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Abstract

This article presentsa modelof the structureof informationfluxesthat
underliethecreationof productionchainsin atextile districtlocatedn Prato,
Tuscan, centralltaly. Contraryto mosttextile districtsin westernEurope
and north America, Pratodid not extinct once averagesalariesin the re-
gionrosewell aborve theworld’s loweststandardsThe reasoris that Prato
wasableto switch from a competitve adwvantagebasedon low pricesto a
competitve advantagebasedon aestheticafeaturesandvariety of textiles.
Analysisof the structureof productionchainscanexplain the behaiour of
thedistrict throughoutts evolution. The modelreconstructénteractionsof
tentypesof Pratesdirms from 1946to 1993in scalel:1.

1 Introduction

Industrial districts standout as a counterfictualevidenceto the generalpattern
of the evolution of industries. Industriesexhibit a large numberof small firms
whenthey arein their infangy, but sincemost profitablefirms tend to increase
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their market share,matureindustriesare generallycharacterisethy monopolies
andoligopolies.Industrialdistricts,onthe contrary aregeographicatlustersof a
large numberof smallfirms thatshaw little or notendeng to increaseheir size.
Evidently, somefactor must counterbalanceéhe economiesof scalethat larger
firms would enjoy.

To someextent, the explanationlies in tax evasion,labour exploitation and
costs-s@ing ernvironmentpollution. It is possibly not a chancethat industrial
districts can often be found in low-incomecountries,wherea large part of the
economyescapes$iscalcontrolsandthelaws thatshouldprotectervironmentand
labourarepoorly enforced|f they exist atall.

However, this is not the whole story. Someindustrialdistrictsare well alive
in high-incomecountriesandcompetesuccessfullywith similar districtsthatare
locatedin low-incomecountries.The Pratotextile districtis onesuchcase.

Pratois a town nearFlorence |taly, wheretradition of textile manufcturing
goesbackto the Middle Age. At theendof the XIX centurya few wollen mills
werealreadyoperatingn thearea andtextile manugcturingexpandedhroughout
thefirst half of the XX century However, it wasonly afterWorldWar 1l thatareal
textile districtemeped.

Sincethe1950s,somewoollenmills foundit profitableto lay onto handwork-
ersthejobsthatexceededheir productve capacity Whendemandvashighthese
handworkerscould settheir whole family to work, while they did not have to pay
idle workerswhenno orderscame.In this way, woolenmills couldmeetdemand
peakswith a productve capacitytailoredto demandhroughs.

During the 1960sand 1970sthis processacceleratedextendingfrom hand-
workersto small firms with a few employees. At the end of the 1970sPrato
arrivedto countmorethan10,000firms directly or indirectly relatedto thetextile
businessMost of thesefirms hada very smallsizeandcarriedout a brief portion
of theproductionprocess.

During the 1980s,a deepcrisis stroke Prato. Expertshad good reasongo
claimthattextile productionwasno longerfeasiblein aregion whereincomehad
grown upto theworld’s higheststandardsandthattextile productionwould move
away from Prato.

However, this did nothappen.Contraryto all expectationsPratomanagedo
recoverduringthe 1990s,andit is well alive by now.

Pratois now avery diferentdistrict from the onethatexistedin the 1960sand
1970s.1t is lesstypical adistrict, bothbecausesomeconcentratiordid take place
andbecauset is no longera self-containedoroductve area. Neverthelessit is
still ahighly integratedsystemof thousand®f textile firms.
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To someextent, Pratorecovered becauseat was able to exploit a cheaper
labourforce than the one that is generallyavailablein Tuscary today On the
onehand,Pratesdirms eitherlearnedto purchasentermediatgroductsabroad,
or they moved abroadthe early stagesof their productionchain. On the other
hand massveillegalimmigrationfrom low-incomecountriegprovidedcheapand
unregulatedlabout

However, if cutting labour costswould be the main determinantof Pratos
recovery, thenall of productionhad moved to low-incomecountries. This has
beenthe fateof mosttextile industryin WesternEuropeandNorth America,but
not of Prato.

