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cedalbe ail uf tre plumeines of a patricnlac lkrpeage Gack phoacoe wes
ziply cezaribed nterms of S presence or ebsence of cach 2l theez Jea-
lures, w3 fun I.!J-\.i.':.'.l._l.llil iti the weining of o cocsonant ler oo pereczes, the
siabinelive reabure nelysis eHered an altercative Bo kemiplabe macching of
pherames, Speech tevepnition could be camicd cu: sot b temglale
iz chogs, Liui by anvalysis of distinrdive Geafaros,

Feally, wart in wfsogl nmirapbyeiclooy cacied ot over Laicly years
ek provviclyy :dd:l."n;,r.nl oviderce thel percoplion is Lascd wn (cature anal-
widn, Reaenbors ir b epe bregiizoe liggh? coergy into nevral cesposees
Lhal [ Fhe i pathsnrs mo |:r'|;.. in vistial coctes. Merral [E3TIGTERE
raccrdad o visual ¢uttex it ar ancsthetized cab smow thal individual
crirbvel weils sl like Selfealge's fratzre demoens and rospond scleckively o
waprLE ef Fae il imank ione sobof cells became soown as "Si.'r'.‘-.]:l:l:‘ cols™;
Exege aelly ane essenbinly sage dotociocs that cespand aoly Lo 2 border B2-
ko Cigght sl ack Okher simple cells aze lice dedecters or 4Gt detec-
b, hicth of which ran 20 conzidersd modifin? edpe deoeclers. Sonple
cels respoand onoy when a stivcadue is presenlad sl g pecill Joceloen wed
azientaticn on the caling. {Moner cells called “ceeaoles cels” o ams
selen live i Lsir vesponse and respone eoly 30 e ab a skl wench
aud waizbabion, Fially, “oypercomzles colis” are even mare discriminat-
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..""..1:|.|.1.-EILL5|'|. WE Ui ;1.1'.|_-,- ap=riznee a pathen, s Ay oa kebher, as g inke-
el whels, the vrock Jn aclilicial islelligencs, lingruistes, mml renropawes-
gy vnonutaged peypckaioggista bo develop (eature models of satbers
|E1_'ﬂ|_-';..uhurt with the Foilowsicp eharmsherishice, First, paltecns are described
it beriw w? their componeat parts or fezluics, a5 appoded e holistic e
plabee. Beenrgd, those parts ar features take o Jideren: values for ciZerent
paktecns—boye teatuzes difereetialz the oaleing Cooen oo sgcther Tigss
the letter A has obligue linez whearss F has vertica, ores Thicd, :he
foabures can be acranged aierarchzliv, wlih bre smallet foohuses b-:i:;q
bl'l}'l...]:":‘d Inta sormewha: lar Tper Frat-ares, 2nd the sceewhal ]a_rge-‘-' fediuras
Lz .-_-.r-luPi:d HNALBYRIN AFRCS MOMC compoci foalurts and a0 an. S
escaenpie, 1 bhls henrazeical scheme <he combiralion of Jwo obliave Les
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<wcilabion, | row cicresd beoan anabvdis =7 various eepeimentsl zlue-
mons thas michl 'l bor crapistzal lests of models o lether reeapnilion.

§.4 Latter Recopnilion
F‘a:ll}' midivabed by ciaguestis angd by Lhe lenmure deteetors discevored
i nesropivsiclegy. Zrmer Cibsan (70820 proposad a llsl of dizcrate
iranel feaboree fow recngoiaing Jetbeve. She assumied st there syore
delertars in the wisual systern b neconnlze e smecific sagbuses TOEANG-
lzeg £ the Irrgbey, deosiby, or goodnezs of Lae fentures, A Taluce ch-tu_;ct-::-:
i5 disciebe or binary 10 a feamere s detesled a5 Zeing oilbaes jessent oo
alesert for @5 having one o Beo values), Gilwan's Bet incloded - v.-m':'ty;'
of alvary feabure Eisinckong mach as Lhe preserre or ghaience of 4 stralgat
ven lieal Tine o1 of mtersectiogs Bnes. This scheme was sullicien: in pri;':lg?-
ple, for recegrizng Las Lvenky six wopesease laFecy of the 3l pial=E. -
Cilimen's hinary fealwres approcch zssues hat o given feabane will
.'u':.l.:'m'nlr! the debechor wia the some jobensihy Irrespective ol e guadness
el et beaure, Pigure 8.5 <5 owes 2 seb ol vaelslinng of » miver. [ealure that
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eonled | pulativey ackivase = veclival low fezluee deeectar bo bae sams
drpren, <1z zhiz feamewark, woue ability Lo see dillerances bevern Hie dl-es
depenls cn sther fest me deleckars it addibian o g eericel Jine Ziabure
delcater? 1 ik Fe dirciele leazure assumpton shauld ze put bo crpori-
weental Lesl Srst Secanae it 12 cegteal b hoe we Enink alioul F2eiuves. | iow
daes ome go abaut b ey whelber we have feabure cdebscbins Hial caroeey
wrly dlserche (brary oe easeguees]] ialasmaiion wersas eonsirzau: infar-
mabion Enel iz Lae subput of 2 fratere deteclor vares with the qualily of
H-u fealure! about 2azh ietber feabers? Severel matsodolagical innoeskizns
are necesazry Lo oddross this avestioe, in addiller o the dewslepment ol
eecastalional mades.

