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Oh io. The author sincerely thmat u ks Pr iltessll r R, I . .  I oust f o r  u s  Ite lp lmul  s i u a t g e s t l u u i u s . a,s

well as rectituniendat ion and persotual kian Ill a n u m be r i t t ’ papei s mised i t t  t lte course II

the smu r s e s . In add i t iott , thanks go Ill Mi, J , I), Rasinger , I)res’ i4liis l~ wit h the Air I lisu ’

Ihuniati Resources Libtiratory, Adv’at ice d Svs tei t ts I) ivlsiiitl, Wr i izb,I ’ Pa tt e ist t ui  Am I I’ u ule e
Hase , Ohio, I Fir providing lie rsotial i i  otes ansi pape IS Oil rece rm t ls  shev e ll ips’d ‘.11111 1nlu em

i u ta re t1eii’.’r at  tin ts ’e hrllqm ues .

‘The work rs’ported ansI results t rhla ute s t are tn ’ direct u t se in hi e lp lmig to s~ I i s t ’ s t his ’
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Fhercf ore , althu ouu z h t tear lv tw m i  e a t s  have passed s ituce t h e  svork 55 IS I lFIh 1iii i h l \  I ler l tu r i t iei l
al t he t i t i us e i s t l ’,, it was belteved to he in the best uti leres ts mi t  f lue .\ir I I b i s ’ s’ t I l  pub hus l m Ills’
results at t hus linle lull d is t ri h ut i o it t u ’  t h e  ss’i~’ t t t i t ’j c s’o t itttilt ulif’ i
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IN I  l- RA( ’ I’ IV I- (~ R.APhhI ( ’S \ St,I RV I \‘ \ N t )
11) 1 N I lh ’I ( ’ .~ 1 ION Oh ’ ( ‘1(11 I(’ AI RI’Sh .ARt ’ h I  \ Rh  \“s

I. I N ’t ’R ( ) I ) t  ( ‘ t  ION

Time plurp lmse Ill IImis paps’r is to ds’ Ierllu itle and surs’ es t h e rcsears’ht um s ’.ts t h a t  i ln lk’ lt  i l l ~~s l cum tm s, u l It

uch um ’ .’ s I r u c  nlann’ m n t u l p l u t e m  sv i r t hml ls ls .  Since lYbo . wheil 1.icklider 1n iublus hie d Ins i l l t sS cl Issic a u m i l ot teui
um ,’Is’ret iced P’aP~’~ i t t t r t i diucine the ter nl nlmatt ’ COlit lnutet s\ n m h i isis ( I  i’.’ kh t t ls ’ i. 110,1 )). 1 tis ’l Il ~’u lihtlius 51 IhlitOs ’

II! ss u i r k has been pe rttn r i ued in imiter act ive c inlnputs’ t  grap h ics. lb’ . 5 5 , 1 1 k  us a h l s a ’n s l l’us’al. s I t s s ’llii~’ b m u , t l u
I marslss are attsl software research and ranging t r omul sIeve hi npuite n t~ it t  g rap h mi s ’ u m l h nm i t sis ’s I’.’.’ s ’,ititl t ’ s ’ I is ’ i ,t I  lus ’ I i s
tec hu t itnlout ~ 10 grap ht u c data structure s , progra num iuing languages . an sI SoItw~ t s ’ !Ilia thiernatis ’hul Ies’ hl tlll i u i s’s t t l i
retr ieving , sorting. and nianip ulatitig grap h ic data ..~pp Iic’at i ons of n t e r a c t u s s ’ Hr i l nh i ls ’S l i e  Ot I ll’.’lis’\ , m l r lu _ ’ iii
nuurib,’r and r , ui lee lonni c ircui t  and ‘archi tect ural desigut to comuplex pru ibls ’ u ru su t lv i uiti .

hIs-cause ma nl—conm p ute r symbiosis appears h r  he one oi’ t he umla bor ginals ol intl i t i sp i rat i l l ns  t u i r  r i i u u cbm

‘‘I t h i s  ss i , rk , ari d because its goals art,’ essenftally t o  provide tIle uhf iniat s’ in lli a tn- ’ .’ I i li p imt er pa i tii ersIiu p , It

‘s as helicse,l a wtir thiw h ij le et ’t ’tn rt t in f ind t int svhucre we stand in its reizard. Su~ s e u r s  u l f e u  h.ic kht de i ‘s ~aj nei
Su t h erland (1966 ) identified several l lutstaulding prinhletiis th at remained iunstn lved at Ih u il lim o s ’ . I it iir ~e u r s
l,~ e m . in I ~70, Ik( reene (11)70) surmised l Im it ss.s’ we me stil l rt ianv Sear s  uw aS t to t n unperable tllaul ’c o t lm l nui t et

Ss t t ’ b t l b t i c  SVSt eu l is .  ,\tisl now what is the st a tus of afI ’airs ’~ Mtnre i m t l p tn r tam t f .  ss l u i t  ‘a i s ’ th u e a re ,us imm wht ic hi  we
s o n  chia nt tel our best s’ t ’t ’o r t s  t o  hnslge t h e  ui ta~u~r gaps th at reu t iain ’~ I’inall y , whta f IS f i le s t a t s ’ of ’ t h e  art ui
t h mu i ss ’ areas u t  i m t e r Ie I i ve  grap hics that, if ’ h l I u s t e r ed , can c I t e d  the mm tos t I upt d closure iitm t h e  goals t n t

uutatl ~~ot ut 1’uite r ss Il lhitlSts ’’ thu s paper is att a t f e i m l p f  10 answer iltese kiuis ls mit t l luestltllls .

II, APPROA(’tt A Nt )  O~’t t K VIEW

A s l urv es (If Wtlrk in critica l prinhhet ii areas . whic h is otie i t t  thme plurpulses hiets ’, me s l u u re s  iii s i  t h e

ls’cml grt ititnn III critical prohletn,s. This in f u r n  req uires son ic t ’eehing bi t t  t h e  ke~ l e q ll tre lll emtt s mi t  a

man’s’onmiputer svnim h im utu s ’ 55 Sts ’llt It) w ltic hi i i i S  critica l probleitus sst nuld e \ n s ’c ted l~ be related. I ll :iss’s’I t .iIIt

s s s t e ni requirements l u e s e s s it i t e s , ti (tint , a defltuilion of thue s v s l e t m i  i tself ’. ‘I hue apl)nt i ,is’hi . t h u s ’ I l  55 is p u L ’tI~
u nluJ h dictated h’. the purpose of the w nrk and included this’ lol l tnwuuig steps

1 1~ ’te ’r ’iu, i i ’ WI lu l l i ’rs’tlIipia/ i/l’tllhltiIItl I ll P?wn’(nIm~1utt ’ rs l ’ b t l / b iosms . Tltts p u ’ ss’i h Ill be l u l l  sm i t ul l task
I - s s ’rsIIiIs ’ i n t u u i t i s e ls 5kniiss s’’ wh at mm ian ’comuputer sym iihiin sis is; thi ere lore , till untie h a s  a h n p i me u i t l s  c It
nee d t i n  ds ’ t iu i e it t r in t i  iii operatuii nal standpoit it , ‘Fits’ approach here 5¼ is It ’ res ’i’.’s’~ ‘and m hs m rh ss ’llat I t th mers
I lass ’ saRI ihuuut it attempt t ii cunitr ’ist it witht t nf hie r  Is ~nes (II tilan’ci ni t tp u tem rs’la tiu itts litp s . ansI . il mia lls
define tu I rin nul .u ss s te u l t s  viewpoint.

2. I’r Ill t A t ’i ’ \ u s tu ’ni ri ’u/ iu ru ’tnt ’nt. s . t 1s i ime the derived dei lttii ioni ti t nlatt’s’tn iil p t t fei s\ l l lbillsus . t h ire s ’
b’ e t i e r a h  rs ’q in rcutl s ’ u i t s  ( I f  a ss t t uh i uu t i c  s v s t a ’u l l  ws’ rs’ projected. lis ’ss’ rs’thm ulre m iieui ts Ssa ’ m e s t i t e d  nt ts ’rnis mn f
‘w hn at kasus a l ls dii we need in such a ss ste u m ), ”

3. fl ri  i r rn a ~‘t ’, tt ’ru I suri’ei a?tI/ i I t ’i i t iJ t ’ i ’rziu ’a I ,Irll/uh’P?Ls . .A geuie ral si l ls  es Ill h eLls elated to fh ie
s’st uhlush is ’il s’s S t s ’ I l i  reu h l l i t s ’ l t iet l ts  SS iS ci nnslucts’d, fluis provided ant s’sce llet i u l s e i s i s ’w lIt this ’ basis’ s t a l e  nh

t he ‘a rt an d resealed w hual ire helievesl tin he the t inaj or s’r itlcal prohleun areas . .Aalv u m ice t mu e nuts tm th iess ’ L u l l s

WIlli lt i , i iu this ’ auihitr\ iuptt t i i in,  must great l y benef it the prilgres.S linward IuIat l~~1n uut I) uts ’r s~ n ii h ut n s i s .

III. RI- St I. I S

An Operational lkhinition of Man~(’om pute r Symbiosis

(i uu’ ral l.~~’wptutin1.s lickhider ( 1960) originally d ts cu is se d m t ta tn ’ s ’ m n t lm p Ute r  ss itibto sis i t t  ts ’ i umts  i n)

c (b l l ihu i l t n ig  th is ’ t i nu t ii a h h s h’iie flcial taIs ’ii ts unf tti ’aui aitd coim ip liter hs uit e auu s o f :  (a)  uiu in t t t i u / i i t g  t l i e u u
it is uuin inatiht litics us I~~f~’ uut i ’ aI Parfncrs , ,lutd ( hI a hlocaf iut g tasks t i  t hi ei u m i t t  acs ’ Inrdluttce wit h Ihs’ uu l e s b n e s m t s s ’
tale nits III’ Il l ’s thi c ir  tlk9iif p11 0115 lIt inCottlpa t ih ihit ~ ,is speed m i d  latu gu uag s’ t mi i s u i m , u t s tms ’s mtts h ah i ss I i sss ’S at

5 PF”EC,i DtI ’G PA ~ .f : !LsNKi. NCT ~“ IU - I , ; D



soml is’ l s ’u i i i t h i  their s’ lnill hn a t , i l l s ’ .’ I,’ apabi l i t ls ’S A tew exa tmt pl es tut tlte litter Irs ’ i i )  tm i s ’nt ‘art ,- 1111155 n i a r rm lss
bait d, e rru t u  p run n is ’ l u _ S  i s s ’s ssut hm mutt parallel eh i an u n te ls ;  s’ I l l m l h n u u t ’ .’ r s  mr s last and i,’ l,lir,l lu _ ’ b u t  dil lid’, In ’.’

t h ulmlS ’ ,mI a t unis’ :un msl )b)  litCiI Os ’ t ies ible and catt pr llh!t.llul Ihi s’n i m s ’ .’ls ’ .’ s cu iui t ingemull v liti th ~e bisls u t  ness
u t t l m n r m m i , u i i t t u i  d l l r u i h i l u l ems  Lure ~ir i~’l’.’ u tu ri sh e d m u d  s’I itIS t lL I u t is ’d bn~ th le ir pis ’ h r i l n i ’ l : i m t l u l u m m i s r ,

Ill 5 , u i s i t t e es,Is ’ l i us , nui’sl ii,’ t ’ .’t~ ’ i i s s ’s ili iu lan’c t ln lpu lem 55 nibtu sis uS ssell is i nt ’ .’ i ; istiss ’ e ra p bt ic s psI st,
s’SSeul t ia l l \  I l t Ip hi l s 1 1 1 1  t l l e s s’ t ’ ,m su ’ .  s- liuid e l nns, l)avt d ( I o n ? )  s hus cius ss ’s ml ls ’i u~ t h i  t h i s ’ di t t e i u .’r i s ’s’s hs’ u ss u_ ’t ’ r i  nl ,uu u
and d lm iuputer ,iuus l d l l u te huu t l l ’s I’ l,’lhs’iL iII\ th u uu ,it i et t ec t  isu ’ i i Il,’ r t us ’ ’.’ ml l i us t  pe r b u u r n u  re’ .’ iIdlIIl ’ atid h l m t h s ’l ur nu ’ . lie
ul s u ’  j iit lt l t  omit slllliC ml t h e cuni t si d erat i i ,iis svht is ’hi limi t the e x te n l l  t u u  ss’ Iuchi lilati salt be Illade to adapt t n

this ’ com iu ph iler.

\ltll er ( l” t I n~ I. e it u p h i um s ui u t u g I n I a lm l l ’ t the ps~~hi uuI ~ pis’ ,uh amid Pl1~~5i l I l1 l i~icil s’apahi l t l le’r m i l l  h i m i t i l a t i im u us  Il l

m a n , St at s ’s t h at tIme inan ’dmm tlmp uter is’lationshtip imuuusi he S\ iu s ’ t~’ ist ic 4 ilniIII u ullv rs’iiittu r s ’ttt g) as ss ~‘ll is
s’, um i b mi nt u c (t u uu ll u a h ly bt-n me t l cm al ). lie ut ent it ies th ree cet i t ra l  luuulim;ulu i s t i S  i t les itt pnihletn s ,, ls l u g )  bIIISu,sIIlIi

uS b ulu l I ls ’sts t l l r u t n : t m m l l l i , aild li s pil thus ’s us t s ’s It l i g), and relates t in c a sh s t i t t le  i i r tp h i s ’d Ie Iu u i rs ’ n l i e l m ts  ot  ‘a
mm ia i u ’ t t t as ’ l mi ne p r i tb ~lenu s ,n ls ’ut iu t 55 s t d i t u .  l’ uur  e x aum i p le. b I l iw s it l u! m meces s i t a tes  itmd ividu alii es l sehe dl i ss’ dislIla s ‘ n t
timely t nf o r i t i at i ot t :  Lutist hI S pint lus ’sis t i l r i l la t l t i u t  requires a ilm spla \ ss’bucht Ills t s ’ rs  t h e d llis ’l’pI iu LilI /a tuln t i I l l

apprt ip riatc as’IIt’nS

Su nui t hm ( 1 ) 7 1 ) ) ,  ut i dess’u ibi i ic t hus ’ sle sigui t e a t m u i e s  01 ;uti i t m t s ’ rac t m s s ’ c rap hoc s s v s t s ’IIu t I  s l l h s s ’ mu t uu l i e ru e a l
prtt hle iuts. s i t es  thus - t t l l l I IV ,  ‘ic basic s s s l s ’ iu i  reqlui re t i u e lu m s  displass lut ist  he. (a) ss’lRx p lamm at ttt s and I hi
sel l - h ielp in u c h i s ’ , , must c h eck lise r mu l puts ) .  user ic t iot is  t h u a t  his ’ rs’quir ed s hu t i ut s t be simiuple at i d Ibs iu lu s . Ilte
s s s t e n t t  shtn uld lnlisss ’S,’, ilptitnll il 5i,’i ln ,ISII ’, 5 1  it c amt be used s’ tte s ’u m s e hs anud d l i t i t t u r tab ls  hs a ll m5 ft’s’ or
s’x penet ics’d u ser; and t cs ’dh’as’k shioulsl be priwided t t u th is ’  m iat i  wlu s’ui hue a c t s .  All of th is s s  r e q t u i r e t l l emmts  ss’ill
he rs’e u’,~ Iuts’ h  as sin ts ’ tu i rtu or ‘amn otbt s’r of is - s- l l u lm i l i ostat l i ic  the humun ul ’ s ptIsse~ s tiilu or lack it sap ahmhmt ~ or los
pret ereu ics ’ .

Rut t l i  \ l , its i  ( I  9o~)t inst Ness ’tt t un ansi Rtm gs’rs (1)(n I hui gh il ug hil u npt i mt t a l  Iask alli,s’atii tn as h’.’ irie t h e
is’(hUi smls ’ I ’ l l ,i0 uilt ’ .’Ias’t ise c ra h n l m i s ’s ss sten i ,  \ Iat sa s I l l s ’s , for exiu iuiple , Ihu.u t regardless u t  the Llpplidahilin.
thu ers’ is Li t,’ s’rt amu t um il l i u l l t  (if ’ b u ith i t r ia t u ansI com un puter required: aimd 111 11 l lu is ’ r L i d i l 5s ’ erap ht us s u t i S , l s u _,~,
sl l lu lhmn n ni i !  Ible best ml this ’ s’ :up ah ut i t ies ot e:m~bt by :illoeatiu tg I nks Lucs ’ ’mlIlmlstJ S , S(lII IeW hlat ill ‘. i’ l l t l a S i  t i l ‘I llS
and so~ne s’:ur s earlier . I .me klu de r (I tUn~~) pinintest unti l  , Lu ts ’ 55 year s siuhsequetit t I n  h is i t i t r os t t mct i , , i i  uuf
m m ta tu ’ t ’ un nm poter ss nibm imsis , t h a t  :u s t r i c t  t uSk a l loc atiu nt t is not reall y teasibl e because S S 5’ can not Jul51 d isis ls’ a
tas k lu l t u l  I’ l l  is. lbs ‘Os’SS is limit part i t iunt i ln ic a task in t un: (a )  t ’in~’ detail (co ui i hnut c r ’s j sh ) ,  inst (hi t ine overall
I iii:ui s t l lh ) us riot teasib le because details , bs t hie mit se hs s ’s , are mim eattit ug less , atid winds’s do miot s’\ ist ssith iiut
parts. %~i bi d e s a L ’iIs’ t r l h i m i  tbt e st :undptntit of sugrs’stiute a ptn le tut ial solulion . Liekhider ’s ar tus ’ls’ s’ I l i l5’ .’~ S t h e
nis’Ssaes’ of ‘ ss - h ll i he > s utm l of parts ’ amid pru lv l l l s ’s ‘a ke’s co rmcept in iu ua ml ’ cotn pm iter s m inhiumsi s .

