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Abstract

The notionsof emegenceandemegent propertieshave a long historyin scienceand
have recentlyregainedpopularityin systemssciencefuelled largely by the growth of
computersimulationasanexploratoryandinvestigatve tool. Unfortunatelythenotions
andtermsare not especiallywell defined:ideasof evolution, self-oiganization,collec-
tive (‘systemic’) propertiesand cooperatre behaiour areall involved to a greateror
lesserextent. It is often claimedthatemegentpropertiesariseat a particularlevel of
systemdescriptionby virtue of the interactionof relatively simplelower-level compo-
nents— betweenthemselesandwith the ernvironment— but cannotbe explainedat this
lower level. Yetthereareoblvious scientificandphilosophicalproblemswith a defini-
tion basednaninability to explain obserableeffectsin particularterms.This editorial
outlinesthe history of emegenceasa scientificconceptandreviews attemptgo refine

andqualify theterm.



1 Intr oduction

This Speciallssueof the Journal focuseson a topic of considerablendgrowing interestin
systemsscience- emegentpropertief complex systemsSowhatis anemegentproperty
andwhy shouldscientistsn generalandsystemscientistsn particulay beinterestedn such

athing?

Accordingto de Mey (1982,p. 149),Karl Popper‘standsout asthe strongestiefendernf a
view which seesscienceasthe productof aninexorablemethodology”. An importantpart
of this methodology(e.g.Popperl965)is the useof models(or theories)which arejudged
by objectie criteria suchastheir parsimoly, ability to explain the resultsof experimentor
carefulobsenation, andtheir predictive power which therebyoffers possibilitiesto falsify
the modeland/ordiscover new empiricalknowledge. Probablymostpresent-dacientists
hold — unthinkinglyif not consciously-to this view. Thisemphasisetheimportanceo the
methodologyof exploringthe predictve consequences scientificmodelsandtheories But

how is thisto bedone. .. methodically?

Oneof the mostnotablechangesn the practiceof scienceover the lastdecadeor two has
beentheincreasingavailability of high-poverdigital computersWhereaarliergenerations
of investigatordhadlittle but their insightandimagination(plus penandpaper)with which
to work outthe predictive capabilitiesof their theoriestoday’s scientistscanreadily explore
the implicationsof their modelsby computersimulation. This almostrevolutionaryaspect
of the changingfaceof sciencehasrecentlybeenwell reviewed by Casti(1997). Indeed,
it could be aguedthatthe scienceof comple system®nly really cameinto existencewith
easyaccesso computersallowing high-speeagimulationof reasonablyarge collectionsof

interactingand/orcooperatingcomponent®r subsystems.

In this editorial, | first introducethe basicnotionsof emegencebeforesketchinga brief his-

tory of the subject. A centraltenetis thatemegencehasto do with qualitatively different
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kindsof descriptionbeingappropriateo differentlevelsof abstractionThis raisesgheques-
tion of how levelsrelateto eachotherandwhatis fundamentalwhichis dealtwith next. The
qualitatively differentkinds of behaiour andphenomenavhich emege at higherlevels of
the hierarchyarefrequentlydescribedn termsof surpriseor unpredicability The next sec-
tion arguesthatthis is an unsatisctorydescriptionandlays the foundationgor the review
of recentattemptsto refine and qualify notionsof emegencewhich follows. A recurrent
themeis thatemepgenceasa principle seemspposedo reductionism- a widely accepted
doctrinewhich hasprovedenormouslyfruitful in science Accordingly, therelationbetween

thetwo is exploredbeforeconcluding.

2 Emergence:Basicldeas

To introducethe topic of emegence et us consider(to cite Schroedef991,p. 35) “one of
the mostsurprisinginstancesf a power law in the humanities”,namelyZipf’'s (1949)law
—accordingto which thefrequeng of occurrence f, of wordsis (approximately)nversely

proportionalto theirrank!, r, for mary naturallanguagesThatis:

1
f - and log f = —logr + const.

Hence,aplot of f against ondoublelogarithmicaxesyields a straightline with negative

slopé.

