirgin wool, soit wasused
to producelow-quality textiles. Textiles producedin Pratowerevery similar to
oneanother, andlackof differentiationbroughtfirmscloseto perfectcompetition.

The small sizeof mostfirms wasof paramountimportancefor the competi-
tivenessof Pratoasa whole. On theonehand,firms thatwererun by onesingle
family couldfollow thevagariesof demandby resortingto ”self-exploitation” of
family members.Ontheotherhand,competitionof a largenumberof smallfirms
thatproducedundifferentiatedgoodsensuredlow prices.

The above picture holds up to the 1980s,when Pratobegan to suffer from
competitionby similar districtslocatedin developingcountries.Prato’s products
wereof low quality, but they wereno longersocheap.Commonsensesuggested
thatmajorPratesefirms hadnochoiceapartfrom moving productionabroad.

They did it, but only to a limited extent. Only thefirst links of theproduction
chainmovedaway from Prato. Thesearethe processeswherelittle quality and
little varietycanbeaddedto atextile, operationsthatarecarriedout in exactly the
samewayeverywherein theworld.

On the contrary, operationsthat arecarriedout at the endof the productive
chain expandedinto a major componentof Pratoactivities [1]. Theseare the
processeswhereatissueacquiresits distinctivefeatures,includingcolour, pattern,
hairiness,brightness,and tactile characteristics[6]. The rangeof featuresthat
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a tissuemadein Pratocanexhibit underwenta tremendousexpansion,and the
many textile firms in thearealearnedto provide buyerswith countlessoptionsof
featurescombinations.

Today, Pratois successfulbecauseit hasbeenableto switch from priceflex-
ibility to featuresflexibility . Its traditionalstructureof a large numberof family
firms is still there,but thesefirms now competeon tasteandvariety, ratherthan
price.

Sincethe 1990s,Pratois basingits competitive advantageon its ability to
provideanythingabuyermayrequest,in areasonabletime,andin lotsof any size.
However, Pratesefirmsdonotmerelyexecutecustomers’scommands;rather, they
arehighly appreciatedfor their creativity andtaste[4].

Apparently, theonly weaknessof Pratoregardsthereliability andconstancy of
thequalityof its products.In fact,sinceflexibility is achievedby meansof compe-
tition of a largenumberof firms,customer-supplierrelationshipsarequiteunsta-
ble at any levelsof theproductionchain.Consequently, quality mayvary from a
productionlot to anotherbecauseintermediateproducersmayhavechanged,and
becauseoccasionalityof businessrelationshipsfavoursuncorrectbehaviours [7].
However, Pratois trying to overcomethis inconvenientby meansof verydetailed
surveysof technicalfaultsthatcouldhelpidentifyingproblematicareas[3].

3 The Structure of Information Fluxes

Sincetheaggregatebehaviour of industrialdistrictsexhibits featuresthatits com-
ponentfirms do not have, andsincethesefeaturesderive from the interactions
betweencomponentfirms, it hasbeensuggestedthat industrialdistrictsresemble
self-organizing,connectionistsystemslike e.g. neuralnetworks. This analogyis
attractivebut — at leastasfar asit regardsPrato— it needsqualifications.

Self-organizing,connectionistsystemsarebasedon freecirculationof infor-
mationbetweena hugenumberof units,e.g. neuronesin a neuralnet. The idea
is that a large numberof simplecomponentscangeneratea complex aggregate
behaviour, dependingon thestructureof theconnectionsthatthecomponentses-
tablishwith oneanother.

Thecrucialissueis thatif componentsareverysimple,verymany, andfreeto
connectto oneanother, informationcircuitscanestablish.Thatis, thecomponents
of a connectionistsystemcancreateloopswhereinformation— at leastin prin-
ciple — cancirculateindefinetly. Sinceinformationcircuitsarisespontaneously,
onespeaksalsoof self-organization.
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If information circuits arise,a connectionistsystemhasthe ability to store
informationevenif its componentsdo not. Informationis storedin thesystemin
thesensethatit circulatesindefinetlyalonga loop,althoughit is notstoredby any
of its components.In thiscaseonesaysthatthesystemhasadistributedmemory,
whereasits componentsmay eventually implementa more traditional localized
memory.

