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Preface

Eal y arspg 1988, G GS gradugl stug ntge ay L, nWh, tn2 at Sugy X ny sty S cony g ng
§ ,uh., 'hawt Hoyy , ocg d atuh., I3 of ® orns, y ar Haywards IJ d tug nts g 3y mh.,
opportunty to2y p § ntatons ond, r work, x# ang g as, and Wost Wportant y, soca g 4§ ut
ojl s ainua., J ntarg s aco, ctonoj® ortpap rsé ate gy coM tol known ash, 'hs 4 Hoyp
Lap’:s Sy, ne, dton w

S Sl o posgradugl stug ntsatG @Sy g vt dtosub® tpap rsof around?  words
jor ncuson nig ., o & g Houy iap rs iy 5 su e co, ctong ,iuets work ndy 1y g as
Off g amd , sul asart_ @a ‘g ,cainty psy® oy, coMp, rgd szn, coWpys r suppoy d coop r
aty work, coWpys rvison, g y op¥ nta psy# oy, vo utonary co¥putatonit, alt psyl o &y,
!‘_rg,i‘gt‘gs,ﬂ.,' dca, ducat on,fa _osofs y of Sg Ty » and sojtwgp g sgn

S ar s works op was ogang deby Sara Larsow@# va o wd, s tol ank §f 8, n Bz, nand Jo
,Erook‘b 0g b yjranogang rs m, rzudangd, B d, nsy d atk, works op was a sucg ss

, ¢ dyors woud K tod anka d, D _ stug nts va Qfontr‘bly djorweak nz-d, workls op bow

W ¢ Ctua. y st®uat e and oads of jun E anks a so to @, o Arvants jor b ‘uf ourgy stsp akr
sy ar o ¥ ETP JU 10 (1g ssOr Math, wIJ np ssy andls, G GS Gradug ,, 5 at ¢ nfy jor
jund red, Works op

Jason, ol;,

Sara iarsowi

D.g"pr192






It s ofi, u@®ost W*portang # at y § casng and nurtyy a of#, vag, de Wan np
& ng s.anda_ ojle, coMbnatons o, vag, de Wan f & ng s o g a.sodg g nt
ag yhcay y afay dg g ntco®bnatonsof g G ng s I yhg ocng # s, 1
f nky w,iay at, astal [ rd ang of g a e appropr,gi y wit i, Wany prol), s
#aty s nw, word (Gardp r, 1 987b

b, 5 xg ctonadds g sk, combnatonor g G g 509 deg L ande, B nocsyy s d
to supportd, A ag nueh r of co®bnatons of B & s occur durns'd, d y op® nt of
W dca sk s m, 5 Qg M, jo owmy ctonw, study soW o/, 5 co®b natonsony

2.1 Linguigtic and interpersonal intelligences

Luguste g & g 4 IS toan ndydua scapacly toys, &, rwrff norspok n asug,, § ©
ty yasa yh & Op Xy ss,on and coM®un caton Igf 1p rsona. Jy & ng Fg 18 touh., capacty to
ccﬂrun‘g%; appropr,gf \yang, g cty .y, and tog spondtodu, rp op, andung rstandd, rg, &S

o ® noaye as advang d quf, ¢ cty vyl s ,nd jor nstang , 1, ctronc®a_ andgroup
wgp  Groupwgy, ncourgyy s copaborators at d g § nt ocatons and t¥ zop s to co®un caf and
dscuss ssy s rowd arduay MW, & s ngp asgE g 5 ad on coMpy rsuppoy d co, aboraty wrt
J& and o ow stugd ntscan wrgl d qua ty doci®® nts co aboraty 'y

In® dca, ducatondt, cobnatonol, 5 1 & ng sy ry $portant N dca stug ntsg, d
to coWM®un caf as 'y . as tog spond and to ung rstandi, &, &S0/l rpaf, nts m, yasop, dto
coMweun caf & cty .y and workco op raty y wit -h., Jco, @y sandpaf, nts Ig 1p rsona. g
‘& Ng scanasoly comby dwi Wusca and vsua g & ng s jop xMp, & o ntd y op® nts
Jcug cowmeun caton vaaudo and vg oondt, coMpy rsgg, n

2.2 Musca and logcal intelligences

Musca 1§ & ng §4 s tol, ab_tytoyy and ung rstandWus c andin yie W wit pp cson ItWeay
Yo & €9 d by g nue to avap, ty of sounds and by, ng'az i nd yie W ¢ acty g, s or by co¥pos g
and conductsWus c Bod y Jf & ng Jg Istol, ab_tytoys body®oy 8 nts napy cy and
sKu Wang r

1, 9 (Woprog s5 s gy comby d e, ntran e dca stug nts nda@noss by uspgd, audo



2.3 Soatial, kineesthetic and logcal intelligences












“{n,‘ o ., J & iarsowdt , SN{ (Eds) ( 99} F,-d,‘ Ji nh.; Hoys Lap 152 Gradug
oo at i, Canty and CoMputne Sg‘_ng s at Sugy x C(bnty Sev1g 05 ania
Lap r44 Sb 00.0f Catnty and CoMputng Sq, ng s, Jny sty of Susg X

The Dewelopmental Prerequisites of Self-Presentation

Robin Banerjee
robinb@ cogasusx.ac.uk

School of Cognitive & Computing Sciences
Universty of Qussex
Brighton
BN1 9QH

Abgtract § [y J ntaton y rba and non y rba bl avour 5 ng d to contro. o, rs ’
®pp ssonsojl, 5 @ ash, ni, jocus o/ Wuls soca psy# ocaf g anld jorg v
o 12 g cages Itsrq, Y qynssoca caenty gy op nt;h owynh asfpy n ag |y
gng d S dscusson consg rsi, d y op# nta [y; qusgd S Of § i I § Ntaton
Sp ca ay nton s pa‘gl tol, d y op® nts ng jawgr p ss,M, ngr asgE sof stca
t,on o/ nta_ stz ung rstand g, anduh [} ang s ;nWotyatona 1nf x stsuh at trggy ruh
J i I ¢ ntatonprog s s so !’portant jorsoca. ay racton ‘pb & oodand adu[nh ood

1 What is self-presentation?

o, Way start wit i, bascpy W g @ at nanysoca g ractony [Qf g ntouy y s nag rtan way,
v, ry do so conscousy or unconscousy Hoy y .8, cong ptof § 4 R ¢ ntaton p com s
vacuous 4 us dtocoy ra Ll avours nasoca g racton Accord g y,Wost aus ords gy W d
, rg mionsofy i Qg ntaton by, W assned, bascWoty of attempting to control others’
impressions of the self (Bave < 1, | ®2, Goj/#an, 19 9
§ /[y g ntatona Moty s can®an g st, WAy s n a vap, ty of ways @ roulh sp, @ ,d roul
o X SSy 4 aty sandg sty s,d rous W ra dsp ays, andd rouls purposy bt avours (S8 p
r, 1981) Most oji, 4 x st soca psy# 0.q3 ca  f ratyy ong ntat. on n adu td asjocuy d
ve w.tw&,w won n ady w
ony rba g i pF g ntatons,jop xdl']g, ,ookpg aty j g scrptons nWock;ob gt ry, wsd 2 ,Jop s,
n & Davg, 19 ?b Ho r, L S¢g ar# atnon y rba av,our jaca, Xp§ ss.on, post ap
f? Ve £ @ ¢ o R} 9
b arang , c.on e, @ ra posy ss.ons, a truste acts, conjoM® ty s an, qua.y Wportant" ans by
v by ay wpt to"an‘pu!%; i, .?'W $s.,0n8 oh., rdh ay of us @., Sk, nfr,1R®) A, o;‘uh.,;
J [y ¢ ntatonsWust obvious yh f ntona, butd, yWay orWay not}) conscous Fog, xdep, |
an autoWat c po f W, trgs r dbyabossSoy ryy djok Way b Wot vy dbyagd sy tocony ya
part cu ar W*py ss on oj i j tols, boss,y t s nf nton®ay nota n 1 consc.ous aw SS
WU Al ETRE S8 Yy & (4 ¢ - vm - ¥ - - ¥
atl, (98 ojd, act(c; S# ank & Ap son (I 977b work on scrpts, and Goj#an s (19 9 work on
1Q )
Big y Woy ontol, gy op® nta gy qust soiy 4 I ¢ ntaton, td oudl ngp di at
J i I ¢ ntatons pid notb g § Pty § 4 I § ntatonsWay or Way not "l cugy nt or “p.aus_
B 7§ i cong pts (@ od wat, 1 98;} Fop, xdp, . Ve, ny g acty ytryne togr g ajavoural,
wpop ssononajob gf ry, WLy SO L s"ay"a} § & pty ca¥saboutoury y s, butw . of
J ns"p y cong ntrgf ong, cty Ypre ctys v aty g, asd, posty asp ctsofourg j cong pts



2 Can children be slf-presenters? Cognitive prerequisites

D spg M, vast f raty onM, rQ, ofy i ¥ nNtaton nadutsoca prog $§ S, [t aff ntol ash, n
padtol, d y op® nta org nsojy i Qf g ntaton Ity, Ws¢, arl atpub cjag M, pry ¢f dg
W S0/3y at Wportang to py adq, sg nts and adq, sg nts QF‘; , 1988), and ob; rvat ona. work
S stsie af ¥y n kngd lgartp rsyy pr¥®ty y rsonsof adutjag workstrgf &, sto‘y pag’ a dde
@ dpub cjag agrlh georteg dord g g p d(Hath , 198 ) Ing, d, Suckn (1%81) concug d
jroma sob‘s rvat on of sb oo @ _dy nni, payroundh atd _df nsy { sy ™ & aduts,g p nds
&F atyonl, r‘g putaton,”or pub_cjag Ju‘ortung; -y, v , da andju of xp r¥ nta stud, @ ay
Jy stggh d varous asp Cts 0f § 4 I ¢ Ntatona bl avour nd _dr n, nopd as b, n njoe® d by a
f, ¢ tca ung rstand S o, FF quSt SOy 4 ¥ ¢ ntaton o, Start wit adscusson o;uh., cQz

n t‘y W U S0i g ¥ g Ntaton, -h g asoiy i awg ss‘andw nta. stg ung rstand 1

21 Self-awareness

Atuh., F g 8L ag i QF g ) rWusth awyy o;‘uh., J 4 asan actge, @ nkrg, and do By NLLY
d stynct jrom o, s S 4 awgp p ss s oul tbyWany tod ow 5 ; 1Bt nd, ;o of v sua
J /g centon grk by [, ws and Brooks Gunng &, 1 9 Y usge f otazrafe s, rror s, and
vy 0 W s sy s atag casnton o/, 5 /@ row ‘cgorca cy s (. , stal) and, ndurge
cgf gorca 4 aty s ofl, 5 j)app ars nly 5 condy ar Asoath st njantsgy ab, tofg rto
fh, 5 v sbyn® &  andy x, and g start g tog ., ¥t not ust upond, i ysca # arag rstes
and act‘gns.j ; da ag,” “I p.ay”), but a so omh., J cug nt p g ptons, CENLONS, g, JB'S, and
U'ot‘yat‘gns.j “I‘;., a car” “I don t’p o ‘ph at Bran W ntto A 7, ‘T gad T popp d t” I
wanna taf§ nap” By -h., rton & B, &y, 182, Dunn & Brown, 1991, 8 atz, 1 9M)