Certainpropertiesof othercomplex systemsf humanorigin, aswell aslanguagewerealso

found to satisfy a form of this law: For instance the size of cities is similarly relatedto

1By therank of aword, | meanthatr = 1 for the mostfrequentword, r = 2 for the next mostfrequent

word, etc.
2Obviously, this kind of research- which typically involvestrawling throughmasse®f data— canbedone

manuallybut is greatlyfacilitatedby computers.



their rank. Sucha surprisewas Zipf’s law to its discovererthat he imaginedit mustdis-
tinguishbehaioural andsocialsystemdrom thoseof purely physicalorigin, andreflected
the operationof some'intelligent’ leasteffort principle which would not obtainin theinan-
imateworld. The assumptiorof anunderpinningntelligencewas,however, demolishedy
Mandelbrot(1961)who wasableto showv thata ‘language’composedy randomlystriking
typewriter keys alsoobeyedZipf’slaw. Today thislaw is generallyrecognisedsjust oneof
a numberof scalingor power laws occurringwidely in the naturalworld (Schroeded 991,

Gell-Mann1994;Bak 1996;Casti1997).

For mary authors Zipf’s law is a prime exampleof whattodaywe would call anemegent

property. For instanceCasti(1997,p.128-9)writesthatthis law:

“... Is not a patternthat can be seenin the individual words ... but rather
emegesfrom the interactionof the wordsto form sentences.. This is the

essencef whatis meantby anemegentproperty...”

Thisview of emegencas largely sharecandsupportedy othercommentatorsi-or instance,

in his studyof the simpleandthe complex in nature,Gell-Mann(1994,pp.99-100)writes

moregenerally:

“Scientists... aretrying hardto understandhe waysin which structuresarise
without the impositionof specialrequirementgrom outside.In an astonishing
variety of contets, apparentlycomplex behaiors arisefrom systemscharac-
terizedby simplerules. Thesesystemsare saidto be self-oiganizedandtheir

propertiesaresaidto beemepgent”

We have mademuch of the ‘surprise’ aspectof Zipf’s law which is held by someto be

indicative of emegence However, avery simpleproof of Mandelbrots result(for arandom



‘language’) relying on nothingotherthanelementaryprobability theory hasbeengiven by

Li (1992),who stateqp.1844):

“Zipf’slaw is notadeeplaw in naturallanguageasonemightfirst have thought.
It is very muchrelatedto the particularrepresentatioonechoosesi.e.,rankas

theindependentariable’

Li goesonto state(presumablypecauseshewasableto show its simpleorigins)thatZipf's
law is somehav differentfrom other power and scalinglaws. This seemsunwarranted.
Rather | preferto take Li’ s resultasindicatingthat ‘surprising’ emegentphenomenaan

indeedbe explained,sometimewery simply.

Doesthis hold for other phenomenahoughtto be ‘emeigent’, or is Zipf’'s law rathertoo
simpleandsojustnotavery goodexampleof thegenre?Theviews of Crick onthis question

arerelevant(1994,p.11):

“. .. therearetwo meaningsf thetermemepgent Thefirst hasmysticalover-
tones.It impliesthattheemegentbehaior cannotin any way, evenin principle,
be understoodasthe combinedbehaior of its componenparts... Thescien-
tific meaningof emegent... assumeshat, while the whole may not be the
simplesumof the separatgarts,its behaior can,atleastin principle,beunder
stoodfrom the natureandbehaior of its partsplusthe knowledgeof how these

partsinteract.

Crick’s first meaningseemdo be what Horganhasin mind whenhe writes (1996,p.192):
“Emergence... is ahoaryidea,relatedto holism,vitalism, andotherantireductionistreeds

thatdatebackto thelastcenturyatleast.CertainlyDarwindid notthink thatnaturalselection



couldbederivedfrom Newtonianmechanicg3 With this perspectie— andwishingto avoid
“mystical overtones’in favour of “scientific meaning”- a betterexamplethanZipf’s law of
an emegentphenomenomight be locomotion. Arguably locomotionin animalsis not a
propertyof individual neuronspr musclesor bonesput canbe understoody theway these
separatgartswork together Typically, this understandingvill be enhancedy — or even
dependenbn-—thecreationof new andappropriatesocalulary to describepropertiesof “the
whole” whichis morethan“the simplesumof theparts”. Thatis, a satisfyingexplanationof

walking — asof otheremegentphenomena relieson gettingthelevel of abstractionright.

