THEEIGHTH WHITEHOUSE PAPER S
G raduate R essarch n the C ogntve
and C om puting Scencesat Sussex

edibrs
A _Dbnathan H owell& bsBsdd. 354 B2 .3a 301}






Contents

Preface
Guillaume Barreau

! !
Fro‘}cno! pe to peura- I‘ctworl\t rou# Herare' a- rdansaton

Hilan Bensusan,y,
In, ucton Input  anaz gt

Changz Delara My ’
AutO‘mC Debuis ns Oy “u tp e]Funst on’ roz raggn

J K. Brook
Cas<a, e Corre at 0n as a g € 0 Y
¥ epresentat pna ¥ ¢, es<r pt on

lan Cullimore .
An App €at. on o Art Ik 321 Inte - g encel ec'n ques
to aConsw o‘;warc ro, ust

-H

Wyjarco Rocha '
u t‘ @ qter f’lCCS an, anap'ora reso ut.on
Sephen Dunn ' ' '

¥ e<onstrust. on o t' e neurona - networkun, ery ns ‘pc nz betavour nt e pon, snay Lymnaea

stagnalis

Sephen Eden

! !
T'Yoe o“‘cura ActyY ntleDeve op‘mt o tle Cat} ;sua

A. bnathan Howell q‘nd Hilary Buxton
AS‘ <a eab ¢ Approa<' to Face I, entIrat on

Dae Gyu K’m
Aut peYoute ancrat on
S N# Gcnct cAZorg ‘J

RQri’é\Id Lemmen 1 _
‘oeCoéngers ' CNOggghilo o¥ ~an, ArtyIeqa V.JV‘JYc‘
Rosemary Luckin ’
Creatn a CO‘ptcn] e, Z'D
Rafael Perez y Perez
CreatvY n rtns
Chrigtopher D Saff
Eiwp- { 1 D Ly
p ¢ Conte it an, n‘pr‘mn <§covc)§, stc‘r,J
’A Rosemary Tate-, bhn R. Griffiths?, DesWatg;n

attern¥>ecoin_t.on Ana¥ s o0 rinvivo ¥ pectra
Lon A S0 8 ugeriniiio % p

Adrian Thompson

AnEvove, Iy na'ﬁa E ectron ¥ >obot Contro stc'r,J

J,)seph A Wood

. ‘owtree. t'e € it Generat on

e

!‘_

' o2

o o
Ve

(X4

g ¢

R



Preface

{ - ! ,
Ea<'y qar s, -sg‘g C G #rq pate stu, engs Yave bccr;{‘ctméé at, yssei- nyersy = <on ‘prcncc
centre- t'ey * te House. oéath, attels e o Yorng near HY war; s Feat® ~ vdlsevera X s stu,ents
are 3 yven t'e opportun} to & ye presentatons on t'e g wor



! !
In A Jonat'an Howe - & Josep* A 00, ¢, s,,,;’? The Eighth White House Papers: Grad-
uate Research in the Cognitive & Computing Scienc®s at Suspex. n_jvcrsa 0, ussei; <'00-
oYCOé‘: ngyve & CO‘llt.nég cences Brg Yton. ‘Elf Y eseare! amrg LA _jy S

From Genotype to Neural Network through Hierarchical Organisation

Guillaume Barreau
quillaum@ cogs susx.ac.uk

School of Cognitive & Computing Sciences

Universty of Qussex
Brighton
BN1 9QH
_ !
Abstract  nty now Art ea- .J"J‘p Yas pay veY {t cqattepton to tYe prob c‘mo v eveyl
' t be wort®

op‘ma bl 0¥ A‘;cr stnd so‘oyt‘:c reasons w¥ t'ese prob c‘,'a '