Fu, Wqp  asé _dy ngrowod rl, rg / cong ptsung B0y y ra qua faty M ‘(ts]l g9 i

§ scrptonswy g 4 rnot;usttg, ndurge # ysca @ arag rst,es and oM ntary W nta_stgf s buta so
tog uar actyty pajj rns and stal), dspos tons .| U, ] o%) 1., capacly to cong y of i,

J 4l sway s¢ ary Wportant, sng dspostona b aragj r.st.cs joli, suby ctWag rof U'any
J i g ntatonsd &, pf ntn;uh., J 4 ascon glnt ih.ndy, org p rous) Ing, d, y Way, xp ct
-h atg y opW nta & ang s n#, conf ntojy s g scrptonsw b df ctyassocgs dwie @ jts n
i, L,pdso;‘; 4 ¥ g ntatona goasg p rg dbyd g n Inas" ALY LY W Ty W atiy,
natyy ofl, g / cong pt, and cong qy ntyl, naty of § J QF g ntatons, sasod ap dby:\? an‘g S
JL'Wot vat ona_cong rns, as soc . coMpar son prog 5 S NGk 3 ‘p‘?'portarp Jd &, Bup r& uzany,
19%)

2.2 Undergtanding of mental states

Inaddtontd av s, capaclytog ,Ktprygs yon, § j,a5 [y‘s 11; reustung rstandie at da,
sapub Loly ctw at sp g y dang, vau%; dbyaw, 1s B sgd sh & al) toy Wark ond, rown
b ais atttugd s, d sy s, and, Wot ons, 3 4 y ar o dsg, W a, to coe® nton oh., rs W nta_stg s as
¥ . Brown(193)and , s (I 98 )g portd at todd, rs®af & & ng tobak d, rownand o, rs
Jq ntons,andy 5 ane on@ s n sk, ory o/ ® nd and ond, 1 ung rstand & o, Wot onla asds ,lwn
fatyy 8 oQ rsyEuarygy rtods, rs b isand, Wotons (3, Harrs, 1989 4 1 1, 19912)
Y Oy 4 I g ntaton woud app ar toy qug M, capacty to attrbys W nta_ stgf s bas tol, 5
and to o, rs, jords, @ _dWeust ung rstand oW, 1s 4 js of, va uatons abouts da; rown f# ysca
or psy# o0,.q5ca @ aragf rstecs “gniortung; s o Sy Watcy o and as sp ¢ on g, xd gy die
§ ¥ oP® nt o; f, capacly to aflrby, vauatons oj#, § jto da, rs Howy r, y Way turn to
i, Q,lll”‘l_h J& J raty ond _dy nsung rstand‘_rb of ™ nta_ stgf s norg rto oM gl ypde, 5 s
about v, n anda owd s capaclty s K yiQ W g An ung rstand " of W nta_ sty s s ¢ ary a
J qug W ntjory ;g ntaton toh awgy ofa ow 0p ¢ vaug dby oh., rs, op WMustp ab, to
cong ¥ o/, W nta stgf s of oM, 1S
oo a8 on® nta stz ung rstand nel as tak nWMany ans, s Frsty, oby rvatonof @ _df n 1

’



natura. g ttge's ndcgf atd <& nph ay as ‘(uh., Y awg of oh., ISy’ Xp ctatons, nf ntons,and
o Potons Fog, xdep, | o ddy (1 991) g scry @ ow njants n#, r MWty ar w og ran ol ctand
f, ng asqe ywit draw i usg, Wz tod b ry yg ¢ andpayonajag, Xp ctaton SW ary,
Dunn (1991) wrf s ojd, comjortns, pre, and ok b avour of njants nd, rg cond y ar,
W @ sgsponsy toah, rs W nta sty s g &, dsf ss,s0as) Stud, s of y ryday cony rsatons
('} ay a:sog Wonstrg dle atd «§n ‘puh., JLg cond andd rd ¥ arg ot omh., J own and oh., rs W n
ta stgf sf &, By, rton & B, a1y, 1 %2), ogf nstrgp & ca y as part og xcyy s and just, ¢at.ons jor
trangy ssonsf &, Dunn, 1 %8 Fna_ y, workon PNy JHdcy s at?2 yarodsg p iy ctyca






knowy, d& aboutap wtoyg, cty ytoony# o pop, ¥ oy g notpy g ntwe, nl, p wtoy was
Jqtrodug d, s stg-an awgy p ss of v 0 knows v at abouty a [ty Fromd s, tWayl) onya a_
§ Plogy Cty ypry ctue dyg g ntjag ts o;‘uh., g dtodggntyop Aju ungd rstand & of § f
g Ntatond oy y 1, s K ytog yonWor sof stcg dW nta stgf ung rstand g, as dscugy d
aboy

3 Do children care about self-presentation? Motivational prerequisites

Eynj a# dscanly ycapaly of uspg or ung rstand g § / [ ¢ ntaton tactges, , ¢ ary
Jo ds tQ, xp [ng or ung rstandd, motivation to contro. i, rs "$pr ssons ojl, 5 4 In de, r
words,#, us and ung rstand & of § R § Ntaton Py sUM a cong rn about soca, vauaton A

houk i, g g Jytop pdydua dggings niyy






NN

Buf r, , & wuzany,, (I I%) Ay andsoca zaton, g cts omh., § ¥ or® nt_o;‘ soc.a. coMpar son

Woty s and noMMaty ab_ ty asy s nt n kbbutz and urban @ _dy n Child Development, 64,
12 4

Dunn, J (19%8) The Beginnings of Social Understanding B acky .4 xjord

Dunn,J (1991) Sb e n gng s In], ws,M & [ 1an, S (Eds), Social Influences and Socializa-
tion in Infancy, pp 9 19 4 nue o ss, o wYorL

Dunn, J , & Brown, J (1 99]b R .at onls Jbs,ta Kabouty, ngs, andnh., ¢ & op™ ntoj ag cty Zuaton
Jp aryld @ ood InGap r,J] & Dody ,K A (Eds), The Development of Emotion Regulation and
Dysregulation,pp 891 8 Ca#br &, N rs by 4 ss, Cabr d

Dunn, J & Dg, ,, (19W4) TaDaddy 2y arods co aboraton n ontpsg nd wie sb ne and
wis Weaih, r In Byde, rton, I (Ed), Symbolic Play: The Development of Social Understanding, pp
1311 8 Acag W ¢ iy ss.§ rando, FL

Fy ,_G A (1 988'_ l?;\_nds, ¥pp ss.onWangg, W n, and[y adq, s§ ntph avor In Hang . G (Ed),
Childhood Socialization,pp 2 9233 Ady ¢ Gruy r, Y

Gojj®an, E (19 9 The Presentation of Self in Everyday Life Doul), day, An# or Books,,, W York

Got®an, ] M, & .ark urst, J b (19%) Agd y op® ntady, oryof j, nds pand acquantang @ p
prog $ s In Co. s, A (Ed), Minnesota Symposium on Chlld Psychology, Vol. 13, Development of
Cognition, Affect, and Social Relations Lawy ng Er bau®, H_ sdg, .,

Graz ano, ;.G’L 0p,C,Mug ,L M, & Lay nst GGl 1%) § . Won for & Y «§n
A dg 4 nta approa# tosoca g y op® nt Developmental Psychology, 23, 7] 5

Harrg, « L (1989 Children and Emotion: The Development of Psychological Understanding B ack
W -4 xiord

Hag r, S (1 x®3) Dy op® nta p rsp cty sonl, 5 ;syg ™ In[jd, rnston, E M (Ed), Hand-
book of Child Psychology, Vol. 4, Socialization, Personality, and Social Development, pp 27 38;
e W York, . y

Hag r,S (1989%) Q & OP™ ntprog sy s M, constructonojl, 5 ;4 In Yawk y,‘ D & J& nson,]J
E (Eds), Integrative Processes and Socialization: Early to Mlddle Childhood, pp 4 78 Lawy ng
Er baue® H__ sdg, ., J

Hath ,J A (1%8) Mepp ss.on Wanzy W nt n L‘pg Bag n c.assroo®™s An anayss of ] ‘_q; ns
i3g work ngp, r g ractons Anthropology and Education Quarterly, 18,1 11

Jop s, EE,G g n,KJ,&Davs, K E (I ’?b SoM dJ ™ nants oj § actonstol 1 approy dor
dsapproy dasay rson Psychologlcal Monographs 76,(2) ‘2' no 21

Ly Kaem, SN{ (1991) Jok sand s @ _d nsung rstand & of ‘_11; ntona jagh ood In @ .; n, A
(Ed ), Natural Theories ofMlnd pp1 91 4 Backy .§ xjord

[ ws, M, & Brooks Gunn, J ]9 9 Social Cognltlon and the Acquisition of Self 4, nu# iy ss, o, w
YorL

Lws M, Su yan, M Stang 1, C, & 88, M 1Ry § igy oP® ntandy j conscous

T -

o Motons Child Developnent, 60, ]4 ]5 "
& 1 7 (1991a) Understanding the RepresentatlonaIMlnd MI i s, Cbr &g, MA

o T (1991b) § ng gy g ntaed at 1., asyw Nl ry b ty, nh giandg sy né _dy nsk, ory
o/ ®nd InFry ,D & Mog , C (Eds), Children’s Theories of Mind: Mental States and Social
Understanding, pp 13 91 5 Lawy ng Erbaue H_ sdg, ., J



oprl & Wi H (1% ) “Ja nd nksk at Maryd nk
W



In., of ,J & iarsowd , SN{ (Eds) ( 9%} F,-d,‘ e nhs:\; Hoyy iap rs Gradug



v atcan ) ca, dsojtbgy sorstrads tpry g ng s atcanp, xpF § d as a probab ty d str.buton
Oy Ti, d ypas, ssspag  Bgy s, of couy , g p, ¢ d by any sort of, ary rs d (Wan or Wab 5
op s and nbaw cgy s, y g partojle, nducton®® @ an e