3 A Brief History of Emergence

It would, of course bewrongto infer from the above, introductoryremarksthatemegence
only becamean issuein the computerage. Perhapghe earliesthint of the notion comes
in David Hume’s DialoguesConcerningNatural Religion (1779). Hume was concerned
with the celebratecandinfluential argumentfrom design(e.g. Matson1965; Popperl978;

Dawkins 1986),recentlyparaphrasetly Dennett(1995,p. 28) asfollows:

“. .. amongthe effectsthat we can objectvely obsere in the world, thereare
mary thatarenot (cannotbe...) mereaccidentsthey musthave beendesigned
to be asthey are,andtherecannotbe designwithout a Designer;therefore,a

DesignerGod, mustexist ... asthesourceof all thesewonderfuleffects’

Chief amongthese“wonderful effects” is the phenomenorwe call life. Certainly this is
altogethera morecomplex issuethanZipf’s law! For centuriesthinkershave puzzledwhy

somematteris inanimatewhile othermatterdisplaysthe attributesof life, in its mary diverse

30neshouldprobablynotinfer from this that Horganis antipatheticto the notion of emegence.He goes

onto give amorebalancedliscussiorof theprosandcons.
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forms. Oneof Hume’s purposesn his treatise(publishedposthumouslyor fearof persecu-
tion) wasto shaw thelogical fallagy of theargumentfrom designasanexplanationof order
in the universe. He writes: “For aughtwe know, a priori, mattermay containthe source,
or spring, of orderoriginally, within itself ...” (cited by Wilson 1999, p.24). Now what
is this otherthanGell-Mann's complex behaiour arising“without theimpositionof special
requirement$rom outside”? Thus,Humebrilliantly anticipate$ the scientificrevolution to
be unleashed0 yearslater by Darwin in The Origin of Specieg1859). It is now firmly
establishedl that speciesariseand evolve by a purely mechanistiqprocesf naturalselec-
tion, driven by interactionwith the ervironment. Thereis no logical necessityfor “special
requirementgrom outside”in the senseof someglobal controller, vitalist force, creationist

Designeror whatever.

As farasl amaware,Darwin never usedthetermemegence(atleastin any specialisedci-
entific or technicalsenseasimplied by our discussiorhere).It wasonly in theearlydecades
of the 19th centurythatthe subjectstartedto attractthe attentionof scientistsand philoso-
phers(e.g.Broad1919;1925;Peppern926). Quite apartfrom evolutionarybiology andbio-
chemistrywhereideasof emegencehave beeninfluential(e.g.Kauffman1987;Eigen1996;
SteinandVarelal993),the notion hasproved popularin suchdiversefields asthe study of
mind andconsciousnes@opperl978;Dennett1991;Franklin 1995),self-reproducingu-
tomataandartificial life (Kauffman 1984;Langton1986; Cariani1991; Steels1991;Levy
1992;Adami1998),speectandlanguagéHawkins andGell-Mann1992;GuenteandGjaja
1996;MacWhinng 1998;Sussmank-ruchtey Hilbert, andSirosh1998),the theoryof com-

putation(Forrest1990et seq), robotics(McFarlandandBdsser1993; Arkin 1998)andthe

4This descriptionmight have beenquestionedby Popper(1978, p.341) who wrote “Hume ... attacled,

someavhatfeebly theargumentfrom design”[italics added].
5To cite Dennett(1995,p.21): “The fundamentatore of contemporanDarwinism, the theory of DNA-

basedeproductiorandevolution, is now beyonddisputeamongscientists”.



branchof physicsthatHaken (1997)hascalledsynepetics.