A4 Fezey Lethers ard Conkbiewoes Eallng _-.'.I-.‘]|‘;_"l--"r'7I=

Mozl sludies of later revewnizive, de v, address the assumpslor ol dis-
crele Eeamurss. Im o bppiczl 2eoesirent, randemiy rheses lelen 2ie pre-
acnled for dendfication. £3f cousse, a iypiral cellege stacdenl would a2
perfecily accusate in Eihiz tazi end tae rosulbs wor b be wniniormabive, Wy
heve a kether chanee al Lesling thase fdeas F subpedls make corcrs. To
induce crrars, the tesl lelbers can be prosented for very shocl durations
and ke Jollovred by a vlausl mask which s <mply 2-uther visnal display
that aapeare ir. the sanee seshlon as bz orginal fes leber £ pcical
retull Is fhel letiers wizh mute Fralones in common terd so b2 condused
ekl oue aeo D As an example, A, Hoand M oace mere often mislaken
Far cmz aoeller <han aze AL O aed B Howeeeor, thase sesalss doomes easly
best whwthier pe zeplion of the Frabares i condinoe s o diserebe Secavis
the teoults are consislenl willy cilber hrpathasis,

A ipmvclive approach is ba ceate armtigons lalers by varwng e
degree b which # fealuze is present $2em 1979, Fur meny paiss of
tellers, we can cvate amboguoas Jelless hal pesem=le both letieze, For
axarnple, Eaw Tornercusy l=tiess © and ¢ apoear te diPerin Hhe pesese ol a
herizonkal ire feabore “or e ol nal & Fiouee b shows how [ evaiemali-
1Ty varicd the lerghn of this feature ta mrease a combiwm af lellacs dul-
Frrng iz terens of nowe muci snh Tel2r 1 2seroles e versus o e ranclaas
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Meen weeregy] abog s v a ciee-pair: smbe o cbe degres g1 whica a lest felber resembses -
(1! b o 19wy Zurelions ol 1hbe six timchs ke (it panz), anc the zrecarbar e 2 edp-
meenT 15 3 2urcbar ok e sic sioouluz l2ess (ght panal:.

seness These anl=zoc s letbers 2izht scdp vy decde whebbzr this feature
s percoeed diserctely or conlinaousiy.

Io an cxperiment addvesaing Eris isaus, each of tha zix Labters shown g
fipure G.& was presented sevenly limes in randon order, and he subject
cniegerized cach presealalion-ss an ¢ e s o Tl prapin Wies cF e et pomses
ior cack of thé shmuli are shown in Lne right paval of figure 5.7, The
resilts show that letbers an the ¢ sida of the coclinuam ware coasisteelly
cibugorizsd &5 o and letbzr: on the ¢ sige of [he oonlizoum were cone
senbunlin l:'!fl'.'l't'.I:Ti:-'.l:!r] a-x Rrorm ks iE mignt be aed in fast ecncebimes hae
veen] sumluden] Exst B herizentz] line fzabure is perecived discretely. O
wes el-her detected 30 nob fn which cise the subdicer reporls ¢ o e
respec:lw!_a}, azad thal all the stinuli wit=io cach af Thc bveo cateporie
werd feyn af flu warne. Howeaer, this conchusion would nos be justified

e Hﬂﬂl];'ﬁ tya sregeslzntion tseh qoos not zormil subdects ko give o divec,
pugrl b whas they s,

Auallor possible Lask i5 b ask sulccls 7o rate where & presanied [eter
A7l en 2 genbinuaus scale Lelween = and e Wrhal cesulls would vou
- eppecl oo such a cabing zask celasive b Lhe categasleailn bask? Cone
"l i.;_l.':'.: xreting ]l.ldgl‘r:E".‘ll:ﬂ Iy ;‘.nrf:-_-.':d-é'a.mnm rect rmieasure af what the
chaerver gees, Tlhal s, we ngght cabogaorize beo diferent animals 5 dogs
even Lhough we sre large ciforences bebsoeen Hem, [0 propasing thie, |
:::Jl.-ﬁ.‘.‘ul'.'ir'g that wssug Zor o cenbipuous rating rathzc char e disccte

afudels o Rroding ki3 ars Worns 312

crhyonzelizn ndgment iloes o, Sange ke ine_al png percrzbual B
cowes. | LMLk el lebier am wond eecopnition as sulomoatic, rhe seioz o
the cospouse sheild nob greatly ind ree e juacepleal processng Ll
lewauds L Llue cosmearne.

It a ra':ng wss He <ame Bubject wag azzed b imaliche the paint av
whik: wact zst letbe= foll on 3 nine-poisk ke belween ¢ and v Ve pre-
senbation arozedure wae Hie s as in e oo valegorizasion bk The
mcan (e ape] rating judgmenes we thown in the leht ?E:'E] of HEFIJ"'!' AT
‘e was gougedy 3 Linesr fkrarigh-line) relatinpships :JEl.'.-'."I:EI:L tne mear
rating =il the leng k of the Foranital ne. Coatrasbing T |_'-‘l~ arid l'iE!"f
parels roveals thak suliocts matec weljaceni lellers an che eenlEnuT s i
[eent Srom ene ancther, ewer though Lheee were ieleikilied couiveiontly
im the e vthegeoncaliom Sase, 1t appaceclly [olows chat suijecs probaly
saw differonees wamang he diffecent leslezs in o binay dobce cabogpo-
sizaliom ka=x oech thosgh their et ¢ ibiegonnzalion sudinenis di nat refeck
thiz [act. But as we <1l sez, hose ratiqgg weaulla erc aise sozeislenl wih
merde] i which the horiaealal oz feansrs s pereeiva isoelely s pies-
et ue alzent. -

Tl peini | am making hene is that cadegefoad o0 oven conmowues,
judpmrents de val dicectly meesin Lhe pracesszs o= the percaptial LA
ence urderdyitg the juginzenls As 2 gradozie stuclenl, 1 was stoucke wit-
thia jimitztine when b owas able ke nwle undesgradisbes el a lowr tonc
“high™ and a high he "low” simply v e basiz of he feadbzzk they
wrme given aller gach categerical fudgrment. Cesddy. i vl h.n-rl: acen &
wustale bo asgrme Hial Lheir perception wis accuralzly drarrized by Their
calegorzzaticn, Tar peeplud. reperd s oy one sourre ab gvidence
Ay rany thak tie eoserimenter sl uge Lo [20 i3k |:It':|l...E|_.lll.Ia.| pre-
cessivg and bo awuersae Le limitations i any sicgie Sype 1 percephua,
reoasl, _

The resnits skown i fanee 6.7 ars sok definitive in Ee sese That bhey
do not answen wnastoiguously wieshen lelles [catures are an i el r'.i.-.:
arcichy o conbuwsusiy. i whas batlewe, | show waw bath discree ans!

ol mmee: Scatuss secaprition thewes ave consistzat wdla lhe .zan
catinr teselts sl in Gguze 8.7, Thea we will see how sxlending Toe

" Calabase and cinnpolaliarg; wadslivg can dstinguish hetween the bwe

alternativves, ] Taggin ailly the disceks nnxde.
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Copsiler again e stirmdws coobinaun Lk ramges oo o booe Lnong IE
melation of the discote perreplice, medel. | assane LBat Lhers ore ooy
bvo percessks, o cy g ERAY can resul Trom ooy walar aleng '.'i'l_iE e
o Sk beranse Le same stmuus eeenl So0s redeleaps leac ba -l
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ity REhfeel ez a e wilh same
il T bl it lewel 1 ab the ¢
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B ! elihoas ef the twa wercepes
fdipyit wb tha.e end of the ctimrelos
: Wfiyfus 39 dssuned o be zecelved =«
i r&;__l.l.;u!:_',-' Gidcigbe, ey aniosdus presenation
pudiflised ool as ¢ ar £ end raiung, 1 betwean.