For bos ia uans and Wale p s, i, dj eutpart sto mdl, rd t(sojtands ard) bas oraz y n
o ArnJe prol, W InWealy o o arn @ sdy outy sWad appgy ntbow né oospd, rd t, ap r
joragyntaskand n mdred, rd ¢ nta con Furaton of a, ary rjor ag y n task @, rd t
§ twork anl J cty jor nstang ) In bdeda ans and ol & S dy g nttasksg qur dg g ntbgs s
butusua y y don ¢ know nadvang va @ bas si, Weost cony g, ntop ? 1, fa (#an 50 uton to

, df euty stog yong g dpgvouy xp g Pn



o ArnJE of aWan task 1., Wy ttask p twork s al g, ay rg, d jorward § twork wis op output
nog jop, a# tasktol , arp d M, onputsjord, dg g nttasks g provyg dtod, p twork and
f, & g da dd n ay ra¥s tof y g ntl, structy; co®™on jor a  tasks d, .y mazf g ¢ nta
t,on ord, co®on bas jord, task cass m, p twork s tray d by backpropazaton (" U@ art,
H nton, & - s, 1% ) Caruanag portsg su ts n, arngg prol, s sul asi at of 913 d‘gt‘_n;’uh.,
Wiorta ty@ anl s of py Mon apaf, nts3 y ni, prortde ospta zat stg su.tsas nputand ag r
f osp ta zatong sty sutsade, pre tasks (gy dgf d by outputnog s) m, p rjoang sy pog dto
b b&g rie and, p rjo®ang ojl, sng, outputnog p tworkwie @, s  nputs
1, Drog sS 0Ofy arnJge nf rna g py § ntatons by W t task, arn e and synd rongca y trang r
rgg knowy, & Mons tasks,ian « U na; Ve atsg s on v, nasg nt_ e, ory s us dtoadd
con M*aton to a, Wprca aw M, & sa org dscusson n e, 0sof yoj sg, ng aboutd, dsp ns
ab ty o;‘uh., op s ey 1 9 ,Crag, 1973, cutn, | %2, sy, 1 99) ‘b.,; 0p part c.a¥s
i at srrnt‘_ o, op, scanl dsp ny dwi and g cang contruct s, ng by us e 1 v, Wp 1 ca
aws @ sassipton s# a, ng dby Lutnde (1 %".‘be say s au, of, sy p, ¢ dtodgscoy rand
con M oM . WD rca aws andiy, 5 jQr M, y gF at, as, urstca yp g ssary L(utnd g x:ep,
Sl st3s W nt P say ned at “ve, n two subcrfca Wasy s of uran @@ 23 ap s 8 d tog @, T to
produg aspng, sup rcertca Wassi, & w_ b ag, xposon”h g W, Bt ag nug af Xposon
Byl at (W i, oni support jor P was to jj jound ni, nug, arl, ory, by [  suppoy d by som
o PpJca, vg ng W, nug arl, ory spart o/, 1y F ng d af, nab, dl, pr dctonof PhH g
any_ag nug, ap Xp.os.on
1., Op S, J i . ¢ Yy dnotonytounyyl, dggntp g sogp vy ng and, ¥prca aws
but a so as a, ursteczug jor dscoy ry and con M*aton In de, r words, all, oryWd th 4, n
as an f rna. Jy pF § ntaton or a b‘gs cOMNMon to a task c ass Scﬂ.,' t‘g,' S, as i utndee g, xdl']g, ,
L‘, bgas s so strons” and ag qugf @ atnojul, [, vg ng sp, § dto, amadg g nj, Wprca aw
0y, Wi, of, sas nj ™na J [ § ntatons or as bgy sjoracassog Wprca f, noM naWdh @, p
tQ Xp. 3 conscy, ng M, sq, nt_ ey ang upond, of, s jor, arnge, Wprca aws b, U
(19 8) jor a dscuss on of conscy, ng ) Conscy, ng s v af, xp ansl, addgona supportzagy d

»
K g rsg cond aw dy to [tsun_caton wis #, aw of ja 18 bod, s by, wtonanW & ancs

y (R 0
'E , Of S, by provd e a, arnge bas,suyg #, dscoyry ofg g ¢, ¥prca @, noW na @, ory
constructon cani, 5 jor b co®pgr d to bas, arngg and ung rstood as § cond org r nducton Ina
sp C,. @lana a5’y wis Caruana SWhu ttaskp twork, gy cany, wilt, po djoral, ory assoMtd nsd at
adjustsuh., bas ;‘oruh., Wan task a¥® d at, , ,uh., o ¥Ica awd at s top sound In any cgy ,-h.,

e



o &P dtasks g yp das nta y @ tsjorap wg g dtask 1., aus orsy portl ng ab, tog dug
f, nuh rop xp, sy qug djorsgy o, arnge of ag qy ng of Bog, an proly, Wes

In d o rong trang r, an ag ady, ary d bas s ys dto sp, dup, arnne SS ey v at
Jo s tdh app n Ve, nsq, ntstsWal us of f vousyacg pf di, op stosug g p ra zatons m,
g Vousyacg f dg !ﬁd aws andM, op, sgp ys dtog g @ g d, & ap andd, ansugy jord,
J W aws andd, og, s @, ory constructon szuyg d by gy vousy acg @ dil, og, s at, sy ni,
contnu ty of sg, ng ,actas abas by gy y nt e soM conc usonsve . W at e oW, s Boyd g ary

g scrd sy, prog ssasada rongtrany rve, s, consg rsi, body gy vousyacg pf dsg, nt_a
i, or, sas
' O

o Stab @ ne prncp, s of sq, nt_dratona nducty J asonge va @ , soM e s,
dctgf concusons va @ y Wustacg pt,3'y ni at i acg pt a partcuar, ory N ]
Exgstyel, ¢ tea know, & og ng tsad arpconstrantonds, W # odo s ca yacg pt
a spong s to data (Boyd, 198 ,p 24_ 8
B & spong stopy w (Boy p 24, )



gey . CG 1]% ) 1., f, o teansd, wee, In Aspects of Scientific Explanation and Other



;{n,‘ o ., J & iarsowdt , SN{ (Eds) ( 9%} F,-d,‘ Ji nhM; Hoyg iap s :\,{Gradug
g amd ni, Canty and Computne Sq ng sat Sugy x Eenty S¢.ng o o and

<ap r44 ,S# oo of Catnty and CoMputne Sq, ng s, Jny sty of Susg X
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Abgtract 1., f g atsassoc g d wid 5 roous _p ssWak tanatura oly ctojy ar Sow
J & Nt g ratypd asjocys duponds, * g‘r\&_d .,g;\”, aj M Wosty o nty us diog g rto






f, @ tca basgjorg g and ,l, 5 notons oM, al anx, ty provyg [, nsd t ntol, g to . ca
W & an ¢®s ung ry e cong rns about HI vand AIDS



popu aton, 4 suld an, ntly, Xxsts, s qy stonab, ) 1 us y W ¢ turn to R v,0us popu at,ons
J NG Wit cong rns abouta sp ¢, @ p ss norg rto asg rtan an approprgf coury ojF § ane n

uh‘geya

8 Parallels between the worried well and syphilophobics

1., C.Qy stana 'y to, sh as p, ndrawn wis “sy@s _# obcs” @ g [ g ntyE Wit cong s
about syfs _ s)Knapp and aﬁg‘% Kk, 1989, Jorg ta, 199) Sy _op obawas nst; pog d n
W dca fraty ol 8 Qc.; diMaCA PP - 1o ),and [ ca¥® acommeon ccﬂ'p ant dur s, ]8'4
and 1% g ntury QBaur 1988) o, s® arf s nprg ntat‘pnb tyy N g A, d sy{; O ob¢c
andd oy consg g d o o Wanjo, d iara, sp ty, nsyp . sandHI AIDS Qi 19 o/ Weog s
of trans®® ss on and & aragt‘r zaton by stag s, ncudm a ong g ncy p r od, and a ma. stg of
@ ysgca and" nta g roraton andu .-y !yg ah canb drawn Addtona,!y,s TS Y tyy 0

i, cong ptua ‘_zat‘gn o;‘uh., J wd P SWl i, cutyr s nve @l yargy W th ngi d

9 The cultura values, illness and the media

L @ g rand, 18 < syp _sandHI {'h ay By nassocgi d wit socay, d“WWora” L sty s
andy su tantb 1z o/i, v ct® (Dworknand «ncu, 1 99&,]3 JK199) Mug (1991 @ toh,
wz o HI vand AIDS assoc,gf d wi Wwora ty, o za ty, n @ tyand _p ss [ ars of contas on
Fh, daypdby “pay W tap ors yp d (Sontaz, 199), and J syfs s, AIDSh as § com &,
,1011; Wporary®® taf orjor corrupt,on,g cay, and®a gnantg structy consieMegis v _ (En ow, | R4)
S POy 1u @ arag; rzaton, ¢ g d by da ny rpy tatonand pub ¢ aff ntonw@ na ¥ work
o;uh do nanty & ous and cutura vay s o;uh o 13, WA [ xag byl cong rns about g ss HI
and AIDSI WIS & d" dacoy rgy of anunparay,, d g nsty nd,d storyo;dg g (Day yan
Gy n, 199) uhm_sl!l., a,nh pro®ot onj n‘gy @ ay undoubtab ya ad a posty ¥pact nj s of
curly d transW® ss oh rg s jor HI -h ®pact o/, 5 cpagnsond g ndyduaspy dspoy d, or

susg pty, to, Xg ssy cong rns about P SMash, npg, ¢ dang s anh Ing 3 S Iy g ntaton
wit cong rns about HI and AIDS jo ow sl d Wpact c#pagns s not surprsge Hoy y ras

mdrbs ndca;uh atde ;uh asfy n W DY P Jnde Q J sty HI post‘y.j Bk ta ,199)
U'éh t,ndcgs d ates d LA cpaznsWaye ay pay dso rq, npy c‘p fat " rratona 4 ars, and# at
", Jo anh eyawoudbp UYTOM SO W r ca jocus ntol s poss bty

)

e - -

10 Concluson

# urung rstand n¢ oj4 ars about _p ss ng p ra,and HI vand AIDS npartcu ar s jar ;roM comp, §

It woudg, ™ Wp raty # atawyg yacg g di, @ tca structy jor sule cong rns s out. g d, n
org rtojac (g poy Ty, Wprca g o ane Consg ral y 5 aw sp, d d norg rtoasg rtand,