It t  s u u u i u u i m n s  . huith ss unhio s ms ;mtt d m nt eracf ive guap lu is ’s in germera l umre typically s ms ’we d as pru hl eiuls
involving: (a) tu t l tt n tt i it i n g di f ’feretldes het sveeti maim and eom tm pufer . tiiai it hs thmr ii mug lt impprinpnate u tu le r l L us ’e
arid ( hI tn ptum i i a l l ~ ;m tluns ’ ; ut u ti c t ;usks lit inta t i  and commi pute r based tin th eir respective talents , l) isti nctiu itts
hs’twee ii s~ l mth l u u t uc 55 steuuus and get uer ’aI in ter ac t ive grap hics ss stet ui ,s Lure rare I~ , if es ’er, h ide i t t  time
h mt e r ’ afure , A kes p~ imi t tim ’ a de I)s I ick lisler s u ubs eqF me u ut Ill hit s i t l t r tn du uc t i t l t i  sit ni;ut ’cotuip imte r s\ iithmi is is
u ul l ; i lIes t h aI s traig ) i t t t l rw a r d l,us k ;u h lt icat i t ntt  shines nuif flC s’ s’ ssu t t l \  resu lt in a s s  It ihiotic 55 s hs ’nt ,

I SI  511 055 il Il~~lII0h t. h i s  bas is - m dea t u m u  t h e  u peraf i t i t iah de tIn mt tunui ot i’tan—connputer s’s i t n biosis
m tes s ’ liups’sh hi em s ’ mn cau iis ’ t u t u un ‘art icle in’, Jacks (1 1 1( 15) .  Itu ds ’ss’r ibitig ansI rat i ul tm a ti / i t ig t u e  desigt i 01’ it t

illI’.’ i , I , I i S s ’ ss s f s ’ nn t  mises l il I ‘s ’ nm e r’ a h S l ul t ll i s to su nhve : i t i t mn l l u u i t i v e  sls’s tg iu  pt o h le l lms , J ack s IhreNs’ m lIs thue hm m u m u m au i
,ois l cuui l m l i mu ts ’ m  in, iss , s’,’,ts ’ I i i S , e  it,’h l i t ~~ s~~~to’ me s ’ s’ iss ’ rs , zi Prilds’Sstl r ‘atts l t lhettu i l r ’, . ‘ansI t r a t us n t i t t e i s  (55 ’s’
I 1 1111 ’ If I I l ls  s i s ’sS phn m n t .  It s t u lus t ’ . is thi s’ sante as t ha t adoplest itu co nutr l l l  s’s s te l tm  s ls’s igtt aunt atial s ‘us
Rt’ks ’s - I i  - ‘ i t )  I t s  use In~ 1 ,1’. s mu lbi u ~ s hns ’s’ lt ls ’ s’ i in l t s ’s,t of ’ it t le r;us ’tuve gr;mp Iuics s uici! s ’s ls Li muse f mm l  115 015 lIt

&iin ,t itu~’,iis hu i n i ~’ ss i l l hu t l t l s  s S s l i I u i s  t u u u i i i  t h i i m s s ’ SSh i l d l u  ‘are tm u i t i ’ s v i u i hu i u t i c .

J ,t , ks d usc i ms su ’s hu e d u e t  c h i u m a s  te r is t i s ’s iii eac h eott l pul l iet l f  ill t h i s~ h i uuili ’ a tm ;mmtd s’II lll l nm ute i s\Sts’lns his ’
ient ’ ar ks th a t this ’ cs’ tmf r ; i l rs ’;isilui bt uu  iu s m u i u ’  s - isi u ; m I s l is; n lass in i t t f e radl i se ss Sts ’ l r l s  is m m m iii ’s ‘ahilIts Ii Lus ’s’s’pt

v ls tu : i l d~ t~ I is t i 1 n 1n IuS ’ tl I ’’ tu t hue m ‘P~’~ 
if s t ; i t ; m )  mt ,i h u i t ’ l i  rate.  (‘ i in t s m s l e ulmui ’  f i ts ’ ptos ’ei sm ur ss’et iubil of milan , he

rt ’ i mna r ks t Il ut h t t t h e  is kulu iw n u , h owever. im i at l  ,ull lns ’L u u S  f ui o pe i l ts ’ III a bu rst itiunds ’ hue ‘accs’h n t s data r;mpis lls
ihl uh hs ll vi ’ r l t i f l u i l u i a t t i u n  ii’ ules ids ’  iuu l art ,i s t , Il ls — i l ts ’ ls ’ uss’s a hu rst of t n l tu l r n l ’ a t l t unu t t n  tIme d i l i l l l n uu t s ’i. On t hus ’
cu i lliplui1 ’i sit hs ’ , I, isks t liss - um- ,ses Wa ’s s  t i i  is’diit ll hil t shi i t t ’ a I ch i i n i i ’  I/O to  t h e  m u uat i  f hens ’ ,ii’ i u l l  Itlittlllt i/ .iIlf t u e
m lii t u t u 5  s’s between i mi u m ul , imus l s- t um u u p u ml s ’ n I. this sIi t ’ ) ’ s’ s tmui tms ‘at e hi i lthi mlt i l t ltil’ ,i mi tf s’a luabls’ atl Il ses ’lit tin s p rn i ig
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M s’uuull r ’s

I irl Is 5’ 551 1 r

Rs’ceu s er s _________________ I ‘ ,Oi s r l i l i i s ’rs
s’m nu Irs
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I ’gur t ’ I. Man-computer i iltc rac t ise ss sts’uil diagram .

t r o m  h i ts  s S s l s ’ l m l s  s n s’w (if t he s it uu ;uti o n . (OtIs’ mi h t i s  sluggs’s l lu l t ms i ll p ’a r t i e uuhar , ss l uich will he shuss ’uu sse’ .l l,Ii’ .’ n Ill

th is pape r . us t t u include on the computer side ‘a simul;i tesl s hu i m r t ’ ts ’rin uuuelt i l l ry  (h r t h e u m a t u .  I

Rs applying time sSs te illn , v iew ps iimut as Jacks did, S a r u lus l ’~ l’s’s 01 thi;uil .dsnnllnUte l le l : u lhu u n sh i l h ns ~, unu I’e
c,its’cIlr iJ,s’d, It us propinsi— sI th ta t  thucre are t h ree t as u u, Is his’s of ’ re la t i tn i ushuip s . ii) this ’ s’I ln np mu ter is :mit

s’\ii,’ l is l ’  iii oh’ uuia mt , (h) tIm e cotu iplute r as ‘a h i;ui tuuer mIt ui atu , ss lu s ’ r ’ .’ t ime is ’s b n s’ ’.’ i i s s ’ t u s ks I l l e,u’.’ b i  a r e  L i s si glIs ’’.l Slit

s t r ’ a igt u t t u t rw ’ aus l  task all ocati untu : ansI ( c )  niiam i’s’un i u lpm uter s\ m nhium s u s .  I ’ i g u u n e s 2, 5. uu t u t 4 depis’t ss s t ’ .’ u u l  hlu’ u_ bu_

diugrants t I l l  cacti ,il titese tvps ’ s sit ’ i s ’ l a t t en t i s lu ups

In the ex tet ide d tmt a rt  sy sl e lu t Ii cure  2 ) ,  mart r’.’ ’ . s’ i s s’s e x t e r u m a l  ulputs about t h u s ’ t usk ii’ lie ns’ t unt nii s’d
and his umi aj i~r i m l t s ’r :m d t u , l t I  wi th this ’ ct unuputs ’r us tu l  res lules t ij u ib t u n he done m d  i s ’’.’ s’ l \ L ’ ,u rs’pls ( d a l i ) .  I h ius  Ls
a s t r i c t  u i ,is idr  slave r e t : i t u l u m l s h i l j i  ss bls ’i s ’un t ime s’ I l n n puuter  us ’ss ’is’ s’S n h  i t iplu ts  ex es ’pt ruIn’ t l us ’ l u i m u u u a u u  mud ,iets

(responds) only w h e n  rs’ ih u ues ts ’d I I  dtu sil . It t thus ’ j i; urt i ls’ u nt niua ni ss si s’Ili ( I’ t gt m re 5 )  b~n tii s’IlIllliIu ts ’i 111(1 IliLlO

rs’ s e u se cert a i tu e \ t s ’ r iu , i I it ip iuts r e l i t i s ’ .’ lu t h eir resps’ s’ m i s s ’ IL us k s \1 ,ut i ,i~ ts as ,lt l 115s ’ lss ’’.’l . in ,hll i l lt I II l i  t l ~

~Is’ibl lri iuing hits OWli tL iS k5 th us  m t t a l l l t  i m u t e r a c t i ’uI w i t h  t h e  s’u i lh lp t i ts ’i us tu l  re lu uest iii ! l’.’e’.’ IS .’ sI , u i l I s

Int ml r i lu ’at io n arid , based inn t h i : m t i i u tm i r l l m u mt i u l u l ,  ui vs’ r i’itls’ Ills’ d i ut ui j nu u t s ’u ’s lns’ r tl I n m ilzuis ’s’ Ill u s  i i ss mu iL isis ’ .is

res h h mi r e d. 1 m m t ime s ’ n i i h i m ’ l m e  55 s tsnm ( I  ugmure 4). bot h iut : i mu auus l d In l l l p Iut ’ r  c i i i  rs’ul li eSt i t i t , i i l l , i l l tnt l  l n , ’ n l u s a s h

t i th er us ss e tb  as (;u ) respunnisl to  ;m request t I l l  ut i ti r iui at i ’ ni m amid (hI prt m~~ists ’ u m l i i ’ u h :l’.’ s t ’ .’’.I mttt , n illi m li utn .

it li j i l l  Inn ‘ss’ ii I 11,11 lim e pr i m u i r  s dust in t cuuushi ui ~’ I s’~i i lu ll ’s ‘I this ’ t h u is ’s’ 55 s t s i l lS i i’ .’ 1 . 1 )  i h i s ’ ui la~l 0 iS h’~’~ ‘‘t
ln t t i r i t u a t iu n t i  t rasls’d hetweet i uui;uu m , im utl s’ l u m u u l n mu tem ai ts t , I.’sh l m .ills n i lp iu r l a tu t  . amid II~) ss ils’ t l m ’ .’i ,m t i L u i s t i l l i t a l  III

t l is ’ niatt inn tine part ot the etn t u i p uter  is hr is thot , i l sv , i ’s s p c mtmnrmmtcs l  solely i t t  rs ’ s j n n n u i s s ’ t u i  Li is ’lh tut ’st t ’runn i t h u s

titan. lah ls ’ I sut tutu ’ ar i/es t h e  t h ree sS s i s ’hIiS tt i t ermiss u t  t i l e s ’ .’ dls t l i l g u u u s h u u t t g  s’ l l L u t , i e is ’il s ilcs 1)1 p:n t u ’ .u i l :u m
ni tu te  IS 111 11 it us mnl ~ in t ime ss u u m h u t u t u e  s S s t s ’ l n i  th nat t ime s’ tu o t l num t s ’ u uiudeps’nihs’ i u t h s cs’ tu ’ .’ I i t e s  IiI t i n l I u l u? iu I i l  f I l l  Li

r e }  ums ’ st I’ ‘r ir if ii nua f lu Iti ) .

Eluis h nrul l lils s’ lb u n ma t t ’ i t t ’ ach u im te  s S s t e n m  d l L i ssu t us ’ a t l l u u m  ss’Iis’tii ’ .’ ,u l l l ’ t’ .u iS I i  l’ s ’ i u u ,u ’ . s’ u n ud ss i t l u  Ills ’ s ms ’ss s

hruuii g iut it ut m i r ug i tm ~ lls hs Iis’ klider ( l h i u t t )  rs ’g ; m r t lm mu g l n l ; i t l ’ s t n Innp lu t e r  55 In l h ) l 1515 \1 ,’st I l l l l n u i i u Lu i l t  is h u t  it

iru s Ir p l l i L i t s ’s hits ‘w InnI e - - sutmu unh ’ h a r t s  s I i l s ’s ’b n t  I l ic k l ude r ,  h l(, ’i) his ds ’ inamtst ui isi ull ,I i i t t  Li S ’s i l lbuI I t i L ’ sS si i ’luu ,

t h us’ co m puter m o Ist hs’ ~‘;mp ’ah l e h u t  m nde pet lde tut ls m et i t iL ’ , mt ,u 115 n , i u n u t s ’ s’.’t i ss’ , t n thus’  i m s us tnt this ’ 1 1 5 5 1  LIII

s ’ ,S t s’ l iu goals and liii,’ tuu t al ss s t s ’ n l l  s t a t us ‘at ,u m u s  c u s ’ .’ i u  ntonus ’un t - h l ims mns ’lu m ls’s i’ . t u t u ’ lilt thus ’ basis m t ssl u , ui i hie

uu ,uim’S, hunmm p i nttemu t ‘ I t this ’ s’,s le n um us dm t inig ,itts l 11 , 15 s l ui nm u ,’ . h uu c ’’  nt i. u si i l is role un th i s ’  l I t h l s ’I s s s t ’ .’ uu ls , t his
c on rp ui rc r  itt a ‘ss u m t h m u u t m u , ’ s ’s s t i ’ t l t nu i st be ‘able f in t u ; m t u s u u t u t  ri /m u ,I’u ( UnIVI / I iu ’ s ( l  1 uni t. ‘r u / f l ,  ui ts ’ls ’s :uTlt t o  the

uiuua ls if t i m ’ .’ sss t enn _ , mi u mh t t f l ret huis ’sts ’tt ti ti ne ss’ uiss ’ t h u , i t  th is ’ s’ i lnuln n m u e i  i t ili ’ .’lk’il hs’u tls til,’s’ i ltS’S It IS . i h n p uin b n u m L u t s ’
and of pints - ri t ua l hs’tte hlt f l u  liii,- iilail t u i  Is ’s’ ’.’ i5 l ’ It
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/ j I~/ , / , t ) i s l u m i e u m u s h m i i m g  ( h m~ur : iste r is t is ’s of I lii’s’ s ’ I is ’s i f  ‘liii ( c u n i l l l i u t t ’ m ‘us ‘ t I l t s

Ma uo r  Type  of
m n f o r m a l i o n  T ran sm it ted  Mo i , v ,, 1 , 1  lot r,.,,~~,,,, S5l ~~,II

I s p e ol Sy s i e r n  Ma,, to Co m pute r Com f lp ul t r  to Man Maim iO Co , il l l,t t .’ , ,,,lIl,,,lI’, I I  M m , ,

I \ l s n m s l ’ lL  h < c ’ ; u i ’ si Him Rs’s i ih t s  mu l ‘.nc ht \l ’ n u . u i  ‘I \t . 1 1< 1 . 1  ‘ .1
l I t  S f , ’ ( n ’ h u l j l i m t , i t l u u t l  ali l (‘ ul lu i j l l i ia t i lt I mr

I ),i ,u I )~ut ~i h<s ’I I s ’s t I

h 1 . u t n s ’ n I is ’ n l u i s ’ I l l  St , u u i i s  “~. h i  \ l . l t i s .l t 1 1  St ‘, 1< h I  - - n

‘i \l.ii m i<s’i I lu i ’ St I ii n i l ’  I IL l  i ’ll
Sn i t  us

S s :: u l ’i ’i u s hu i t u u r n i L i t i u l i m  ‘i l t u l u n n u u , m l u l i m m  on- I “,‘.‘ b u  \I ’ t t s .ui ,l I ‘.~,. I n  \ 1 os i i
l<, ’ i I i u _ ’ ’,i t , uu Reu lmm s ’st t l m i  2 (‘

un li u h u l l u c i  s 2 \l - I~ . ,

i m I h I l n I u Litlulul h~ s
’l h i u ’ .’sl

I ’ j ( ),‘‘ u ri! I tiu~/ / )- I i ulmI i l I?m , \ l, i iu u ’  Ill b llu ts ’I 55 uum htu sis us thus ’ hun m iui g uI Iss I sli lns\ s I . 1 is I 111 ,01 .11111

n un ‘ i t  i n  I t i l l ’ ’  a su mu g ls’ s i t u ’ .  is’ li t ss st s I l l  ss bus ’ re lt i  1)111 hu n i u :m m u ,un ’.l eunn i lpu l t s b  hu List ,’ t Iu ~’ in Is ’ I s  ‘‘i u i i i m n Is . 1 1 1 1 t h

‘.,ii’.i~~i I l t s  I I I l tL l i l5s ’s’ I” l i l~’ iuilll i ’ l l l , it iu l l l  t h a t  us us ’ l s ’ s Lu mu t  tm tbu e ‘ i ,il s I t this ’ s 5 s i s ’lli. I bus ’ l t l t t I n u ’ u ,i l Iult i  t,,’s c l s s ’ st

Ins ‘ ‘ i i u _  ‘i Ills’ u b th u e u  lilas ‘ I I  I i I L i 5  ulilt h ave hcs ’r n re’.l Iis’si s ’sl. His’ ds’’ . is i l un  bs util e ‘ I il i s
, smub ’,s sI’ .’ i i ls I l l

t l L u m u s l u u m t m n t u u l n u i ; u t u , , n u  is dvi m ai uni  ills n u i ’adc is a t un ,’ I i u n m m  ‘ ‘ I  ) a )  t Ime 15s ’i ,ill s s s I u _ ’ u u u  ‘ u u , m Is . t ‘ f  thus ’ c u l b ! i ’ I l t  ,m iu d
11. 51 s ’, s ls ’ u t t  S i L l i s ’S , ,un ud I s )  h u e  s’ I u t i s ’t lt  ,it isl bnast L u c i m s i l l s ’s m t  t t le i thu e r s iub ’ s s  s i emu l

kes Ss sts ’ mt t  Ret i uir c t rie nts

I mu n mt i  h u e  ‘.ls’ t l i u t l l t n  iii this ’ ln ls ’s i l m s paragrap h ;uins l t i le uua t um i ‘ .llsIllu g uuIsliuil ~’ ts ’,ii u m ’ .’s I I , u ln ts ’ I I ‘I
5, i lu llIs sS s ts ’t u I S u s ’s , i t  Lu pj nea t s  111 ,11 uh l s ’ kes re ’ . l iu i re tuuei l t  01 Li ss uuih i , ’ uu, sssi ’ .’ uiu is mit e cL l l n L Ih n u l l i \  ‘i I l i i t i  LOisl

s u l i l l l u i m e i  t u u  m nls ’ n u _ I u aiuge rel es’ant lumi re llueste lt  i t l t l t r u l l a t i  un. h l ie te Line a i luulihe i I l l  s \ s l e i t l  t i i l b n l l s ’ , i i i lb l hs  t h at
iii he tl s ’ ris’esl t h Int thus cs ’l i’ .’ l L i l  ue’ .l ium r e u u t e t u t