2 From Price Flexibility to Features Flexibility

At its beginning, Prato producedlow-quality, low-price textiles. In particulay
Pratospecializedn wool regeneration.

Pratousedto collectragsfrom all over Europe.Oncein Prato,ragsunderwent
a seriesof chemicalandmechanicaprocesseshattransformedheminto regen-
eratedvool. Regeneratedavool is of lower quality thanvirgin wool, soit wasused
to producelow-quality textiles. Textiles producedin Pratowerevery similar to
oneanotherandlack of differentiationbroughtfirms closeto perfectcompetition.

The small size of mostfirms wasof paramounimportancefor the competi-
tivenesof Pratoasa whole. On the onehand,firms thatwererun by onesingle
family couldfollow the vagariesof demandby resortingto "self-exploitation” of
family membersOnthe otherhand,competitionof alarge numberof smallfirms
thatproducedundifferentiatedyoodsensuredow prices.

The above picture holds up to the 1980s,when Pratobeganto suffer from
competitionby similar districtslocatedin developingcountries.Pratos products
wereof low quality, but they wereno longersocheap.Commonsensesuggested
thatmajor Pratesdirms hadno choiceapartfrom moving productionabroad.

They did it, but only to alimited extent. Only thefirst links of the production
chainmoved away from Prato. Thesearethe processesvherelittle quality and
little varietycanbeaddedo atextile, operationghatarecarriedoutin exactly the
sameway everywheren theworld.

On the contrary operationghat are carriedout at the end of the productve
chain expandedinto a major componentof Pratoactvities [1]. Theseare the
processewhereatissueacquirests distinctivefeaturesincludingcolour, pattern,
hairiness,brightness and tactile characteristic§6]. The rangeof featuresthat



a tissuemadein Pratocan exhibit underwenta tremendousexpansion,and the
mary textile firmsin the arealearnedo provide buyerswith countlessoptionsof
featurescombinations.

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

Sincethe 1990s, Pratois basingits competitve advantageon its ability to
provide arything abuyermayrequestin areasonabléime, andin lots of ary size.
However, Pratesdirms donotmerelyexecutecustomers commandstather they
arehighly appreciatedor their creatvity andtaste[4].

Apparently theonly weaknessf Pratoregardsthereliability andconstang of
thequality of its products.In fact,sinceflexibility is achiaredby meansf compe-
tition of alarge numberof firms, customersupplierrelationshipsarequite unsta-
ble atarny levelsof the productionchain. Consequentlyquality may vary from a
productionlot to anothetbecausentermediatgproducersmay have changedand
becauseccasionalityof businesgelationshipgavoursuncorrectbehaiours[7].
However, Pratois trying to overcomethis incorvenientby meansof very detailed
sunweys of technicalfaultsthatcould helpidentifying problematicareaq3].

3 The Structure of Information Fluxes

Sincetheaggregatebehaiour of industrialdistrictsexhibits featureghatits com-
ponentfirms do not have, and sincethesefeaturesderive from the interactions
betweercomponentirms, it hasbeensuggestedhatindustrialdistrictsresemble
self-oganizing,connectionissystemdik e e.g. neuralnetworks. This analogyis
attractve but — atleastasfar asit regardsPrato— it needgqualifications.