Howeverinterestingtheaboveconceptsmightbe,theirapplicationto thePrato
textile district is not straightforward. In fact, connectionistsystemsrequirethat
informationis freeto circulate.On thecontrary, in Pratoinformationflows along
astructurethatis stronglyhierarchical.

Information concerningnew technologiescirculatesquite freely within the
Pratodistrict, alsobecausetechnologiesarenot of paramountimportancefor its
firms. Commercialinformation,on the contrary, is strictly private. This infor-
mationis crucial for Pratesefirms, andthis informationflows alonghierarchical
paths[5].

Similarly to many otherindustrialdistricts,productionis organisedby a spe-
cial classof agents,hereincalledthemiddlemen. A middlemancaneitherbeone
of thelargerwoollenmills, or a singlepersonwho organisestheactivity of other
firms. In this lastcasethePratesejargonemploys thespecificword impannatori.

Who wants to buy in Prato,he asksa middleman. If the middlemanis a
woollen mill, it attemptsto fulfill the order with its own productive means. If
theorderexceedsits productivecapacity, or if themiddlemanis an impannatore,
it callsseveralsmallfirms in orderto carryout specificproductionphases.Wares
do not needto passphysicallythroughthemiddleman;on thecontrary, they are
generallytransporteddirectly from a firm to another. However, it is themiddle-
manwho decideswhich waresmustbetransportedwhere.

For a middleman,nothing is morecrucial than that the identity of the final
buyer remainssecretto the firms that he contracts.Otherwise,contractedfirms
couldsell directly to thefinal buyer.

If a contractedfirms is not ableto fulfill thewholeorder, theabove structure
of informationrepeatsitself. In fact,acontractedfirm behavestowardsasubcon-
tractedfirm just likeamiddlemanbehavestowardsacontractedfirm: acontracted
firm will never tell asubcontractedfirm which middlemanplacedtheorderin the
first place,just like a middlemanwill never tell a contractedfirm which buyer
placedtheorderin thefirst place.In principle,thisstructurecanrepeatitself over
andover likea fractal.

Informationflowsalonghierarchiesof middlemen,contractedfirmsthatactas
middlementowardssub-contractedfirms,sub-contractedfirms thatactasmiddle-
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mentowrdssub-sub-contractedfirms, andsoon. Freecirculationof information
doesnot exist in Prato.Consequently, this district is incapableof building loops
whereinformationcancirculateindefinetly.

Pratocannothaveadistributedmemory, it cannotstoreinformationif its com-
ponentfirmsdonot,andit cannotexhibit any behaviour independentlyof thewill
of its componentfirms. Pratois not a self-organisingsystem. It is not a place
wherefirms meetrandomly, put ordersto oneanother, andthefinal outcomeis a
finishedproductthathadnotbeendesignedby anybody.

However, theoverallbehaviour of thedistrict is notdeterminedby middlemen
alone.Productioncanbeorganisedin many ways,andchoosingawayor another
ultimatelydependsonavailability of firmsto contract.Thus,ultimatelyall Pratese
firms contributeto shapethestructureof Prato.

Pratois not a self-organizingsystem,but it is not even a hierarchythat be-
haves accordingto the boss’s will. Its behaviour resultsfrom the interplay of
thousandsof firms, thoughsomeof themhave a moreimportantrole thanothers.
Thestructuresthesefirms build whenthey organiseproductionchainsdetermine
thebehaviour of thedistrict in eachhistoricalcircumstance.Themodelpresented
in this articleaimsto comparetheevolution of thestructureof productionchains
with thehistoricalphasesPratowentthrough.