2 2

2 a2

rlefefefefefe]cfcfr]r]r]r]r]r]r]r]r]r

2 2 .92 92 .9

2 2 .92 .92 92




! !
Ina,, tonto, vson evey neurge ‘asa,, tona be'avours t <an per 'y

! !
o Itcan, ean, , sappear fO‘}c sur ase o tYedry,
4 id 4 Y e
o It Can‘yc to ane g ‘bour i < - prov g e t!":at t!‘ sce§ c‘y
J J A J !
o It <an congest to anot'er naur fe t'ere s one j s , ate ne g *bour' oo, IYbot‘: neur fes

beons totle saggganeuron. t'at 0% ca¥ ea,s to arecurrent connest on

o It can connect to aretjna-¢ c‘m orto a‘mr un.t 4, .8 ne it to one

It <an reggn 1 ©

Tpe C s of N eurite Behaviour -

, ~ bc av_our a,ncur fe Wy ch‘pr'at a parteu ar twﬂﬁgt!‘c resu t onot!" {s senoy pe. w' <!
§ t'es ra ,t e neur e OYt at net . 1t§ current ne g bour'oo, an, {s ' stoy 4 e neurfes
t t JntcraCt! aye t'e sa‘@cnot pe. ony tle tvgo qst <tors are rcsponsjb? vrst‘: eF ; fyfrence o
bc‘ av.our® ‘; Y stoy oYa neur e S‘ﬂﬁtc« b tleclanse n qterna - sgates w' @ c“pCtﬂwp’ prov e
t'e neur e w SOgg W, T ‘e jpterna- s,tatc 0 ya neur te s!t"»c <oy unet pn,o t'ree arr} s
0 b;na) cx“lt& cac 0 s e @rathr se, b te kp, Ky events t'at causes { to <‘anze s state

eca t°es OWCStOYt ese arr) stle -nease res ster or! rca> ster It sony up, atc at <¢ - ;vson

Y



F gness

3 ; _
-3 :‘“\v‘ averaie yiness
> PR e e
- R [ :
P A A v S
- "‘\ 77777777777777 )

K] ',:
R /

b

Generat on
2 > 3 -

Féure y



! !
. a—Y‘an“, Qo ;an I‘ctwprl«sw] -pro, use a networ kw'ereas De -aert an, Beer ? ‘ave , §ear, e,

a-networds w' ', ¢ not ‘ave a po nit attra<tor
! ! !,‘ ! !
e pc tlat ty e propeites o, eve o tw' < ar rtant Or ou§ purpose. st
L S N N v+ ©VC Obggll °! P oy purp ‘-
‘5: an ﬁww ra a“pf:tt gwa Jn‘pr‘{ 0N FOWS Jn, c‘lt s t,crc re ’prtant to eave
pl reip Y tot'e K, ‘mpncre anze, butasototcwa t' s Jn‘pr‘gpngs
, strute,~ ei<'ande, an, up,ate, acrosst'cy stc'r,J

References

! ! .
Beer¥>. & Ga as'er ] ,-,9,9. Evo vips y na'sarncurarnctworls Pra; apt ve be'av our Adaptive
°
behavior- 1. - J o 13

C yy D, Harv® - I & Husban,s. ’ ,-\,9:;! E ip orat.ons ; evo ut onay robotes Adaptive behavior.

o 3he

De "acr,L ]f: & Beer ,‘\,9\,?‘? Towar, an c_v.o_—vab e ﬁqcr Oy.; CVC Opgggill T AULONOLGUS asent
¥ nt'ess InBrooks- & aes E;s . Artificial Life V. pp 3, %

o . .
Fran<es<! n4 I‘”’ <on J. & Banes C .. ”‘ Fro'qnscq v_s.on to robot v.s.on Philosophical

transactions: Biological sciences. 337,31 g-

! —
Gruay.- F .7 ] 1u ar en<o, p# o @enctc neura networds T et rep s’g] 3~ .J"aboratoﬂlrc
‘/
;dn ‘pr‘{ que,u’ara ¢ ﬁ‘JEco e I‘or‘rﬂc‘ upcnpurc“,c}y on "
Harv® - 1. Husban,s. - & C ,-,”3 Issues n RO u pna) robotges In ¥ er J.¥Y o b att. H~
& rsong‘ .E;s ~ From animalsto animats2 W *ress