Self-olganizing,connectionissystemsare basedon free circulationof infor-
mationbetweena hugenumberof units, e.g. neuronesn a neuralnet. Theidea
is that a large numberof simple componentTangeneratea complex aggreate
behaiour, dependingon the structureof the connectionghatthe components-
tablishwith oneanother

Thecrucialissueis thatif componentarevery simple,very mary, andfreeto
connecto oneanotherinformationcircuitscanestablish.Thatis, thecomponents
of a connectionissystemcancreateloopswhereinformation— at leastin prin-
ciple — cancirculateindefinetly Sinceinformationcircuits arisespontaneously
onespeakslsoof self-oiganization



If information circuits arise,a connectionistsystemhasthe ability to store
informationevenif its componentslo not. Informationis storedin the systemin
thesensdhatit circulatesndefinetlyalongaloop, althoughit is notstoredby any
of its componentsln this caseonesaysthatthe systemhasa distributedmemory
whereadts componentsnay eventuallyimplementa more traditional localized
memory

Howeverinterestingheabove conceptsnightbe,theirapplicationto thePrato
textile district is not straightforward. In fact, connectionissystemsequirethat
informationis freeto circulate.Onthe contrary in Pratoinformationflows along
astructurethatis stronglyhierarchical.

Information concerningnew technologiescirculatesquite freely within the
Pratodistrict, alsobecausdechnologiesare not of paramounimportancefor its
firms. Commercialinformation, on the contrary is strictly private. This infor-
mationis crucial for Pratesdirms, andthis informationflows alonghierarchical
paths[5].

Similarly to mary otherindustrialdistricts, productionis organisedby a spe-
cial classof agentshereincalledthe middlemenA middlemancaneitherbe one
of thelargerwoollenmills, or a single personwho organiseghe actvity of other
firms. In this lastcasethe Pratesgargonemploys the specificword impannatori

Who wantsto buy in Prato, he asksa middleman. If the middlemanis a
woollen mill, it attemptsto fulfill the orderwith its own productve means. If
the orderexceedsts productve capacity or if the middlemanis animpannatoe,
it callsseveralsmallfirmsin orderto carryout specificproductionphasesWares
do not needto passphysicallythroughthe middleman;on the contrary they are
generallytransportedirectly from a firm to another However, it is the middle-
manwho decidesvhich waresmustbetransportedvhere.

For a middleman,nothingis more crucial than that the identity of the final
buyer remainssecretto the firms that he contracts. Otherwise contractedirms
couldsell directly to thefinal buyer.

If acontractedirmsis not ableto fulfill thewhole order the above structure
of informationrepeatstself. In fact,a contractedirm behaestowardsa subcon-
tractedfirm justlike amiddlemarnbehaestowardsa contractedirm: acontracted
firm will nevertell asubcontracteéirm which middlemanplacedtheorderin the
first place,just like a middlemanwill never tell a contractedfirm which buyer
placedthe orderin thefirst place.In principle,this structurecanrepeaitself over
andoverlike afractal.

Informationflows alonghierarchieof middlemencontractedirmsthatactas
middlementowardssub-contractefirms, sub-contractefirms thatactasmiddle-
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mentowrds sub-sub-contractefirms, andso on. Freecirculationof information
doesnot exist in Prato. Consequentlythis district is incapableof building loops
whereinformationcancirculateindefinetly

Pratocannothave adistributedmemory it cannotstoreinformationif its com-
ponentfirms do not, andit cannotexhibit any behaiour independentiyf thewill
of its componenfirms. Pratois not a self-oiganisingsystem. It is not a place
wherefirms meetrandomly put ordersto oneanotherandthe final outcomeis a
finishedproductthathadnot beendesignedyy anybody.

However, theoverallbehaiour of thedistrictis notdeterminedy middlemen
alone.Productioncanbe organisedn mary ways,andchoosingaway or another
ultimatelydepend®navailability of firmsto contract.Thus,ultimatelyall Pratese
firms contributeto shapehe structureof Prato.

Pratois not a self-olganizingsystem,but it is not even a hierarchythat be-
haves accordingto the bosss will. Its behaiour resultsfrom the interplay of
thousand®f firms, thoughsomeof themhave a moreimportantrole thanothers.
The structureghesefirms build whenthey organiseproductionchainsdetermine
thebehaiour of thedistrictin eachhistoricalcircumstanceThemodelpresented
in this articleaimsto comparethe evolution of the structureof productionchains
with the historicalphase$ratowentthrough.