I _ﬁﬁ{fl-_‘gﬁ_tinn awnjzers do wacs asked Lo mcke cowe
] dpirente? Taey might sureptilionsly nele the (eolighee::
ﬁiﬁﬁ%tﬂhqﬁﬁlwmpr ka2 comply by making a nge of respoases Lo
0 t;r;.r;|51.=r:i'ui;itj.']n this cose, svhiects wodd choese ragngs soward Lhe ¢

ar uf!r:ﬁ_;p'dnsr seale Tor e peresslion of ¢ aed lowesnd Lhe ¢ end Foc
& -:uEti;:II1 af . Altheag= baere wiould 52 oniy beea poszisle percepts,
d -|11- ts would produze & langer numibes of dilevenl ralings. Alsa, sulzjacle
-_‘m];;l;ht'lmt_:'-.'mt'mh-:'r raacrly hawe Ehey 3= pabed the ¢ and » perfente end
“wodld taesefora give semewhal diTerenl tal.ngd A slacesdive irils,
egain leaclng Lo a dislibolicn al raling respanzes 5o eacli oF the beo
SBsCEpIE.
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question 5 howr She mean of the rating cosnorscs for cach stinzles T3
cepacied oochemge a5 3 lnclior of The pezilics alowg e slbnoles cun-
rinusm. Corsides the c-e conlinunim of six levels ilustizled n ligues 8.0,
W ekl 2_ppase Lhat il o stinlus s Ikeeel 1) weould elFakly
el Gua o peieepl, sl 2 sabject vooule respund by giving @ mbing from 1
1a & Lrom Lhe & end o thereesnese seale, Theis possibiliby i represe=hed
b 30 Lo ||_l,-'|.l-.’:ll':|r.'.i|.:.:|| Jdala i e Lalkzun |:|a1'.'|:" af ri:_a;ure'. f.B, This panrl
stuwa Lz I.'II."_Il.?'HLlinl..:Eb =k satinaps cf 1, 2 3. and 4 over ANy pra-
sanlalions cf Lhe same slozilss as .15:-:.!|'u.~:i||1:|fr|:.r 013, 0AaR, o034, onrl
ilom, r.::apeniivr:]_-.i; and Lhe ran ratig, irlirmbe:| hi,-' the arcow, is abomk
Zé4, On the ataer hand, pregentaticns of the ¢ stirals should relinbly
lea? 1o the ¢ descep:, arid a riu".ljél_"i il |L-e'.|1|:-|1|| with r:lrinh@- “ris— the [0

an ambiguous stimulus (such gz slmluz lavel 3 or 41 might produte e
percect ¢ with same probabitily Py and the pecepi v with jrnkatility
; '.:-:P-“':f'._s__il reauct, tre reling segpende wecld e selebee fren bhe ooor
i“.'til‘r".-d B the puepores scalz on any parteular Blal desencing an howr
Bkl [0 5% e gereeivedl. Finaly, o esimulus saould be moze hkedy
A i Fﬁt_,:i‘_:__lﬂ'_g'lx}‘[!pt_.l{'.:ll: k.13 baware the : end of Lhe con-
i ] '@"{in%tlﬂl:!ﬂ;u*dq;g}w' Aa T figurs 8.5,
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Fignp 2.8 , weding ol .
H1.'|.:I.II|1P.I|.';|. distriznlize s xb mbg “""""m“" haant= e, & e LT ik Af
awt shizmliea lewals Zlon ¢ clines Sonbine. Th"'_”""E' Fefaanars are frop- o
e el b G, 1—0; i .:_||:|||.|.'Li. ik |J.-E«.“'|:|‘ﬂ!:| 1ty Mazibnn: pragly b [
cllier ard of B de wies cl2 mivnuhi iz a8 oA MG ikl Moy slér iy
por s sliczali, B g oLic s respueas.s are draver, fooen bnese boo Lsrthgkagg Tae et
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painzing nrres ik e mezng ul e e NG R =onlike aiv: linmlus * guels.

Srom this asgument e see Lhal e d.iscn?h* rusciel preiicrs that raling
resognEes For an ambipueis stmdus- woill actually 72 4 lxhire ¢f rasinges
gancratml by the ¢ avd ¢ persepts AZ W7 e 2uing s skiul g ean.
L, Hee oreporsion of ratngs H?'"-‘“?'l'*"fl brcen the Gislzilen Han, af ¢
—glives wilL b mease wil'y ire e0AETE B9 D whihe B2z arapestion, of o *abinns
will ducrease. The armowe in each '.‘“”f] of fﬁ":"' B8 indizbeg - mean ZF
lha Rypretheliczl rating responscs bia '-!':ﬁt sEmuls. 'ltp]n:'ﬁng these 1raan
valings, Rgure &3 illeeirates kit .:::.nhmu?.'-!i “ranges in lhe maar, i
responee wil conbinanus shitfiges 10 Ill'-E 5-"."”|u5 1 br pealisle by <he
Jizcrete —adel. In fact. these prediclions of the _l|'.5:r|:h: model 2re very
siomilar b the cnseraed catfugs i bie Yebt panl of Bgune 4.7, i
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| orambanice, mean ekin g e-oases predicies oy el Jisecle and corcimazme nidhda o
corlvece dre g 3.4 AN

boware Hie o end of lhe cortinuuis ~il be mase ctike than thai of a
neigliyacing stioalus boware the o sihe wl Lhe cortinam. Altlngh Lheoo
i rontinac.s mbe-nalicn avalab.e, we can el cxpect 2 dissibuticn of
val:ng judgmaznks bor e b ol Lhe Lot stomuli beoanze wi randerr, werasiliky
i Lhe porcepbzal, pparosy, oF rEspanee wwslund, Al tluszrateel i liguve
210, the continooos owedel predizts 8 systemalic and conbinuaus rhange
i :he dizzrhutian of percepls snd e arresponuig caling = asrans the 384
best Lerbers, The confinucs mudei wiso predicts that He nean of Bae
rating ressczscs (mackeed <y asrows in fipere 60900 will chenge conkin.
wonsly eeilly changes alang tae simelis cossbouar, Thess moats ratigs
th Bgare 500 abse Rl o R line in Spgene 8.9, and are corsisbant with te
alsopweed resulbs shosan n Lhe lebt 2ozl of Zgwe 8.2