‘ My '
Husban, &’,Harv; I,CyeD-& G- 2 T cuscoYsacnctlcaaaorlt ‘Ifrt e, cvco t

thfgrr:so) l‘xor contro - ¥ stc‘r,, In Proceedings of the first conference: From perceptlon to

KauY‘m"‘ - ”l The origins of order ~ tpr; nyersy ’ ress

S !
Y’ﬂ% - & J' evine., oo 93 Towar,s aienera-t'eoy oYa aptyve wa 4s on rusge, an,s<apes
ournal

of theoret?cal blology 128,

My
Ko, abac anJ. & ¥erld ,;9\,9. Deve op‘ﬂu earn i an, evo uton o an‘ms In From percep-

tion to action

My
‘ X nar, ] ‘ J ,-,99 Evo’Iutlon and the theory of games Ca‘n w‘rn versy ’rcss
4 ! !
99
e G & C -t rotean be‘av our n_ arw‘ms r t'e <olevo ut.on o
pursu. JtlcvaYsan tact ]CS InC- J“D Husban,s. " - » cu} Json éos.» !



! !
In A Jonat'an Howe - & Josep* A 00, ¢, s,,,;’? The Eighth White House Papers: Grad-
uate Research in the Cognitive & Computing Scienc®s at Suspex. n_jvcrsa 0, ussei; <'00-
0,Coéntye & CO‘ut_né‘a‘ cences Brg'ton. K¥esearc* Fapr C Y Sb S
v S N S

N






! ! ! 1
In,uctyve t'eoy <‘andes‘ou, ,ea wi' t'e earne, con<epts | t'e currenfy entertape, g, u<e,



{ 1 M , { ') 1 M ,
5‘: s s,_,arjt’, t\e K prob c‘r,,'l ‘runeta yu % <an be tone, T'e K are o gen

t'ouz "t o as prob o be Yan, ¢, success uyY B sogdl Y ongtructve g, uston] A .. IDCI

an‘!A%,-, HCI areyt" e eary - an, cONtrovers ¢ (aggnes | OW- a tous' p an C 5 pcr‘pr‘vc)’ ba,
qtlese prob e [SOpL: “OWS a ar befter resu t.seq U an,. }C!C"' ap
Attr pute constru<t on an, , estrust on are t'e derne o Yw", at § <a ¢, cqnstructye p,ucton In con]
struct ve gy, ucton. a ; gtect onjeva uatgon < nent assess t'e qua ¥ o t'e current attr futes an, <an
be oneetlerh sq‘} ow anay s nd t":c“,ata aoneory (i yse 0 a se ecyve ynonjconstrust ve
earner . as C 5 T "¢ se ectonroute s te re, eserpton part oYt":c pro<ess | t":g <Yo e 0 Joperan,; s
. set 0 prey OUS attr putes an, operators . operat ons # t'e se ecte, operan,s t'atwy a,, new at]
tr,;butcs tot'etrappd set A, tonay,.we <an prqv e t'e se ect.on U Oy estruct on pro<g, ure
werely so‘yé&rounu, or copstructe, attr putes t'at are consygere, {rq evant are ¢ - Tyere
savargeY o.aternatye Yo,s bot' port'e ;etect onleva uaton an, t'e se ecton rout pes as tere
are 4“prcnt 3 §Cggn0 cFONStructye n, ucton . see Kr ,}s’s’ Pras aasﬂl.mat‘pn. . 0¥ STC gt
aje PIov 4, w aééorﬂjt"!,mc“, operators | e I,"II , ‘a,ba Op- 93\9 a3a o & Mauss cr,-:? .
L] ‘e ¥ potless sengrate, B age cctyeycarner § assesse, B t &, ctectonleya uatonan; { § €¢to
t'e se ector S'}’ e tpsko < 00s s t' e a, equate operan, s on t' ¢ pas s omt* e segpcyve carner out]
put In receng ¢ sop' stcate, construstye f1,uctony stege] suc' as CI' Fy ! a‘rpzer, },; a
a nonja #Or {* ey Tlic; Operator Pr constjuct p# new attr putes s present A set p coperators s t'en
app ¢, w enever t'® <an be gpp €, an,yt' e popu at on o Feperate, attrputes § t'en assespe, B t'e
, etest onjeva uaton gy u e Ysa oystley st se ectw' ' operator s neg, ¢, preac’ carnpi
prob,c‘,]p ay st?,ulc CI'Fy - c,ac": re, eS<r.pf.on stepyean avo ve 4“prcnt operatorsy ay ow;néé t,‘ e
Tha ¥ pot'essto berepresente, w ' asreaterre'ness T ‘e ¥ stwto o bot' t'e ¥ pot']