Ihu e stets’l u l u i l m a t i i h i l  u t  s s t u c t h u s ’ r  or n lnt  t n l t m ’ n I I I L m l i i l t t  is re l ’.’s : iu it lilIlills ’s L u mue es l Ill kt i u ’ ss  u lue s I . u t l i s  It th Is
t i a l s’ s h i l l  us ’l~ut is’ e t t u  its g ub : i ls t ’ h t e r e t t u n s ’ , h t i th l uu i ai i ;m iud s’ um luj nlm t s’i u ’ .’’ .l um i s’ ’ ,m 51,111/ s fr ill s i l L ,  I , it u,I
I ’ ,’ l i i ’  - ! ~ t h u  t~i , t  t IlLi t Ilis ’ I t i t l I r u i l a t i t u l l  I ’  be t n L u n l s n t t u t t s ’sl us hu ’ th i  i s ’ls ’Sa i it  L u s h  m u l u u s ’quus’s t s ’’.i i m n i p l u s ’s

ms ’ l l m i rs’ d _ .u l n L ib i l i l s  f m , t  L l t t u m u s u m u g  thi s ’ ,it Is ’ t l t i l t t i  II I thus ’ i s’s’ s’ l S I i I S ’ s l l b m s S S t s ’Il u , lilillls ’i_ liits ’b h, It  n’ .’ i1l l i ls’ut l iii’ , m u
i i !  ‘ i l l  ‘hi I’, 11111, ’ u i f ui / i i l i i i  IS i ls ’s’sis’st ,  Su iu c s ’ thus ’ sI :uta l I t  In’.’ t r : u t m s u u u t t t s ’ st i s  iulu rs ’lh lis ’st s’sl I l i lud im t m s ’ l l n L u te , i  I :uu it l
c . n i ’ l i t u t s ’ s l i i t t t r i u n , i i i l m u u . i t  is u ni h nq ,’t ; i t l vs’ t h u L l l  II In s’ t u u r u i n a t t s ’ sL t u u t  j n is’se l l t : u l t n i u mn a s s , u s  t i u ,ui ss t ll I’’.’ s’ ls ’,irls
iuui sl s ’ us l u ‘iusj Ii’, this ’ (es ’s’i 5s ’ r - Ibis ’ us ’ t u u i s ’ , ‘1,/ / ‘liii fu ’u l t fr l t i/  III S ,ui s’ r e ’ .h iui rs ’si I ~‘i bl l ,ut l 11 1 111 1 liii m ist ‘i llI .ut

ill l i i i  1 ,1 1 1 1 1 m m  III hi s t l I5 h’ h~ms esi . I u uialls . t bus ’ I Is I ; i ltum is ’ t lm at I hue sl , ui .u I ’  ln~’ Ii :mi n suuuu t  t ’ .’ si ‘ii si ll i l l s ’s I t i lt i r l  li ii ti hil
i u u m ’ , i n i s Il ua l it i tu hi eme u it l s co n t,t uum s uu ’ .’ss k muu i sshet t ~ ’.’ I tur the l s ’ s’ s’ l s s’i b lat  I s  is’l e s: im um 1 ’  ss sh I ll  j ne u l l l l n l L t i m s s ’ .

t h m , ’ n s ’ l , i r s ’ at i u u i l u s ’s I l i s I  s c ,  tls’” ,mhl e , ,ii ith s’ , ms i bs  a pplied iu ue:i t ls us rs’m h u l u s ’ sl t l u  “n e t  thIs ’ 1 1 1111  is ‘55 
‘ I’ l it ls 555’

ne’es l ii 1,11) ‘li t’

Il l ’ .’ ,ubu ’s s’ ks’s ss sts’uil us ’Iluutrs ’ m u us ’ u u u s  Lo u ’ s uui uo ,m n u, s ’s l uu i I l i m o s ’ in t e i l l is  Ill th us ’ um e l uu , i uu , t Imt nmt  t il l I l i  th i s ’
L’ ’.’iI ,’ n L m h  is ’ st u l i r e i n l s ’ i l t  f u l l  I i L I I I S s - l s l l l , ’ us ’h ev~u itt u u n r e h u m s ’ s ts ’t i l l l t m u i l u L u t u l l u u  \ u i  L i t l s ’ll Il ut l ,‘ s ’I Inn’ cL u h iab l l i t s
551 ,11111 s’x 1x ’ ’ . t s’dls h’. rs’a l u/ s ’ l  ins l i lm ’ .u l l s  III t lu s ’ sI ll i i ’ , t n: i i i scs ’ is ’ n :uiu’ .l ‘I Il ls ’ l , u n u u ’ i u , u n ’’.’ i’bI’ .’bs ’ t ll e i t  Is

s’ ll t isl hs ’rs’d .1 s l l l l i h i ,u l u i uli ls ’ l i u u r s ’tus ’l u t  m u ,  nul l’ Ii I n tu thu  III th ’ .’un i aulu s ’t tb u .u un i i i  u lu ths ’lns’ l l s l e uu t  is ’ t h l u l i s ’ l n l s ’lli

Iii s i u n u l l i l L t r S  - t b l s ’ uu ,  t hu tes ’ ks’s iS’I l lu l l ’ .’ u i i s ’il t s  ‘t ,i 55 i i l b lt lt l  ss s i s ’m b u ,u s s ’ b ns’s’ nI ns t s ’ i u t t t i s ’ ti ( Lu ) s t , i t u u s

f i , i t i s s ,’i ss ’ts  ,mi md llis’l u u ’ ’ n u s ’s . f b i  gm :mp l ln c s Is ’ s b lnu l h u s ’s , ~mntl I,, I i  l , I l m , ’ u u ,m ’ ’u I b i s ’ss ’ t e l l l u t s ’ ih is ’ u i t s  dn n ns ’I c s’ i I ,u i I uL l l l s
h t m l  t his ’ l ls ’ c ’.’ssl iS  Ii ml  s’;us’hu su ml i s s sh ut I u n : m n  . : u u i  c l l l i i ; n u i t s ’ n  t be .ubis ’ lii h i . i i u s c ’ .’ i s s ’ is ’le s .uiu t u i l u u _ ’ s l l l u ’s is ’ ,l

u t l f u u i l l i , I i l I l l I  ‘s u \ i . ssm ’ m u m i t u i ’ a gs’tis ’ u a l  mevus ’w t u t  s’\ l s t i i l I ’ s , I p,ll’ lf i l ls ’s 01 ,11 ,1’, i s ’ lL i ts ’ t  u s,mii s Isllil! c.~~b u t ut
t l ,t .si~ t hree  1. - s  ns ’t l i l l m s ’ l lue t l  Is,

(,, ‘lit ’ f L i t  Surs s’s ~mnid Iden tif i&’at ion m m ) ( ‘ riti cal Prob k- ins

In thus ‘,s’ s’H m ’ n .  a s lu l s ’ s’~ is  j n i e s e u m t s’t l t i f  e\is t lliu ’ saj’.u t n u b utus ’s n ’ .’l, ’s ,m t ut t , u  s , , t i s l s  lii’ Ills’ ks ’s
i e u h l i l u s ’ u l l ’ .’ u l l S  t u , n  a ss I n l t n i l i t i s ’ s~~sts ’nl. h i s ’ pi ur h n u n ss ’ m l  t h u s  ‘ , uus s’S s~.us I’’ . lc l l uu uu l ’ .1 geu is ’t:i l i iimst s ’ ms t ~m tus Iinisi of
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t h e  st , i ts ’ ‘‘I t hue art and, equally tuhi h nun r lat lt ,  Ill dc ter i uu it ts ’ zmt,d cxp hm m ne lhum n s s ’ slI’ .’ s i t  I’ m O L t s  ‘I i,’Ss ’ L l r s i ’  m,~b i i , . h
seeln lh l m ’ s t c t i l i 5  LII to t h e sls’s e lunpuu ue ntt m l  umta n u ’ e u ntm h h ’uufe r sS mt th i i i t ic  s’s s t s ’h nls

,S’ I,i f~~s Irszn.s u ‘.‘tu - , -rs COil I! Ipu ’ruu ’s I \m s lu m us ’  e’,u1 iahmh it u s ’s to  sLI t I s t S  tes h lli rs’ l t l e t l t s  h u t  s t , t t i l s  t l , i I lss i ’ i S s ’ ls
au ud u ui s’uu u m ’ rus ’s calm hi,’ h n imi t i t t t l rus ’ d tm ut o  t h tre s’ g rluuij ’s di sp h ~u s s . m i lp im t ,is ’~is s ’s . .iOtl t t is ’ t t l u i t S  L1Rk

I I )  /) isp I al .’s
PSS Chiunluhclsls es tn i t i a te  th u a t  as nnmeh ~u’, t~(Y -‘ uu t  m uu i r  ss’ nus u uu\  d,i ta Is i’.’ss ’ u ss ’ ih u uu thus ’ ) u , run m i t  s is ui ,iI

st l nl l l lm (Vatu  I )Llnil , lt ) t n ( n) .  I b u t s la s t ,  plus f h t s ’  capabil i t y u, t ut i ’ at t f u ,  Lmsc e h n t visual t n i f i i r u m ia t io i u  ‘ at h ui g h i i , iius

(J ,iu _ ks , I t) ( nS) , m t t a kes a coui t ps mt s ’ r s lnver t display an e f t e c t m v e  atuti de le nud~mhhe ss’ l s ’s i  u i ’ nm  ,ms ,u mm iean is  Iou

5’ t l uum p u mt e r . t lu—mlu a n u sililul i mliillc , illiIii . ‘St this ’ S L i l l I s ’ l imi ts ’ ,  I i i u ss s ’ss ’ r _ s’ f t s ’s’ t m ~ s’ s m s u m L u l  s o i tmt i umi t t l s ’ a t l u l i t  l i s i h i L ’
slt splays I 11111 utuheset w ith hirtih lelus, ‘Iluese prtu b ie uu ms ,uu mse largels u n i t  oh ub ue  muee d l u  . i su _ , m l i m l l t m i s l a t e i b i s ’
neiee pluial s’i t ’ a r ’ a cts’ m t s tm s s  un f t h e  bnmu t n a nn ,

( ‘‘ nus um lerah ls’ data LOs’ nu s’ aul ahnl e inti t h e visual ps’ i s s ’ h l t t i l n i  c b l L u i , m c l e r i s l m s ’s u t  now aild thus ’ rs ’ su s l t t ruui
m tmi l n l t catj l luus hu l l  s ltsp lim s 5s’lectllu n and designu )s u ’ .’ ),Seuuuphs’. il s ’:utus , ( ‘ illis ’ , ,iS , ,~, liIiuils’ t t l ’, I’ i7 t I I’ll LIII
s’xs’s’Ile tu t i s ’ s ls’55 Ill rela ted resc ’atchm ‘atid f’mn dinir,s ,umu s l s’\ i s ’ ns iss ’ list u i t  is ’ t s ’ Is’ilds ’ s f I ,un i ’ .’ i , i I I~ t h ue I n , u I ui

tas’tu ums w hlch h dirt ’s’t hs a i led slmsp l~m~ ss’les’t i i u t u at u d etu gi t teer im u su us ’ huin niuui,uii ’ . s’ . ssh i i s’hu i u ,i u i pt’r ceu’s’s ,is

brigh tness ,ic cmm ndi n1u t tu ‘a punw- s— r lL iss lu i l i tm tu ’ a m t s’e s’ m m m u t n a s t ,  wiiuc hi is  s’sst ,’ n i t i a hls tue n . m luo Ii slgul al mmuumm u s
hack g rum ur u d l umtu i narim ,’e t i  total Iu i rtit im ~m,uce , lnld lild itmg thi L m t ‘.1 , l u m u u l m i m t e d  h s t s’tls ’ . ;l u_ ’ mt L mnub ’ is ’Iul Iu ’tblu uulS ,
reso lu utmo t m L and dmsplas retresi t  rate f ( i m i i m l d ,  llIlI~~I W i t h  this ’ s’ \ ss ’ h n t uu uu i  m i t  l um l i i i l i , u iLs ’ s’ i ’ u i t ra s t ,  lil ’ .’Ss’

re quirements Lire Lus’ uu e t L u lls ea~uaIuIe , ‘I /m u ’zng saiIs!IemI 11511m g ex i s t l i uu ’  s lIs l n lL ms i ’ .- ’ . l u u u t I l l , I ’\ ~~u th m t hus ’ t uu r t hue i
es _ c j i t t u h i l  m ’ t  ltsj ’i,i~ ms ’ tm s ’sll rate,  t h e  t ’ .’ l lL i I !’ ’ l l Is ’t i ls m I s ’ 11/ /11(/11 i l l ’ s,1t l5 t l , , I  in ii’ ‘ i  e x i s t u tu su  ‘a pplls~m ulmiIls.
His ’ kes l iuS ’s sL ml ’s’ wh ius’ hu c o uch es’s i r u u u u u  thus ’ luts ’ r ,m tnmr s- (I rs ’ris - b m sts I’., ’.,u I ‘~ ‘2 , “s ill, ‘i ” I , Suu t l u s ’uI L ubsI , l ’ l b n l n f

us t h at sh i ’ ~nl’a~ i 
_ ‘Ii s ’sb i uats ’ llre~,’i ul s Li j h i l i h ls ’ u u  t t m m t m u m 5  l I l t i nt u i l i l l s  s’ l l’ .’ ’i u h I I s ’ is’sI iii lh l hs ’ tL i c t i s e  I ’ i L l b n l l u c s  is’ ‘IL

Li)  I )tsj nl,i~ R5u I resl u Resj lm ir ei uts ’ n u ts

f) t sp las r e f r ’ .’ - ,ti ra ts ’ rs ’ t ’ .’r~ to the frs’’.ruier u s’s w tti u tt lus h thus’ i u ’ m~ ib ‘ ,s ’ .’ tbm ’ flu ,m miispl~us us ,t’h t s ’sb us’d ‘n

re’~S rttt s’rt . hi i l , im l eiils rel zmts ’mt tu n i t  ,mnse s~- hieuu thus ’ rs’fte sh u mate  s ~ l I ls s ’ to  h u e  5’ ul tm cal Il m s’ks’i t l i s iui i i  f u l l )
bre h u eu uc s ii Ibis ’ it is Iuvm s I u~m l I luis is t i u s ’ f t s ’’~ iie l t t ,’s Lit 11151 bs’l u n w ssIul c il f lis’ ken i i i  thus ’ slSl iL t l  S u _ s ’ l l s ’ IS

illi t i d 5 ’~i I’ l5 ’ lime 5 t t  us dependemut i mpumnu t I le imu d usisl umLil .is well ,us ss’ss’u a l oth m eu t,l5’ l l I is , u iu s ’ l u uslm m isi u i ls l n l L ls

hrmg iut nue ss . s’ mut t t r as t . ~i mu s I this ’ u L m t u u l  i i i  S l e w i m i g  s t l s t a l u s s ’ tmu sI ms I u l Li s t t uLmu u l s ’ t s ’i ) ( mm , u isl , l ’ l ( ’s . ,St’ u nu l n ls ’ s’t a l , ,
l~)7 I) . W h ile l ick e r  u u u , m s  lie cuum mtr u b l t s ’ s I  Lm t id st is l i l LuS u e t m e s l u  u , i t es  ue lt l udet l  ins us u in n ’  lm nt ig jk’usu’tellc s ’

p huu usp lu ~ m u s , 1 105 Il iull ts the l,i ts ’ at  SSIIis ’h l the slisj n lLis s’LIt i be uip stat s’d. I h i s ’us ’ t l l i c .  thi s ’ I s ’ )  rs ’s hu t i’ .’ t t s s ’h t  us t i us’
p n u t i c m j m L ml pLi ra ll ieter In c t it iImumlIin ~’ hlick eu (Su,’um i p l e  et at. , 1 1 i 7 h  , p. 4~~5 )

‘S u’ s’ns’ ra lls ad ml pte s i rude of t iuu uu ih is t t i  rs ’l ’res hu t h e dis hil Lis Lit ls ’ L iSt 5 ’ s  t i m  41) h ills ’s In s t  st ’ s , Iu is l  Ii’ ,is ’~ b
t lm c ks ’u I I)s’( • reetu e , I 1~I7(t). It t I l L i S  Lupps ’Lmr s i t um p he e m ui m ughu to u u us ’ me ls L ldum pt t l m m s  omIt ,’ I I I  t I l l u i l l i n  L i t i s t  Ihi u is 1 5 5 1 1 1 5 5 ’

h i s ’ j n r lm i n ls ’ l l l  w u t h m u u u t  f m t t i t e r  ad tu . II lbss ’ s’s- s’r , itt ifl it it i lt i l is ’ l i s ’ s h i  ra t s ’s Lirs ’ mi t ts ’il l’ .’ t 1 l i l i s ’ ’.h i i i  h ig h sls’iisi ls
d~splas s ( 15 ’ u_ Ills’.’ t huer e is all u l l ’ - ’ .’i ss’ re l Lm t u t l n u s i n i p  helwee um t h e  is ’ h i ’ .’ s lu  L O s ’ LOtsh ti l s’ nu liibs ’ i ‘h ~~~5 i lls ’

s’It,’ i mi s ’ t i t s  u hs’ s l ts j n l :u Ss ’tl ( Ss ’im ilnls ’ s t  Lil,, I t)7 I hi 4 1 I ) .  i’liis in t i mr nl us st I le Ill h~iru s t ss uuillu l u u l l i i L l i l u l u u s  f u l l  huts
ls’l s’.’ s ’i u , h )  ‘I i i  tilt ’ s’mm i l l l nuuts ’r ml ls j )ILiS ssst ’ .’ h li u t ss ’ h t ,  ‘S t S  hn Is Lil n u L u u l u t s ’s l~i t 11111 t ,t  thu s ’ j nmu ih n hs ’un us dess ’ n u hni ’ ,b Ins
I u s t u s h u  at ud Is ’~’’.’i I l1i 72 )  s s h u m  s i t s ’ Ib i s  k m ’i Is thus ’ nnu ~m I m l i  h n rm lhnl e o u s’ns ’l u m i u u t s ’ ms ’’.l muu ds ’s s ’ h u upui is ’n ut II .1 n ’ n , u h l I i l s , I l

u nn’ l itus ’ lesu e uu s s s t s ’ ’ n i . l h i s ’ it  Sm 5 I’.’ I l I  c , l b ’ . I u _ i t \  ,mlhu , ss ~’sl t hus ’ st u,u u ’’.’ I ntl ‘ .Ilsl’ ILIS ut ’ ‘ 1 )1 111  s s ’ s t , t i s . b i , , s~ ,’m, s’n ,

Ii us - ks ’ r l I s s I l  inst1 ,l I ‘st i t )  Ill ’ pr l t ls ’I i’.ml s u 1 1 1 1 m m  ‘n Is ’ s l i i  uh i l s ’ i l  tl ’.’d t o  h l s ’l I’ I , ‘ Sl  mI s s ’ I Ii’.’ ul t s l n l L us i s ’l I s’shi j ’ i  I ~hhs ’ 11 i ’
well is sm ’s, ’ iL l l  m , ths ’ is  is  i us’ .’ u . i s i m ’i su _ i i i  u l i s i n I L I s s  l L i t b l s ’ I  I l l _ I l l  thus ’ 1111 11 ’ s I I i I S ’ .’ i l i l m l i l L i l  u a u i u l , ’ n u u  s I n  t ’p’.’s

f (  ,,, uih , I h’ m u ,s. J m u u u h , u i i  ‘-s it ,ut  lu l l  I ‘I ‘ ~ ~‘l mi , l( , mllL , -S ’ I l l , Sh l s ’ j n l l s ’ l t l . s~s S~’iuu ~u iI . I ‘ I t !’