Ar we have mow sean, Sotly Hwe discoste and coatinnous perceplion
moelels sz wnedlc tae clhsacved mean of Lhe sabing respone es aluwn in
figure &7, Thus meen cabing judgmests alone are oed gapakle cf distn-
puissiag batwear the bwe el This siluation wanirl be deacrlbed as

& lack af ilensifiabdlly, That is, che moaels canne: ba dissingaisied Lage

an Lha data in Gruze 2.5 1o medels, haveever, con be distingrished on -

she onets of Lae distibudons of rating responses, whick are precicted b
AFer. Figures 3.8 und 3,10 Lluslrate Loe overill ko ol the prediclions,
As van e seen, although e neans of the riting tesporses (markes by
e arooes) gen ke sdanicl Far thie been macels, the distrivulion of ating
responses wil. nesessarity differ. For egamale, foc stimodus lever 3, Lke
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Awwariinys o ke cansiruaus meds, the raing s aarani vt he <lerilemi by joat a singie
diskReilzon Joo czch o Ui aiw sbicialar Tevgla alonge Hie s sined: amibiuen bos exch stim-
ulus, walfrz regponas ane fasnl o lis s vespunee przlzbilibivs suowen for et simcas, The
dewnarard PAIRLIFE At was boe e veaqneps paljoge o sady e? Be sie ssimacd.
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-|r|-='||:_' in Hws sk wof "-l'r|1|.|'|" Do Glal e are 7 waly e
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caly cquevalsa1 1 -he FLID Farmalized 1e 1w oreviews seetion. [ was cer-
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azlivale e usits al cossistort wards ane inhibil tre wnls alineansstens
wurds, The inleractive soivabion syt of L ;.-"'L['-"I.I iriro_wes Aok vakin:
From the vezod lawer bo B Iotes lages fac aclive waond andk activeses He
anil~ i L cerpenont lotbors. broaddiboe, sz aclivaled woed uris inhibils
abas ward usits, Laus b Bearure cabouin: uails zoe Bost aciivare: iy e
stimalus, Ueen 17 lolber unifs recoive sk el oo Tram Tealure veis asd,
abbar the lecher anils aclivale some ward unibs, alee alrain activation S
tha activatad word unifz. Ac imparkast rhon aeeeistic o Dne Lakl i b
'l wnerls Eliet shace lesbere with by preenise wnc will be activabed b
somie lezree, and will Ler activabe their compenerl Letters,

There are several maicr diffore-cas beleeen Lha LAAS and CWF al
regaits cxplanazion. The OiF presales ils onloul with juask coe pass af
infenmalion from insut ko output. We 2l this o “proreesiowg vcie”” That
15, @ stmuius actuates Hie oo, uzsics, which i bum astvaks the selzal
anils, wlizh make nfommatae avalelle b decision. In She [AM, on ke
aties haned, Lere are severzl processlng eyeles b pecmid Peooomi o
irheial Lelore 2 responsz is chosen, T addlica, there iz ne shargs cie-
Hocties, ortesen npel end output wncts in she 1000 Depeeding oa the
Lask dem. lattar or wverd deulificalion), the sesze-ee van be based on the
active units in any laese, MeCleliand and Romelbact (19870 asauned Lhat

:f suljec.s were asked to repes wial lellers werz prosent, the cespuase

weng cpte;mined by activation at soe letter level.

The 1A% wraz dezipred te accourt for vandesl eflfzcls inoweend Seoog-
miticz, such o L Gedng Lhal context leters inBuenee el e recogritien
i the oo sbudy, g tAR account of context elfecss explains trz benefit
2f e sontext anloly v berms of the coomibotion of e knowcedge ot
spacfic words i Lha subject ceader's Wxicon, suflen Loer. Trom general
kneledize of English saciling sules. Aerheated word anits send activation
b thelr fompanest lether urity and inhibillan to cther letter waiks.