References



! !
In A Jonat'an Howe - & Josep* A 00, ¢, s,,,;’? The Eighth White House Papers: Grad-
uate Research in the Cognitive & Computing Scienc®s at Suspex. n_gvcrs% 0, ussei; <'00-
0,Coéntye & CO‘ut_néé‘ cences Brg'ton. K¥esearc* Fapr C Y Sb S
v S N S

N

Automatic D ebugging of Multiple-Function Programs

Changz Delara
changz@ cogssusx.ac.uk

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

! !

Abdract T ‘gs,papcr reporty on an jte gent ; cbusd nz ¥ st ase, ont'ep an <a <u us
‘pr‘,ﬂ;ﬁd\f“,,-sz‘- Y & aters,.? _Pr awﬁa'! ctectns an, corre<t pg
sc‘mtﬁ’crrgrs {1 nov e St}h ent pros ra‘mwrﬂjttcn W T Its co‘ptcr ‘Jc‘mat‘pr, S
cae, E Y eeipapntieovera  structure o t'e ¥ stc'an“, 2 Ve an overv ew o t",c
.0pte; tec'ngue or  cbuzs g3 SN# € HNCLON Proéraggs € aso; quss ¢ approac’

te, te< buzs g s né t ' t! !
t'atuse, to, cbud proz ra‘rﬂw‘]t": ‘gup ¢ fmCtﬂpns Fpay . thurc resear<’ wor K s po jnte,
out

1 Introduction

, ! ,
T § papgr reports on an_ e - gent , cbuss nd ¥ sicagePase, On t'e pan ca cuus Orgy Sage?

POy N !\Jc": & atcrﬁh-j_‘: . ‘pr autO‘mcay’ ctectns an, corrpﬁtfé sc‘mtﬁ crrc!rs 4 nov_ge stu, ent
prq}’ ra‘rﬂwrﬂjttcn n J' Its Co‘ptcrv 3 taLQn scaec, E T Y “ce {(p ajn t'e overa - structure
0 Yt‘: ey st 1, & Ve ag Operv ew o Yt ‘e'a, opte, te<" nque ‘prJ cbuzsd pn2 sns ¢ l‘j_mCtﬂpn pros ra‘r,J ©
aso, geuss t' e approa<’ t'at use, to, ebui prod ra‘th‘: ‘gup ¢ fmCtﬂpns nay. thurc researc!
wor Kk s ponte, out

2 The Oweral Sructure of EMILY

My | - 1 |
E IJ"Y, cons sts 0t ree iz U ©5 an; two dnoy ¢, sc bases ¥ Yese are t'e trans aton -l trags]
alor -~ 1 ¢ Prozragegin, crstan, Né gy uc. t'c ¢ art garser. t'c bud ; clecton gy u c. ycbusder. t'e
pan ray -an, tcregrence ray Fgure 1§ ows t' e overa  strusture o L1y st e trans at. on