(hI i~,m st s ’i “u5 ,lum ( .m l b u m l u i s ’ It _ ms Ium bs ’ ) (  R I  l ) iS j I l L i s s

Ras ts ’r “5 ,I t i  iS ‘ I l l s ’ t u t  t i s s ’ ss L i u i l l i i i I ’  i i u , ’ l ) m u , m i s  liS’ .’ t l u I  , u u i l l l b m l u l ’i  u I,u i , i  u i is l I l L ls  s f 1  ),I s u s , I t i i , h i  I’ 1 , 1 ’ )  It is

acciinut plishuesl In’s ~t m ’ t I ~’ htnn ~’ tI le s’Ies tu mmnl Ill _ O I l  i u ’ ç b ’ .’ t l i l s ’ lS  ‘s , . m s i n ’ s  , ‘ t  h m m i u/ ,  n l t L m l  lull ’s flu Il ut,’ si ’ .’s” i l l ’ ’
Ss’recm u and un ts ’nu su t\ lu j ni m i t  ti i l ls  of thus ’  l in es m u  I 5 5 1 1  uilss ’ II’ in j n iI l  s I  m l i i i  u l , l nu ’ . Is , I humus , l i l t  II h u l .ut it uuu It S us l i  1 1 1 1

x , s ot t th e ss rI ’s’it us um pd it l ’ l t  m a s h t u m b l e  t h m I ’ s’ ls ’c t n u m u i  bs’au l l  s c L i u u s  l u m m ’  s ( I l i i l I ms ’ n , il I ’S s’nu~’h ’s s t u u t , ’ n ) , l s m ’ m t

— r ’ as ts’ n s s i um im in m f ! . , m tuu l I t  5 v.’tt hi t h i s  ts ’d lu i l t m l h ls .  IliLil b s ’ t u c s h m  it t ’ .’” u u m , i s  In’.’ n s ’ h u m s s ’ l  I u n t ’ n l , m , , ’ ,I 5, , t i l u b i u l ’ I, ’tt ’is t I l

th e t e s  bloi, h ull ’ iii ss L m t i t l i t i  I’ I LitI d mm 1nd:ml i l l ’ t i l l ’  inn at Ill 00 f ,u lt ’ .’ I In m l ,  l o I s ’ s t n  ‘. ‘ , is hi t ‘ I 15511 s l i , , , s ’ s sl  Sm ,’ l ’ ,O ’ m ’ s

sktw nt the S s u l ’eli Ii s’ . ,  h’ls’s I. t S  s’ t s .  onu ‘,ms ’ I ,iilt l lt ui~’s .~ - j  I~ i l ,  m I l l  1, i ’,s .‘ I

Ills ’ ts’ LlSm ‘ u  t i t ’ a t  i t i rerI ~mc s ’ d ss - ami  ca n u t es l ums ’ ’.’ us ’ t h i l i t s ’ ’.t us ’ t n u ’s l u n u ts ’s us ul lu s ’ t I ’  h I _ h i s  I’u ’ u s u s t t ’mic ’ .’ II 5 151 11
(t he tenden cy t m f r  a s eiu s, it iu u l l  tesultuiui ’  h i m u u u u  ,m v ms u m ,m l s t u mi u im l us to  e i i u a i uu , i l Is ’i u s ’ i i u u u s , i j  ‘II this ‘ i l ’ u l i i l l l s )  I ’
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t , i s t I l i , m lii’s t l ms ’ s i l l s s ’ I h i m m \ I I u l i t s  u t  Lm sl f L m s ’s’ii t s’. ,IlI h i u u s ’s , is’smul ts t i  L i l l  ‘.‘ t l s ’ s’ t m v e  rs-I resh i rats - in au in it e r las s — d
s ’ . all 55 s i u ’ n u u  t h u m I  is h i m ~’ hi ’ .’u t h i , im i thus ’ , m s ’ t l ua l u ’ .’ t  us ’ s h i  rat ’ .’ m u )  s’ ,lc hi s sr ee lu e le uu ueti t I IllS , Li L’S ssSte l l l  ,ustu m al I~
iIbl m I , I t m ’s m,’~m cht sl l s b ’ l,usu ’tI l ’ls ’ u ul m ’ m il ii ,u i,l tm ’ It I ) )  j ,s’u s’.’ ’.o uu ’ .t , tIll t h u I l I l u ’ t i  t i l l s  us hs’l , m ss t 5 l n i c L i l  s I b ’ s . t h i u _ k ,- i  is

it Lip! ‘ I i  c u l t

“ni - s ’ .’ u L i l  I l t h u s ’ t  , i1lS: m l l i , l u ’ s ’s i i’  n , u s i ’ n  s c , Im l  lhl s b ml L uss I l l  l i l t i ’ i L i c ) i S ’ L’ n i p h u m s ’s 5s’ lm i l’ , .Om ’ lh l ss l i sss ’ lh his Jmurd . u iu
,iuiu l lt, i i i m ’it ) I i  4 )  ( ‘ iuil ’ I , t i l l l ’ h i I ’  t h u s ’ini , .l i nm l ml ~‘ n ’ . ’ ,m l  ns’ls’s , uu u , ’ .’ h I  Si I’ . ls’s j l I i ’ . I i h  1ls ’ s s ’I ’ l j ’ ’ l b s ’ i l t  , l l Is l  Oss ’ ‘b
ss u i uh n umn t u c  ss si,’ nn s , is this ’ c l l s t h i s  I l l  I - ill s’ \ , i l l l I n l ’ .’ . III 1111 ’ .’ II) Ills ’ s’ L i i h i s ’s l iis ’ .’s ‘t l . us t s ’l “s ill ‘ .t is l l ILis S h r

iilI’ .’ l , i ’ . t h s ’ l ’ n , i ; ’ h l Ics (~~1 n hiuu s’t LiI,, l I ll,i ~,) 1 i l s ’ t s S I I n k  m u i  ts ’ im th is j l l L m s s u l l i s l l l m ’’, \S ,1’, hs ’ s ’ l u i t s’ m l f u r  less hh uL iu u ‘S ’ s ( i
t h l l ’ l u s ,u l n t l ,  .\ s lu l l i l L im  im , ’uss i ’ u k lisl i lt ’ l L iilll m Illl s c L u l l  s’hL i r L i s  Is ’i Lm l u t i  5 ’ .

,s t i l i  I’s’ it s ’ b , u l s ’t l  t lIs l l l . iss v, ’ ’ i u l1 l  h las s ’ c1,5t

t i m  mu l l  S LI Ill t h u  ‘ 515 ,0111 Ii, S “I Ill I Ii ’ I - l’,,Iuu ~~,

‘ S i u , t h h l ’ .’ u s i I ’ i lt h i s ’LIil t LI’.l’,L II lI , IL’ ’.’ is t h n L m t  mlIn taj Ih iuit ’ L i in ’ i n t b hi m ms t m l  rs’ i l l m u s s ’ b l m s t t i s ’ ul I m ni e ’ , Lu mus l surl ,m u ‘ .5  Ii inn a
j n l , ,  t i m n s ’ , m u  in’.’ ,us s - mml l l b n l u s lu ’ .’d s c i f l t  l u t t h s ’ ‘.‘ s t r ~i s’ t t i t u t IiShilL’ Li i L ms ts ’ T  di s j n l : u s  I b u u s  is hs’ s- : u uuss ’ th i s ’ iilll r u. ’ ‘.‘t t l , , l s ’i l t

Lil g l i n m t h iuu l s  L mrs ’ s m u m i u k m i  t m u  t I lt s’.’ requuus ’st 1mm t r a mus I L i l e  t h e  s tatudLur t l  x ’s pi’ .’~~~ ’ uts ’s c iu p t i u i t l  it i t t i  ‘a l, m siu ’r

t ln rumu L m t

l”hui,’ ttma ~or d iszmsl v ali mL ll ’ s’ mt raster scant disp lass i.~ Iluat sc~u n i c i um is ’ .’ ns m u m u u  teebnus j ius ’s are rs’ h uu ired tun

pert(nruil the tra n ishat i u nit  I rt umu x~5 fun raster t ’tnr t n’at ( \s’ ss i tuam i  & Spr t iu Ii , 1117 \ltlI , 1 97 1 ). Iluus sail lie
accom plish ed usiitii scan s’ Imnve r s uu mi u hL mrslsv Li rs ’, hut the s’iluipmllsl ut is tL m irh \  c t uumu pl s ’\ , asts l i t tg II’ I s e rzmt l
sss ts ’ iun s’ mms t and re liability pruih lem ius , ‘f l ieret lbre scan ctnuuv s ’ rsi i nt i  us i i lnrulla llv Lmes ’ m li ul phishu s ’d lisl i lL’ 511 11w- Lir e
tec hlt i i l luies . 1l1 is , tn t’ course, ~mds ts hu n t he couil puitahi . ‘tial load, Several scan s’mmt l vs ’rsillt l ak’ m n t lnns Lire :mv LuilLuhle
and Lmr s’ discussesh in a suhses ltuetl t see 1j un11 tnt  lb is pLiper. I IinSss’ ss ’r , it will he ses’m m I bi tt scan s’lt un versu tnu n us a
s r  I cal pruihlei im ~ire~m ’

(c i  Randotit Scan (‘RT I)ispl’avs

h)espif e their h igher initi a l cost , It ighe r re fresh rate requireu lleuu Is . amid thus ’ LiSSlidi ats ’d disp lnmy stemusi Is
l imttati ons discussed prev iul ius ls , randutitt scan shis InI Lis S hI L i5~ heeti mu sest tL m r tm lmnr c wislel’m iuu tIne InLis t tunr
ct uiuiputcr grap buu us applica tions th an h ave raster scan t~ lies, ‘I’hiix m’s prmnbabl y sine lsi~ (a )  Ills’ lack i t  tu s’s’sh i m i
scatu duin vers im un . ( h) exce l l etmt h ardware character arid v eel in r getierLitio n capabilit i es e \ is te i u t  in ra uud unuii sc,ill
shs p hL m\S , ari d (c) bti gh cou u mu m merci a t availability ‘and ‘advert isemmu e nt ,

I Imnw s ’vs’r. in 1971 , Null Iiredidted a distinct trend awa lroiii rnitidtn ii i se:mn stispl,is s In ‘t  ss’veral
nuntewtn ntIu ~ reason s, At Bell Telephone t,ahor’ator ies, Noll and assl ls ’iL u te s h ad, f u , r  s tu nni e 5 s’ L l Is . llSs’sl a siui uphs’
di) t plot tw ig C’ RT in nan ‘m mt ’ac h mi ne s’lm m mt ti ’uutl leaf imin rese ’ar ch u , The reLisl ‘mi h a  rsi sS Lmrs ’ 5 s ’ C 1 1 1 1  Liii (I s’ll Lmr ’Js ’ ts ’ r
gen e r ’a t mnrs were tim i t used was heca umse tnt ’ t h eir expe mise ansI Lmss l n c l L i I s ’d re l i:m hih i Is p rmn h lem nns It hic~ ss s’ rs ’ ‘a
‘‘elu t i t i t i uinl tY Souiicc ( It  frinuh le ’’ (“u u m h l ,  197 1 , P 1439. l’hue (lIlt p l suftit is ’ L i j nj n r i l ’a d b b sS aS t l l’ I  S ’ a t i s tL i s’ l l l s
however , due Iss t lteker probkins encos imi teresl with u h igh sILuta deui sil t i n s  ‘ . 1  3,01)0 slots) Lmn tsi hits ’
cons iderable cu nre storage rcsluirs’d It) humId eac h \ -s co unrs l inzmte pair. I’ I iere litr e a sca nt iies l sluspl Lis sss t ehlI was

inipleittet i ted f u r  use wi tb i  a si gn it ’iean f resu lting t t m m p r o v e i m i e i t t  unver th eir pre’~Il mus s 5 s t s ’ Ib l  -

R’andm imii ss ’ L muu (‘ R I ‘ ! l s j n i L ivs  of Li wide v ’aris ’ ty Lire co mti t mi s ’ rc ia l ls  .isaila h ls ’ i t t  a lu u g li ls e o umi p e tuu is ’e
mar ket,  ills’ S t t l Luv  he h’asie~m hl y s- lassit ls ’d ~mcc um rs Iimig Ill flue us 1n5’ t uf  it t I l l i l l iL i l I l l i’  h u u ’ .’ss’ l l t s ’ st Lil phiat iuuii i er ic .
gr’aphuuc,  m l r s i t l iat iuu mi dust i lLis s II ) L m s u s , I 9(n t ) ) ,  Iii Lm l p ht au ulmu i te nc s l isplays. ah phu~m uiu u ui ieri c s ails t sm ihiie sym iihtn ls Lire
presented i t t  p:mge I’or u u t at miii t h e  (‘RT , Iti gta phi ic ’ d isj n lLi~ s , l imue draw iutg s’apa hnilils is added Itt an
alpl u ’a m i umt te r ic c~m~n~m hiIity. Sit s i at i im ni  displays mtm ’.us hm ~uve e hia rL ie t er i s t ic S ill h i t h u  alph uat uiuu u u s ’ r is ’ atts h grL lj nh ic
displays i t t  ‘addi hl un im I l l  ant ‘added c~ipahihits oh p reseut t ing  sou ls’ t o r m i i  t u t ’ has’k g rmii unst stata (e.g. . radar or
smnnar)

This ’ 111,51 cm umum uu i uu nn  tY pe muss ’sl iii iit t s ’ u, is ’ t IS ’ s’ L’iLil) Ilics w unrk us t h e  gm a p h u us ’ t s Ps’ (‘1< I’. t oil s’ uus f  is l , m ig s ’l’,
a f utict iu lti I t  this ’ bia rdware i i h i t i uuuu s Liv Im itI mble , Iluese ittch u’ . ls’ sca h t u i g ,  /m n t i m It l t t g , amms l 21) at ist ~l) h itme rumtatmo t t _
plus variable umi t c i us i f s ’  I t ur ‘achiievt ;ig dept h cuei rug . A rs ’ Sms ’sc tnt  Mut u is ’ 5 1 15 51  h Is ’ u s pis’~il gii i lhims ”s dispILis s Is
provided by I)avnd ( 19(1 1)) I) tme ho t h e  wumls ’ cuitti pet i t iss ’  market, t h ere Lmp lns ’ , uus to  be m m ’  i i ml m er e itt  pruib lemit itu
obtaining ( Iun r ‘a buries ’ ) LI randuiitm scan (RI ‘.Iis jlI.i s suitable Ilir a speci lis’ ‘a hnplis’Lit itnli , gt ’— eiu t hu,u u t l us ’
ap plication can live wi th i  t h e  basic data ‘.Is’ u i s i ts -  h i im u it a t i u in s ‘and assi us’ m ats ’sl us ’ t m e s h u  res lli i ls’ I lm ’ .’ i u u s  u ilm ,’ t i t i t n nis’sI
earlier ,

(d) OIlier Display I ypu~’s

Ot h e r  (‘RI’ devices are ‘available ( e g  - ‘  flat p’atie l displays atist sh red view sf im age I uu i n m s  I Iuu SSs ’ \ ’ .’ I . l u l l
various tCChttlitL aI teL m su nt i s , none have as’bievs’d t h e  liexih ihmtv , rehat ivel~ l m nw s - m u s t - ansi w-~ It’ . iS LiI ILth t I i tS Ill time
cu inuve nt imu n ia l r L lsf e r or random scan devices (‘ un mi u prelus’iisive reviews of ’ 

~m l te rn iat ive ( ‘RI sls ’s ics ’s ‘are Int ims id esl
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in Davis I 1 i ) 11 m ) )  Khs’ imi uatt ) I”)In9 k aind \s’ sS l i l L l t i  an’.h S I n i l l i u l l  I h ’ ~~ ~). I’hie ‘ . t u u ’ . s  I V Ies ’, s i i n u . l i ’ u ’ tubs’ , I t Ir

s ’xa tttp hs’ . appears at f irst glance to hnttlvi d e a h htm t e t i tu .u h 1 1 1 5 5 5 5 1  Ill t h im ’ re~ t s ’sI n n uml h ls ’ u l i  l1’.’ u , u m l ’ ,u ’ ii 5 I f l I t , i l i l 5  Li

bud I ni s t l  n u . m g ’ .’ gush ln e luitm d time f r I  m u l l  ss rs’eim . I lm us ’ , c’s ’ .’ I ss’ ls ’ C is m ’ c r , usu i n , ’ if ss ’ rs ’ ’.’n ‘‘Is ’ ti leil Is is m i l l )  I il l , I I  n tnt
iuiipo ssihls’ (Ne~~iluLit u & Sp nt i m ulh , i l ) ”5 )  . ~m n m s I pic hu mi e m l uL ihi ts is ~~~ ciul i uj l .m us ’ m l s s mu hu t h u L i t  ,i ’ .Ili ,’vs’ll Ins

u m n u scum t ion al rLflud ouiu ‘alt si r LiSts ’ r 55’ ‘alt (‘Ri’s .
h itginieenng sle ’ s ’ ehnj n i ims’nt ss’ .nik mu thus ’ display area is , ul n m u m m d L in i t  , us i i i iu ’,i u t  In c u \ In n ’ , t ’ .’ I  th is’ I ’ ’  t In ’ .’

pots’t lt iat n mu an ke t  for  int ;n ru uvs ’d dls inl.p, ds’s’ics’s (ci hI 1.1 ( ‘ u n m u l s ’ r em m su ’ . t~ 72 ) I lu ’ s ’ , s ’ Se l  i t us pri l u ul n I ’ It  ml

thtc ’ ’~,’ int lier d ms h n lLm\ devices will um n ty  ,is ’ hus ’ s s ’ time ss ’ is , i lu lu t s  , lt u s~’ ‘.1151 .111 th s sud e ,‘t ulluuul s ’ n us ’ Lil , i s L m l l . t b m l i l t \  ut

t tte m o re s l l l I ss ’ t l t i t u i ual (‘RI hsp es  a t i un m ulnem u m l s s ’ , mis h m m mtn i I m lSS , h u l l s t l u , ,’ i m s’ ,i I ’ s ; ’ n s ’~i I  is ’ ’ Ii

ti iait ’co imu puter ss tu t h u tutuc s5s t s ’ mi is . m l it lucduils Lit Lull , lies 511i t 15 ’ t u t lIs ’ i l l till I i u t i i i ’ .’