4 The Model

Thereexist no dataconcerningexchangesbetweenfirms within thedistrict, nei-
ther in money termsnor in physicalmagnitudes.Similarly, dataconcerningthe
sizeof firms areeitherfragmentaryor too aggregate.Theonly disaggregatedata
that cover a long time spanare the numberof firms for eachproductive phase,
from 1946to 1993[8].

Unfortunately, weneitherknow how largethesefirmsare,norhow muchthey
exchangedwith oneanother. However, we know that they musthave exchanged
informationin orderto produceandexchangegoods.

Now, let us assumethat small firms processsmallerlots thanlarge firms. If
this is true,it follows that thenumberof ordersthatfirms placeto oneanotheris
independentof theirsize.This is clearlyaveryroughassumption;nevertheless,it
is quitereasonableasafirst approximation.

Thus,let usmake a modelwherefirms meetandexchangeinformation.Evo-
lution of thestructureof productionchainswith time will becomparedwith per-
formanceof thisdistrict from its infancy in the1950sthroughits expansionin the
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1960sand1970s,to thecrisisin the1980sandtheensuingrecovery in the1990s.
Let usconsiderthefollowing tentypesof firms:

1. Tradersof Raw Materials;

2. RagsCollectors;

3. CarderSpinnings;

4. ComberSpinnings;

5. Warpers;

6. Weavers;

7. DyeingPlants;

8. Finishers;

9. Traderof FinishedProducts;

10. Middlemen.

The above firms have beenchosenboth becausethey include the most im-
portantproductionphasescarriedout in Prato,andbecausetheir relative number
variesa lot with time. In this way, interestingdynamicsshouldbeobtained.

Sincewe do not know therealgeographicallocationsof firms,we cannotre-
producephysicalspace.Furthermore,in amodelthatwantsto representinforma-
tion fluxes,physicalspacemattersonly indirectly. Thecrucialnotionof distance
is ratheroneof informationproximity in termsof circlesof acquaintancesand
easinessof communication.Unfortunately, dataregardinginformationproximity
arenot availableaswell. Thus,initial distancesbetweenfirms will bechosenat
randomandthesubsequentmovenentsof firmswill obey randomdistributions.

Themodelworksfollowing thehierarchicalinformationstructuredescribedin
section3. Tradersof finishedproductsplaceordersto middlemen,who organise
production. Middlemenorganiseproductionby arrangingfirms into production
chains.Subsequenthierarchicallevelswill notbeconsidered.

Middlemencannotcombinefirms in any orderinto productionchainsof any
length. On the contrary, technologicalconstraintsrestrict the set of possible
choicesto elevenproductionchainsof variouslengthandcomposition[2].

Chainsmay vary from oneanotherbecausemany productionfactorscanbe
eitherproducedwithin thedistrictor purchasedoutside,becausethespinningcan
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be eithercarriedout on a carderor a combermachine,andbecausedyeingcan
take placeat differentstagesof theproductionprocess.However, all production
chainsmust begin with a traderof finishedproductsand end with a traderof
raw materials. Figure 1 depictsthe eleven possibleproductionchainsthat are
consideredin this model.

ThemodeldepictsPratesefirms on a blackdisplay. Firmsarerepresentedby
colouredsquaresaccordingto theconventionsillustratedin figure2.

At thebeginningof eachyear, theprogrammereadshow many firms of each
typetherearein thedistrict. If thisnumberexceedsthenumberof firmsthatwere
in thedistrict thepreviousyear, thedifferenceis droppedonthedisplayatrandom
locations. Conversely, if this numberis lessthanthe numberof firms that were
in thedistrict thepreviousyear, firms in excessarecancelledchoosingat random
amongthefirmson thedisplay.