‘l, ue grespons® ¢ ‘pr trans at ns a stu,ent ! g pros ra';nto s equ yva ent sur ‘pcc p ar- representa]
t.on

b
{4 L‘-l
.ty ent —®Rransator [ *_ ur ftcc p an

S prog Taggg S l

$
Debuize, o | Debusier o cyay <-—— (e art} arser

L ur ficc p an
e ‘crm ray

. ! My |
Féure « T ‘e overa strusture o YE ry

wn




! !
T ‘e proi ragggin, erstan, né g U © aseepts t'e sur gecpano






{ { !
ort'e vgrons: {mCt ongcac, ¥ teylc we assu‘t ¢ wron# fa e, QmCt on §ca e so‘w‘:;rc

ese ntle QrO@r n' S corrcCt, p t' s paper we 01}' QCuss tlese two <ases tone,  eet'e
proér. tt'een, OYt S pagcr w' ! saneiggme wiere t'e is.vowel pns<ton ‘gse 8 corfest. an,
aso § correcy <a g, s Yereese. (e 4§1 ¢ fem_def netgon - but ¢ s peorresty <a-e, ptle

QmCtpn masc_defi t'e Irst<a-- g <orre<t but t'e secon, <a--‘as t'e wroni ard u‘m

51 Iantn’ylngaCaII to aFunctlon My

!
Pur ns tle. ; cbusi n# process. w cncycr E Ik"Y tr pg to , ebus t'e <current a<t e fm‘:tp CAF r
t'e <urrent aCt Ve soa- CAG £ Irst <Yecds wletlertle CAG S asctuay ‘Jc‘mc b tle CAF or



5.§ The Activation of the New Call My | \ \ \

Yenanew <a toa Pthﬂpn $ #qnerate; t‘en E I.J"Y tyans £ t f§c .n tle ‘pr‘{ o t'e pan
cacuus as an pput Frap’ Pr t'e <Yart parsey to pprse T ' entags t'e <a ¢, fmCt‘pn to be n] que
cipan, ¢, an, s yur feC P an s parse; Yeeca ayw enevgr §' e <'art parser parsesay € tso tle
mguté:’rap": W JC", S/ ysur cgpan. { clecds w;: etler  sa<a toanot'er yn<t.on or npt
I,:t": § § U eycase. ' qn ' eyparsgr tades e sur gecpanq tye Ry C;_yincton an, parsqs tYat Afcr tle
<lart parser ‘as Mmg'c,. t'enyt e gurrent agtye s0a . whye' E - I'Y was  gbygé i e pros rwy
W be generate,~ an, c,f f t":q <Mart IYt": sresuts ntle senerat en 0 t'e Y g'] eve 30a t at we
starte, t'e \gbusz nd w ('~ tyen ' e process recurs ve¥ unw ;s an; t ¢ cbusa pé process tcr'aatc&
ot'erwse E 1Y <ont pnues t" ¢, cbuis n3 pro<ess re<urs yey

5.4} Dealing with a W rong Function Call \ \

[t ¢ctagko Yt": cca ¢ fmCt‘pn S, ﬂ“prqnt fO‘J cgurrqnt actyeoa . CAG an, t'ep anrepresent iz
{s task Yas covere, t'e QmCtﬂpn. t cny s ‘@w’t‘: at t'e cprrent <a - to tle fmCtﬂpn s wroné ] tle
jtu;ent<a ¢; a; 4“prcnt neton In tY g <ase K ' }‘Y #ets t'e correspon, 4§ <a -~ ang 1 es f
‘eclarta paps. ¥ orpartay pstantate, tlat ‘avebegn ntro,uce, B t ' s<a, T len t < es
, kg P G N N, Ut ! ‘-
t'e CAG w ' t'e #pown tashs OHmCtﬂpns to m, out w' <" oyt cqc‘gts ;‘:c, sa‘tas kas t'e
CAG I_t m,ssug' a an<ton tien t senerates a new <a - to f‘ at un<ton. wee stou, ca-g,

i B A ¥ y s
H@y{g ,onet g tYe rest o process wy- cqutque as ; eserpe; gbove It s wort" strcssﬂm";‘: at w'en
E I'Y ocatest'e byé gt repags fas we T ‘erepar § oncayt e sur ‘pcclp an gve an; E 1Y oes
not concern gse- wiltle P, 880 a aspect o Ysuc": repays T ‘at & presepg,né e repags to stu; ents
an, tutor ps t e § to t'e tutor p@ ueo,an tlatwy " E I'"'Yas gs, e ipert