Jop,C 911) Angf ontup rcuarf oba The medical fortnightly, 39, 2

= £eo, M &1 o®pson, C (1B b ig udo AIDS, AIDS pang or AIDS f obga % British Journal of
Psychlatry, 151, 8 3

? vl Al 948'1 21st Maudg, y,, cty ., osof oba Journal of Mental Science, 94, 1 1
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Sa kovsks, « M & &r&k,H MC(U%) Morb d gy occupat‘pnsdl., al anx, ty andg assurang A
caEnty b avourdapproas tde yp& ondras s Behavioural Research and Therapy, 24, 97,5 2

Seanfgr, J( 99 Ajactora ny stgatonoj soM &, qr tca dstnctons ty, nan, tyand
Zu, tgy &S Studies in Psychology and Psychiatry, Catholic University of America, 10, 1 14

Sontaz, S (199 ) AIDS and its metaphors & ™upn, London
:tra* LM (19 1) S‘gkp Ssg ars AU'anJ stat,on of anx, ty ; ae nt§ Vg Bu., t‘p,; , 1 97 199
uk ,D H (189) Adictionary of psychological medicine @ unb

Jor.o, K A ,Ag a,E & th tvp n, . (1 99_ b_ Ed tcgy s of paf, nts wit unjoung dg ar of AIDS
International Journal of Psychiatry in Medicine, 20, 4 411

London

gr‘gk,H M C 1]_989 Acagnty b avoura approat td ypol ondrassands, al any, tyJournal
df Psychosomatic Research, 33, 7 7] 1

arck, HM C & Sakovsks, « M (199) Hypo# ondrass Behaviour Research and Therapy, 28,
ro11
7

ndgas; s,E &Son,S (1% b AIDS pan ¢ British Journal of Psychiatry, 150, ]? ]27
ZubrowsLﬁM (192) Cu tura ccﬂ'pop nts ng spory to pan Journal of Social Issues 8, ]






2 Alife asatool for theoretical biology.

Coep, x coMpys rsWu atonsdonotg g ap wsg ng byl, We v s nanycyy M, yg aj@
ngy ve @ Wy provd p w ways of dogg an, xstng sq, ng Ind, cgy of ALy , M, rassue® s
foath ssq ng s, g tea boyandlw, notagy wi d atjord, W n
Aswit any p wj il ngy d, ;r sawaysi, @ op ofF sovye od controy rg, s oy r ssy sl at
gy onsyWagp di, batf, sround of acag W c d spys s @ nkjop xMp, of 4 no S iaradox andd,
Jy ntonoj#, cacuusof n mi 5 LS SWay or®ay nota app n n, cgy of ALy , butl,
,t ang s of 0 app ng& w_ s Wan Wa un, ssan approprgj W# odowy sg @djord stask
1, start g pontjord sd mtonWusth anung rstand & o/, & p ra @ arag rojl, sg ng s.n
qy ston (M & as ¥ Wedy » Wy NOLH g ssar,y h cop, g by al o VB an ung rstand ng o;‘uh.,
waylh, 5 Sq, ng s g actua y practy d nourpartcu art@ )
Accordgg to M, r

A poy rju way of uspe" A L s®u atons s (o taf ag, X St joiea Weod oM,
@ tca boyandy ax#, assueptons ﬁy!‘ raby op atat¥ )i at gy Fqug dto
ol b, W, Weaq cs tractal), (M, T, 1 99)”

1.,J S 4§ doubuh atsus aW®d odw_ g ndtQ nr@ cu



S P sy (€ cong ptssu as o ssand adaptatongy p ¥ rqy stop d,a& ntang, nvror®® nt
¥ § pary ('} ‘_n;’s,uh., afrh g of a eyl Wop stat.c naty )

Conjecture: ALg and co®pys r sW*u atong @ nqy s ng J 1a, J Prop r.y app,,. d, ®ayh ay o,
P Nt@ jOrg so .V JIE sg, Nt_ @b y at, ast soW o/#, c






4 Conclusons lookingfor a starting point.

My, raddy 5 si, qy stonof ALg s # odo.ady by prasy ssug \n an, y rWeqp g strety ap
proa# , m|tsp c y sl rQ, of AL4 onyasatoo ojf g ans M, ng strctng tsus to prol, Ws n
d, ¢ tea boyand ma ytol o5 prol, Ws nva d ag, xstn oMM Wod canl sound
o M 3 DU, qy ston o/ W odo sy, s toly coM o ssjuzzy and, ag, rtosoy I gy @ ow
oy yriapynjop &g swit a b sh, g g st prol), Ws ndy uny rsa app catonsof s
guyg P s
My opnon sl ath, qy ston o/ i odo czy®ustnotly § soy dbyg stretae | to a tractal,
S 'hs ¢ b oy watwork n AL4 can}y yy dsucg ssju yasatoo jop Xf nd g joiea Wod s
Jqi, g Yea boay Tasol 4y #at tcanl yp dtodog s and n gy as v, 5 nojoMea Weog
¢ XSfand aso“l ons ng” to dley rsg nt_ adscp g s
akgg a @ s ntoconsg ratony Wusus, nconsg i, Oi stonof v, dy rALY sh sty g d
as atoo, or as a (pQf nta)sg, nt_dadscp § [ tsownrd t @ s sayrydy eutqy stonwl no
strada t ansy r* My opnon ‘§|h aty w,. ‘Wak "d, ansy r ni, jo owug y ars, but I don tg,
woath p iy w g tbydefining £ nop way or ands, oM 2w odo,Q;"ijp sp cty
So, ¥, 5 ® oudy ookjoraWd odo sy ordoge sg ng wi ALy v M@, mtconsg raton
foaty Wustal i oat aWd odo Xy s not soMd nzd at s dscoy g dang, xpy g d nsog n
ry s, [ Srade, rsoMd nsd at s construgs dd rouwls da story of ja yf s and sucg §§ S | Sq, nt_a@l
Joa Iy wanttoWa) d sWd odo xy xp ct#, ni, Wik nsy Wustdo stoung rstand
f, & aragf r oj M, sq, nt_¢ xpanatonsi at gy ys d n cug nt sq, nt_ ¢y 5 ank n bo 2y and
cNly Sg.ng , to start wi , and try tQ, nvs.on v at Xk nd of sgnt, @ xp.anatons ALy s work
wou d provg anda owds, y woud coMpgs to cug nt typ s o, xp.anatons nd o5 sg, ng s By
p oM nsd spossary g py cantrytoansy rve,d, r AL Wod s b sd sh myy dasyg w
sourg s of njoM™aton,canasol uy daspy w sourg s of understanding

=1
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Fgy 1 Entg 1 W rang (rotate aroundd!., y ax shjorog p rsonl iQy RF prog ssJg

outputun ti,i, output s

oi(l) = Zwihoh(l)' )

nhh“std!., W & sWipcan} adiug dusged, tdrow Hoyj ( tdrow&Ho,",", 19 )¢ ta, amnge
ry, N snz, ay roj @ aroutput unts ™ ts aWtrx ps udo Ny 5 Wd od (cazz 0 & Gros,
199 a) jord, 1, xact caT_Cﬁt‘ , .ajj r approad a ows aWeost nstantap ous ‘tranng ‘of #,
§ twork gsard, ssofsg © m, BFg twork ssucg ss napprox #at g non g arW*u (W nsona.
functons sd p ng ntonsy ¢ né dd nungtsh e ys dandl, sutab_ tyojle, ¢ nfp s Ugstrbuton
oy rd!., Jputy ctor spag 16., n, Cowan, & Grant, 1991)

2.1 ‘Face unit’ RBF model . .

Ford, ,&:)T_T_ow‘pg'.; sts, two typ sof p tworky g up d a ‘standardw’{ BFWogd and a jag un‘g“’\ BF
wod i, standardy twork strap d wlt a possly, casy sjromE, dataw@ a‘wnp rtaksa ’
output strgf &y, v _stl, jag unt J twork produg s a RosLy sgna ony jord, partcuar p rson
J£ s trag d tog ca&ng Fo;, a Jdydua,a ‘,"ag unt * BF pr! twork canb tray dto décrr‘pg
b tyy nd atp rsonand db, sy, ¢ d rowis, datag t uspe ‘pro and ‘anty’ v ng jor and aapst
#, ndydua D tagscanl jound n (Hoy & Buxton, 199 ¢c) Ad ouls @ 55 cond approats
DG gy s comp, x tydy sp ttre o/#, tranne jor ndydua casy s ntog pargp p tworksg y s a
Wodu ar structyy @ at can pQf nta. 'y support ag, nue rsof casy s, sng p tworksg and tran g
(W sjorl, ‘standard Wog quckyly coM Wepractca asi, nuiWh roj casy s ng g s

3 Form of test data
La treand ocatonjor, tranne andf stjag ez s nl, 5 nta stud, # asfh, nk ptjagycon

AR 2



a sl, nueh ro ‘ant d dd nunts 3 sts g Wag onarag of § tworksg s rom 1 1 to; 12
W8 g, oty y2 Band 18 825 tworks)

3.1 Pre-processing methods
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Fgy 2 Shift-varying datajor, ‘ag on Y, wofop ,ndydua (a) top, t(b) top r@ t(c) no*a
Y W (d) bottom, i g ) bottom rda ¢

s 111x111 w ndow)

2 % (yy
P 12 % (MUxMY) 2 %187><87b

Fgy 3 Scale-varying datajorle, ‘fag on Yy, wojop ndydua (a)
b 12 %d 7><] 7chnorﬁa! wwl o xl

’

o Ascg varyn datag twi 1 cop, sof o W op atd, standard s#p ng ‘w ndow
S » and;our; sCg, datj:]? % and £2 % of [tssurjag g a, rand g jrom 87><87 tolllx111

G Fay 3

Inherent invariance - training with orignal images only

nts yy d on yl, org na jroM, o Zroup o  jor tra n‘f, usJe a M, vag dop s
2) jorj stug SSy saWasy o/,

Jgvarang notd y op ddurgg tranng by

5.1

XP FRSRR. <
(andd, ;U‘a ng r ojl, orgna op snotyy djor tran e
Jqtrnsc nvarang oj#, p tworktod jtandscg , Ied!

o XPOSYF (Q, xdMp, s oih owd, data vap, s

g tWork | i prog sspe [ Inta % | % Dscarg d | % Ag rDscard |
Standard DoG 14 84 21
1 4 Gabor 3 82 4_
1 2 DoG 1 ) 1
| Fag BN Gabor . 18 2

alg, 2 By ctoj gy prog ssJe

Yy djor tran e

F‘alg, 3 Eg ctoj gy prog ss, ' odson scale-varying datay t@, org na ;roM, o Zroupoj ¥