Firmsnumbersareavailablein 1:1, 1:2 and1:10scale.Sincescalingaffects
the resultsof the model,1:1 scalingshouldbe usedin order to derive sensible
results.On thecontrary, 1:10scalingin orderto getavisuallyclearpictureof the
formationof productionchains.Theadvantagesanddrawbacksof 1:2 scalinglie
in between.

Eachsingleyearis subdividedinto steps.At eachstep,firms interact.
In order to obtainsmoothresults,we want the numberof interactionsto be

approximatelythesamein eachyear. Sincethenumberof firmsandconsequently
thenumberof potentialinteractionsvarieseachyear, thenumberof stepscannot
be the sameevery year. Thus,let us stipulatethat the productof the numberof
stepsandthenumberof firmsmustbeaconstant.Let thisconstantbe10� 000� 000.
Furthermore,let usspeedup low-scalesimulationsby dividing theabovenumber
of stepsby modelscale.Theensuingformula for thenumberof stepsto beper-
formedduringoneyearis:

stepsnumber�
1

scale
10� 000� 000

f irmsnumber

At the beginning of eachstep,all firms exceptmiddlemenjump aroundthe
area.Tradersof finishedproducts,in particular, look for amiddleman.As soonas
they detectamiddlemanin theirwatchingrange,andif thismiddlemanhasa free
side,they moveasideit andplaceanorder. Now themiddlemanlooksaroundfor
suitablefirms in orderto build aproductionchain.

The middlemanlooks first of all for a firm that canbe addedto a traderof
finishedproducts,i.e. it looks for a finisheraccordingto figure 1. As soonas
it finds a finisher, it movesit closeto the traderof finishedproducts. Thenthe
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Figure1: Theelevenproductionchainsthatcanbebuilt by this model.
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Traders   of   Raw   Materials

Rags  Collectors

Carder  Spinnings

Comber  Spinnings

Warpers

Weavers

Dyeing  Plants

Finishers

Traders  of  Finished  Products

Middlemen

Figure2: Coloursandtypesof thefirmsdepictedin figure3.
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middlemanlooksfor a firm thatcanbeaddedto a finisher, i.e. eithera weaver or
adyeingplant,accordingto figure1. And soon,until a traderof raw materialsis
foundandtheproductionchainis completed.

Sincemiddlemenaddfirmsto aproductionchainby displacingthem,produc-
tion chainsappearon the screenas lines that departfrom the four sidesof the
squaresthatrepresentmiddlemen.Thus,nomorethanfour productionchainscan
beattachedto onemiddlemanat a time. If thereareobstaclesalongtheway, pro-
ductionchainsmaytake zig-zagshapes.Figure3 illustratesa typical simulation
stepof the1:10model.

The choiceof oneout of the eleven possibleproductionchainsdependson
which firms are nearestto a middleman. Implicitely, this model assumesthat
theempiricallygivennumberof firmssubsumesall microeconomicvariablesthat
determineexchanges.It is a modelthat assumeseconomicequilibrium through
firmsreproductionandselection.It reconstructsthestructureof productionchains
for any giveneconomicequilibrium.

At the endof eachstep,all productionchainsaredestroyed. All component
firms aresetfreeto jump aroundthearea.However, if a traderof finishedprod-
ucts remainscloseenoughto the middleman,at the beginning of the next step
it reconstructsanotherproductionchainstartingfrom thesamesideof thesame
middleman.In this case,theobserver of thesimulationmayhave theimpression
thatsomeproductionchainsstaytherefor quitea long time.

However, thereconstructedchainis notnecessarilythesameasin theprevious
step. Firstly, becausecomponentfirms mayhave jumpedaway at theendof the
previousstep.Secondly, becausesomefirms (e.g.dyeingplants)canbeplacedat
differentpointsof a productionchain. In this case,the observer of a simulation
would seea productionchain staying therewith someof its colouredsquares
exchangingtheir places.

Oncethe model is setup, our task is that of identifying indicatorsthat link
the structureof productionchainsto flexibility of price and featuresof textile
products.The next sectionderivesfour indicatorsof thestructureof production
chainsandinterpretstheirevolutionfrom1946to 1993in thelight of thehistorical
phasesthatPratounderwent.