Theseareall relatively specialisecaireashowever. More widely, a majorimpacton science
hasbeenmadein the last 10-15yearsby connectionistmodelsandthinking. After several
yearsin thedoldrums,nterestin connectionisnandneuralnetswasrevivedby authorssuch
asKohonen(1977),Hopfield (1982)andRumelharandMcClelland(1986)who have all, in

variousways, stressedhe notionof emepent,‘collective’ properties(SeeespeciallyClark

1989andKohonenl997in addition.) Yet,asQuinlan(1991,p.224)haspointedout:

“. .. it is difficult to be sure,sometimeswhatthe intendedmeaningof theterm
‘emegentproperties’isin the... connectionistiterature. The mostneutralin-
terpretations thatnetsexhibit propertieghatareeither in somesensecounter
intuitive or thatthey behave in away that could not have beenpredictedat the
outset... The phraseemeigentproperties’canalsobe interpretedrelative to
netsexhibiting gracefuldegradationandautomaticgeneralizationBoth ... are
obsened to emepe out of the intrinsic dynamicsof a massvely paralleland

distributedprocessingystent.

In essenceQuinlan— like Crick — is offering two alternatve meanings.Clearly, the first

of these(his “most neutralinterpretation”)hassomethingof Crick’s “mystical overtones”
aboutit. For whatcanit meanthatsomething‘could not have beenpredicted”? (Seebelow

for discussiorof this question.) The secondmeaningis muchcloserto Crick’s preferred
interpretatiorwherebyanew level of abstraction/descriptiowith new vocaklulary (‘general-
isation’, ‘gracefuldegradation’,.. .) is foundusefulin understandingndexploiting connec-
tionist systemsAnd whatis goodfor connectionisml suggestis goodfor thewhole gamut

of complex systemsandnon-linearscienceFor it is non-linearitythatdecreeshatthewhole

6Accordingto Haken(1997,p. 190),“one mayconsidersynegeticsasatheorydealingwith theemegence

of new qualitieson macroscopiscales”.



may exceedthe sumof the parts,and complity that meansthat collective propertiescan

arisefrom anensemblef mary parts.

4 What is Fundamental? Physics,Chemistry and Biology

Of course,the ideathat emepgenceis centrally concernedvith the role of differentlevels
of abstractioror hierarchiesof description-i.e. propertiesariseat onelevel which arenot
discernibleat alower level —is not new. It hasbeenpenasive throughouthe history of the

topic. For instanceaccordingto Pepper(1926,p.241)writing mary yearsago:

“The theoryof emepgenceinvolvesthreepropositions:(1) thattherearelevels
of existence... (2) thattherearemarkswhich distinguishthesdevelsfrom one
another... (3) thatit is impossibleto deducemarksof a higherlevel from those

of alowerlevel...”
Someyearslater, inspiredby Denbigh(1975),Popper(1978,p.342)wrote:

“l think that sciencesuggestdo us (tentatvely of course)a picture of the uni-
versethatis inventive or evencreatve; of auniversein whichnew thingsemepe,

onnew levels”

Thisraiseghequestionconsideredtsomelengthby Gell-Mann(1994,Chap9), of whatis
themostbasiclevel: whatis fundamenta? He suggestgp.109)“. ..thatscienceA is more

fundamentathanscienceB when

1. Thelaws of scienceA encompas principlethe phenomenandlaws of scienceB.

2. Thelaws of scienceA aremoregenerakthanthoseof scienceB ...”
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Accordingto thisschemeguantumelectrodynamic$QED)is morefundamentathanchem-
istry, becausehe laws of the latter can(in principle) be derived from the former“provided
the additionalinformationdescribingsuitablechemicalconditionsis fed into the equations;
moreaer, theseconditionsarespecial- they do not hold throughouthe universe”(p.111).
This givesa usefulway to think aboutemegence.Phenomenandnaturallaws at a given
level emepge from the operationof laws at a more fundamentalevel (seealso Anderson
1972).Notonly this,thelower(morefundamental)evelsconstrairthehigherlevels(cf. Hol-
land 1998, pp.186-188). Successie levels of representationand models(eachnew level
meetingthe constraintof thelower levels) dependuponmacro-descriptionemeping from

thenext lowestlevel (cf. Holland 1998,pp.195-198).