4 The Modd

Thereexist no dataconcerningexchangesetweenfirms within the district, nei-
therin moneg termsnor in physicalmagnitudes.Similarly, dataconcerningthe
sizeof firms areeitherfragmentaryor too aggreate. The only disaggrgatedata
that cover a long time spanare the numberof firms for eachproductve phase,
from 1946to 1993[8].

Unfortunatelywe neitherknow how largethesefirms are,nor how muchthey
exchangedwith oneanother However, we know thatthey musthave exchanged
informationin orderto produceandexchangegoods.

Now, let us assumehat small firms processmallerlots thanlarge firms. If
thisis true, it follows thatthe numberof ordersthatfirms placeto oneanothers
independentf theirsize. Thisis clearlyavery roughassumptionnpeverthelessit
is quitereasonablasa first approximation.

Thus,let usmake a modelwherefirms meetandexchangenformation. Evo-
lution of the structureof productionchainswith time will be comparedwith per
formanceof this districtfromits infangy in the 1950sthroughits expansionin the



1960sand1970s o thecrisisin the 1980sandtheensuingecoveryin the1990s.
Let usconsiderthefollowing tentypesof firms:

Tradersof Rav Materials;
RagsCollectors;
CarderSpinnings;
ComberSpinnings;
Warpers;

Weavers;

DyeingPlants;

Finishers;

© ©®© N o g &> w b F

Traderof FinishedProducts;
10. Middlemen.

The above firms have beenchosenboth becausehey include the mostim-
portantproductionphasesarriedout in Prato,andbecauséheir relative number
variesalot with time. In this way, interestingdynamicsshouldbe obtained.

Sincewe do not know thereal geographicalocationsof firms, we cannotre-
producephysicalspace Furthermorein amodelthatwantsto represeninforma-
tion fluxes,physicalspacemattersonly indirectly. The crucial notion of distance
is ratherone of information proximity in termsof circles of acquaintanceand
easines®f communication Unfortunately dataregardinginformationproximity
arenot availableaswell. Thus,initial distancesetweernfirms will be chosenrat
randomandthe subsequenthovenentof firmswill obey randomdistributions.

Themodelworksfollowing thehierarchicainformationstructuredescribedn
section3. Tradersof finishedproductsplaceordersto middlemenwho organise
production. Middlemenorganiseproductionby arrangingfirms into production
chains.Subsequertiierarchicalevelswill notbeconsidered.

Middlemencannotcombinefirms in ary orderinto productionchainsof any
length. On the contrary technologicalconstraintsrestrict the set of possible
choicedo elevenproductionchainsof variouslengthandcomposition2].

Chainsmay vary from one anotherbecausenary productionfactorscanbe
eitherproducedwithin thedistrict or purchased@utside because¢he spinningcan
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be eithercarriedout on a carderor a combermachine,and becausealyeingcan
take placeat differentstagesf the productionprocess.However, all production
chainsmust begin with a traderof finished productsand end with a trader of
raw materials. Figure 1 depictsthe eleven possibleproductionchainsthat are
consideredn this model.

The modeldepictsPratesdirms on a blackdisplay Firmsarerepresentety
colouredsquaresaccordingo the cornventionsillustratedin figure 2.

At the begginning of eachyear the programmeeadshow mary firms of each
typetherearein thedistrict. If thisnumberexceedghe numberof firmsthatwere
in thedistrictthepreviousyear thedifferences droppedonthedisplayatrandom
locations. Conversely if this numberis lessthanthe numberof firms thatwere
in thedistrictthe previousyear firmsin excessarecancelledchoosingatrandom
amongthefirms onthedisplay

Firmsnumbersareavailablein 1:1, 1:2 and1:10scale. Sincescalingaffects
the resultsof the model, 1:1 scalingshouldbe usedin orderto derive sensible
results.Onthecontrary 1:10scalingin orderto getavisually clearpictureof the
formationof productionchains.The advantagesnddravbacksof 1:2 scalinglie
in between.