( 2 )  Input Deu ’iu ’es
If ti ters ’ is~ mns area related tub in tera dtu s ’ s’ ‘iL ip lllus IluL i t lu:is received as tu ’ius’ bu L m t t e u u t u l ’ l u  is si s ui ,uI Ii ‘ ILl S

t ec bi n i imlt ngs , it us itiput device techn ti oho~~’ . Inpu t ds’vis’cs t idier f l la ni thus ’ IL m u t t i l u L l r  ks’s I n u m L mus l s’ ’ aml 11’.’ s’ b L ms ’,It ls ’d
ac cunrding tin whether tIle S let ust themselves chiehls to puniuit it ig , I n l ms i t im n u uim lg .  mur drLu ssltlin I \m’W ti l anl ~ Sp t u  n I b
197 3 ). \ lost of t h iet ut are better Lmf one of th ese tit an t Ime unt b ters . ‘[luer m,’ l uure , whum l s ’ Li eu i ils ’ct u s ’ .’ s’ a1 m ,u l n ih u lv  I n n

all three basis’ It i lmulLin act i t nnis s’\ i ’ s t s  (po intiinsu , pusititliuing, and sl rLuwiti g) , l is s ’ m i t  ans minis ’ tn;lI ui
u,sualls resu lts iii a degraded ca pLih ih lts t t ir  mImic mur 155 1 III these zms ’t itu uus .

(a) Light Pcui

Psnssihh the most commonly used input device is tIme light pe’t. Tluis is prit uc ipahhy 1 ~ht n iutt i t ig ds’vice
consisting of a photocell and optical syst ciii whtichi locuses in It) I LiulS I gilt in I hue peti ‘s tls’hsl III 51 s’’~’~ -
sw it cbn ott tIle j ne mu is used Is) shutter light to the pit untocelt wheti desi red,

Output from the pen is ati iptit’ied and fed It) a fl ip.t lojn which catu he read and resef hs time c m l i t t h n t i t ’ .’ m

Thus, when the pen is used for pointing, the t’lip.fltip must eit h er he tested du mni t ug the rel res hu cs cie alter
displaying each) point or sensed through an interrsmp schieutue. This’ linus ’ requiresl ltir thu s’ lk’tm t m l  sm.’I thi s ’
llip’Ilop becunnies critical , because if this little exceeds the titmie it ILikes 111 exec u te ‘a t h isph as 11511  iis t iu in

Is- pica! s ituatiotu I, incorrect data will result regarding thte display elemm ien nf at w h iu ch m Ills’ PCli is pm i u i ut es l
(Newman & Sproull, 1973) , Therefore , m ost unf the work iti ligh t  peit tech mto hu ngs dii t i cc runs a t te i l l  It s  I I I

ach ieve faster response tir mues from die pen . One tec h n ique is f u n use p l muu 0 um imu i hi upl m s ’r lim bs ’s I Iim g hu ls s eu l su  i vs

photocells); however , they are too bulky to he h and held and the ti ghuf m mmu m st he II Ic ll sm ’m l itit II th ie iit u s I ng  a
f Iber optic pipe , adding to this ’ csnmu nplcxity arid cost of the peti . A ntmth ter var i atmu m nu is tti use tu .uui s lsi u in Is pe
devices, These are small and inexpensive bul h ave a 511155 respllnse t iuum e ( I  III 2 mm um smm bse c i u n ts l s  ) I’hi’.’rs ’t ur c
they are suilahls’ m u l l > f u r  slower displays.

W hmeti smsed t m u u  positiiinii’ug u m r drawing, the lIght Peti re (hu ius ’s a ps’iu t i L i s k u i l L !  1nll l~’i. iiui s’, h iuct l
continually Ss’ t lSs ’S this ’ Pen ’s pm)sit itiil liver this ’ Sc ree il , Rapmd t t t m n vs ’ i i i emm t l I t thus ’ tn etu s,III s’au iss’ thus ’ t t ~ms ’ktiti!
prograum n 1(1 ‘‘get lost ,’’ So special tecl tt i iquie s ‘are needed t o  hiatidle t lu is , as ts lt iu n ’ I I ’  s’mn u m i hn l uts ’ r hna ’ . hmu ie and
so ft wa rs’ cmliii pls’ s i ty (Rundic , 97 I ,),

[he low cinst u u h thus ’ ligh t petn ( ~I ,500, ( Machover , 197 2 ) )  prtihLmhly e s p lL m i u n s i ts Inui pl ula n if > ansI
widespread use despite a number s)f disadvantages associated wit ii It , I his ’s’.’ i i mc lu i ml ’ .’ ( i i  uti na tmm n, ih heeling
wh en held itt hand, (h) lack u I  precisunti due to  pen ’s a perture and s L i rsi i lg sl isu L mui ce frm uu iu t h e  screen , ( c I
experience of fat igue wh en used with vertical (‘Ri’s , (di stow I’.’s p m i mis s’ littl e. t m  I Il5’s’s’sSl is f u r  f rs ’uills ’r t t
buttun’pushiing, arid (I’) mnconmven ience ti tcurred by t h e  necessits to att Lich i t t  by ,i cable tun c m n m tnp umts ’ r
interface equipnileni ( l~~

( reen , 1970),

(h) Tablet Based L~~vices

,lwustie I’u ’, m- , and 7’ablt ’ts , Itiput devices wh ich ‘are based tutu a cu lu ms l t c  mLmt hts ’ r t huLmn uipt ical
principles have also been developed. Apparet ithy, the in itia l mot ivatiti n I m m u  su ch ‘.It’s’ucs ’s was t hus ’ tac t  f h tL m t
light pens cannot be used with direct view st unrage tubes , ‘a m id it was desirab le ut gs ’nts ’ ral ti n intake this ’ pent
po~ tion sensing independent of display rel ’res h (Mac bowe r, 1972),

The earliest acoustic device was this’ Limmcoln Wand develunpe d in I ~Hi t I  ( Ns’w t it Lint ~~ Sproum ll , 1~~7 1.
This consisted of a hand—held ultrasonic transmi t Icr eitii ht ing soutid inuilses lnt s ’ked u p  hs h u m  uui mero p hiones
at the fOUl corners ol the screen . ‘I’hiis allowed input iii ~ diti lens l iuuus Ins cals m m lat i n g this ’ Inert ’s x ,s , amid /
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‘ . u um m r d u iu , m ts ’s as a tumi e tm i n n i  u I  this ’ ds ’ hL m\ hs ’ Iw eeuu so u mt ud hilitse l r a m i s hnu i s su , l uu  ,u mm d rs ’s c l u t l u l m n  I lmu s ’,s’ ’ ,e r ,  thus’
ca lc u lL i to m mm s res ismired were c s nlmm h lhex amid co mn su t mmed tout u mi u m ch t s l I i l I nu i t ’ .’l l i t t le  t m l  p m m l s t s k’ mum ‘.‘ l l u s u ’ . ’ i m i  ss s t s ’ i i l

‘s un itiiinrsnved device is this ’ Grati h’eni S ml t i l s ’ l)mgitui’ cr , is ’ ; mm lLmhh ’ .’ cuum i i u u u e i cm , m l l\ th u rll lm gh m “msil ’lu ss’

‘ \ ‘ . s s’ ’sS ’ I l ’ .’S l) ivism omi (Ns’wnu ’ami ‘.~ S~nnunu hl_ i~)73) . li ums cu mt u ’ ,ist s iii s t i l t ’  t t ui s ’riuii l u umui es Lilm i u c w I  , m I ~,m~ s’ i u t
s’dges Ill Li tablet , I’bue su slus hi~ms ’,m j nmecs ’ of ’ s’eiL mi n i S t u tu u ut i te t l c lmtse t u n thus ’ fi ll , L mi u ’ .l Lit ns’y u il ,ii utut s ’ m s~m Is d u l l s  Li

st’ ,iik aciunss the ceramic s ut t L m ce hetw ec ui  two s’Is’ c l ru l ds’s h ums pulse if 511111111 iS lu cked Il~ hs th i s ’
t inicr ti hnh tOm ies , arid twI n  cout i ter s rec mnrd t hus ’ ds ’lLmv between generat iu nnn mit this ’ spark and is ’c s ’ t n t n l utt nt thus ’
ssnun d pulse. line ds’s ’t s’s’ aisun w uur ks mn 31) and is this ’ tliost succs ’ss tu l  nI sui ,’Ii u l’.’ s ic ’ .’s ulliS ” av a u labls’ Liii ’ .! i lk’
u u tu l~ 3 1) Input device cu iit i nlls ’ rs ’ t Lm l is available ( Bu urtunt i  & Su th erlan d, I 974 I his s’,,’ L m k t i u ’ s’,’.’’, LO u ’ t h at su n ui p hi ni g
is him ui it es l t u u  100 ps’~ ss’cunttd ; rs’splli uss’ limits ’ us I i i t i i ted I n  thus ’ I re hLm t l v chs s l mi w) speest mit s unt im t s t i i i  air , ails ! I t s
a c e u u m ~m e> is iiit iits’d Ill I m u  5(X) slus’ Ill air nuii l ’ ,s’ in is’nI 5’ S ’ .’fl u I  Li (t lu is ’t f l l m m u u m  I hl uurt uu t i  & Suithl s’r l L m t usi , 1 1 4 .

2. I nltai,’e ( ; ru m/Ic ’p u, ,Stu /u r s  I d/ l i S t ’,  I htei’a,’ dev iss ’s Li re I t ies in ss luu c h i  tI le si s Ins is use d t u  se luss ’
pots ’m it ia l m ’ m u  thus ’ surt ’acs’ um l ,m t L i ) n ls ’t L- l l ims t s m i n g u nt se l i m icuum i s l uctmur t uiat eni ’al , [lie S’s c uiOrs i i i l Lm i s ’s Ill t his ’ ‘ 1 >  Ins
are t im e n u dete nui tmin ed In> ll us ’as uni mm g th uis ptit s ’m itiuI duriu mu ’ time limits ’ h)erm uids iuu ss hn icl u it bias Ins ’s’uu  ap~nIi s’d hu m
Suit, ,,s’sSIVs’ h iu u n/ ’ .u lmtL il atusi vs’r tm c Lul l iuu s ’s as’rus,s Lmt l d uh m m s ’ , mi thus ’ ss’ m m n icul nd umctuu r s hies’ ) I “s’s’ milan & Spr lmu hl ,
197 ~) l’bue juna ju ir pruu h lemlm w ut b i  suju ‘.ls’s’ tcs ’s is in t imid itu g m su ui t ’ ahl e tL mh het t u ta t s ’ri’a I s v u t h u  uumu i h m l r mmu  ss ’ns itus ’ ut >
511 t huat ,m i’.’ ,i’ un i u. i t ’ !s ’ p mts ’ t t t i ’ a l  sari his’ sleve ltu ixid ,

h i s ’  ~ms ls ,uuu i .m I Lihls’t ) !ei\s’ i rL i ‘.~v Sa lle um . I Ii(, i~ I s ’ , n n n k s  In , lsls Lil l s m im i thus ’ s uul tz mge gradien t pritte ipie huit
~l ’ t ’ .’ ,, is sO h i s  1 n l I S i t i m , i l  mu ,m s l i ehu t l >  d i hf e r e~it t uu. u nt n i s ’r h u e  tablet ,,m , ius l s t s  Ill a ls ’sis t l V s ’ shs ’ s’ t  hs ’ t w s’eni twi l

c la ss g luts ’s. Linid sl u u ’ ’.’i s’ngmma ls ‘ars’ It iL ’II t u s ’’ . l uls’ uu c s  .ms w h uers ’ tuu  t Ime phi~isc s i nes  hu m each sts I mms p m l s u t u m l i u  I
ut i H ’ .’ rs ’ im t t r s ’’.lus’I m ci ’ .’s ui’ used lun y Iuon’i/mlt i tLm h ‘anist s ’ .’ i t i s ’Li l su n’ iua ls , ari d this ’ reeeis e uh signal us f i l teres i m t i t m n us’ , u i

Iret hue l ics c m n t t i h n m i t u ’ I u t s  5511115 ’ .’ pimLi ss ’s t bt euu s ’n u ’ .’s pu ’nmd Ill S t S  Iu us s’ u i i l i ( l l u l L i t s ’S

~~. Rwtu/ i~ /n iu ’l , ( )t Lull this ’ uls ’s ics ’ s deve hm ipest emf h ms ’r s’xps’nitius ’ti tall >- I l i  dl i u i lmuie r dual h s 115cr tile l ist
des ,tu ls ’ unr 5 1 , bs ’ss dis t un i s ’ t i s s ’ u t njnu uus - s’ uums ’ uu ls I p L iu tus ’ m i hL m r ls rec’arditig accu u:u’ .- s ‘and I i i u c am uu s I l I L iSs ’ hes’ui mmuads ’

‘ s s ’ I the RLmtisl 1 ahhet shs’vellu ps’m.I mu I ~0,4 (I ) L m sus & I h lu s , I ~)(n4 )‘ h its slevice ss ,n’ develtnps’d hs Ra nd.
(‘l l I n, n l L u t m m t u u  amus i f u r t h e r  rs ’f ’m tu e s h ansi iu iz mr k etes l his Bolt , lk’rLit lek atid \‘.‘s ’ , muuani I \ewuui ~u ui & S pnu nuth . I lt7 ,~

It 5 u , u n s u s t s  Ill a I)) ins I (I muc h ‘ .l rLlsv iuln’ :urea s’ IIiiiIli ss ’st ut  t w o  plaIns’s I \ Lm itd I u I  1 024 linus ’s sep~mrat es l hs a
t h uu um ni > hat slus ’s’l. h a s h  u u l t h e  I 014 c II h n I n s ’r h u m s’s i i i  hm m thu  lnlLiules s’L iir is’s .1 m it u iqus ’ digital Is- s’mnded su gl ua l thuat is
st e t es ’ Ics h hs this ’ s t > Im us . ( , rL l s s’ un s hs’ is miss’s I S i n  f h i Li t th is ’ ss’ Ilis ’ncs’ tn t ‘m u ss’s I l l  Lmd j ’acs’nt  55 i r s ’ s st i t hs ’is Ins Ilt il>
uune 1 n muls s ’ pui~~Ilinni. l’um lss ’s reeeivs ’st t h u r m nuu s ’ hu  this ’ s un, lii’, Lirs ’ u n n i p lmt ì s ’d Li nt’.! 55111 to a des’ mnul in ug lis t s’, mu rk ss t u s ’rs’

g ras hu m b inary inttegs ’r clinvers imn ut us pert m ir i : ’.’ il 1 1 m m ’ dms.t si s ’ an uta gs ’s u ’ h  t ius’ Ratusl h’ Lm hhet are i t s  h igh s ’ s t

l ’s 1 0— i n  S I  S - lh i um u is :mu ud , (\ I L us ’ I i I IV ’ .’ l .  197 1)), h igh s’m uui i lnls ’x i t s  , Lm t u sl ults ’ tL u s ’ l th u a t  the s i s l t i s  m ts s ’l t us s u iss ’s’ptihle
11 ’ ws’Lil L it id t s ’ , i i  ( \s ’wulu , u u & Spr t u m m h l , 11)7 I

ci Si > Ins hitdehii,.’ iis hs’nll I

lii all this ’ u ldSi s ds t l iscl lsSs ’ I  S I  f a r .  a s t s  Imus r petu IS ms ’(l lml ne d t in  115’.’ iti s’u l u u l u n m s ’t u I r u  5~ it bi t h i s ~ shisp ias
s m n t . m s , ’ ‘ ‘ I  Li t Lu hn ls ’l Ilus’ lis ’sl i Lui n u l i t s  Ill t u s ’ ’.’ i t t ~’ t hus ’ i t i L m i l  f i nn th is ’ iced t o  h mai u l . Iui n hst s nuc l i  a uid’,’is’s’ hi ,ms
s ;m .us~ n m ’ .’ il s’ t t m i t t s  t m l  ls ’s ’.’lIl t ts ’s I u i u m m i u i s ’s t I l t  uls ’ t s ’s t t t i i ,’ I t i u 1 ’s’l jI l slui u iti . tmm ii s ’ht , ui t h nrs’c smun s’

!‘r(’ss iIru duImi I ‘lit Iu 1n u l s u t u i m  1km il l ’s luLls ! > I I ’9n ’)) 1ni , usu ’ . ls ’ ., .1 ‘ . 5 1 5 5 5  u u f  t s ’ , l i l l u u j i l s ’s sh s ’ \ s b u Il’ . l
ttm m t I l i iSh i  l i i  Ilis’ss u u i s ’ ss ’ t lS i i i s s ’ dm,’s us ’ .’s Iii’.’ s’ u i I i e ~ I Z ihnpl u , ic Iu S% ,ms tu i c u u t l s t i l l s ’t Li ‘rn , ! nI  S ’ , l i s ’ s i ’ .’ I t i u u I I . u i i l u ’ ,’ Li t
h u e  hrm ’ u i l  S l i ; t . i s ’ .’ I t tIl t ’ ui ls l n l ,m> h ub’.’ m I ni tls’ts’ ’ .t Li lint i l l t , m m m s l u  In> thu ’ .’ u uit lu’ .’n ’ .s’ I ll t h e  huud> ’s c , it n ,is ’I I , l t l e t ’
u ’n il ic u nm ’ .ts’ rI s inn’ sI ts mit - h flash> m e cuimm u i iu ’ .’ u u s k’ sh Lull l t l l h n i I l s ’ .’ lh O’s f uuli ’ . b lis ’ ‘.lm lnl u ’ ass L i 5  ss t In thus ’ n t  ml m l  5’, i it ’x

s’,Iu ’ .  nel nu s u r t .t ’ . ,’ 5’, .Os ’5 a rc ’ P i m i , i ’ ,i i’.’ II ‘ i u  Li t m L mmms l l , mt s ’ t l t  t ’ l L isS Inta ts ’ j ust aIl s oh 1’.’ , I c , I m n t ,u’ .t mnt ’ . ’ ‘t In’ suir f , i s ’ s’
te l ls’s us i.’I u’ .’ I  ‘\  m u  thus ’ S i m l U s s ’

‘ni us ’ I i , ,‘ n u l s  I ’ ll,’ .’ ’ , . iuu t l h’ , iuk n, I 1117 1) uk’ s’. n u l n ’ .’ ul LI Pi~~~” n ’ .’ sm,’ lu s I t l’ ,s’ ‘.ls’vis’.’ bas&’ l  lii h i s ’  iii,’.- ‘‘I ‘a
il,,.’li m t I ’  f l i t,’ slis;~~- u i t l s ’ t  , m s e m  .1 51 11111 smum f a ss ’ , I us t s ’ c ) u n u u u luc n u t  u l i t u ’ .’ l s  in thu s ’ 1,155 I’ )  1i1u ’s sulI ’ .’ Li ti s h
t u u u s ’iu ‘ I ’ll l i l t . t t s ’ s i s s ’s s ui t  i , i  t ime  IIi’I.m i s ,u i i i , u t ’ ’.’ ‘I i u i e u m r n m m u g  ll, mc k u ’ i m uuu mu ’ , l  t h us ’ .’ m m l i i i  I m l u l ’s ’ I I ’n i u u i s  ,miiti
5,, ill, t m ’s I l l  t t i , , ’ st’n t ’,I l t ’ , ’ .’ s l i t  t . u ~ ’.’