lel o= cu:.n:-ii.dcr_.an nrobisguous [ekter ]'.ll'l!ﬁEn!.Ed in Lhe context - Jit, Acti-
waben of Soatuees and Scttart vy the conbert will activate b wuond wnl:
e, Aftes smveral poreeseing chclas, this ward wnit will have achivated Lha
lztier umil comespending o He leller 2 in Lhe initial pesbon. Tave, tne
subcesl will ha mare kel by report ¢ than o given this cantexl. Inlevac-
Lwa acivation explaing Sy roolexl eliec! in lerrs of activatics frovn thie
vaimil lager Lo the leties Bver, Like £ oblien modale we hare considared,
-k 1 Hhe relativa smoust of ackivasion ol bhe lelter lare! that i= critical o
secfirmance I this tack (e, the BGI is uzeal in iLe Jecision cperaticr).
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Une difficelly inoompaeige the TA%D and ULAT is o samesdal (-
oreeih p-.’lJ..E'dm“E thet are usedd in gsbing malliewslica: and the moee
COME/ex simuation snndele, Mathemaciczl mecdeis, 2arh as Ihe FLRAT, zre
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[rr.pl:mcn’ring the LARS el abicn rec|nipes: splz-:if_'{al:inr, c! the (ot 1px
ltEre. and wards i the three levals of urizs In tae aviginal sumal s,
e -owie, azemed o particelar sel o I'e.alun- unibs, 23 |skber units, one for
2ach tecter of the alphabel, and a se. 0f 117Y “our letber word units, bzeh
Al 2 Ltber uribs has an exctatony or ichibitary connection v each of
TF0 Sz lester word cndls, ang sach o Fheee 28 1159 connaclions, as
well as cemnections o Uee Fraboee Javer and -he -he olher ccroetiee s
“Lab are zeguired by e emeslel mast beospeciliod by wesglil paramekors,
“ven I simplifying cesamp-ions are madz fen, all the zecilabury vonnoc-
Licos frown lel.es cnils fe the relevans word unila have 1lie sarne conr.ection
walpo L 1hare wee weny maneters te be eslenated. Rather than cstimel-
5 l|u= [raramietees, A sactizular set of pararé walwes i Fansen, and Era
rrade. = roz throgh & numzes af 210s k=i eyrles ip arder bz deiciniza
Lhe: perclizlol resnlby Vhiz aspect of a slmwation model taxes s leckial
ceompnset time, acd azch ness sel of parnnebr: pequirez anctker domm-
latzarn ran, Thois rany shondalion ioss are genera! by zocnioed, and Finnding
d Eu-.:IJ sl ot smErmebers s "er],r time: sansuiming. Bar this reazon, suno
lal:wiz wirleie®s ol spesi®y thea sacamnelers in advance, and simlate:]
performanes cxnnat by sxpected Lo malel achun] perfosmacce as clozely as
thie 0. 0 3 zethsrmelizat rnedel, The gozl Iz ko gee i tha sraolaied pesils
Fove Whe zamie genered fusir as the obscrred reaulls, vlber Fran matzhing,
the resmls exactiy.

Ir: the ¢ slxdy Une 1A% vomeetly prediste Laat suhjsebs will be more
fikaly Bo repoct  Tu b conbext -4 Loan in Lhe censext -pin. The rade”
zlio predicts inkerrrsdlate pc-anm;.n.;-._ (o Wi -fea apd -t corlexss Tos

Eukli he FLRE and 1akd appear to be. :m.tags.fnl indeserlking. U nink
"inﬂunn:q» u-“ hntt sl L ' '

[,Elt i

-

COATENT | M4

THgure %, 27

Hebwark oo in Thie sirzalazan of ke 1A% meczl apoiled bo ke esmiiae | ol Blazsars
[0, The irtihibery coaresics beeween _alts wziben the saonl nmleal, znd Lrrge evels
ame ek dhasver e Lhe azmork ke Swepnl unlts 2me 2571 250 Bl o cortext ks are 3‘«!."‘.
|'IE"|||!T whidasilda;, O s i bile] B Ibala 2dmd smclel, 44 BA radreasille . T
werpih vl e U - cade aajile u..l:,.| Tag ic pdmrine bl Sl CAD O adre: erikle Ericial,

s EsdT e-admisesl aely,

16277 hava allernpbed b place the FLRAF 2md 125 oo mmove equa h:l.::ll‘:rll'-':
bes llowr sngre direct copaelsons., Cipe meethen] Laal has boen e s bo
rerkare Lhe comnplexite of Hle 1A% >y using emintakore artfcis] el et -
work: su Hial gml.mr paramater valuzs can e eclimaced. Cne nebeos -k
devipreet 1o e E-.:h._t combext wffacis 13 shewe in Agore 327 (MoClellans
<] Bfassmn end Conen 9913 Allhough simpler than the origi-a
LA, ke mebors ig deapred =0 esplaln howr contes mold inlluzrce the
recagnition of ¢ verius & _

_.'IurE-: sz:x of uniks are mssumcd: “targeh” “zoolesl,” aad Tweend ” Target
atn? sistenk onits aoe arslvaled by e =ampel (e, Lest) and contesl letlers,
Ti"ﬂr'EI:'I‘.IE!:l, a.r.m-_:-hr:n:u. 11 the Sotbomeuss ar s I -daeen sanrees b oma-
maticn Acliealion of conkess unils and t“r_._,u-f urice aetvalas wens e
Comsistent wits Lne L&A pwemption of intem ke aclivalion, =l '|n-h:
willvin the contes: and trgoer 'ovels are Bidizectiveally voenccted o all
word urits, Unly Ere verikihngy connectians are shown dn che Fgure.
Atue. b eactk ol the thres 2ele af uniks. eac ol a5 has ichilsibes
reennaulivong Lo all a8 ]'I.'r uniba vtz Lhat sot,

The targel snits 30 awl Foae aclivaled be varving degrees By o Lol
lesber. s in the BP0 L will assume shat ioaosases in bae rr-ﬂH'I ab e
hiizental oe will insease Uae activabion of The E ol Icl.'utn'-!: b the
unil. ‘The conte=t anibs wee aclivaize by he @Zeset conbests, " he BA
trafther adrizsThll il woalz be activaied by all ronbexels bhet SURPOTT
mwither 5 mos o smeh ss Ee ennlest -tsa, The CA Q-acdieizaiblel Cnit weels
he autlvaled when W oantex] suppncls enly ¢ and the EA s -l ssivl )
o rlkwpuld |:|-u ackivalal whor Hie conbess guproels ot _'u_x

-

- Tin: Bl th s '




Lt I rssarn

¢ oruch oAy ke evebeeb et e word onil labeled “CABRY [ acinissibie
beal: corrospancs ko all words Shat have v e Lhe cilica zesbon kb alio
o ward Uneighbaes™ Teas e denbacal sucesl Lor bre lobies vin the erits
zrl postom. Tie wencd s soodad e an exanrple, wiky the weard vast s o
wiord ._—.l:iE:nb-;:-r. Tha: e condesl ileze -pef wonle artivate thee EAR uaid,
aneh Faig s Fwval onoseiuid Teed 2ack and activaie the tacget ek 50T hia
same cootexk wirsal aclivale Lve OAL |c-admiss:blz poth) wnit, and bwis
activasion woud heed bazk snd aslivale he target uzit 0 The wzal ol
Tsheled “BA D fedrisail Je oy zepresents all werds like 220F ane del® in
which anby s admissible G G coniaxl The wors enil labolag "0A"
ir-sdmissible onlby) sepresents words o which ot ¢ Jv admissiole sock s
ol ZnG e Ag can e oseen e ligoe 827 L eller conbexrt acivates Ene
aonlex: units, bz best Lester activabes the tasgst u-idos aal lese unilz zond
Lhea aclivalion Lo I_-rr_'.ﬂmrr_l nunits. Foczoose of the leleractive activziion
assurimtion, Fap worc undte in baen sel Hiei- aclivalion downsiasd o the
el aes] Largel units.