Eachsingleyearis subdvidedinto steps.At eachstep,firmsinteract.

In orderto obtainsmoothresults,we want the numberof interactionsto be
approximatelythesamein eachyear Sincethenumberof firmsandconsequently
the numberof potentialinteractionsvarieseachyear the numberof stepscannot
be the sameevery year Thus,let us stipulatethatthe productof the numberof
stepsandthenumberof firms mustbeaconstantLet thisconstanbe 10,000, 000.
Furthermorelet usspeedup low-scalesimulationsby dividing the above number
of stepsby modelscale. The ensuingformulafor the numberof stepsto be per
formedduringoneyearis:

1 10,000,000
scale firmsnumber

stepsnumber=

At the beginning of eachstep,all firms exceptmiddlemenjump aroundthe
area.Tradersof finishedproductsjn particular look for amiddleman As soonas
they detectamiddlemanin theirwatchingrange andif this middlemarhasafree
side,they move asideit andplaceanorder Now the middlemanooksaroundfor
suitablefirmsin orderto build a productionchain.

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

8



s[euareN mey

selare |\ mey

S[euaye N mey

JO siapel | 10 s1apel ] 10 s1apel]
s[euale|N mey $10109]10D s[eualeN mey s[euale|N mey $10393]|00 s[euale|N mey s[euale|N mey $10109]|10D s[euale|N mey
10 s1apel ]| sbey 10 s1apel] 10 s1apel | sbey 10 s1apel | 10 siapel ] sBey 10 s1apel |
sBuluuids sbuuuids S|euare|N mey sbuuuids sBuiuuids S|euare|y mey se|d sue|d
Jaquiod lopieD 10 s1apelL Jaquwio)d lopied jo sispeiL BuieAg BuieAg
siue sbujuuid sbuiuuid
siadrepm eld luuids luuds
BuisAg J9qWo)d 1apred
SENEETTY
siadrepy
sjue|d
BuisAg
SENEV
slaysiui4

S19NpoId paysiul4
1O s1apel|

Figurel: Theelevenproductionchainsthatcanbe built by this model.



D Traders of Raw Materials

Rags Collectors
Carder Spinnings

Comber Spinnings
Warpers

Weavers

Dyeing Plants
Finishers

Traders of Finished Products

Middlemen

Figure2: Coloursandtypesof the firms depictedn figure 3.
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middlemanlooksfor afirm thatcanbeaddedto afinisher i.e. eitheraweaver or
adyeingplant,accordingo figure 1. And soon, until atraderof raw materialss
foundandthe productionchainis completed.

Sincemiddlemenaddfirmsto a productionchainby displacingthem,produc-
tion chainsappearon the screenaslines that departfrom the four sidesof the
squareshatrepreseniniddlemen.Thus,no morethanfour productionchainscan
beattachedo onemiddlemanatatime. If thereareobstacleglongtheway, pro-
ductionchainsmay take zig-zagshapes Figure 3 illustratesa typical simulation
stepof the 1:10model.

The choiceof one out of the eleven possibleproductionchainsdependson
which firms are nearestto a middleman. Implicitely, this model assumeghat
theempirically givennumberof firms subsumesll microeconomiwariableshat
determineexchanges.It is a modelthat assumegconomicequilibrium through
firmsreproductiorandselection.t reconstructshestructureof productionchains
for any giveneconomicequilibrium.

At the endof eachstep,all productionchainsaredestrged. All component
firms aresetfreeto jump aroundthe area. However, if atraderof finishedprod-
ucts remainsclose enoughto the middleman,at the beginning of the next step
it reconstructanotherproductionchainstartingfrom the sameside of the same
middleman.In this case the obsener of the simulationmay have theimpression
thatsomeproductionchainsstaytherefor quitealongtime.