2 . P ‘ n u l l  ‘ ,m ‘n ‘l u m H i m  / 5  ut ‘n,i! t i uin u i ’ ’.’i I 1 )72 ) mIs ’’,’. u u ln’.’s a t m ’ ’ .h in l uu t u i ’ .’ I ’ ’ h i u ’ t m t  s i t s ’ t’ms ’Isi ‘ I ss tu ’ .’n ’ .’ mn t Itt ,,’
I t i s I ’l ,u\ st.ns ’en i is l u s m ds ’~l l i l t ’ ’  ui - as a’ . II m i t  ss u i ’ .  tu s’ ,Uu ‘1 ’ ~i i i ~’b , -~l mim I tin, l ’ h Lusimu i ’ ,u f ’mu i , ’’.’i I ’ m ll th l ’ .’ , u tn t c s t

‘.1’ ‘~, I ’ ’  mit ui;’t ‘ uu It I it’ ‘‘ si l u l l m If t I l t ’ t i l l  ‘ 1 I us sls ’ls’s I ‘ . 1  Ii> i t s  un i t s ’ rru l h’ h ml i i i  ut  m i t  r, uru ’ut si ~‘n,uh~ I’ ,issuul ~’ tnt  u i t i

m u l l ’ , m ’ t i  - ‘I il s’. !s’ s’ um I I  . u s t ’ i t u i , , iun uuh m i ,  l I lt  l i u ’ l u t  i i ’ . t u l u  liii t hus ’ ‘‘d m ,’i lum th is ’ lu ’s iih,,’’.h . m t l ) I t i ’ .  , i t i l 1 1 i  t i , ’

\5i ’ .  I Ii ~~ ,I’ I .m n l u h iu’lm m ’ ml il i i u I ) li m I n is \,s u t n , ’ t u t  Ii,,’ 14 l ’ , ’t , u l i s , im ’s u h i u t i , u i i  IS - u ks’’, h i n n u i h a l u l u l u  u t  t h u  mm h i h i ts  ‘ ‘I h ums
- , hinu i m h uu u ’

- -  .



(‘ .1) OIlier I k’sices

Ot h e r  inipuit st ev m s s ’s ars’ pr imt ian mty based iii this’ pos it uo nmmu g u t  a c u irsu in mu m this ’ s crs ’s’ mi Ins vart uuu m s

!ec htnmques h i s ’  m l >  stuck amid track hail (I)avis , I t)(n9) are tw , n  s u ch lls’V ISes , ‘ansi t h us’ >- nd ’, t urn vis u al ts’ddhLi ck
hm m uru i thus ’ dlspt Li\s’si cum rs nn posmt unnt fun cmim pe m us L m hs ’ I m u r  th em lack nh ’ htmis ’ Lmnu t s , ‘flu e StaIIhln rd Rs’ss ’ ,ui c hi
hu m s t i t u t e  iniu lli S’ ( I-ngel hart & I’nglishi. l9(~~) us simuu ilLin Ill t h e  t r ack ball in prin ciple , huu t uses s sIu s’s’ls
cuinmi s ’ s t s ’ si t tn  p u nt s ’nu t i mnu i i s ’ t e rs  to  provide a s itinpler ‘ants! lower 51151 mIs’’, ice

(3) , uh’mu in’ ,‘i ids

1m m t h e  s’ ,mr liei discus s iuntu mit
’ syst enmu re’ .hlurs’ m mi et i ls ton niaiIl,’ mnitl hnute r ss nu bu t u ,sis , tIle piltetutial uu s’ed t Il r

ninemnunr\ , um u ts ‘arose (nut oh’ t his’ um nore general req ulne uiteui I I or stat  us I ranm sceivc rs Urn I hue c i n u mu puher si mis ’,

mi ie nnmmr > us geiis ’n Li hi s recogniicd ‘as sm all ( m i  c innui parisu ltu wi t h u nL mn is l  h u t  preeiss~ uitt t Ile htu uiui L it i st ’ . l ’ .’ . iiu ar n
has ‘a re l.mt ivs ’ lv large hut im ii pus ’s’use mt is ’ ri t u nm’s , i’Iue retul rs’. i m i u p n l l s ’ .’ u u u e m u t s  re lat ive tin ss mn ih i m n hic  Sss ts ’iii
deve lunptnernt wotmld expectedl y he tun imucr e Li s s ’ Ihie cmu u t l p m i te r s  ine liluirs c a h n Lm s ’ u t l , .,mtnd iiis’ ls’ L ms s ’ this ’ n uu,u u u ’s
ln rec is itnmt and recall capahi h it>

(a I (‘mu puter ‘sic iinor> (‘apaci Iv

Major e t t u i r t s  i t t  thus Li r e L m seet ii t I m  he cmmtu c etmfra ted tnni dev eli u }nitu g s’t s d  uve g r Lmphmmds ‘ . iLu tL m s I Hl’ . I l Ies Ii’
perm it nnas,s St un nag s’ to he used cft ’s ’ c tuvs ’ ls - i sse n u t ial ls . Iluen . this ’ s ’ t utp hiasis and this’ pnmmhl en i Lure lout si i u u i 5 bt
to pruns’ide grea ter nutenior> c Lmpa c it s as it is I ll miuake e t h i cue uu t  us, Ill whuat we h i ’,mss ’ , s’ t uu u s ids ’ r t u ig  i h us ’ serial
nuat ure of t lie cuntut pu ten as a pruncess unr.

hue sciups’ uu l t Itus pape r did runt peri l inn ‘s Lurrann t .1 s lI m s ’ .’> nt un nL l h n hm is ’s ‘.iLm la s u l u I s l u i n s ’ ’, On u s ’ is
provided I Lm i r l >  ies’en uls  inn Wih h iai t ms I 197 1 I, s s u i l u Li 111111 ’ .’ n’’.’nls ’n L ul resus’ss in \‘.‘ss - ui t ati Litul S i ’ n l luu l l  ) j r
Muchi mmt this ’ dtucm u uns ’n its ’d data st ruch umus’ rc’n,s’L ii s ’) l ,i ;n j n s’,trs ai i uis ’sl Lit n u t ’ .’ i tO h lii ’’ i C et t ’ s’ t i~ s’ m u c u s It

building onis’ Is i~.’ m l displa >- fi le. Th is is this ’ s t r u m c f um rs ’’.i file , ssI I ’ .’ i s ’iti S , i i l ln i i ’, pts’ t u i i m  s’n u l i i l , ’” ,m ‘ ‘ u  ups’s! ii
a lte n’nal ive w i >  s sm u rlnu t Ibis ’s can his’ conimbitted w ’ttl u mi t h is ’n s ’ n i t l t l ’ .’s Ii> hIlt ’ ut ls in l L is Ul i l u d ’ ’ ~

5u II i t i  l , I i i n i l i l n’

connn phs ’ ts’ picture. ihnv~evs ’r , as \s’s5ili L uiu (1971 I p unm unu s u mui l , t hu s ’ re Lii’.’ u s s u ’  o t l us ’n u s t’ ’.’~ 
u t  mIs ’s s’ \ i s l l i i n ’ I I I

graphics s’,slenLs. Otis’ us t hus ’ d is inla> l’ile its ’ .’ l t , wh ic h s’ i m i u s i s ls muf  Im s h s tmf i mu s l uu ’ .  tm , m m us I l l  t h e  l i is;’ I . us ss u ml l  L ull
graphic data sca hest arid trauus hm n nun ed as req mu i rs ’ sl , [‘hue m m thuc ’u ms ,i t u ls’ sv lt i s ’ hi Lm h l mn ws th i s ’ lOs t u , l nu i ml ’ . l  .ini!
mundif ’, f lue struct iured disp lLis Ills’ . I ’ m g u urs ’ 0 i l h ius t  u , t t s ’s T h u s ’ .  t h U s ’s’ Ills’s Lul ls! t h u s ’ um l’.’s 1n s’, u s , ’ Inm s n u l u m u i s  It i

ge nera l graph ics s> sts ’ m mn,

lIne pi nmu I b \ewui i L miu s ‘a r t i c l e  us t h at thins ’ s ’ ss ’ I n L u uLmts ’  I> ps ’s ut d ms l n l L us t il,’s , u i s ’ n’s’ n u u ,’t , i l l s i n n i j n hs ’ iuis ’r utesh ,
adding tin this ’ i i s ’l l iI l i> ain si h i r l l ce x smur l m u L md t h i L it we Lint ,’ l u s  in n ’ t t l  ms ’duics ’ ansi nu L mk s l u m u i s ’ s’ t b u ’ . u s ’ u it . hi’ .’ iSI s’ S ill

to point 11 111 t l i i it  5u ) i t t l .’ s i t u  nu t s  h u Li ss ’ heeuu tuLll i’ .’ I u u  medmuc e th i s ’ shusp ha s Ills’ t l iph i s ’ L i u u l  l i i  Ins cmi uu n h n u t ii ti this ’
nni ndiliahle disp lLi> f its ’ w i t h  thus ’ s t rums ’ t uine d stisp la> u s ’, hnit th i ~u t  111 ,1s t  . 1 1 1 ’ lilIuI.lii ’ Iui s u i  ‘. , i I i L i t u I ’ i m s  mit  th is ’
same technique use d in It hm 1 in devehuipit ig Sketc hu l nLud I S um t l ucr lL m nmst , I~ )(l I h hu s miWui  ies ’ t l i i u t i u s ’ tu s i L u t iu i ui is 1(1

e lm imiate t h e  structured data t he ~m l t u ug e t l i s ’ r . lie c la immis (p. (l~ I) hu u r t um me tb u i tu ~’ lIm it i t s  s’\ l s t ’ .’ u u s ’ s’ s i i ss ’ , m u u i a g s ’s

t he develinpnitcnt m ut uiiacbni mts ’ indepe rudemi f graphuis’ l L um i ’ i u L mces  h nes ,u uu s s ’ i t  is  sin s’s’IIis’all> s lnu m s ’ uu un c ’mI t m ’ i  t his’
display being se rvicesi tin uuiirunuiiie n’.’t i cs h u  linus ’ ‘si, LI rs’SiI lh , i t  us n ’s’ tus ’u. i Ils th i l l i cmu l t .  it nuut it il jn uls s ible . to
convent grap hical pnograt ims I nu nmtt untie mmm L uc hiltls ’ hun L uil u l t li s ’i \ uh i s tm i l s ’t u u u ’ . ’ss ,iu’ ’.’ Lis ’ m h u i u t s ’t I h u u u u u u  \s’sS ii i L uu i S

art icle ts that perhaps tiur sb  tu n Is shiouhsh be c h uamuniehed t m m s ’ , L u u s i  t h Ins ’ s t  Is ’~ t iss ’ it l s ’ auis l I t  s’l i u i l u u m , ml nun ’ shs; n l Lu ’,
riles rat her than toward huilduumg miew data s t ru m ct i mu c ’s t i m  hi auiui l s ’ t lu s ’ m Is ’s i s  s m u u i s s ’ u i t u l i i i L u lls I l lt’ .uu ui/ s ’si .

(h) hiurt ian Metnuir~’ Itm ns ’s’ is lt i t i  an d Recall (‘a ; n Lmht l mt s

Sonnethiung accot u ip lishmed mu nt ’ :mu ls eve r)’ inuI er ~m s ’ t i s ’ .’ n ’ t . t j n hu i ’ . s  ss sI, ’ i u u  is ti , ln s’n lliI t t t l.lIl Il l jm m css thu ,
cunmu iputs ’ r ’s nietti unny. ‘Th in , in a sel iss’ , c’ ru huantces bus ulVu i i  iils’ni u i t >  h n m u ’ c l s i m lu u  L mti t l i s ’ s LIII m ’ Lu i l L uhni l l t s  Ins L i l Imu ssu t in ’
[ u i  to seh s ’ ctm s s ’ Is salilpIe d ’a tL m stunned iii this ’ c unm ni pu u t er u uie t m l m m n s l t u u t  s ’ , I t L i t  . i l n ui u mt thus ’ pnm l b ls’ t im u ’ f  ue ’ .- Lu lhullg.
(a) the n ature 1)1 this ’ i nnb mnni umati u nrt  that sh i m nmuld lie rs’s’Li lls ’ ul , ‘ n I In) 111 t h i l i u m  l i i  sshi is ’It us s l n s’ s u h l s ,  mul l  Li

shor’ t—terni ha_sis, h u n  flue c unn itim uui a ll > s’hianig inug S latl is  u i t  thus ’ s’us t s ’liI u’ .’ I L m t u s m ’ h u m  i t s  miun ,u ls I s s lu l s ’ I n iu , is Ins’
multuple) ’u Thiene are s u m s ’  type s um f in if unrmi natiun ni whmic hu ii iatt is ’ m h l u u i s ’ s h ie m iiLm h’ 5 nu u i l s  t mu n LI i u u t n t l i t s ’ Ill us ’ ,
g,ivcn un ique app licatiuin unh ’ t h e  ssc ts ’ iui  Lurid wll ich i , t hus ’ns ’ h Inns ’, ‘.- .iii u im ut be s’uu i t iuu i t f t ’ .’’.I t I l  ili.lii s lu l t I l  t s ’ i i l i

niieniiuiry non spec if lcally antti c i l)at s ’d amid ~nrepnuigraumtuils ’sl b l u r  s t i l iL l i ’s ’  in a ut ul us ’ hu m’ .’s~mI h n m i u t t  t hus ’ c u l i u l p u i t ’ .’ i s

memory . Thus, except in highly nehiearse ul s s s t s ’ lun  Lu lnh i lic L itlu ints , untie w t i t i lsl e~m lns’s’h iilLiii s s l i m t t t ’ t u ’ r t l t  t t l s ’ lu i m n i s