5 The Indicators

Flexibility , beit priceflexibility or featuresflexibility , is thecompetitiveadvantage
of industrialdistrictsversussinglelargefirms. Thus,this is thefirst aspectthatwe
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Figure3: Pratoindustrialdistrict. Holesdenoteproductionchainsin theprocess
of falling apart.
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mustattemptto capture.
Flexibility of a district doesnot dependon flexibility of its componentfirms,

but ratheron thefactthatmiddlemencanchooseamongawidevarietyof produc-
tion chains.Varietyof productionchains,in its turn,dependsbothon thenumber
of firms typesandon thenumberof firms for eachtype.

Flexibility could be measuredby meansof an index of the variability of the
productionchains.Themorevariableproductionchainsare,themoreoftenmid-
dlemenchangecontractedfirms andthemoreflexible thedistrict is.

However, numberof firms typesandfirms numbersetanupperboundto the
flexibility thata district canattain. In particular, a limited numberof firms types
impliesthatwith increasingvolumeof ordersanincreasingnumberof firms will
bearrangedinto similar productionchainsat any givenpoint in time.

This resultsin anincreaseof parallelismin informationprocessing.Thatis, at
eachsteptherewill betwo or moreinformationfluxesalongidenticalproduction
chains.

Although a certaindegreeof parallelismmay contribute to the flexibility of
the district, too high a parallelismindicatesthat the overall volumeof ordersis
largeenoughfor productionto beorganizedmoreefficiently by largerfirms.

Theaboveconsiderationssuggestto introducethetwo following indicatorsin
order to monitor the performanceof the district. The first indicator is the vari-
ability of productionchains,which is intendedto measurethe flexibility of the
district. The secondindicatormeasuresthe extent of parallelismof production
chains,which reflectsthe scopefor larger firms that would enjoy economiesof
scale.

Variability is computedasfollows.At eachstep,theprogrammerecordswhich
productionchainshave beenbuilt and to which sideof which middlemanthey
wereattached.During eachyear, from the secondsteponwardstheprogramme
comparesthe chainsthat have beenbuilt at the endof the currentstepwith the
chainsthathadbeenbuilt at theendof thepreviousstep.Everytimethatacertain
productionchain is found attachedto the samesideof the samemiddlemanas
during the previous step,a variableconstancy is incremented.Subsequently,
a degreeOfVariability is definedasoneminustheratio of constancy to the
numberof chainsthathavebeenconstructedduringthatstep.A summedDegreeOf
Variability sumsthedegreeOfVariability over a year. Finally, averaged
DegreeOfVariability during oneyearis obtainedby dividing summedDegree
OfVariability by thenumberof stepsthathavebeenmadeduringthatyear.

Parallelismis computedas follows. At eachstep, the programmerecords
whichproductionchainshavebeenbuilt. At theendof eachstep,theprogramme
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checkswhethera chainX appearedat leasttwo times. If this occurred,a vari-
ablechainXParallelism is setequalto the numberof chainsX thathave been
built. Subsequently, thesevariablesareaveragedover all chainsin orderto yield
a degreeOfParallelism. Thesevaluesareaddedto oneanotherto yield a vari-
ablesummedDegreeOfParallelism. Finally, averagedDegreeOfParallelism
during one year is obtainedby dividing summedDegreeOfParallelism by the
numberof stepsthathavebeenmadeduringthatyear.

Figure4 depictsvariabilityandparallelismcalculatedby the1:1model.Lower
scalemodelscausethecurvesto shift to theright.

Variability increasescontinuouslyfrom theendof the1950s,whenthePrato
industrial district beganto expand,up to the endof the 1970s,when the crisis
began.Parallelism,on thecontrary, increasesveryslightly until mid 1970s.How-
ever, it risesvery sharplyduring the late1970sandreachesits maximumduring
the1980s.