However, thereconstructedhainis notnecessarilyhesameasin theprevious
step. Firstly, because&omponenfirms may have jumpedaway at the endof the
previousstep.Secondlybecaussomefirms (e.g. dyeingplants)canbe placedat
differentpointsof a productionchain. In this case the obsenrer of a simulation
would seea productionchain staying therewith someof its colouredsquares
exchangingheir places.

Oncethe modelis setup, our taskis that of identifying indicatorsthat link
the structureof productionchainsto flexibility of price and featuresof textile
products. The next sectionderivesfour indicatorsof the structureof production
chainsandinterpretgheirevolutionfrom 1946to 1993in thelight of thehistorical
phaseghatPratounderwent.

5 Thelndicators

Flexibility , beit priceflexibility orfeaturedlexibility, isthecompetitveadvantage
of industrialdistrictsversussinglelargefirms. Thus,thisis thefirst aspecthatwe
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Figure3: Pratoindustrialdistrict. Holesdenoteproductionchainsin the process
of falling apart.
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mustattemptto capture.

Flexibility of a district doesnot dependon flexibility of its componenfirms,
but ratheron thefactthatmiddlemencanchooseamongawide variety of produc-
tion chains.Variety of productionchains,in its turn, depend$othon the number
of firmstypesandon the numberof firms for eachtype.

Flexibility could be measuredy meansof anindex of the variability of the
productionchains.The morevariableproductionchainsare,the moreoften mid-
dlemenchangecontractedirms andthe moreflexible thedistrictis.

However, numberof firms typesandfirms numbersetan upperboundto the
flexibility thata district canattain. In particular a limited numberof firms types
impliesthatwith increasingvolumeof ordersanincreasinghumberof firms will
be arrangednto similar productionchainsatary givenpointin time.

Thisresultsin anincreaseof parallelismin informationprocessingThatis, at
eachsteptherewill betwo or moreinformationfluxesalongidenticalproduction
chains.

Although a certaindegreeof parallelismmay contrikute to the flexibility of
the district, too high a parallelismindicatesthat the overall volume of ordersis
large enoughfor productionto be organizedmoreefficiently by largerfirms.

Theabove considerationsuggesto introducethetwo following indicatorsin
orderto monitor the performanceof the district. The first indicatoris the vari-
ability of productionchains,which is intendedto measurehe flexibility of the
district. The secondindicator measureshe extent of parallelismof production
chains,which reflectsthe scopefor larger firms that would enjoy economiesof
scale.

Variability is computedasfollows. At eachstep theprogrammeecordswvhich
productionchainshave beenbuilt andto which side of which middlemanthey
wereattached.During eachyear from the secondsteponwardsthe programme
compareghe chainsthat have beenbuilt at the end of the currentstepwith the
chainsthathadbeenbuilt attheendof thepreviousstep.Everytime thatacertain
productionchainis found attachedo the sameside of the samemiddlemanas
during the previous step,a variableconst ancy is incremented. Subsequently
adegreeO Vari abi | ity is definedasoneminustheratio of const ancy to the
numberof chaingthathave beenconstructediuringthatstep.A sunmedDegr eef
Variability sumsthedegreeCO Variability overayear Finally, aver aged
DegreeO Vari abi | i ty duringoneyearis obtainedby dividing sunmedDegr ee
O Vari abi | ity by thenumberof stepsthathave beenmadeduringthatyear

Parallelismis computedas follows. At eachstep, the programmerecords
which productionchainshave beenbuilt. At theendof eachstep,the programme
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checkswhethera chain X appearedt leasttwo times. If this occurred,a vari-
ablechai nXPar al | el i smis setequalto the numberof chainsX that have been
built. Subsequentiythesevariablesareaveragedover all chainsin orderto yield
adegreeO Paral | el i sm Thesevaluesareaddedto oneanotherto yield a vari-
ablesummedDegr eeC Par al | el i sm Finally, aver agedDegr eeCf Paral | el i sm
during one yearis obtainedby dividing sunmedDegr eeOf Par al | el i smby the
numberof stepsthathave beenmadeduringthatyear

Figure4 depictsvariability andparallelismcalculatedy thel:1model.Lower
scalemodelscausethe curvesto shift to theright.