. tlor g e o e O Cal Wi oghd 5o e

-t

6 BExperimentingwith EMILY
My

s My, ~ | |
¢ ‘ave been test g | 'Y on rea stu, ent r proér. Inor,erto o t' s we ‘ave taken a <orpus
0 ystu; ent Projrage * €SC Prod raggawere wr ften to so ve t' e prob v 3 a_eIngearteetoan

Ita announ® Yat ¢ t'e task syto take a yen Ita an noun- ; cterggne {séen, er. an, 4, an appropr ate
sfIndeartee to t'e yont o t'e poun ¥ Yere arq 4“prcnt rues or spqed, 0 eac) Y pe o éen;er
T Yere are a so € 1eept.on pouns to t' gge ru es. an, t'ese are provy e, ortle stu, ents T \€SE Rrod raggh

i: 5F i - . w ‘p N 20 E, a‘
are wrften ¥ stu,ents w'o tookan ynetona. pros ra‘aaé course 1 autuggge 7 as tey Irst

(



8 A sample progam

val masc_fem_exc_list = [

("ambiente", true), ("mano", false),
("animale", true), ("bestiame", true),
(""piazzale", true), ("brioche", false),
("comunista", true), ("sale", true),
("sole", true), ("totale", true),
("carne", false), ("chiave", false),
("mare", true), ("radio", false),
("mese", true), ('"pane", true),
("nome", true), ("turista", true),
(""paese", true), ("fine", false),
("legge", false), ("ponte", true),
(""piede", true), ("camice", true),
("moto", false), ("automobile", false),
("biro", false), ("alce", true),
("programma", true), ("crisi", false),
("stazione", false) ];

fun is_vowel char = member char (explode "aeiou");

fun fem_def string = if is_vowel(hd(explode string)) then
"1’""string
else "la "“string;

fun masc_def string = if is_vowel(hd(explode string)) then
"1’""string
else
if "s" = hd(explode string) andalso
not(is_vowel string) then
"lo "“string
else if "z" = hd(explode string) then
"lo ""string
else "il "“string;

exception Unknown_gender
fun sgender x = case last(explode x) of "o" => true
| "a" => false

| _ => raise Unknown_gender;

exception Unknown_word

fun except (word,x) = if (mem x (word,true)) then true
else if (mem x (word,false)) then false
else raise Unknown_word;

fun ggender (noun,excptlist)
= except(noun,excptlist) handle 7 => sgender noun;



fun gender noun = ggender (noun,masc_fem_exc_list);

fun singdef noun = if gender(noun) then masc_def (noun)
else fem_def (noun);

singdef '"banca';
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3.3 Incorporation of aternating learning modes
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3.1 Commandsto Dotty



define showtree_to_dotty ( list ) -> name ;
;33 This procedure takes input in the form of

b
b

b

b
b

b

b
b

b

showtree, and converts it to a series of
output statements, that model the input to
dotty. Preamble and postamble are ignored.

list is the input list
name is named head of the list
lvars list, name ;

declare head and tail of list
and loop iterator
lvars _hd, _tl, item ;

if input is just an element, use this as the name
if atom ( list ) then

list -> name ;
else

split the list into head and tail
dest ( list ) -> _tl -> _hd ;

if head is an element, then
if atom ( _hd ) then
name the head as given
_hd -> name ;
else
generate a new node for the unnamed element
gensym ( "void" ) -> name ;
and use the list as the list’s tail
list -> _t1 ;
endif ;

for item in _tl do
find the name of the element, and print it
lvars name2 = showtree_to_dotty ( item ) ;
printf ( ’Y4P -> %P\n’, [} name, name2 %] ) ;
endfor ;

endif ;

enddefine ;
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