W @ ods on shift-varying datgy t @, org na ;roM, al Zroupo; y

2)
\_’,twork ‘ i Prog ssgg ‘Inta'/o"/o cargd‘% rDscard‘
Standard DoG g 3 8
1 4 Gabor o '45 9
1 2 DoG 9 4 9
| Fag i Gabor 3 3" ‘88

Yy djor tran )



52 Learnt invariance - trainingwith shift and scale varying images

1 L, o X9 I nts a;’a‘_n_f da Jdg, ctonoj postons ortranng, x#p, s, usme a  § y rsons
o o8 org na Wz S&y s, p twork njoaton aboutd, & jtand scg varang durng
e td, pon, amped s kndoj nvarang

tra‘p‘_

g tWork | i prog sspe [ Inta % | % Dscarg d | % Ag rDscard |
‘ Standard | DoG ‘ 2| ‘ ] ‘
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Abstract 1., ty O/l spap [, W asg si, [, djorco aboratonly ty, ni, qp
al andi, , ssab, parfg r na, amgEy atons pve @ aWstog g andWantana
“Zop of roxWa D y op# nt” (Z.D) Ij coy cty construgs d dur g nstructona. gf r
acton, y nag ri at gf ractom asg g5 d,M, co aborator# oud}l “nvsbypy g nt”
as dn, nr nl, o arg rsp rjoMang § p way to yy #, notonof aZiD nsojtwgy
g sgn sto ny sty O\aih., cOMpYf T canp joMM, rQ, ofls, Wqr al) parly r na
co. aboraty g aton# p @ spap r ooksatl, Wp catonsof usged, ZiD asabasgs
jor sojtwgy d sgn wilt partcuarg 4 5 ng toM, prob, s nvo y d n quantfy & and
adjusts, ass starg og 4 dtol, us r nd, prog ssof provd g co aborat‘y support

1 What Vygotsky wrote about the ZPD

1.,; F WOy ntat‘_ois o/, Z.Dava_ ai, SN Enz @ trans aton Eal sasdatydygnt
approa and, W ass W, Bt sourg s oul t and Langug ”1] 98 ) Jntroduct on of i,
cong ptoji, Z.Dh, r st n#, conyf xt of an ny stgaton ntod, § Arie ;or a work‘_ngh ypol,
sStg xpani, 4y op" nt of sg, nt,_ dicong pts n@ & ood In part cu ar, y,otsky s cong 1y d
wit d, car_cntono/l, J atons ‘p‘b &, x stsp tyy N Jstruct.on and W nta ¢ ¥ op® nt An
¥ a‘b b y,otskyb dl as partcu ary ack d aff nton suh - asw" nto; al ds" nta g
¥ op¥® nt g vous yl dadhy ndop ng s o/, b d sab JLy tosoy standardg dprol;, g
unass g d Howy I, M otsLy Swg stsl atl éfuh od on y" asyy si, comp, ¢ dparto/, @ df
§ & op® nt andd ath 5 s not-h., va Q story ZD spypg 1y dasadynd® cagy s niW trc,
g sgp dtoasy ssi, @ _dspg ntad row &, r rco -aboraty p rjoang capab_ ty as oppgy dto
d, 1 .ndydua p r;or"arw ab, ty m, 5 condp gy ‘b.,; y,otskyd Scusy siy, ZiD s n“Mnd n
Sog\_ty” ) 97& P4 w, cong ptoji, Z.D s ntrodug d as ag spony toqy st ons about-h natyy
o; , J atond ph ty, n, arne andgy op" ntve, nad _d s atsh oo Inorg rtoung rstand

TS atonh DY tgy ng arnge andgy op nt t s NSy g_nttog.; Wy asge, Jy op¥ nta
.,y J o nuE, dy op" nule ale asag adyta} npag Sucg ssg p ndsuponds, d g W naton
of aty asttwogy !opﬁ.,' nta, y S, naddtontol, actua g y opM nta, y M, , y v @ ab d
can attan wi assstang Wust ) d nt,rd @, ZiDg g sd, W nta junctonsd al gy noty t
Watyr d Inorg rtoung rstandi, d _d 5% nta g y op® nt t‘g, s; nta to g nt iy, two, y s
‘, actua g y op¥® nta, y anduh., z0p o; prox"a gy op nt” ( y,otsky 19 8}11 ¢ aton
ofle, Zi.D s, , s ntay atly Oy arnge, |t ‘awak ns @, nf rna gy ope nta prog s s v b
canonyop rg W, ni, @ _ds nf racte A;unda" nta -y Wportant asp ct oj#, ZiD jrom boh
yrsons s, g ss‘gy jor co,,aborat‘gn or assstang jroW ande, r,Wqp al), party r Hoy y ri, &
Snog ta, daccount ojif, joM®# ath sassstang @ oud taf

Dy g njp xp 188 nts Wi ¢ Wp oy d g & ntWeog s of g Wonstraton n d g § nt cgy s
some Wit rund rowh an, ntg ¢ Wonstraton and askuh., '} «ntogpaty oh., IS

44



W ¢ nta e, soutonandaski, & _dto m@ .t orog r, ade qy stons
( y&otsky, 19_8)

\ 7

-h., Bt g P nasouton,a, adng qy ston, or s oh., r jorem o;h., P
( \y‘g otsky, 1 98; )
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Abstract An Wportantasp ctoj ay rba, x‘gamntry cong rnsl, structura andgy Wantc
J atons psh ty, nay rband fsagu® nts @ s ncug s, surgg syntactg XpF S
$,0n 0/ A UM nts, af rnat‘pnsb 5" n-h., Jeo XIJ ssons and‘; WantC o 19 sp tyy 1



1 S JWoaton sy qug d by natura. an¥uay prog ssng syg s norg rto avod spurous un
STt ca paty S

Dds, ssaj rmatons g Jauarvaratons nl, 5 surjag, XpF ss,0ns of ag U nts Fo, 98
#, ytb2ay tanaj mg b ty, nM, twosubcg sorzatonre g 5 Wp ord n2Aand?2B @ s s
known as#, daty aj rnaton and occurs jor y rbs® arngd, approprgl g antc co®pop nts sul
asy rbsof BBy’ & &y ,‘oan/ and § ry ‘andd qQy, XpF ssJ& nstantap ouscayy of ba ste
Wiotog, & ‘bal W ur. and & row {f, v, 19%)

2A Ja nggy abop touh., doz
2B Ja ngay -h., da a bop

b

, § & rnatonsprovygd us ju. ogangzatona njoM#a



. s /7N

i yponyWy antonyWy

jor an, xp, o Va ata W g cton of i, i, rans y®d ¢ ook L asagp tworky gy g ntaton
¢ pauem, Gross, & M, 1, 1991), M, 1, B ckwis , [ baue®, Gross, & M, T, 1 o%)

1, aj rnaty s to uy autoatc cug rge of words bgy d on dstrbutong njo*aton asd s
- ansi at-h., c.ass, enton sta qr d touh., data ata and bd 4P ta G g Ja, & by, & Iy - 19%)
dof susne co occuy ng data;roM sp c_ @isyntact,cy atond psc ass/yng nouns actye asdg ct
ol ctsbyi, dstrbutonojy rbsi auh, yoccurwi 4 5 13 tad, np rjoM  rank ca cug rgg
usJed s dstrbutona njoMMaton wit  aty, ntropy asd, s¥® arty®# trch ty, ncagy s A
s _arapproa# ys sprox # ty tole, tag, tword ng ad o syntactcy atond psjon, co occug ng
data Schig dg st ‘§us‘_n;’uh., cosy p tyy nco occuy ng y ctors asuh., S ar ty® trc (Se ug ,
19%) m, proh, W w@ autoatccug rne sh atd, words n#, casy s produg d gy nota ways
J Wantca y s ar For, xdp, ro® o ¢ ra, ta s work a ouls cl, 5 nt cug rs sul as op
Jc ud‘_n;’uh., words ‘conductor ,"vg 913 sg nt 4 aJan and ‘d.( ctor éy obtag d,c ug rsgF aso
jore d wie , ssobvousyy g dwordssuls as ‘stgf ) Wod rm and jaM® r’

I propgg toyy an autoat cW® i odjor g ry e ag Wantc c



way, ¥ _st J Wantc o Ry tat onsd ath gy strorg assocatons h ty, npy deg and a e nt g
Pé yd [Lsst, possly toa ow g rpy tatonsd al ay y af r,is,ioq‘@t‘gns us \q, xdp,
44 ou d, assocatonojd, yrb ‘rob ‘'wit d, ‘E[ A CIAL.] S'I g by $1y o bank s
strong, st [t s not ncong va, tod nkojaval, stuatonsul asve, ; al , jwasg a 1&g pant
SP @nSiToMi, sd ofary r Inf swayrde, rie antry ng to mdd, , xacty Wantcy aty s qug d
by ag 1™ nts of y tbs [# a  ngf ad yy a statstca W asyp of assocaton tQ, st¥ar M, pry o ng
0of § rbsjor part cu ar ag M@ nts

It woudl anur®angg ab, taskto try and stqy assocatonsl ty, ny rbsanda d, ndydua
words occurr ;g n a8 nt pos tons na, xcon SOM dar, o/ prazatonw . b B, ¢ dand



4 Diatheds alternations

b

1, & Su.ts of baw subcgf orzaton T andg, ctonaf stretonacqustongs pang dtoprovyg

f, bassjorg ryned, 5 tof daw, ssaj ratonsava al, toy rbs m, worki ala ash, npr
fo1 d on, xtract g d e, S rnat,onse as fp, no v Q p o dWanua y.( @ o s, 19%)
org W _auto®atca yusne M Ds(San fppo, 1 9M) “o®y know, &, @, onyds, ¥ adﬁ rv o

f asaff Wpp dtog tdae, ssaf rnatonsautd#atca vy TOM natura y occurrgg g xt s o sn X, snk
19%a) Y ooksatd, 5 tof Wp ctoby ctaf rnatons v, 5 @, dg ctoly ctcan} dropp d n
Erg @ jop xdep,