Variability increasegontinuouslyfrom the endof the 1950s,whenthe Prato
industrial district beganto expand,up to the end of the 1970s,whenthe crisis
began.Parallelism,onthecontraryincreasesery slightly until mid 1970s.How-
ever, it risesvery sharplyduringthe late 1970sandreachests maximumduring
the1980s.

Thus,it appearshatvariability andparallelismaregoodatdescribinghebirth
of Pratoasanindustrialdistrict, its expansiorduringthe 1960sand1970s andthe
onsetof the crisiswith the 1980s.In fact, expansiontook placewhenvariability
wasincreasingand parallelismwaslow. On the contrary the crisis beganwhen
variability stoppedncreasingandparallelismhadgrown too much.

However, figure 4 is not informative asfar asit regardsthe recovery of Prato
during the 1990s. In fact, variability decreasesery slightly during the 1980s
aswell asduring the 1990s,while parallelismstaysat one from the mid 1980s
onwards.No changds visible passingrom the 1980sto the 1990s.

Thepassagérom priceflexibility to featuredlexibility cannotbe capturedoy
the above curvesbecausehey do not distinguishamongcontributionsby single
componentof productionchains. Featuredlexibility is not attaineduniformly
alongthe productionchain. Featuredlexibility relieson the ability of Pratese
firms to proposea large numberof patternsfor their textiles, and mostof this
varietyis attainedduringthelaststepsof the productionprocess.

Finishersthatare at the very endof productionchains,are good candidates
to describeherise of featuredlexibility . Both the numberandthe importanceof
finishingoperationsncreasecnormouslyduringthe 1990s.

On the contrary price flexibility shouldbe describedby productionphases
thatareat the beginning of the productionprocess.However, picking firms like
ragscollectorsor spinnergposesa seriesof problems.Oneis thattheimportance
of ragscollectorsdecrese@normouslysincethe 1980s,becausd’ratois making
little useof regeneratedavool. Similarly, sincethe 1980sPratois doinglesscarder
spinningand more comberspinning,so it is not clearwhich type of firm could
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Variability and Parallelism of Production Chains
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Figure4: Variability andparallelismof productionchains. Pictureaborve shavs
variability and parallelismgeneratedyy onetypical run of the model. Picture
belov shav theaverageovertenruns,obtainedeedingtherandomnumbergyen-
eratorwith differentseeds.
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provide areliableindicatorof priceflexibility . Finally, productionphaseghatare
at the beginning of the productionprocessare thosethat have beentransferred
abroadto the largestextent, so ary indicatorrelying on Prato-basedirms would

bebiased.

Therefore,firms that are in the middle of the productionprocessmight be
bettercandidateso provide anindicatorof priceflexibility . In particular weaving
is a typical job that provided Pratowith price flexibility during the 1960sand
1970s.Wearing technologyis suchthatloomscanbe purchasedt a reasonable
priceandcanbe profitablyoperatedy very smallunits,sothenumberof weavers
is muchhigherthanthe numberof ary otherfirmsin thedistrict.

Thus,two otherindicatorshave beenintroduced finishermobility andweaver
mobility. Theseindicatorsreferto particularfinishersor weaversincludedin the
productionchainsbuilt by a particularmiddlemanat a particularside over time
stepsregardlesf chaintypes.