(STM) Ii) play a principal ru le.
‘[lie pruihienit arises tnm im n t t h e  f a s t  t h u at mmii ’s SI  ‘si us m ’x t ts ’u iie h s caiias’i t s ‘ hu i uu i t s ’’.i L muu I l . mu thus ’ ,u h n ’ ,e ius’e Ill

sustai n ed atten t ion , loses its store i,upl’.tl’u - (‘ ln ni sms ls’n Lu hls ’ rs’ss ’ L lns ’h u h i s  Inu’s’ nn ps’ u h u n u uiu t ’tI tuu i  t h us ’ 511 ,11,1 ’ .  i,’ u i s t l ’ . s
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u m t  SI ‘si f  I ult s ,,‘~ l’ lu s m u c u , 1 1 1 , 1 )  It h u m s  hns’emu tum uum m mi hInd ~‘u I \ i s , i j u . m ’ . u t >  Is mi u i - ’ j u l s  “ 11 15 1m m n u m u n u u - , 1 ut ,,’u u us . n u l l
th in i’.’ts’ntk’n t ints ’ I , uiuL ’’.’S ti l u i l i  51)1) uuiihl j ss ’s’umim d s t , u  IS  n u un uhs ’s, ‘.i’.’ l n ’.’ i l ’ . i i u i n’ l , u u i ’ s ’j s  m I ni this ’ u I , m l ’ m i ’

leni n

I .S’,mmuiatu I ‘n ’ Ill. .1 is ks I I Ill,>, f sis ’ss’ m u h ncs ,u uuu mi qum e t im ’ .’ Ilu u n s ! m ul u us u uuu ,’ thu , c , n m t b nu i t s ’ u tI I ‘ i ’  u ’ , id s’ Li

su; t i ui lj ts ’sl SI ‘si f u i r  tIns ’ i n ianu liii s l l u , u t ’ us ’ t nu  s t i l t s ’ of us’le s’,m iu t ‘ l , u l ,i Ih u s s l u m s ’ t u n ’ .m s , , l u  f u r  ,u s u u i i u i l , i t , ’ lI “, I
rs’’.h uul rc ui le tu l  I’ s imis ’ III u n m , u m m ’s h n n m m c s ’ s s l m l  ch m . uu , u s - t ’ .’ uu s t  u’ .s ss lu s ’ t u ,m ,~ I u u u n ’ iii t h i s ’ m ile m l .m ni iIlIs’ili s m i l s s ’ i
Iau ut m n um m u u iis ’. 1’. s u n ’n u h n u nu hn l t ’ nnu s  I i I .‘.‘i u s’ i, uI ‘sil l, , n ,  ii tl u is s,uss ’ t h lms ’”.s’ s l l , l m , u s ls ’ n u s t i s s  i nu c h i i u i s ’ th is ’ .ip~ilus u t t u u n
tn t t n i Lm l s l n ludml l t i ’ ,  min i slil’l.,s’iluu ’nt si’.’s’ .’ I l lpnis ’ n u i  nt s I i , u t s ’ n’ is ’ s - ILic ks I nu m unm l s 11111 th a I  ,‘%‘.‘m l I h i u mu in ’ l I  i l u , mn u uum. t s
s ls’sehui p a s u m a t s ’ g s  . hi s ’ cLmnuuumut  mi s umLi ll> Lu l n I n Is i t  Li s’.’c I l m I ’ . I  t u n I s ’ ml Li I uu u ’ Iu ’ .’r I, mts ’ as ~m ss’ ih mu ’ . ’ u m s m ’ m u l  h m j n s ’ u , m t i l l ’ u s  Inn
ILidi . Ins’ uii ,u> l u , i ss ’ t l l n u ’Iu tl s ’ti Itu iss h u m  , u ln In ls i t  u t I l l , uuu th n u .  ‘ uI u, im ’d m ’ su  I m p  it 111115 , I u sk s ’ si u u l u l L m i ’ .’d SI  \i u s
p r mnn ma ni l > a sho nrt ‘ts ’i in t nnl tm s s’ u tuu mm iii, u i ,  ‘ Is . t s I l l ’ .’ i t ,  m i m i ,  . ‘ ‘ I  t lus ’ sis ’ s m L ’ I  I ‘ I l l s ’s ” 11551 u t i i 5 ’s l I t  I ’  - - l~ ‘l l l ’ .’ s l i i  - -

rs’ ,m l n phl sL i tummnu ‘f nc’s m l i t ls ’ tI stn . u i , ’ n ’um ’ s

‘slihls’n I I~ -1tu ’~ I 11 ,0! s’ ,mr lms ’ u sum ’ . ’ ’.’’.’ s lu ’ ml u l us ’ u is ’s ’ .’ h ’ ’ j ’ ’ . i l ’ .’ t u t  I l l  SI  \1 ,muiis III s u I i t i j ’ s ’ i u ~~u i m ’ t in II ILU I ” n m

ahu l i t> tun ln L.i hm m r u i i  I m ls ’ tc , ml  t ih) s ’r ,mt umnnus  w h i c h , his ’ s l u m! , s’, ,Is u l mu s ’ iii t u n u m  Ill hums l u u u u u u s ’’.l I,’I ‘si ‘ . ,t I I,u’ .’ i m s  I l s I n i l s ’
ul mi s ‘. in I> s u i ’ ,nn ’ m ’ s t t u m t ’  1 111(15) , u u u , I  Ihus ’ 5’s’r’~ u’ lIlId cvi’ . ls’ nis’’.’ Li cu,’ili s’’.l h’, nsys ’ h u m n l u l u ’i’ .aI is ’ sm ’ L u idh l  on t h u s ’ n m , !
s u m ’ .h i  aists . th ue I ih’ .’ n L u t l i r e  us ’ss ’L ml s l i t t le  if nutis a c t iv s ’ u s ’ss ’ ; m n c h u  um nu s uu iuu i h ~ut csI SI  ‘ml liii u i l t s ’t , u d t i s ’ .’ t’ i.ip huic s
5> s ts ’n it s I s s i t h i  thus ’ sol s’ ‘.‘\ss ’ b n tm m nnm it J am ks ’ I 111,i’, L i r t i d l s ’),

14 ) Is’u u li ii suuml ( ‘I It tu /i isi ’ ‘Ii’,

Iii w a s  l b rs’s’ ms ’s’, , this ’ ssiu iht u , t is ’ ss s t ’ .’ili rs’ u l m u mr s ’ uuu c ’ nt  Is’Lms h i muc f u n  t Ime Lih m nSe smur s e ’ ot cL u pL u h u l i t us ’s m u
st a tius Ii . unus ’ . s’ m ss ’ rs  ami d um ns ’ uu mo nu e s wa s  thuLut itiL u n amid cn l l lu l numt c r tus’ed 01 tic able t u n (iets’nulline w htethu s ’n inn nm nt
i n i f i u n t u l L m t i u l t u  ms r e l s ’ s nm t i t .  ‘t his ’  tn ih i lus’sI r e m l u u u l s ’u mu s ’ nut sv .ms Li mused I,, kmmm ,w t h u s ’ s t L i l u i S  nt t h e  s > s t s ’ t l u  re lat i s s ’ t l t  i t’,

ils -‘
~s ’ . ’ ui n u

~
l .m m u s  uitg l Iu s ’ ss’ nis ’s’s hs ss us .m t s ’u liilrs ’ lt is ’ nut f u r  aim Lu t t s ’ u i t l i l uu 7 ’ s’ t I  il’1’ s’ nmp ab n t h i t >

I a)  (‘u u uu up s m ts ’ r ’ to — ’si L u u u (‘ iut i iui i uumui s ’a t iuu t i

1)1 all disp)Li> Is 1n 5’~ I t  imppe iurs th at rLu su er  sc~umn (‘Ri systems humu l sh thus ’ greatesm I n ru l u lu ms ’ t ’unr widespread
Is, - in ‘us uui h im ’ l im s > s l s ’i i is . Thus us prirucu pal l > dus’ Itt thus ’ lt mwer ret ’res lu na me ls ’m l mmireni e m l t v, hu s ’n u n uts ’r lacesi

ssj t u i n u i ln ’ is s ’ t t i p lm ls  s’ ’.i and tIme stu niuir ica nth > lower cost unf raster scan slis h nha >-s, I,ittle uiu s ’ nm t i un nn is iuua ds’ mit t hus ’
l u t c r , m t l mr e  ‘ah um mi t a uts ’ nt i u mt u ’ ge t l iu ic ’  tec hinid hues beyond tIne Iradit mu ntial hhiruki ng cml ’ a disp la> miiess’ags’. This’
s u u , c e s ’~ if this nmet huu nd us de pendent sin this ’ usssuiiption th at th is ’ titan is Iosnkimlg at this’ display at this’ th ins’ Imu s

ute ri Iii ‘n is net lui red.

lh Matu’Ttl’(’ smu n l putcn (‘untrmnuumu icaliumn

‘ mi mn ’,i imiput sls’v ms -es  tins ’ sts ’sigtied primmi an i lv h’m nr puii umtiti g mur puisi t iuim iiti g ‘anus! s l iL l s ’ ,  11g. hnuut u t u lu t c ’ Lits ’
o ;ut mu al si ittul ta uueom ms l> h uu r all thi nec. Ut’ all sievis ’es avuilahils’, time Rami si I ahls’t dm,’vs’l m mIned imu I t)t14 us

a ppanetitty tIme inlost accurate and limnear ~ hiunwever, it is also omis’ m i t  thus ’ mu isi s t s’ .x [netusivs ’ au ’.l thus ’ s t s  h i s  is
susceptible t m  wean and tear, Styluus-independemit devices h ave prittiari ly heemi gearesh h I  p ru nv nd u iim n ,u p u i u t u t u m m g

capability. hut nes unluitio m n us a ch ief liitiitat iuiii, Otis’ t nf ’ t h e  least expeums ive ‘.is’s’m ss ’s is t hus ’ ligh t pen, hm ut i ts
nes puinse times are net ’at mv e ls  s l t uw ,

I c )  Ms’ i i muir > Aids

Ibis ’ ‘niu ls si~’ i m i l t s a t i t  w uin k m u  lmis ’ ltulir> aids luir this ’ u tt ’ a mi LihiP~’a~5 f l u  be t h at duu nie b> I, ms ’ks ium l9(n ’s m u
t his ’ dess ’ l , m p tum e t i t  iii ‘a s uuui u l ’a ted SI  \i~ hhumws ’V s ’t h i s  wu ntk was ‘a l n pt ic ’ atu uu m l m n n i s ’ n u us’s h amus l umt cl usts ’d u u ui l>
p1 mis s ’  th u ire tine mint in> In , m uiss’ flu aut unnt iotive desi gin n,vinrk , \Vor Ii unni deveh opimi g mnie uum mnn> ’ Lii ‘.ls t i l t  t h i s ’ c m nuu i pum hem
lii’s ‘rut il LI r i Is m u t h ms ’ ds ’ ve b um h n u ute ni h muf ’ imiiproved data s t r u ctures , liunweve r it h a s  hs’s’mt siig~es tes l t h u ’ a t s’h b u n m t s  he
c bu, iti nuelt ’d m nishm ’Lm d Ii, rc ductuum u i  , uh thus’ n u m um nu her m l ’ display Ills’s resluined (ii the s >stcm ln

I si I ( m umi , Im i ’ ,i u r is

I ) is pla > t s ’ s hu n um i I i i ~~ Is s’ s’ u u ’ ’r L mI l>  ~mds’q uLmn s ’ , [nut t ew  it  a ny  app h ie Lmt it nuts hua s’ e iuicuir pun nated reliable
titeatis ‘I .u b lem u html j ’ s’ t t  11g. R’aster scan (‘RTs are hire hs ’na hle dume h n  this ’ hu nwen ref mes h ra tes  req umu red uusu iu~’

uuit er laced s,, au - hmm ss s’s,’r , t Iuc ’ ss ’ (‘Ris mue c s ’ss i ta te scan cuunvers iunni amid , suu . ‘are niuit wi t h out tl ts ’ i m nwtt
disads ,iiu u ,m g es I~ is pite Lmrn s ’ i h mur t t i u l imS aillutunt mu l ns’ss ’arc ln, lit tIe s le ihm uui ivs ’ innosress has  been ut i’ade sluice 1 1)04
in pruuv dtng utnpniived, flensuhie, Iunw- ’~ c mst input des’u~s’~ 

(~~v~Cs”s w %ni~hn a~~’e’ar [‘uc’st s’,ttts’d tot main’s use in
Inancrtl it t ing s t j tum s i m lhuinuui Lmt luunl  are pui m nr hy adapted tin uuse as a hte m i t i m nm t ’ g e t t i n u g devices, little nelevamn t wo rk
hi Lms been dumtis’ f un uumipnuve lilLiti ’S Iimii its’d STM . des pite cunmnsider ahle ev idenice of its need that has heemi

acs ruie d thin ui iii ins> s - hum ilogic’aI rs’sea rc h u , Tec hiti iq us’s I um n umii pr m ivitig this ’ cuitmi put en ’s tiis’mnory eapaeu Is ans ’
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l~ingel > geared hun s ’m ihan tcimt g data retrieval speed through this’ develunpntneni t mu better graphic uhata struc lunes.
l’m n te u u t m a l hennetIts iu uas e x is t  in e fforts 1mm reduce the nunnher of display fi les ,

I ~rup/ums Jt ’ m ’ I iP i im / ui m ’% , (
~naphdcs techniques may he classilhed acc nns himu g tin w h e t h er this ’> are geared on

tVuo- inn hhires ’ ’s i itmtetis bnnnal d a t a represe n tation. These classes are m mml niumtually exclusive because n uuu n s h II)
tec huin i’ . iues at ’ .’ mise l’sm l zm.s w e l l  i t t  31) rlc tumne psn rt rayal, hIunweve n 31) tec bnntis iuues are un a class by tlus ’t i isch ve~
dims’ hun t ime special hnrulh hetuis er ic uuum itered in achievinng pers pective and depth c u es ,

( I I  /111 l’j )jppl(’?i,SjtlpjUl 7t ’i ’hniq us’s

l’w un.d iumteu ush nni~m l tecInnis~ues include basic operations on data smuch as r m ntaf i u nni atnd t rL m ns la t i uunn ,
pen - tu .uck in t ’  teebnn i us h um s ’s tun ps’rnnmt drawing (nfl the screen wit h a ligh t pen, scLu nt cm n ntv ersiu iri mn nc t hiu uds lm nr ice
w it bu l . i S t s ’l sca n dmsptas s , and visuual resunhution i processing, w h ich is a data reduction tec hmm num l ue rece mntl s
a pplied i i i  mi te r L mct we graph ics.

(a) lt L LStd ()perati unmn s

Tra mishat morn • runt at ion, scal inng, and lumuumn in g iii volve time apphicat ion of sum pIe t rLmntst unn m uiat iu un us which
cant he cor ic iutennated to ach ieve desired goals. Scissoring, cmnt nmu iunn l> dotme wit b m huLirdwane , iuuvln hves s c heet ist ’
i i i  1511 su Ilcat uunur nut  points until > w h en thus ’> lie wi t h in the screen bounndary. Newu miamu and Sprsnuu lh (1 1 173 I puni mu
,uiih , hmulw -e se u . t h at sc ussut ning stil l con sum es ti m e to trace in visible portions arid can irncrease this ’ pru~ln .ih n ulu u>
of flic ker , Die altern ative is tuu chili t h e  data (restr ict it t in tIne screen boundaries) before displLus and t h is
can he doris’ either wit h h ardware or software, All of th ese basic operation s are stnai ghntt ’mnrwar d amid weh l
deve loped, posing r u n  miuntewori hy technical prunblems

(h) lien Tracking

Otis’ m n f t h e  tasks w hi ictn cat imiunt he perh’mnruiie d uising hardware is trackin g the light pen whs’ni it us used
h u n generals’ dnawimngs ( R uumidle , 1971). ‘[h is  is niu nt a.% sm tnn p le a prunhlem ut as it n ight seem li , because this’ highnt pen
is depende rut snmm light l’r ntmt t his’ (‘Ri’ tun permmiit it to ds’ iis ’en positiomn data. Th erefore , time display’ s> ste in
ntns mst pnm nvmd e a su uum nce mit ’ light for this’ peru w h ich follows the pen wh en it is moved ac rm lss tine scree n , If
i mi nve d t muo ra lnusi l> thus ’ tracking prungra min miiay Isnse this ’ peni com im ptetehy, and a searc h fs nr it is miece s.s it ’ated ,

‘[his’ ty l nucal ap hmnmn ac hl (imicorporats’d imn perotnackinig software provided by time t tu ’ anu u l’act smre n) is tu ’
ge nerate a source un f lighut in this’ f nrni unf seq umentiall >- drawn radial hines from a cenuter punsitiomi I l)avis,
I 9(nt) ). An> iii us e mile nut tn t tIme peru away I rm m u  I hue ccii her causes it t un in ts’ nec p1 uris’ of thus ’ radial tin es , cucing
the trac kitig pn(ngranui tin the prope t directiot i inn w h i c h  Iii mmi u nve t h e  tigh t sou mrce It this ’ peti gets lost , the
usuma t relocLi lion tue th ud is to begin a spinal searchn t ’nunn uu t hus ’ lash km umw mn positisnn.

(c) Si,’amn (‘onve rsion

Tin umse a raster scaii (‘RT system m n . sunt ut e tu ieat ts is required I m u cunmtvs ’ nt thus ’ x -y representation of data
intun sc’an line f mn r mu at , Thuis un pe rati m~nt is kmiowmn as scan cmnm ive ns i iln , ‘an sI it c. it he perfortined u sing analog
hardware unr smnftwa nc (NullI . 197 1 ). Scanu conversion h ardware is expensive ‘and cunti iple~ , One tec hnique , for
e xaminple. is 1mm miss’ Lu cununvemt t iuinal (‘RT slnvenn h> x’s dl mun r s i u u u,mte ’. Inmu m u n t ime cmnluiputer as ‘an intertinediate
out put. lime bLiss ’ h f  t h u s  (‘R’I us th en sc~u uuuue d e les’ tn ml n uucL m lls Ill Lm c s ’ unmn ph tshu this ’ res hmu ired cuinisension, l)us’ tsn
this’ reh mLi h i t i tv h nn t nhhet u us ‘amid e’,pem uss ’ it suus ’ h u e’.h um i p u mi s ’ rut ,  sd L mni cuu n uvs ’ u s u m l u i  is lls u u Li l l > pert ’u nrmmts ’ d lii, sol’t’ mware
(\uill . 11)71),