Currently string theoryis underseriousconsideratiorasa ‘most fundamental'description

of nature.ln TheElegantUniverse Greeng1999,p.139)writes:

. humeroudeaturesof the standardnodel [of physics]- featuresthat had
beenpainstakinglydiscoveredoverthe courseof decade®f research-emeged
naturally and simply from the grand structureof string theory As Michael
Greerf hassaid,". .. almostall of the major developmentsn physicsover the
lasthundredyearsemege—andemepgewith suchelegance-from suchasimple

startingpoint...’ ” [my italics]

In the caseof thestandardnodelof physics however, thereis little necessityo provide Gell-
Mann'’s specialconditionsin the form of “additionalinformation” becausghysicsremains
largely fundamental. This is not the casewith chemistry and even lessso with biology.
Echoing Andersons (1972) aphorism“More is different”, Geogi (1989, p.447-8)states

“biology is notabranchof physics”.He argues:

"Greenis a pioneerof stringtheory
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“It istruethatin chemistryandbiology onedoesnotencounteany new physical
principles.But the systemson which the old principlesactdiffer in suchdrastic
and qualitatve way that in the differentfields that it is simply not usefulto
regardoneasa branchof another... indeed, principles’ of new kinds mustbe

developed:.

But what arewe to make of Peppers assertiorithat it is impossibleto deducemarksof a
higherlevel from thoseof alowerlevel”? Do we notrecognisénerethe“mystical overtones”

of Crick and/orthe“hoary ... antireductionistreed”of Horgan?

5 Emergenceand Surprise

Many authorshave attemptedo explain emegencein termsof surprise e.g.Casti(1997,
Chap.3) andthe several quotationsabove, or at leastmadeit a centraltenet. The problem
hereis thatsurprises in theeye of thebeholder Whatwasdeepandunfathomabldo Zipf is
merelya simpleconsequencef probabilitytheoryto Li. Whatmight be surprisingon first
acquaintancer at a particularstageof scientificknowledgetendsto becomecommonplace,

trite or predictableafterintensie, lengthystudy

Dennett(1995,pp.412—-419)entertaininglyaddressewhatit meandor propertiedo beun-
predictableor surprisingin his ‘Tale of Two Black Boxes’. In this allegory, and omitting
somedetails,Dennetitells the story of scientistdrying to explain the workingsof a system
in which pressingouttonae onbox A causesredlampto light on box B while pressingout-
ton 8 onboxA causes greenlampto light onbox B —yetthewire connectinghetwo boxes
transmitsadifferentbit stringeachtime. After muchstudy andin spiteof theobviouscausal-
ity atthe macrolerel of buttonsandlamps,someof the scientistsweretemptedto call the

systempropertiesemepgent sincethey appeared unpredictablein principle from ... anal-
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ysis of the micropropertieof the stringsthemseles”. Carianis rhetoricalquestion(1991,
p.776)is apposite’If werandomlycomeacrossacomputersimulationandwe have noclue

asto its purposecanwetell if its computation@areemepgent?”

Eventually however, the secretis revealed.Pressingouttona causesneof alarge number
of factsexpressedn English(or implicationsgeneratedrom them)to beselectechtrandom
from a knowledgebase ,encodedn ASCII andtransmittedto box B which thenchecksfor
‘truth’ againstits own knowledgebase(containingalmostidenticalfactsbut differently ex-
pressecindencodedpndlightstheredlampin the caseof ‘true strings’. Corversely press-
ing button g causes ‘falsestring’ to betransmittedsolighting the greenlamp. According
to Dennett:“The pointof thefableis simple. Thereis no substitutefor theintentionalstance;
eitheryou adoptit, andexplain the patternby finding the semantidevel facts,or you will
foreverbebaffled by theregularity—the causaregularity —thatis manifestlythere”(p.421).
In otherwords,we mustfind theright level of abstraction- thatat which the propertieshe-
comesemanticallynterpretabldoy virtue of thenew conceptandcorrespondingocalulary
thatwe employ. And oncewe have settledon the right, semanticallyinterpretabldevel of

abstractionpur surpriseevaporates.