Although 1 e pregest sl mainemalica Jovm ol the TART (Rl
‘ard amd Funlart 1988, Lhe reader can skip fonward to the paraprash
slter equation B.25 withob sacilioe an wodeislanding of the gist of
Mg mingel. Basically, Bz cquetions focmalize the Zalloewimge live coeralions
Far gack amib: (0> each unit i= a0® b soeee ol al Jewel al aglzimalicr: L
secilaiary and dnbibizory icpuis from ke berget aml coniesl as o eell az
Somm other uaibs ez enopuled; (3 Lhe insols acs weighted snd summed;
14 the rhange in arzheatlon g detarmined; ana (83 the suopuact Far el re
soonee alteonative i exarnp. Le).

Iribizly, for each unik, ks acmivadion, ack, 8 ael b Lae "resling” ovel,
cesf, wxich ceorosenbs tho et activabioa waer il has noinpud. Fhen, an
eazh process g cwcle af the coddel foe cazh vl f the cxcitatory ingaet,
exs, ans inrisiesy inpk by wne vonepoied o s prodoct of rach
sendirg anit, Bolesed wok i wolh ols concechion weight g as folrows:

i, = Z sl e 1 ] (2.1a)
el — Z eninlm, a1 00, ary, 1307
1

veliara s is e '|.'.-'|_'-jE:'|'|f casecting Lol Daoodndl Gomaxli, g reprecents the
maktum cf the teo values, 1 and vooaned imind, @ oepeseals [e mini
e i Hhe o waloes. Ln Lhis particolac modal, al! welghts wy are aither

| T A =1, ray that ecuztion 815 zdds vp all fhe inputs sl positive 2z
ractiors and ecuabion 27 adds upoabl the impubs with acgelive
“eecliam s, Activations bess Posoob e Sowed 1 leze sumimatiers, Mext
Sar each wniz i Hee sormeeed oel el oty e ceovouled o Bz weelgnbed

Madels fey Aeading Le e and Words 253

A 3 eTey, diy. End ol e a2 nocesents imput bo unel Fram Ean
stianalus,

NSOl — P, + rx .’r'..!ll- + el o=k, B F._':

where & ds 2n evacal welpll om exilabory connections. @ is ar owerdll
wrgrht er ‘oaibilary coanactions, and msie iz Do rergglb Lz escuonal
ingpats. '

el Loe clange o aebivation for cack ani! Tre e TR FETRT ARt E
Anefy, is computae as Sl

if NEy = |'"|..:-I|'.r'|' RO TH I P ﬁ'_'_'_:l - :.:':'r_.r_p - {rg;l'l rc_',l":l_; [g.23]
[E mati; o 1, Al == el m (o — i) — desay s el reslh fh.20)

whicere M iy the masdmom siloveed ooiwaticn, mois e oo alloseed
artivation, and deazy 32 the rate ot whicl, cach uxit :ande w0 return ko <he
restingg bevel, Then eac act; is adjivsted by addicg o,

ol = Hef = Apch; [5.21)

Flnally . varh grv is adiusied. il secessary, ki remain in the Snkaeval mLo
M. Tie logiz of Lhis acjuclimnt is ara ggrans be thal underlylog e use of
the leziste function in the TRIP.

If arl; "l""'r"' F: = A w2
T v ack, — Y- ||

el Clelland 129927 veae the Sollewizg sct ol pacamelers: el = 1, 2 =
Ty L ey =7 M=, a0~ 2 and pest=—.10 I Eng aebereck
~hown in Bgeez 2%, il can | seees that che cffcots oo the lazg 2. ZEllen anl
cunteob are copoined via Lhe aaits in 5rowenod larece, The aciivalions of
wienl nmity e bed ack Lo s LaapeE izl cankent Lr.i:e, i.':'.-ﬂl'l.:?,'.ﬁg T
ackrtaticns in o maoner st refleees B cobjvabions of bozh large: and
armlexk ity In kg reamner, the jeint oot of larae, gmd coolesk e
epresentend in She aclivatians af unike i+ bath ke tarper anc contesi
layars. This passing of azlivalico frorm anit baounit occars [or o neser of
provesivz cpcles Uhen toe ackivaslon, ey, nf 5 brcer unil o rasslusime s
Try an sxpiznentiak fupcticn tnio & alirngth valee 3 as shawn in 2alivn
0.2,

e Gy

The stength value 5 represeats she sirengt of sllemalive & The proba-
sty of choosing a parliculby alkernetive, i) i basod en the activalion:
of all ezlevarl alterabives, as descrbed by e RGE,
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wrehere 37 ie eqoal be Lag cow, ol ke slrengbhe of &I relovant allemab e,
belassare and Linbea (1991} set Fae consmot k4o 4.

T bis ke cienplest TAM ko the c-c sedy 2o Dgane 21 reepaices 11 Froe
parameles: & 2 farget valne {npity comesponding ko the & lwee’s along
Lhe e cvnbi-wngm Gwvich Sne ¢ tacgel npul equel 0 one minng the input to
the & famgab omit), 2 camlexl value iepuls, wvd @ persmeter @ thet gives the
eurshier of precessing arcles al whicl o decison is rmache

This IAR—-RCE was fit ko the observesd dela sbewn “n fgniee 522 by
snirizing the di¥erenees beliwcen Lhe poedicled aed obhienced valucs,
Fua each af He 24 cxpecmerts] conditons (8 Zevels of Lhe e cortinuum
azil 4 weues of Heoconexby, g simalalics Ulel wes un wilt a oset of
parameter values, ard 0 geadncss af Ml was compuled. A i the By ar the
FLEP. 1he pararneter valsee were chanmed systerrallealy to eeaimize Hi
guodness wh 2E ot She AN, ) .