S5A Jg g -h., sandw 8

5B o ¥

H.s approal# j sts onde, assu#ptond atoly cts gy dropp d v, ; d, y g5 Wqr, as_y 1y rah,
jromis, v b For, xdep, d, ‘oly ctojl, yrby at ’é'"();., as“_y Jy ray, dand atof g, d’
Uy sue® s atle, sp s ofley, 5, ct‘pjia! constrant of a y rb jor ts dg ctoly ct w, ndcg
part,c,paton ni s ‘ol ct drop aj rnaton oW asyy # s sy el ug sl assocaton® asyy
el scr# d g quatonlonpay 1} ty, ny rbsandl, rdgctoly ctsve @ g obtag dusnsd,
& nn g, bank pagy s (Santorn, 1991a), (Santorn, 1991b) ;& suts gy pro#sns butd, 5 g5 a
4 Yy Vg ntpro, Ws § 5 sourg of, rror s# at of rrop ou
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D np ttSWan pont s aty ® oudnoty ssté sj Wptaton to adoptl, . ntona stang to
wards coMp, x sygi Wes Ky 1y (Wonf ys It s a practca basgs jor ju, r nqury and, xp r¥ nt
to {5 atde, W, at, ast prov,sona y,as ratona, qgf ntona & nts [ np ttswg stsh ath s s an, x
dp, of aWlop & pora strgf &y nsq, ng of ‘o ag Iy ¥y






a sort”, Brom & r (1 % 2,1 9,; ) and van Fraasy n (1 R ) Yy ™ asg d pra;"'a&ga!!yuh atiy, og, s
do noj, xp.an, buti alt an’sp ak rs used, op, stg, xpand 1EstQ ab o, r M, 5 oby rvatons
® oudy W ndus,asé oud _tg ng n(l 973).4 at ni, af Wpt to ana yj,, Xpanaton as foccurs
JQd, practcal uan busy ss"oj sq, ng , abso Y carty and Wea, Weat ca joea W ap Ly to
proy ¢ sy Idonot gy ndi, 5 cOMM® nts as a syWpae, tcnod nd, dg cton of aty s or
ant g a S oy y r, I nki at a cowe® nt by [ y raly nd (1991, p 141) captyy s somd 1z o/ i,

¢ V0§ Of sg.nt_ ¢ xpanaton “A_ youcando, { youy a y wanttol truh ju, stotell astory,a
story# atcontans vaSy ana ad, sto de, rstog, s nd, ,ndor ndgstant ,qds”

5 Communication: current arguments in theoretical biology

Bep rca work nbo &y onlt, suly ctof an®a coWMun catonj ndstog scrd aparteuartyp of
sgna, J& Wl nop sp g.sorh ty, ntwosp g s Gorg y ws, g, Hap r, 1991, Ky bs & Dawk s,
1984, ws& Goy r, 1B ) Inso# cgy s sworky py g ntsy ars of cgp ju oby rvatonangd, xp r

® nt, and tg rtanyprovg sagoodoby rvatona bgg jord, constructonand va datonof ALg or



o j i, ry portg sgna

1 L, vastWeaiorty oj an¥a sZmnas g, £0g ntre, o F port scﬁ.,'lh J& aboutuh., JY ma. sty of
W, sgna, r Ay ssy orj rrtora sgna‘: and § xua dgpays g ¢ arys YJ& njoM®aton (or
s njoM®at on) aboutd, sgna & an®a W, Wus stud, df, dang ,ond, o, # and, 53y &
J/oat on abouti,, , nv ror®® nt
Maynard S#d and Harp ry xtd scuss, prog ssbyva da &, 5 ab_tyofasgna sWantagy d
G i, ory susg stsé atsgnasWustl of soM b o titol, sgna, rord, y w n(?t;i’, t stag d
If asgna Wan pu g s, bl avourof o, s, tole, advantsy o/, sgna, i, ni, signaller'sh
favourw, b 54 ¢ dior,butve atabouts, bt avouroi, y o y rs? uhby dols, y pay any af nt.on
toasgnad aty 1y stota advantag ofi, W< uhbat stops a "
)



contny to trustd, sZna J, né, ong run, [t paysjord, ¥ o do S%.b cays d, 5 g otsof op st
& rs,0ns ojd at sgna around As Maynard S® and Harp r put t, “m, & g5 a otWeq woM®si an
ang, r ()1 Riis s”ﬂl us,dde op sty wy b anESS ung rlh., rda t creustang s

Fna y#, J g soggto stuatonssul as, p acocksta,,ve, ; i, g, sar ungd riy ssy
tod, atand, xa&g rg W, rqua ty, anda ay py suaby tg, d varous p oys and# ort cuts oy [, vo
-utonary (W butl, y gy of coury cqQ, VovIE Wit M, ;W s v og ung [ ¥y N3F g TRF SSY
not tog t;0Q, d Hop sty, too, canb an ESS

6 A biologcally informed methodology for artificial life

In op d at t sobvous ;roMg cton d ate, _ndojl, g tca bo azycontans®us of vay toan
ALy study oj#, , vo uton of coM®un caton Mg, r (199



Bugh ardt, G M (19 ) [ mm ‘coweun caton In Jé nston,Jr,J Mou ton,D G, &F‘urk A

(Eds ), Communication by Chemical Slgnals App, ton § ntury Cro;t%.,w w York
@ omslky, (19 8b Language and Mind Harcourt, Brag and or, d,w w York

@ omsky, (1 97 ) Reflections on Language .an, on BooXks,,, wYorL









2 Intragroup collaboration

McCan vy, M, s, and Monk (1 Vlp & & tuh., jacti atco op raty work g S bale advantgy ousand
d{ eut, co workme sadvantsy ousasl, prog ssn& capab f, sof asToup g &F g rl and atoji,
ghdydua sng &, 5 g an ng g5 d nuh rof g, wponts and sk s Hoy y ri, py g ng o/%u

LR YW WpontsW® ansd at t sp ¢ ssary to co ordngs M, § vary g, xp ctatons and y, ws g o
f, conf xtoj coop raty workne t si, J jor producty toconsg B ow toWral Weax W g Vo;
#, ng 35 dopnonsandab f, sava ab, toZToup® Wh rs Atl, S8 (W @, a®d oudaso
JVoy W nWe s s, prol), s of co ord natgg jontacty ty and jac fg sucg ssiu co_aboraton

-

2.1 Common gound

As gy v,ous y®® ntop d, coM®un cat e ndy.duascoM toagroupwis ay toj dy 1y notonsand
g aswatg, d voy ntoagd y op dé g dp rsp cty jorsucg ssju co aboraton By obtan
“coM®onground”gToupW W rs g al), toantcpy W, b ,.isandactonsoi, rco work rsva
D turn junct ons tog ug co op raty work C .ark and Sé Fyad) %29 consi r “coMM®on 2 round” to
b, Wutua know, & ,p i and assuept onds; d by g roup W W rg S noton s cong 1 d
wis i, waytwoor®qr pop, 5 g d, rcoWon backround ang, xp [, ng S (0 [OM® a cOMpOS |
ung rstand pg of i, b , jdm, dbyads, rs Cowonzround s appgy nt w, n ndyduasung rstand
f, dyg rge gy wi, dbyads, rsands, ng g naposftontoy ¢ g M, rownnotons ni, ¢
YWY Y dp rsp cty s Indyduasg st ah, tdoddy g nty ws Hoy y ri, 5 w,
b anomwoxe,g y opge cq know, & of cOMon ung rstand s}y ty, ni, roupasave q

JE
o

2.2 Breakdowns

Hav e asy g dd at nd v dua gy obtay dad gy dung rstand g, t sp & ssary togan Jsde t nto
, “ca¥sy g U',ik,_n;’ aboutd, W nta y py g ntatons and ca¥nty stgf s o/l gy twop op, ”
(Eagj rbrook, 1 OM) i usaWe W b tyy nop partepant § xp ctatons andi, actonsof ande, r
can  dy to an, rror of coMMun cat.on or of p 1g pton by, #, r party Sus by akdowns can aso
occurdy toady g ng of ung rstand & oj#, s tuaton Fop xp, . S rag (199 ) ponts outd at
conjus onog narg sh cayy ‘h., s words® antd g ¥ ntl nZsto dy 4 ntp o, " By akdowns
#, g iy jog Jndyduasto“consg p xp.cLyve alt ady vous y R, nassie d i at, yd an
ung rstand n& o;‘uh., s fuaton” (Eagf rbrook, 1 oM), ‘b., n njact aW sung rstand nf as ar g0 1 us a
by akdown n co#un cat on can,, ad to ntragroup con Kt

2.3 Conflicts
Con gt sog n g nt,d wi dtns, wis Wp catons of wnnng or osgg In agroup s tuaton

W, J con kgt occurs, partcpants f, d to ‘Woy roM o, nE, o i, ras oppop nts to work g to






41 The Coordinator

Gran 2 and, @& o s (19%) carg, d outstug, s wi 1., Coord‘patorl, aco®pys r bgy dsyg W ioja
c‘_‘gq;,ih., o X amg , car_ enton and § Sotaton of coMN® W nt b tx, nco work rs wi noganza
tons m, syg U!f sgn sbagy donM, notond at ansugy sanacty tyandnot¥® x vy atrans® ss on
Oj |Jnjo™at on ? , § sgn sasobgy donM, assueptonsd atcon gtarg s /ToM W sungd rstand
JES, s @ v tah, and “poss b y-h., b .‘_;‘uh at c,izl ¥t 4 sproducty ” (Eag rbrook, B ck Goog, t,
L owean, f arg, s, & gad, 19%) Hoy y r, m, Coord nator



g done 1., . a;camh JiIY b py y dasaspraw of JDjoat ond at & qug s add tona
awgg B ssg aty s 9 stipport synd ronous co aboraty work

L, J & a.ag nueh rof syg W d sz djor asynd ronous co aboraty workag ady, xstug
ond, . a séf, ood, xp, s#, Basgc Supportgor Coop raty grk QBASC &:\h g d ‘_n{orU'z}
t.on syg; ﬂ% B np v, Busbab & S‘_L} 51 99 ) w, BSC  syg W S &g dintow, o x st
structyy  of i o sd workspgg can § acg s; ddgcty w&‘ cowNMon a;brow‘; rs How
sy LAy w,g)us y‘&‘gku‘s; d, asynl ronous co_aboraton s not conduc‘y to prowedt Y- awgy p ss of
coworfrs ‘, a W ‘workpg, nal, sy rs to&., xact!y‘b atde, rug rs gy doge ang, nab, sl
concugy nt co atyg of @ as and ngf 8,2 v e d, Wi, o 1o ptond atl, y g workpe “nd, sae
roo” (Gy n, r & N J 5, 199)