Finishermobility andwearer mobility arecomputedasfollows. Firstly, fin
I sher Per si st ence andweaver Per si st ence arecalculated.Persistencés the
numberof timesthat eachparticularfinisheror weaver hasbeenattachedo the
sameside of the samemiddleman. It is calculatedover blocks of onethousend
chainsbuilt during oneyear exceptfor the last block of eachyear Block val-
uesareaveragedn orderto obtainyearly valuesdenotedsummedFi ni sher Per
si st ence andsummed\W\eaver Per si st ence, respectrely. Finally, fi ni sher Mo
bi | ity andweaver Mobi | i ty arecalculatecasoneminustheratio of persistence
to thenumberof chainsthathave beenbuilt duringthatyear

The higherthe mobility of afirm, the highertheflexibility it provides. Thus,
if we assumehatweaversmainly provide price flexibility while finishersmainly
provide featuresflexibility, we can obsene the evolution of the importanceof
thesetwo factors. Figure 5 plots finishersmobility andweaversmobility calcu-
latedby the 1:1 model.

As thedistrictwasin its infangy, in the 1950s finishersmobility andwearers
mobility were both very low, generallyconstantand very closeto one another
On the contrary during the goldenagefrom the beginning of the 1960sto the
endof the 1970sfinishersmobility andwearersmobility took constanvaluesbut
weaversmobility wasdefinitely higherthanfinishersmobility. From the begin-
ning of the 1980sto mid 1990s,wearers mobility increasedrery slightly while
finishersmobility increasedat a fastpace.Consequentlyat the beginning of the
1990sfinishersmobility andwearers mobility wereagainvery closeto onean-
other but at higherabsolutevalues.

Continuousncreasef wearersmobility from thebeginningof the 1980ssug-
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gestghatpriceflexibility wasnevercompletelyabandonedandactuallyincreased
sincethe onsetof thecrisis. Thetrendof finishersandweasersmobility suggests
thatthe crisiswasnot overcomeby exchangingprice flexibility for featuredlexi-
bility, but by addingfeaturedlexibility to apriceflexibility thatneverdisappeared.
If this modelis takento be accurateenoughto representealphenomenahe per
sistenceof priceflexibility canonly beexplainedby extensive exploitationof new
immigrants.

The other interestingfact aboutthe curves depictedin figure 5 is that they
do not showv ary sharpdivide betweenthe crisis of the 1980sandthe slow but
steadyrecovery of the 1990s.0n the contrary featuredlexibility appearso have
increaseatontinuouslyfrom the onsetof thecrisis. A possibleexplanationis that
a long time was neededn orderfor unprofitable,traditionally managedamily
firmsto disappeafrom the market.

6 Conclusions

This researchwasinitiated by a suggestiorof an economistto a physicist, that
industrialdistrictscouldpossiblybe studiedasself-oganizingsystemsTheorig-
inal ideawasto model an industrial district as a connectionist self-oiganizing
system.Thus,theideaunderlyingthis researclprojectwasa variationof the”so-
cial mind” metaphaori.e. thatindividual firms areto anindustrialdistrictlik e ants
areto theanthill like neuronesreto thebrain.

Thisideahadto berejectedn thecourseof theinvestigatiorbecaus¢hePrato
districtappearedo have quitea complicatedstructureof its own, centerecaround
thefigureof middlemen.Furthermoretechnologicatonstraintgosecertainlim-
itationsto the pairsof firmsthatcaninteractwith oneanother

ThesdeaturesnakethePratodistrictverydifferentfrom aclusterof neurones.
In thecaseof aneuralnet,theneuronshave somary degreesof freedomthatthey
can easily establishcomplex structuresof information fluxes. Thesestructures
give to the net certaincapabilities which no single neuronhad plannedor fore-
seen. On the contrary our firms are complex and powerful enoughto constrain
thebehaiour of thedistrict.

Possiblywe arebumpinginto a kind of generabrinciple. Theabove analysis
suggestshatthe moreintelligentthe componentsthe lessintelligentthe whole.
The human-hillmight belessintelligentthanthe ant-hill.
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