Thus,it appearsthatvariability andparallelismaregoodatdescribingthebirth
of Pratoasanindustrialdistrict, its expansionduringthe1960sand1970s,andthe
onsetof thecrisiswith the1980s.In fact,expansiontook placewhenvariability
wasincreasingandparallelismwaslow. On thecontrary, the crisis beganwhen
variability stoppedincreasingandparallelismhadgrown toomuch.

However, figure4 is not informative asfar asit regardstherecovery of Prato
during the 1990s. In fact, variability decreasesvery slightly during the 1980s
aswell asduring the 1990s,while parallelismstaysat onefrom the mid 1980s
onwards.No changeis visible passingfrom the1980sto the1990s.

Thepassagefrom priceflexibility to featuresflexibility cannotbecapturedby
theabove curvesbecausethey do not distinguishamongcontributionsby single
componentsof productionchains. Featuresflexibility is not attaineduniformly
along the productionchain. Featuresflexibility relies on the ability of Pratese
firms to proposea large numberof patternsfor their textiles, and most of this
varietyis attainedduringthelaststepsof theproductionprocess.

Finishers,thatareat the very endof productionchains,aregoodcandidates
to describetheriseof featuresflexibility . Both thenumberandtheimportanceof
finishingoperationsincreasedenormouslyduringthe1990s.

On the contrary, price flexibility shouldbe describedby productionphases
thatareat thebeginningof the productionprocess.However, picking firms like
ragscollectorsor spinnersposesa seriesof problems.Oneis thattheimportance
of ragscollectorsdecresedenormouslysincethe1980s,becausePratois making
little useof regeneratedwool. Similarly, sincethe1980sPratois doinglesscarder
spinningandmorecomberspinning,so it is not clearwhich type of firm could

14



                                                   1950                                                                                                                                                         1960                                                                                                                                            1970                                                                                                                                                         1980                                                                                                                                                         1990                                                                    

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Variability and Parallelism of Production Chains

Variability

Parallelism

                                                   1950                                                                                                                                                         1960                                                                                                                                            1970                                                                                                                                                         1980                                                                                                                                                         1990                                                                    

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Average Variability and Average Parallelism of Production Chains

Variability

Parallelism

Figure4: Variability andparallelismof productionchains.Pictureabove shows
variability and parallelismgeneratedby one typical run of the model. Picture
below show theaverageovertenruns,obtainedfeedingtherandomnumbersgen-
eratorwith differentseeds.
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providea reliableindicatorof priceflexibility . Finally, productionphasesthatare
at the beginning of the productionprocessare thosethat have beentransferred
abroadto the largestextent,soany indicatorrelying on Prato-basedfirms would
bebiased.

Therefore,firms that are in the middle of the productionprocessmight be
bettercandidatesto provideanindicatorof priceflexibility . In particular, weaving
is a typical job that provided Pratowith price flexibility during the 1960sand
1970s.Weaving technologyis suchthat loomscanbepurchasedat a reasonable
priceandcanbeprofitablyoperatedby verysmallunits,sothenumberof weavers
is muchhigherthanthenumberof any otherfirms in thedistrict.

Thus,two otherindicatorshavebeenintroduced:finishermobility andweaver
mobility. Theseindicatorsrefer to particularfinishersor weaversincludedin the
productionchainsbuilt by a particularmiddlemanat a particularsideover time
steps,regardlessof chaintypes.

Finishermobility andweaver mobility arecomputedasfollows. Firstly, fin
isherPersistence andweaverPersistence arecalculated.Persistenceis the
numberof timesthateachparticularfinisheror weaver hasbeenattachedto the
samesideof the samemiddleman. It is calculatedover blocksof onethousend
chainsbuilt during oneyear, except for the last block of eachyear. Block val-
uesareaveragedin orderto obtainyearly valuesdenotedsummedFinisherPer
sistence andsummedWeaverPersistence, respectively. Finally, finisherMo
bility andweaverMobility arecalculatedasoneminustheratioof persistence
to thenumberof chainsthathavebeenbuilt duringthatyear.