But if surpriseevaporatesthereis a tendeng to feel almost‘cheated’. Critics often say?
when claims of emegentbehaiour are made: “What elsecould the systemdo?” But is
this criticism asvalid asit seems?Franklin (1995, note 10, p.207) offers what, to me, is
a very satistictoryriposteto this kind of remark. Citing the objectior? to Wilson’s (1985)
artificial creature’Animat’ that: “He seems... to have beenjury-riggedto do what his

creatorsvanted!”, Franklinresponds:

“Yes, of course. Every autonomousagentis ‘jury-rigged,; thatis, designed

and/orevolvedto couplewith its ernvironmentor to learnto do so”

8] have certainlysufferedthis criticismin anorymouspeerreviews of my own work.
9Creditedto David LeeLarom.
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JohnHolland (personatommunicationSeptembef3 1999 haspointedout thatvon Neu-
manns demonstratiorof a self-reproducingnachine”nicely refutesthe useof surpriseas
partof thedefinitionof emegence”.“It’ s still agreatexampleof emegence” hesays,‘even
thoughwe now know it in detail” And ratherthanfeeling ‘cheated’oncewe know the de-
tails,thereshouldbe®. .. nodiminutionin wonder Insteadanew realm([is] openedpffering

new wondersandnew questions™Holland (1998,p. 13).

6 Towards a Definition of Emergence

It shouldbe obviousfrom the foregoing discussiorthatthe termemegencedoesnot easily
admit of a precisedefinition. For if we recogniseemegenceprincipally by the necessity
to definenew cateyories,conceptanddescriptve termsappropriatdo a semanticallyinter-
pretabldevel of abstractionhow will we avoid doingthis afreshfor eachandeverycase?As
Holland(1990,p.108)writes”. .. westill havelittle morethanrulesof thumbwhenit comes
to themodelbuilding processtself”. More recently Holland (1998,p. 3), hasdescribedhis

difficulty in thefollowing words:

“Despiteits ubiquity andimportance emepgenceis an enigmaticandrecondite
topic, morewonderedatthananalyzed .. It is unlikely thatatopic ascompli-

catedasemepgencewill submitmeeklyto a concisedefinition”

In spiteof the problemsmary authorshave attemptediefinitionsor, at least,tried to clas-
sify differentkinds of emepgence. In this section,we review someof the more recentof

theseattempts

Accordingto Cariani(1991,p.775): “The problemof emegenceclassicallyinvolved the
origins of qualitatvely new structuresand functionswhich were not reducibleto thoseal-

readyin existence”. He goeson to identify three currenttractsof thoughton emepgence,
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calling them*“computational”,“thermodynamic’and“relative to a model”. Computational
emepences formally-basedi.e. it is relatedto the manifestatiorof new globalforms,such
as flocking behaiour and chaos,from local interactions. Thermodynamicemegenceis
physically-basedndis concernedvith issuesuchastheoriginsof life, whereorderemeges
from noise.Theemegencerelative to a modelconcepis functionally-base@&nddealswith
situationswhereobserersneedto changetheir modelin orderto keepup with a systems
behaiour. The problemthatl have with theseso-calleddifferentforms of emegenceis in
distinguishingthem! The formal/physical/functionadivision appeargo be no morethan
differentviews of the samething. How arethefirst two kindsdistinguishedrom thelast?If,
for instancewe have “new globalforms” asin computationaemepgence this surelymeans
that“obsenershave to changetheir model” (e.g.by the creationof new descriptve terms)
asin emegencerelative to amodel. Thus,the functionally-basedrelative to a model’ view

seemdgo meto subsumehe othertwo.

Steels(1991, p.451) emphasisethe functionally-basedriew when he writes: “Emergent
functionality meansthat a functionis not achiezed directly by a componenbr a hierarchi-
cal systemof componentsbut indirectly by the interactionof more primitive components
amongthemselesand with the world [my italics]”. Later (Steels1994), he refersto on-
going processesvhich produceresultsinvoking vocahulary not previously involvedin the
descriptionof the systems$ innercomponents- “new descriptve cateyories”. The “with the
world” qualificationis potentiallyimportantandoftenforgotten(althoughnot by Gell-Mann
or Franklin). For interactionwith theworld is whatmeanghatchemistryis not physics,and
biology is not chemistry And this is why intelligent systemq‘agents’) might learnthings

thatareusefulto us— becausé¢hey inhabitthe sameworld.

Slightly morerecently Stephar(1998,p.640)writes: “It is controversialwhatthecriteriaare
by which emegentpropertiesareto be distinguishedrom non-emegentproperties.Some

criteriaarevery strong... Othercriteriaareinflationaryin thatthey countmary, if notall,
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systempropertiesasemegent. He goeson to distinguishthreetypesof emegence:

synchronic — a propertyis emegentif it is irreduciblein termsof the arrangemenand

propertienf the systems parts;

diachronic — propertiesare considerecemepgentif they cannot,in principle, be predicted

“pbeforetheir first instantiation”;

weak —onwhichtheothertwo arebased.