Dx (I 9%' po.ts outd atde, a8t a; ady a sucg ssju_app caton andd at t s W*portant
notto oy # ssucg ss [ ng rde, riMntg sgnacomp g ypw syg;", LS9 nsly o y
J§ op y nsonstoly, . norg rto acccﬂ"'od f, ¢ Wands of synl ronous coHaborat‘pn
a & aDPTOWg IS gF NOLP, at/Ole® oYy c_ @landd us joree ag ood bas s jor dstrbys d g r o&anzat ona

woﬁk‘_}%“ A solt, 5 s acopous @ount ci‘_n{or"at onava al, ondy - Weaknsd @ arne of
strbly d njo*atony aty ‘y s, By e aj adym as a crtca L L SUVRINEE QD X, ]99 )
W, ng s $portant to g5 g add ons ‘tod, b Yo%upportsroup work,_rb ra, ri ang ¢ sgn An
ag ady sucg ssju_app caton @ s s suppog d by Grudn (19%) ve o sweg stsi atly, 5 sag, dto
Jicorporg, X St g atyp s of s, Uy rapp . catons nto CSC 4aPP.catons n org rto ta} advan
gy of yy T/ _ arty wilt #, 5 partcuarasp cts \

e -

5.2 Sygemsonthe WWW for synchronous collaboration

Ld ¥ g 12 syg Wsay ady junctongg ond, . a a';h at a W to support synd ronous co, abora
ton Jg sabg ioy ry wos som o;-h.,; A
Fr yvo, d Lang", and Forg (1 994Il gy comb gy dis, asynb,‘onous acg ssto njoMMat on oy § dbyd,
yn@ ronous cory § NCJE too. ca,, d G ME" (Co, aborat‘y Mu 198 da Env Jore® nt
b“n\& égyb 1, [ ratong, | si at sub a coMb nat on, nal, s yy rs not ony to “brow; [ ] rou}h a
w al of statc njoiat on, but a.s0 to couiactuh., alfn ors and d scuss# s njoM®at on wis d, W as a
natura, X§ ns.onoj#, brows g prog ss” @, x sut sl, ¢ atonof alh ¥ dworLspaiuh atp 1 (s
Y rs to ‘ta X tQ, ab o, rasy . asg, and nf ract wie , a# o, r < app catons Syg ™ s
af, xdp, o Ow (O Sucg ssju.y ‘br‘_dég f, ap } ty, nsynd ronous and asynds ronous"uh ods of
WOrkJ®
¢ N Moy ny n, and ey rad (1 9%)5 gy Jntrodug di, cong ptoj § Ais(§ asof Ap
prova.) SSagy Iy *W of g“as and a crtoy of any @ g d n;or"at on, d scrp dasph g
sourg o] ‘W ta n;frU'at on’sng t nvoy s ¢ atge a docud® nt contan g a rat g >l at § scrp S
ana, rdo ., nt LI dccﬂ"' nts cony oint yb coM ava_al, onnh a s gicONSprovyg a
~Jhktoan H ML pav Wit i, annotat Ong Xt @ ssysf U' S# us agoog, xa"]g,“ Sftow awgp  ss
J aty s can § ncorporgs d nto a CSC SSYS ™. tprovg s acg ss to an oo sty of co, .abora
ty Y§ ¥ op dnjoato "W
A ang () coud ant & O# ro Sag do, 199),p W ts5 y ra gy rs ocgy d ondy g nt naa
sg 8 to co op rgp and produg docu" nts n a structyy d way It assgnsyy rs wis dg g nt rq, el
sulp asd, ,i ag rrQ, (p ™ tsy ad ony acg ss of a docud® nt) and w, QaHows Wod_ enton of a
[T ng) W, M8 ug rcame gy dg g ntrg sondy § nt;‘ra;)'.,' nts m, sy W dh e (s, jact
f at t® oud} possfy top W torgd nyacg sstoas y ndocuM® ntasy g ssary @ g nsy sl at
co, aboratggroups canlt ay ag g, of pryacy W, n work e
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2.1 Fom gpacesto surfaces—irnvariants
Casscp 1g pton#, ory sbgy donM, g aofspgg p1g pton, Gbson ocys s ond, Wportang
of surfaces IJ agy s at vson tak s pag M, cong xt of an, nvgo



gorandg & and abackp rW s rwa of constante, d t_Fip ss sd pd ng ®so/d, pro
porton of (¥ & atl, robotsp nds n#, ¢ nfy o/d, g na 1., roboth as twoy y s 4 a8 asyg,






5 Concluson

1., cong pt of gjordang s s ay d ng y ra cruca waysby sy a S By jocusng ond, & nt
“peke up” agr, x§ ntg aly, Ly oy s aff nton roMd, wayd atan g nt S hl av our creates

f, possb_lyjor “nvarant” g atons tq, W & By (5, 4 ass ond, und arg 1 naty of i,

i,at‘pnh DY tyy najordang and g nt t gngy s, wayl aty co.qdcaf aty s hconstant ux
, § Xty pstog y opacong ptua ;r workva @ sab, toaccountjorlt, asp ctsoj b avour

: at g Weost 1 y stns @ ow @ nts y ot g, nv oM nts of constanty @ Jtre possb Ly s and
J ats

References
Brooks,‘“\ A (199a) Iy & ng wit outy ason In Proceedings of the Twelfth International Joint

Conference on Artificial Intelligence

N

Brooks,“ A (1991b) Iy & ng wit outy py o ntaton Artificial Intelligence, 47, 1391 9

C.di, D;\Hary y, I, & Husbands, « (19%) Anaysgsog voy dg nsoryWotor contro,, rs 3 @ Jop
CS &« 2; 4,5k o0 of Ca¥nty and Co"‘put‘n;’ Sen1g S Jng 18ty of Sugy X

Day y, G (189 Ecological Learning Theory“\ ouf, & ,London

Gbson,J J (1 977b 1., uh., ory of a{;‘ordary s Infa aw,“ , & Bransjord, J (Eds ), Perceving, Acting
and Knowing: Toward an Ecological Psychology Lawy ng Er bau® Assoc gf s, H, 8dg, - g W

Joy
Gbson,J J (1 979 The Ecological Approach to Visual Perception Howlh ton My i, Boston MA

Husbands, «, Hary y, I, & C i, D (I 29) C BN ‘puh., round Sty spag attractors jof, vo y d
sd j drobots Robotics and Autonomous Systems, 15, 31 5

Ky bs, J“\ , & Kag nk A (1 991) D csonWak e In Ky bs, J, & Day, s,,  (Eds), Behavioural
Ecology: an Evolutionary Approach (3rd edition) B acky . Sg, nt, @liub catonsg xjord, _JK

Marr, D (1 9%2) Vision: A Computational Investigation into the Human Representation and Processing
of Visual Information JH iy Wan and Copany,, , w York

W
McD ,J (19N 1 tof t Philosophical Quarterly, 44¢1_ ),19 2
cDoy ,J (19%4) @, cony ntoj § ig ptugy Xp f.ng phical Q 1y 1)
McFar,and, D (1989 Problems of Animal Behaviour Lonz®*an Sg, nt_ @iand ,, # nca , Har.ow

? utkowska,J C (199) Cang y op® nt} g sgp d7va aty Way arnrowa, Cao prg ct In
Moran, F, Mgy no, A, N g o,J, & @ acon, . (Eds), Advances in Artificial Life: Proceedings
of the Third European Conference on Artificial Life, pp 383 39 B r.n Sprug r

™~ .
S, ns,D “‘»«&KJ bs,J = (I 98;' Foraging Theory






approas  Ford sy ason, I ay cong ntrgy dW*y work ond, anayss of opt# z e g @ ngy s jor
vJtua. junctons
5 pt¥ zatonj @ ngy s cug nty cong ntrgi on opt¥ z e jorl, sp, dof cog . s sdy to
f, J aty ys®a_ costoj spag 1 copar son tog 8 y ars &0 andd, ag cost of prog Ssor poy r
TQg SSOTpOYy T SWQr . Xp NSy SoM, coMp, rwryf ri ayd adtotal advantgy of v at sava_ab,
and produg cog # at w_ run as jastas poss b, , wi# out) e oy ry cong rp d abouih., S§ oil,
o & cutaly cog § pt¥zne cog jor, W dd d syg Wede asé, opposj prorf,s @, sg o,
o & cutal cog (susua yof pilra"ount ®portang dy tod, costojd, J a, stgf onan gty d
:\? D (Lao, D vadas, Kugr ;am, ang, Arau;o, Sudarsan®, Ma_X, Z vonov ¢ & M:Q/r, 199)
o duczd, sz o/, cog produg d by acomp, rcand, s i L, pdownd, sg of § Mand
g dug i, costoji, & pbygyra png Ina®ar twiad & turnoy r and Wa pro t#ag ns,
f scanWal aconsg rah, dg g ng tol, pro mb_ tyoj#, product
So s ods cong ntrat g on v rtua juncton opt® zatont ay ag ady K, n ntrodug d and I
w, dgcussly 5 aorns wit ways nva f d, ycan} aggd norgrto Wproy d, sg o,
produg dcog asy . asi, runnge (88
Inds, p xty cton, [ w_ ntrodyg vrtua junctons nWeqr d ta_andd ow va yl, y gy sul an
W portant g a jor optW zaton § ctond w, cong i, f@ ngy sk ak ay ayadyf, nyy d In
Jcton4 Iw out i, jutyy workve d w_ Wl upWyie, ss Fna y, ng cton ,Iw_ outy
Wy concusons I gy ncud danapp ndxve @ 2y s, d mtonso/Wany oji, s ®s yus d n
W, pap r
v P

2 Virtual functions

2.1 Introduction to virtual functions
Jtua junctons g y ry poy rju. ang, naf), po yeorfs Je 1., y g sunctonsi atcanly app,, dto
oy cts o/ Wany d g F nttyp s It sl taskoji, co®p, rto mdd, approprgi y rs.onjop al ﬁl”
pitua, junctoons g § Pdpaby cassasvygtua,andcan gd pdmnagdry dcass
typ oil, juncton sd cg d ni, bgy cassand, d ry dy rsoncannoty g @ [t LW, Jryd
[urui'gn dg rs.,nd, ag e nish at ttak si, nd, vrtua W@ an W w_ noth nvok d
SSay ju e @ an W jor proz T 1s b cayy LW ansf at cog canl wry njordy g nt
casy susged, s prog dyy nd s (af, xp, W th aprnt unctonve @ W, nca, don
oly cts o/l, crg casswy dspayacgg and W, nca, djorsqug s w, dspay asqugs ) S
ol S pro> TN s c ass f 1jag § ag, rasy . asWak e, o rag s ookd, s  and tk, ps
f, W, W ntaton o/, prog dy 0 dd nandi, y /Qr Weqp abstract Ar, xdp, o/#, cog to
o, W nta W@ rand y of casy s w@# vrtua junctons s own n sy 1 @, vrtua juncton
i, g S, p, sunctond, gy coudl cog jorag prejrutve @ woud nvoy usgg your g rs
tog Woy #, skn,andd swoudl spcag dnApp tondcg uspe ajrutkng toy Woy d,
sk
Witud junctonsWeal d, W ods' n agrydcasspg iy doyri gy o/, bgy cass, but
sty a owly bags cassop stoh y d g ry dop @ ay






f, vgtua tal), sjora subcasy sofacass Eas Wd odca canly Wapp dtoavgtua tal) ofjy t
At runt®® d, ca  sWad ndg ctyd rouh d, poxyf ratd, approprgi ojjy t

at comp, (98
Mutg, M, rfang g qug sas d (yWqr cop caf dsi, W wi andh, r ay roj ndg cton van

g rLing n, 19%)
In an opt¥® z ns" coMp,, 1,8, ony (W aca toa vJtua juncton, dg p rgp dg g nt cog