Thehigherthemobility of a firm, thehighertheflexibility it provides.Thus,
if we assumethatweaversmainly provide priceflexibility while finishersmainly
provide featuresflexibility , we can observe the evolution of the importanceof
thesetwo factors.Figure5 plots finishersmobility andweaversmobility calcu-
latedby the1:1model.

As thedistrict wasin its infancy, in the1950s,finishersmobility andweavers
mobility wereboth very low, generallyconstantandvery closeto oneanother.
On the contrary, during the goldenagefrom the beginning of the 1960sto the
endof the1970sfinishersmobility andweaversmobility tookconstantvaluesbut
weaversmobility wasdefinitely higherthanfinishersmobility. From the begin-
ning of the 1980sto mid 1990s,weaversmobility increasedvery slightly while
finishersmobility increasedat a fastpace.Consequently, at thebeginningof the
1990sfinishersmobility andweaversmobility wereagainvery closeto onean-
other, but athigherabsolutevalues.

Continuousincreaseof weaversmobility from thebeginningof the1980ssug-
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Figure5: Mobility of finishersandweaversin productionchains.Pictureabove
shows mobilitiesgeneratedby onetypical run of themodel. Picturebelow show
the averageover ten runs,obtainedfeedingthe randomnumbersgeneratorwith
differentseeds.
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geststhatpriceflexibility wasnevercompletelyabandoned,andactuallyincreased
sincetheonsetof thecrisis.Thetrendof finishersandweaversmobility suggests
thatthecrisiswasnot overcomeby exchangingpriceflexibility for featuresflexi-
bility, but by addingfeaturesflexibility to apriceflexibility thatneverdisappeared.
If thismodelis takento beaccurateenoughto representrealphenomena,theper-
sistenceof priceflexibility canonly beexplainedby extensiveexploitationof new
immigrants.

The other interestingfact aboutthe curves depictedin figure 5 is that they
do not show any sharpdivide betweenthe crisis of the 1980sandthe slow but
steadyrecoveryof the1990s.On thecontrary, featuresflexibility appearsto have
increasedcontinuouslyfrom theonsetof thecrisis.A possibleexplanationis that
a long time wasneededin order for unprofitable,traditionally managedfamily
firms to disappearfrom themarket.

6 Conclusions

This researchwas initiated by a suggestionof an economistto a physicist,that
industrialdistrictscouldpossiblybestudiedasself-organizingsystems.Theorig-
inal idea was to model an industrial district as a connectionist,self-organizing
system.Thus,theideaunderlyingthis researchprojectwasavariationof the”so-
cial mind” metaphor, i.e. thatindividualfirmsareto anindustrialdistrict likeants
areto theanthill likeneuronesareto thebrain.

Thisideahadto berejectedin thecourseof theinvestigationbecausethePrato
districtappearedto havequiteacomplicatedstructureof its own, centeredaround
thefigureof middlemen.Furthermore,technologicalconstraintsposecertainlim-
itationsto thepairsof firms thatcaninteractwith oneanother.

ThesefeaturesmakethePratodistrictverydifferentfromaclusterof neurones.
In thecaseof aneuralnet,theneuronshavesomany degreesof freedomthatthey
caneasilyestablishcomplex structuresof informationfluxes. Thesestructures
give to the net certaincapabilities,which no singleneuronhadplannedor fore-
seen.On the contrary, our firms arecomplex andpowerful enoughto constrain
thebehaviour of thedistrict.

Possibly, wearebumpinginto akind of generalprinciple.Theaboveanalysis
suggeststhat themoreintelligent thecomponents,the lessintelligent thewhole.
Thehuman-hillmightbelessintelligentthantheant-hill.
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