Thelatter, it is said,“pervadesemegentisttheorizingmainly in connectionisnandtheories
of self-olganization”. Emegent properties(in the weak sense)are, amongother things,
systemicA propertyis systemidf andonly if asystempossesseis, but no partof asystem
possesseis. This seemdo be synorymouswith the term‘collective’ asused,for instance,

by Hopfield (1982).

Stephararguesthattheproblemwith ‘weak’ emegences thatalmostall systemigroperties
comeinto this category. On the otherhand,the problemwith his othertwo, strongerforms
is that very little seemgo satisfythem! Also, mary commentatorsvould doubtlesshave
problemswith his useof thetermirr educible(shade®f Horgans“hoary ... antireductionist
creed”). Stephanmentionsqualia as a ‘candidate’ for synchronicemegencebut to cite
Crick (1994,p.9) on qualia: “This is a very thorry issue”. It would not be productve to
delve deeperinto this thorry issuehere— the interestedreaderis referredto Churchland
(1989)for more extensve discussioron qualia. Sufiice it to saythatanissue(qualia)that
generategreatdebateamongphilosopherss unlikely to offer usmuchinsightaboutanother

controversialissue(emegence).
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7 Emergenceand Reductionism

Throughoutthis editorial, therehasbeena tensionbetweenemegenceandthe philosophy
of reductionism.Thelatterholdsthatit is possible- indeedvaluable—to explain acomple
phenomenomr systemby the interactionamongits parts. Anderson(1972,p. 393) saysof
reductionisnt'. .. amongthe greatmajority of active scientistd think it is acceptedvithout
question”while Crick (1994,pp.8-9)writes*“. .. it is the maintheoreticaimethodthathas
driven the developmentof physics,chemistryand molecularbiology”. So how canthis
penasieandobviously effective doctrinebesquaredvith anotionin whichit is “impossible
to deduceamarksof ahigherlevel from thoseof alowerlevel” (cf. Pepper)pr that“a property
is emepgentif it is irreduciblein termsof the arrangemenand propertiesof the systems
parts” (cf. Stephan)? To someextent, we have downplayed,if not actually rejected,this
formulationof emegencen favour of onein which thelitmus testis the appearancef new,
gualitatively differentphenomenathigherlevelsof the hierarchyof abstraction/description.
Yet the tensionremainsbecausehe two creedsseemto work in oppositedirections. If

reductionisms so powerful anduseful,who needsemepgence?

Part of theresolution| think, restswith Dennetts (1995,pp.80—-82)warningthatreduction-
ism“hasno fixedmeaning”andhis distinctionbetweerblandreductionism(which “no sane
scientistrefutes”)andgreedyreductionismwhich pusheghe notiontoo far. An expression
of how it is possibleto pushreductionismtoo far is given by Anderson(1972,p.313)who
outlineswhat he calls the “constructvist” fallagy: “to reduceeverythingto simple funda-
mentallaws doesnotimply theability to startfrom thoselaws andreconstructheuniverse”.
A concreteinstanceof this inability could be the classicalmary-bodiesproblemof dynam-
ical systemswherebyall the relevant physicallaws and correspondingequationsare well

known, but exact methodsof solutionappearbeyond us. Perhapsassuggestedy Hofs-

tadtersfictional Achilles charactef1979,p.312),“thereis alarger context into which both
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holistic andreductionisticexplanationdit”.

8 Concluding Remarks

This Specialssuecontainssevenpaperondiverseaspect®f emegencan complex systems
illustrating, we hope,the ubiquity andgeneralityof the topic. | would not presumeo state
whatl think eachof theindividualauthorameangy emegence Rather my goalhasbeento
provide a backdropagainstwhich thevariouscontributionscanbe moreeffectively readand
appraisedl havetriedto arguethatemepgences bestconsideredrom theperspectre of the
undestandingwhich canstemfrom viewing complex phenomenand systemsat different

levelsof abstraction- asopposedo thedifficulty or impossibilityof sodoing.
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