3.2 Dynamic analyss



4.2 Owerdl view

Mygg atb w_ b cong rp d wit wr e an opt¥ z ns” coMp,, r jor C 1 S W, cong ntrgf on
opt¥® z e jorsg b cayy Inop to} doge s work nconjuncton wis a"a;orw‘grqg\rog ssor
Wany/acty 1, and#, cog produg d woudg, dtozoon, h dd ddé psw, & cogd sg (¥ S
of Wportang , dy touh., cost Of § agy Sty omh., 4 &g d contro,, rd ps (Lag ta., 199) L,
Jtroduct on of d, ol ct og, g d proS T 1z approads @ oudp o/ h p titod s ynd hcay
o Ncourd, sWoduarg sgnandcog g yy Itw, nah, Wqr portal}, cog tol wry n}h cayy i,
Walb g p ng ntparts ofih, cog canly jactgy doutand k pty parg 'y roWs, W g nd 5 n
g ntparts (Mag, an, 199) @ s scuy ntydy euttoad, y b cayy o/, 5 ang onC (W, s &,
a5 Jpng ntand nd p ng ntparts g g r® ez, d) and asy Wb y cog praz TN 1

My @ ortj # a¥ s to do ay asb_ [ty study, usgei, 55 anle & at la gy ay ady oo d at to
94 ™y ‘ ‘b.,uh., rornotC  say asly proSTdem® s ansug, jor 8, ‘],6 ,and 32 b tie “ps ‘b.,;
f, sg o,  cutah, sWportant Iw_ p, dig xep &, 1@ ngy sjoroptW zatonoj cog sg
and, y 7, x® g d, possb_ tyop xcudngd, us of sOW J aty sojl, amzuzy (sud asWup,
B, riang M atwouds, ptok, pl, cog Wa va , not osng tooW*uls o/#, junctona ty o/l
angugy, Ands, [, x#p, woudl toa owonyop , ¥  of Jndg cton
i Vyakand @ n (199 Ja ay @ ownd atoly ctog, g dprozras g, d bo nf r prog dura op

tW® zat on and ntra prog dura_ opt® zat ons [ va Q DrsTd® optW® zat on) @ s sWor Weportant
f an jor prog dura cog e,y xd n e basc bocks can soM (¥ s b, nouwld (0 satsyF qug
W nts § bv,ousy any opt® zatons sp c, en_y jor oy ctop, g d anzugy s wou dd ow j sty suts



N

Cag r,B, & Grunwad,D (1 990‘“: ducge ndg ctjunct,

-



;{n,‘ o ., J & iarsowdt , SN{ (Eds) ( 99} F,-d,‘ g & 4 J Hous iap rs ‘Gradug
oo at i, Canty and CoMputne Sg‘_ng s at Sugy x C(bnty Sev1g 05 ania
Lap r44 Sb 00.0f Catnty and CoMputng Sq, ng s, Jny sty of Susg X

How Do | Check My Software Dedgns?

bseph A. Wood'
joew@ cogsausx.ac.uk

School of Cognitive & Computing Sciences
Universty of Qussex
Brighton
BN1 9QH

bstract N:, Y WIE sOjtwgp g sgns s bde a hard, error prok), . and wolt autoWat 13
S prob, W s o n tack, d by ca.cuatg varous® tres g atng toWodu ar structyy ,
J part‘gurir c#, sonand coup & os R § NtaN0y approa# bgy don statstea cug r
ana.ys s wustrgt d by ookng™at a sojtwgp g sgnjorag toj tray @ datsata
cross roads

1 Introduction
Mog msojtwgy syg Ws gy y ry ag and cop, X sg s ofa undy ds of  rsony ars o jjort gy not
unccﬂ'ﬂ'on on o dt0Wanay  and contro dy g ractons W @ occur nsul syg Ws @ scan
oy dv,awolu ar construct on
Modg, $ nab, njo®at ¢ onh e, ande, ng g dug unwary d g ractons}y ty, n cd®pop nts
Mg oy 1, suls an approals s‘?'p! mh prob, by by ak ns'd, prol, W nto Wa, rsub prok), Ws
,ilodg, sasQ gy W, prob, Ws o;"'ana;"_n;’uh., product,on prog ssby @ ntiy &g qug d co¥popy nts
JSasd, psbya owig, asy ¢ nt_ceatonoj v al as ands asnotf, ncowp, 4 d
oy 350 know jrom, p 1 ca stud, s atl, costof cog ctug so;‘twi proR, Wsy ndstorg by at
o st an“org roj®gntug asy presy ssaonsd, producton prog ss ;o; ¥ @ partcuary
Qg dnm,, arysta s, sul asy qug W ntcapty , sp ¢, ¢aton andg s&
¥ Wy d i, g rpartojl, comp, g d ssn, v, ni, ccﬁ']g,.; syg ™ s ava_ab, jor
cons g Yaton

2 The problem
1., trad tona W& od of B, cke sojtwgy ¢ sgns, st d, Weanstay n ndustry, sag [ Sof g s
JwWws D sgng oy, wh ay 5 yra dgsadvantsy s
e Hard work,
»‘u{
o o qug ssk, d abour,
e Error prog ,
L -
o W consu g,
* &Y XP NSy
o By qyntyld a ow

N f Suppoy d by a CASE awird jrowd, Erg g, rog and @ ysca Sg, ng s“: g an Counc, \n assocaton wit Brté
oo COM Laboratog, s (ML 4i 4 31)

o\o



ot surpr,s &y, a nue rof g 5 an, 1s g K, nto md ways to ys coMpyi rs and automg d g @
nqy SOF 4y Man nvo y W nt
Anobvous ®tqy stonnvoy s owagd sgnsppg Py d sng [LSsg ard atag sgn sonya
by pryatof soMd nsve & szom o but
Look & at cugy nt }y st practg provg sony Wi dzudang 1., J Sawg sp ctri® of no
tat,ons, rans & roM ds, d da y W, WAt ca to natura ansugy Wi vary e g &g, s of Sraf ca
support Mas, Watcs canly dy eu tto ung rstand, andy aty y Xp nsy toys ,sul f at t sb st

N



° t WOrk ¢
2 -
W

SO ofd, 5 qy stonscan}y ansy g d by ‘cop, rtyp ’toos, but so# g y ryl ard prok, Ws
o & njom ueans
5 § approad adopf dby g yra gy ans, s, oury y s ncug d, sto gy opW asy s of s,
g sgn s structyy , and hoped atde, 5 W asyr s captyy ntang' [y, prop rfy s of#, ¢ sgn sud as
coMp, x ty, ung rstandab ty an¢, g5 of*od_ euton, tc
Major ol ctonstol sapproals ;o ow  roMde, obv ous $poss b ty of us s s _ar®® asyy s to
captyy dg § ntprop rf, s, and jul, r, va y# oudop W trch azoodpy detorof g y ra dg g nt
prop 1§, s Addtona yd, ntarg b, naty o/l 5 prop rf, sWak sk, W Wpossh togd @, ¢
aop W asyy Suls oly ctons g , of couty , va. d and cauy ;‘or,iorg m How IL§d IS par bus,
fh, Wor coMp xagd sgnl col si, o ssattracty [th coM s m sWayh dy tol neh arg rto
ung’.rstand,b ang, andg bw, tc
, (WO Wost coMM®on prop 1§, s 0ok djor g cl, s.on and coup g& Cohesion® asyy da ow
W . anoby; ctia asasgg, P SSOf purpQy , o M asop sue, .y ¢ Fdpurpgy ,tove @ yry
part oj#, oy ctcontrby s Coupling®® asy; s ow g rg p ng nttwooly cts gy ., otsurprs ey,
y woud L asyg W ida gy stron c#, sonand ogy (y ak) coup & It s ¢ ard at, n sow
Mg twoprop th s cQp Vg @ d, but b sjarroM obvoug, xacty va atl sy atons p
S Consg I,jOp XM,  as g, oly ct qg nty, md at SO o ¥ o g compos t on) As asJg, oly ct,
J@ouds ayd s cly son,, ,a [sparts contrby tobutasgg, purpgy ., ow g coMpoy d,
oly ct ntoagy tof co®poy nt oly cts,uh., J wysh ay 00y






T

r £ oW
[= o ©»
- =

L]
S0l
0
o'
ds1
%'
pa's
pe'sL
aes)
pa'sL
sIgL
¥'SL
o

—
p=8

prx

Fey 3 C ug ranayssoj trgf eyunctong sgn

b t* ng sgncopopy nts,rae, r an} 1 p ¢ ssary a pror

Of c.ug r ana yss jog, XM n e sojtwgy ¢ sgns s unusua, g, JoL, xap, . o _ and
Bal, (19%)and Hutk, nsand Bas_ (19%).,, . and Bab, (19%) g g ¢ d nd, owanzaton
Of pra>Td®s, as y gf @ Oy ¥ Iy . and Bal, p rjod, ranayssati, sourg cog , y  notl,

Js&ng ¥,

References

Hutk, ns, D H, & Bas_, "\ (19%) Syg W structyy anayss Cug rpg w@ data bpndes
In#, pp rd, M J QEd\), Software Engineering Metrics, Volume 1: Measures and Validations,
McGraw H. g rmatona § g, s 'g{so;‘twey o By ME.@ ap ,pp 83 B McGraw H_ Book
Co®pany, Ma g @, ad, Eng and , prygj d /ro® IEEE "ransactons on Sojtwgy Em g, rne,
11¢%), 749 - 1%

M, & Bas, , (I O%) Data Jhkay Weaps Software Maintenance: Research and Practice, 5,
1 1 4
»

N W’
? obpson, + J (19%2) HOOD: Hierarchical Object-Oriented Design i ntg Ha ol ct og, g d
J s gntyg Ha LW L wpy ad Enz and