Figues 824 gives Foo prdickions of the 1AM hox the resls of the c-e
sludy. As van be seen in the figure. he JAMSEGR 15 not copalle of
Cezenbing the iniluence of the different Lepes af canbext, 2l does a noor
ja deseribings Eme reaults, with a KRASD valzs of GoT. Tha 1ak{ is nal
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DEservec Apainte? arad pove el Comt pealeiilily o aae secpanse 25 a faneslon of slelis,

wabae and manrexe: Pred zilara cELhe 1A 2R male], .

alie tn aredier the bepe ol nleacion obsemvel bmlwoen stimmhes woo-
ik aed eatext and Rnes ils besl S0 by pradickag vary (B0 oFec Lol
conboxr, Soven itg Inilure, it s emly rRazanable kaoreetse e modsl o
atteraph ka livg dl enta lica with Hie shnal L.

Aus iy wth ]I'IF‘.'.t pooige and Fest-One-WEans Deisier, Bl

eThelland (1990 piacss bre Blame for Boe TAR s T2z o [:-rn:'d!u" these
=penlte i the dacsion <tage ol the madel rether thin on deeee abacr oo
cras, vt ad inberackve ackivation. e modificd the Lakd by azding naive
francan vacialion: Fa the ieput and by enamging Lhe SOR decsior e !
L o best-onc-srins (RO ruae @ which the —esponzz el eonative corre-
aantding o e most aclive anit woold slwavs be crosen bl lelord
1Ugi, Wik Famie bwe modiFcatinr s b predlellons of 1A zpormed L
be corsis=ent with Lhe -:n'.p:'i'ji:n'. hservalines fand the predickues ol L
ELhAIM. _

o preriade an enapodcal Tesb of che rew ZAR, siouoation Sia s e ten
by adding noise I bal the target ael calesl inpat values, Taz 2ach of |
the simalated brals, o B0 decizion war tnade on Be Rl bege asliva-
bena, U simuleled trials give Ere rrel e scapoction ob & responses los I
gach of “he experiienl ] condisions. Bigore 429 shows the Bt ok Hiz [f- .
prraneler ZAK. The 3t of Hizs medel Jid not meprove on che Ftook Hhe
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LT Mlassaro

deleriniztc AR swith Enz 2GR decision mile, Tae RBASD chbleinac for
this rroce was 058, avor berice Slas FBaaed 2o 2l FIRAR

A sczond, Lz-nzrametor LER was ras shrBimg with Elie aceiusiess of
Lhe 11-paraweler aedel bub with Eae amosat of noice added Lo Lhe irpui
ag g free parareeber Mo iprovoann was seen i e RRASD. Thus we
zon concluge shet these rosnlbs suopert e FLIF aoe Tie LARL Dlnes
romi ks agroe with thiz concleion by decongtrating 2hal inleractive act:-
vation appoars B2 be an insppropriske precess Looacooosl e che inluenes
of contexk on ceccoption (bdassaro asd Cobe-s 188710 Thes cavkal, o
rwerer, 15 Hhat b ﬁupcﬁrﬁrnt.ﬂ hawe Falsibiead sl R_!'!ll‘.'ﬂ”‘.l."' |:11||:|'.EH1-E:1L31.i-’_'1n5
2% 3 naumal nerwock Eeary of ivbersebbes activacion, Toi alwaes aossalz
E-at somz othor impiementation will b alle ko oagroust Soe Hee el s,
ihSce Andoreon, chap, 7. this vahiras, “or ancthor prespectica o ansnes
borist mades) .

ihe reader who haz peorsiskea ko Eniz point o received ob lessl g Lale
of frsthard ewoEziene in the ardravar of romypmibisiosal meaeliog, Tas
most exctng aspect of -his apterprive is the challengs b Beernuiute ol
tes, vour idcas alzout mnind and schavier There s ne shortage ol gedd
icoaz for mocels and experimentz. Lhe paricipact e corcaliliioal
wadeling can expect bo ba corstentr engaged B it

B ]l,lsl::iﬁ caEiun of ’:HHIPLI':H.HH“H’ :'I.-Inljr.]il:lt;

Comrptational meceling ie the formal, quantizative leseigiion af e
havior by ihe interaction of a sgt of dmpler csrpenens provessen. We
atternpt b understand the complesley of svaepday Beaavior v lerme of
sirpies miechanisms voeckivg o vonnbination. Coeoualonal meceding
nacegsanly desribes the prucssses cauging el vior ane ol sl The -
levviva i2elf. Connpatational odellag js 3 valuable approacy becanse it
Fobpe b orpreezome lillivelt woolless 1o paysholagica. inguiry. | bricfly
devane bhoese protlems sud o bow ev ae cad= eazlen Lo scire by
g Tt LT Iull-.j:||m:| I|'|I.'JJE||I|5.

£ Ul Cifmculbiss oo Fapoimlegival oy

Tha figs diffiguity is that bebander is comrplex. "Lae fagt s thet cornplexity
it- wzelemle in aatwie gereraily. Why can we wak on thz moon and put &
vanyecrder s B Tienel ol o Saolkall p|.=_'_-.'l_=l'_. b s ol i:"l'n:l.'i.ict the wreathert
Ore reaton is slozly the many and saded inlluances on tae wecatls
{temporature [,';|H'!_'_'||5. sl el ion e les. inpeslure, .cczan curvenls,
scismic ovents, and #o0 asv. A relakee reasen s e ouHe e elfecl: amall
dMerencza ct ene pairk In time mey Save dramabic congagquerces 3t eame
lalar bizne, Becauze Lhe weather is citizally sersitive o slight el v

&

vt

Befudels Sur Meading Lol 2rz ang Werds )

imitial coneitizns, & bulely vver the orts Pagilc 1 a- feast o rae
migai irluenes che arazlher 10 Senba oo 2 Sovr days late, This butledly
cloect in o surpeising discoesw ia i aew feld of deoe thens Lleick
2w and ix captored i 1he Gelaioee examplo ’

Eat wont of a pail, Wiz slioe wis lost;
For want of a shoe, 1ke B weas Josk:
For wart af a horse, dhe sler wes lost

T et cf a nides, the Batte was ioa
rirowant af 2 ba'l e, Lhe |-Li|'-:_;-:1r_:-r_ wzc |ack

O vonree. comaplezily i+ o hallmark of cocsas aF helovor as el
Euzh of s bhes Had iy ciferenl hiszaries =nd mere ollen o
Frels wonle benave diferenly ir ke sazse crocmstanoes Freud poibal
averempnazized Lae amportese of cor eacly chddhons, mos R ikt
zeen right aboul Sne some eardy experiences onsld have dramuatic coe-
sunjurnees later in ik, IF hohzwvior is dependent onmany indflucices sl on
cnar airtant pasis. 1L vill B diFzulk b uese v siepie hehavdoral e,

A second dilkeully i puyvchoingical resesads ©x that we temd 1o Lale
gt the wooeld ae more avdacly taan il sclaally s, Supposc L Lell you Bt T
hawe o aning a 1ule for producing a sequene of marhers, =nd 1ask e bo
try b2 gless the gole, IF vou ave Told flat Fae scquence 2, d, & wirs pen-

cerarad by s vule, vees will provably guess that bac e is “The meshers

increase ty lara” In Fact. this guess wonled he much mere specibr Faar, Lz
wle ] luve in mind, ¥ee neluaaliv bend be scz the rule an care soocizlized
I."l!_ll Sucamsinry, Az scientizte, thag bigs bo doleraeel gibuabhne s ten 5|'_|-_|-._|:.|j5|i-
el an penle uncerstanding and weoeasy prodiction.

A Lniadd witficulty &5 Lhal seapls lave 7 bias to valldue i belic’, 3
confrmalion Hies. People will lend b kst the hrouodhezis “The numsers
increase by Lea™ by penerating sesuknes ke .-'_uj,' 16, Zd o¢ 1, 3. 5. 0%
wooan  [iling to see thal Lhe pesitive onscames are nol only coneistect
with beis czle Tl ol weibs 3 simioles ruin, "The minbe:s ingrease” This
troo of Bias abae oo in scicntide Ty, Caiven some nbseawsations 313
an explanation of them, scieniisis wse dispiay & conlisanalion bias as they
engage iv. hypolbesis besting, A sowetist mighl drvelep He hypothcsis
that sudv and such sbouls ocewr glvss such and such sil _ation. Tt jg ocly
rabizal thet the same -pecandher will be mativazed Lo leat the acomaos of
this hrpollesis, aedd it is well docamenbsd that scienliets, ke a0l I'II_LT_"-.-EI:L‘_
achvely sench for ovidence lo supppurt Seic beliels, aiten ignorng alter-
nztive b3 pecheses,

Lea Tilstoy rationalizes < pumar. natuee i eonfirmation iies 1
Nailonirs

- ol . . -, ..
« ke bral mesi sy includicg Lhoss ab sase with srab.eons of e
rreaess camnplaxity, can selinen sccent eres, Lhe sllest and moas.




- Meldazm

abaeaus tubs oF it ke sk to cblige tram ba admie <le felsly of
pactuszoas which shey hive delighled i explairing foovolleagues,
wlich ey have proudiy Baoghs bo viless and whicn they have
waver, srend b chraad, iabe the falaric ol thair liveas, tas sioted i
Foxd [26 " '

Carbraaton aize oeen ceturs ia he most seasoned s deakisis Allhough
lews ceneanann, Lacze is oven sviceowe of downzight chenting in scienlliz
inguticy. i edditive Ly he reere aceestable evaryday practives il some-
sitmen, marnt o cior allegianze fu sbaky eace ical perspectives.

& Fuuks ciliecl o in prpcralazieal ngeiry, which ray oe widerssand-
aole, pives e Dzl three, is tear bhere are cuvrral atbernulive Lhacries
b1 cdisziale saost phopomesa, Fue E:-:Em.ph:. there s curtendly a great deal
of crndnavacsy CANCATNIMEY, ligrape  aoquisitiar ancd ame. At iszae b
whethe a hilds pradosbve ablity requires an inhaoalizallon of oules of
weammnzr, or whethen simples Laaming mechanises ace alficent. In o las-
Al exprimers, young Guildren weere alile ko genecabz: plurals if pmeuda-
words “hey Dl vees hezrd Eefore. The obwcus interpretzbie al [hal
tira was that Hee chitdeen weed o mode 2o acliewe oo Yoorrect” ouscame.
There is 2 role Son Seaning phirals and dhe children may ose Lhls sule to
ayicle “hiie Leaariar, Cn the abeor and, Lhe children might have por-
rormed coroectly <ingele Ly csing analagies Lo specilic words that thay
alieady knew, In Hhos caze, 3 child wita tromes the plurals of g bog, and
. anald induee S tinse lelznees that a1 goa guess lor wog migat
Sp penes Alnaugh geseacicy wiy- based on onalowces mmeglb be e
carcec as a o exanple of incuctive geraralization, it eroehd ol B2
oy atical rale.

I summary, we face the complexibs of el ., we leed te impose
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avcalifivs o Lhacry—swav iF it 5 eagsigsont will r-amy atbar “ndinge, Te
iZea af weholzword shape bring anchwee o readiog, 45 4 greent cEnrple
Alhough Ucs eld ad2a wes eevcslent will an asmnianes of resear bl
veas disrqualified anly when xpenideiy were rrtiva.ed by Calzidzaion
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A though perfamranoe is well deseribed by the FLWP, which asaumee
ity the R iRak suisjen B~ probability malch, 11 e ont that 2 somewshal
‘d.fferent medel, which asmemes suibjecs ahvays masinize dehooze e Lest
raleling, wlberietive), cen aleo descrike e datz, Frre wee have a7 edom-
[:lr' ct on wdentifichil Ly |.'||'|'::':-||.-‘:|||. TLis alternative madal arises if thors je
rancieen waalasifily §azse) in the cuipit of e Ilepgrasion oracess, In s
czse, Lhe susles wiways thacers the bast-matcalpg slternative at decsion
bu., bereuse oF this noise, the allernalove s wwayy gives 2 i Lhe
abzence of noise soratines pives a lowes value Pran ancthor allerslive,
As o resuck, sunjacs gamesdmes resprond with e odw sbesnutive, Tous
SWNOCTE Ao Lﬂhuving cpbinmcly by madrnizng, Lt Lzl puerfarnance e
ronngtizal bevane of raizse 1Fis inleresling e nele Foat this is neacisely
the azsuraphine that kas beon zo seecessful onoan approach to |'|_'.Ln.'|.:‘|:'t dei-
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