Die cu u nms - c u u t ioiia h u s ’  t l mosh m i t si ut ’lwane sc L unu sm um ivs ’ rsm un ti us tin pruisluce a slircs I hint Li u’s iminags ’ of ’ t hus ’
cnutire disj nl~uy I rmmunn t h e  x ’v c m m t ind u m u ’ a ls ’  ds ’ sc n uptuunmi of ’ the hn ictuns ’ IJu urdamn & lt L mr rs ’ t t , 1973; NunlI , 1971 1 This
unni ’age can Ih u ’ .’ uu he s u m m e d  it i  e m s ’  1mm l inus ’ In > bus’ rs’’ ad’unuit tun tine displa> miT mutt ss nmuie periph eral stuinage
sls’vis’s ’ uuu ns ’ n tLus ’es t lii thus ’ dmsph~us ( c c ’ , dru mm iu).  ibis’ lat ter  t utet h iod was used itt this ’ tlrst Lmpptis ’ Lm n umm mi uil raster
ss L u t l  u h is h n lL iss mum umu ts ’ uLn s - t u s m ’ ‘ i L l j n l l i ’s (O hi bt i t ci al, , lm)( iX ). ‘[his’ stisL mdv attt age mn f th u ts  hec lt nnuq uie is this ’ sacri fice
us! et l ic us ’ m ics n’ . ’ s u u lt i i i g t u u u n u u  thms ’ LiL ’ c’s’s,S late n cy- ’ tn t’ t Ile drumit umsed f i nn sto rimig thus ’ hiutan > image . Die f ’om’iiner
rio t humid I s m mrs ’ St mum uge I was mused iii w h at appears t m m be tins ’ sec unmud ‘apphicat ii iii m I t  raster scan displays m i
mitt  enact is’ s’ gna phiucs I Ni ul I. 11)7 I ). ‘[its’ disadvati tage m u I Ills apprunachi is tiua I rati sluinu access inictuorv is
ns’I~mt uve l> s’\ peinsmve amid storage requ irenlem nts are ILm ig e h i m  a sc ree n si/c tnt ’ 5 12 by 512 dots , 2(n2 , 144 bits
are mies’uled lii stone au enu t i re huiu ’an > image . Alsuu , as NmiIl ( 1 1) 7 1) pu n iu uts h u t ,  t l mis Ihgure wunuld he tr ipled if ,
say, twit add itiu um ia l hil’., were umse d tmu dete nm muine thi s ’ i it ts ’ ns it s - m i t  eLis’ h m hnili m it 1mm provide l’m nu m r brighittiess levels.
h u m , ci Pfl aj um r fm r m t /mlt ’i tt Ut i/ic ’ (r)PtiS ’flhim )flaI sean uym, ui ’ernu , Ill pn(’thlum i i ’m tin ’ u/PHI ujjpt( ‘ ‘I ‘itu ‘ru/C m ’ rt’tj wrt ’d 1(1?’
i / us ’ /ul.’uci p i ’ ipna,n,’m’.
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I S i m s  Phi furnmlllm ’ i Pm IS t hu  tuiiue r’c ’qin rm ’uI (mu jietJm uriiu i/u, ’ emu/ii ’m ’r%Io?n Ahtb um uu igi u the sLm lc ’u IL m l l u l l  uts , ’I I
s t mau g h utb mm r v , , ’ard , it mit us t he per l unnmums ’ d I ’ m  eac h x ’s cmnu ’mrdmmnL if e pair 1m m \m n l l ’ ’u I 1 1 1 7 1 1  L u I u I n h l ’ . L u t i l l t i , Ibis’

ml ,. im l ’ati un n tmur s’,iCll hnain reu h inre ut 2(X ) mm ni c r n m s s ’c uun ds ium n Li I)I)I’~224 cun mu ipute r.  l n m  ‘usL it i  - ‘‘ mus,. ’O ,u p i s t I l ’

t l hhmn m c th us’ etj m m is’ Lds’ m ut m u t  min is’’t huird m t  a 512 In> 512 d m t  ‘us- ree nm , ,‘m hmm uut I 7u. . s&’c’ u uuids w m m u u i mi  b un ’ r’ u u u r , ’ i
I- munt unL i t ’ .’ ls - as \ ,nhl In u nit i t s mi n t , it is nn m i t a lway s niecessLury tin uupdLi te thus ’ e t u t m rc ’ pls’ f i i us ’ a n u ’ .l d mm :1 suiii ur ls’l’.’ ,
nu, ’w scan cmmnivs ’ r c un luu Ol temi w hua t is ti es ’de d is t ums t Li uuuuichullc at t on i u I  line scemns’ ,uli u ’,m ’.l> hs’uu ig dm cp I~m> s ’d I hums
I’. ud~ r~ .1 t hu t n u l  pr u n hhe m um associated s ’ ui t hi  hIts ’ cm u niv eu nt i u n m na l scani cmnm ivs ’ rs iu mu u t ’ .’s lu ni i u liis ’

‘h ue pm n u b ls ’uii ,uru s s ’s Iru nnit  t hus ’ nuecessif > t i m stelehe su m uum s ’  I n unrt u m u ni mi t ’ h I ts ’ cmmr rs ’u uh ls shms pl a s s ’ul Ill, t u u r , ’ N ull
I ‘ i7 II prunv ’dc ’s a c tLiss is mil Ie u rcl ’e rs’ mi ced exatti p le u t  tIne pnm uhhs ’t um t h at ,u rm s s ’s hs hnres s ’ t m t u tu ~’ ,u u s nuu tb u s ’ ti,.’ ,m I

,t l s l ’ l L i ’ u  s m t u u L m t u m u n u  ru which a sin gle hints ’ ami d a dmmt are d is t mlas s ’d. h i s ’ dmmt us t u iu ’ seLm! n l s ’ by t h i ’ .’ mise r si~u Iwo

kt uu n h’ . I , m , tu I muu u ’ .’ t hte duul s’ lu L iuugs ’s p mm si t i u im t. i t s  l i nev umm um s pu ustt m mmi u n I Its ’ s c tn ’ s’ m u nu l mu sl he bh Lmtiks ’ m i ,iu us l th is ’ m u

mini s ’ m hluinu i mn n , m t m ’ul If mite hack g nm n um n ish svs’is ’ inu itialls nmi ads’ black hi> ~nh:icunug ,mll /511 1 ’ ,  iti thus ’  hnin l L ius ut i I L iL ’ m ’ , t h e n  a
t I  m nm u i s t Ix’ placed in this’ prs’viuuuis diul pun smh i mnn u I, ’  crass ’ it, m miii LI I ‘u s’ i uuld I u ,u s u ’ t m u  l ’ s’ ‘ I n ’ .  s’s h m u  t h e  us ’s’,
pm ism t im n mi t i m  m h h l ut t i mmiL i t s ’ ut ‘[his’ prmnhleni i Lur iss ’s wh ue um thus ’ dunt cru msss ’s t his ’ huts ’, mum w hui ’ .- hi c , msm ’ t l u t s  mm l r uu , ~us’
wmn u ld rs ’sm ulf inn re itum uval us!’ mild ’ thunt t’roniu t h e  line ut s s ’ h t ,  I mn th is r e L i s u n m u  s l l’.’ ’ . u L ml n ’ ’ ’. ,i u i t t u n i u s  u i ’ .’ ms ’ I u l u u s ’mI
whien deleting s’ x u s t i n g  picture elennuen its umsin g a s’ u u t i s s ’ t n t t m u t u a l  ss L uu i  c u ln is ’ .’ t s l , m uI ; ‘ m n l s ’ s’ss ‘us his ’ns ’i lu Li u lu u ’ .’s
hint ary mit ma c ’s’ is unta in taine h, 7lius , mu tJu’iuht I’ I?? f)iu’tufl’ Fi lm uuh/~’ cat j ’ pu ipuj m I ’, ’ m ‘m u s i l ,  p’ J cc i Im ir m i /u smi , m u m i i i  em

‘~ t i ns  te ’i ’ii ~umjut ’.

A muietbi od h a s  hes’mt prm uh im ns e d by J m nrs iLimn amid IlLurns’ t t  ( 11)7 I 1 m m  rs ’’ .hm i ’ . ’ .’ t h e  iils’ t t tu l r s uc ’,Iu uureum u s . um n

assoc iated with this ’ cs unv s’n itmt nmial scam i s’ l lui’us ’ m ’ , m n n t i  mu c ,t hu m u s i l ’ Imeu u ssL umu ,,nlmus ’ s’ r s i l ’ m  ts ’ L- huu i i ’ . l u lm - mum ,mcs ’ ummtip his hu
t hums us a unim udit icatim m n mb mimic cuuu t m m ii snnn l s mused ii c u u tu ju m tu ’ .  t m , u l m  55 uI l u L u i s i ’ .’ m , I m s  s s s i nus ‘us h e r s ’ hiighn re , msh ’ u ’ umt
rates are not required. In th ese svsteui is , a snm tal h hu l l e r  Lind a 5 u sed unver , nuu ’ . t  ‘ s e t  tu n  pim id ic ’.’ s e t u m e l u t u L u l

groups of scan line iti ages (e.g . , hO scan lines at Li t i t u s ’ ) ,  I ash Immune , Li s’ u m u u i h n l s ’ te u m l u L u ”.’ is t’s’i n ’ .’’ ,uts ’ul t n u u u u u  this ’
x—y display Ills’, hut mi n i> those pmni mtts ,.‘snrnes pm u u uut mu n g 1 ,1 tIne part of thu s ’ i m m u n e  t u n  In 1’ pb u i t ts ’ d  ii’.’ s t u u i s ’si mu t I i~’
buffer. The mnethund developed hs Junrda mi arid Barrett lm illulss S ,u s u u u u u h L u n  n I , ‘‘.m ’ mi u it ’ .- limit u’. t ,u~ t s ’l hec,m umse ml
oni>’ requires tine binary in nm mgs’ tmn he getier ated m umuce rat b ue r thuanu s’s s ’ns I ot is’ ,u mu ’ .’ ’ u ’u grm 11111 ‘i s’ . , u m u h uts ’s us t m

be processed.
The Jordan and Barrett procedure heginis by smirh itu ~’ this’ x .> u l is h n IL us ‘mIs ’ .ucc u nrs im t uu ’  t m  th is ’ sc ,um Iuu u c

group in whic h eac h line will blrst appear in a t u np —tui .bunltuniu i ssa uu lii ’ .’ mu ’ suuhts if th i n smui t  ars ’ ‘ u t u i t m,’st nu
linked list data structure in wh ich each list tent (a sitigle linte l us rc ’p r s’~ s ’uu t s ’ ’.l Ins t his ’ t n ,’~’ i t m u i i m u u ’ , u mu s i s’ttj it i ’
cmrnrdimnates mmf t h e  line annd an addition iLul x c m umi rd i muahs ’ u sed l’mnr t iuL munut Luur u l t ig  t hus ’ s’ t l r t s ’ n i t \ ‘u , u lum s ’ us th i s ’ h u e  us
traced thirmiugh a given set of scan lin es Inn procs ’ssimm e this ’ hm uuked h ish a u I , ’i ‘‘.‘iis’nLu t i t i g L m l gmn n u t hu uuu  us ,u i ’ Iilis’uI
eac hi line in the cunnenut sca m him ie grmnmp, tertun ium at in ig it ’ t hus ’ line ls ’L i ’ul ’s t hu L u t  um , u uu l n  In> mip s l L i t lmmm ’ t I,’. s’ m ul reru u ‘,
coor dinate value amid att:us ’ Iu i u u g tine lust i tetuu to flue t iex t  Ss’Li it humus ’ g nmnu up by c hi Li muu ’ uuu g th is ’ h unu k It th is ’ line is
term inated with uin time present scant line gru nuup, Ihis ’ c m m r r c s l n m l l u u l u m u u  lust  u ts ’ u u u 1 m m t l m L ut  l int ’ .’ us t s ’ u i n , m s ’ .’ mh t m m n u i l  t l u u

active list, and processing is hegumit on tIme u ue x t  i t s ’ n mu .

Speed and storage rs’uhuiiremetu ts were Linu Lu j y ,‘.‘ul hs b u m n u l L i u i  .i n I h t L lum , ’ t t I I’i~ ~I u u s m i m ~’ ,u I ’ l ) b ’ -x ‘.I mlii h i m i h ’ .’i

Using lb scan lines per sc’ani limie rm m i u p .  Pr IucL ’ssun ~’ t i t u s’ 55 Is  mil l s  s lu ; ’ h i t l s ~‘ sa l t t l u , mui  t l t a t  rs’sp m ur ’ .’uh u us l u u g
conventimmnal scan cm univers i m mtu techu t ni qmu s ’ miii thi ’ .’ ,.‘ tuh ims ’ t L m s t u ’ m ( m y  , a l m u m m u t  2 .~ s’.’,. ‘ii i’, Im ’ i uu ’ m ’ m I ’ m  ,m tmutL i l lumu s ’
Iengthn oh’ 100 raster un its , amid ah m n uut 1,25 ss’s’ , u i u mh s  I m n i i u ’s ’ n tu n l ,u l inus ’ Is ’t ig t l u m u f  -I l) m L u s h , .’i u u t u i l s t  hh ,n s ’ u s’sei
meniory requirements were m nnhs ah u u m mt 21) ’ us! t hi. mt  t ls’s’’.ls’ m ,l i i s i uu ’ t Ime  , . n m t u s , ’ u u t l , u u i L i l tes ’ h uuum ’ . t l u ’ .’ I Its ’ L m u i t h u m l r s

conclude that a choice mut ’ It’ or 32 b u n  this’ Ss L uii l inu s’ L u u u u i h m  s m / c  ‘us iii u’ .’ su u lt m u Lii he Lush Lull ~ (t  us ’thu ms ’t unnn u mit
stora ge requirennnen ts. wit h less titan i tV its t c ’Ll’ue t i  s’ ~ s ’ ’ . ul t m m i t u  I mu l ue ,

The pnuuhlemni u I ’ pis’tuns ’ m iim m d i b i ’ . , m tummt i  s’u ,us ,i ls mu , m t l , u s ’ks ’’.i In> I ’ mm hL iim Lit i’ .l l l L mniet t  iii , un umut h u ’ .’r ‘.‘ t t m ’ u u
(1974 ). They develuhned a desigmu hu m a cell m mr g ~inul /s ’ ’.I nLis tn ’ n s’. LiIi u h i s i n l L i s iii ‘us Iii’. lu l i m it ’s h se t  t u u u s ) us s ’ us’ll us
chana cl ers can he processed. (‘ umm nve nt iu m mia l  hum S ’ ,  - s u u s t  L , h h n l u .uu uuu iu i ’ .’l I’. ‘.iislnl.i\ 5 , i ts ’ Iu ,us’ .’ ’.i mu l i  LI ,.s’ IIuilL mn
partitioning mit  this ’ s creemi , eac iu cell bem iug h’arge e t i m iumg h u i l l  mh u s l m l , ms  Li si u i ’ le I i , u i , m m ,- t ’ .’ u I h i u s ii lhunw s th is ’
character ge neratm mr ( mu hs’ m n tu p lem nme i m t s ’d w ithi ,u is ’ ,i’.l ’ mu l i l \  u u uemmu mm m s ‘ ushu i s- lu  s t u u m s ’s t his ’ shu n t  P L i h f s ’ t t i s  t u u n

alphianumnens’s Ott a ce ll hs s el l  InLis i’ , f lue g’.~l l c ’ n L i lu i r  m l’. Iu ’ .’ s t h u s ’ s iu s l n l Lu s  s u u u u m u u u . u t u u l  t u m u t m u  us ’ b u ’ .’s l u m u m s ’ t mumi r y

anti, base d unn this ’ sm i tn um mu amud ts c l f  mild Ihus ’ s’ im rns ’uil ss ’ .ihi hmuus ’ his ’ umuu ’  pr u mc ’ s’ss u ’ uh I s ’ h m u m ’ ’ u s’s mit ts ’ i m m ’su, lb f i t s ’

characters 1 m m  mm ie nu uu m r s  flue get ic r : i t u mn cm i t i t l i i u i m ’s tin P~~’.~’”” mimi c i l ls ’ ,  mi t  ‘,‘Lis’lI ce ll iii t h u t ’ Ss ’LIii b ins ’ he u ,m t ’ .’
returr’uing t in  the i i s ’xt  n iuw of thin ’ l irs I cell , l i t m u s , us Jm u i ’ . l L m t i  L i t t s i  i t L mnis ’ t t  lu l ls ’ . eLis’Ii s’s’II ms ‘ m ~ I’ .s’sss ’ ml st ’’ us’iLiI
timne s before it is ci n m np he t e l y ulm s ~ul~m y s’m h

Il l



I tu t u ms ’s’ t u m u u u h u i s ’ nu s l u m s i s ’ s  m ’ ’u, l n a m u u i m u u m ’  th i s ’ us ’ad’u m u u l ’ u u u us ’ u m u u n n s  tum uu uc huud s ’ h mu u e sen umu eniu s Lii, well ui,

.uh l ’ ii , u t u m u u u u ’ .’ u us , .lm.um.u ’ .t~ ’us lil ul I’ l.i ’ .lii ’ thus ’ u s’t ns ’ sh u um mc ’ m u u m l u s  mm t r u u u u t  mit thu s ’ s’hu L mrLm s ’ f s ~r Lit usi  ‘u’c’ s’ t m m r  ge tms ’ rmt m nr  t n u
1u 5’u u u u u  u u m u n u h u l u , , u t u u u o  mt p i s i u m i ’ .’ s’Is ’ t t u ’ i u m s  m u t h ue mu tmnmg m mu Lu l s - s e m m m u t i u ’ m u r L m t i m u m u ,  ( t I n s  du f t e r s  b r mu um t  thus ’
iuii In ll ,. t i im, ~iut , i I i I l i i5  th us ’. us~,’ u1 1 n m m ’s uuu u us l y  I \mm l l ,  1 1 1T h  , Ophu u r s’I L u! , , 111(1111. ss i u ’ .’ r m ’ thi s’ c b tan , ms ’t’ .’ r / ’ u s’ s t u n n  ys ’ uus ’ r : u i m m r
‘ ic ’m ’s’sh ’ .’m l t l u s’ u ’ .’ t m ’ .’ s lu m mmc ’ u u u m ’ u s  1 l u  i l l u l u l u ,’ u i l e t u t  th us ’ lnue  ss’ u , u mus ’nu t  sa h na hi i l ut > ui n inm ,’uuu uu r >  , Li u t miuuuuuu ml se t nt ha,sic
‘ i t t  ‘iii’. s’u ,m” ul’ .’u u ’ u ’ .’ m l ‘ u ’ , l uuc lu , ‘us luemu h u u l m s s ’ss’ .’ ’.I by this ’ Sct , tmur ~‘s’ u u s ’ r a t uu r ,  sL ut prmus iu us ’e Li humus ’ ss ’g m m neuu n u n t  .nms

h’.’u u ~’ t I  , m i u mi  mu m us ’ n m , u t u , m u u ,  I t’  u m ,u I’,s’ t l u ~s In mss u hils’, tIme gs ’ m u s ’ uLu m uun  u t ss ’ l t ’ im is ’ huuis’ m I c L m i nL u h mlm t u ’ .’s I uur  re b ls ’ c t m nn i u L ihu m ul t

t h e  ‘, .m\u s , t i , u u u s l . u t i m u mu .  s h u i t t l i i m m . u iu , n s kmumm ’ , L u mu d u u tu i mu mn ( l n uuu an y IIR1T IL’ ) m i t  In z m t t s ’ rmm s

Is’ , , ’  il l’ m t m , m t u s , . ’ s u n ?  , m t u ’ ,c’i’ .i ’ l il i , - h u uu u q ume s tmmr t h i s  l n tmmp m m S s ’sh dis h m l L i y sys ts ’mu u ss crc ds’ ’ us. l u u l m s’ mi 1 I ta rre ut
‘ ‘ m I m i , I m T 1( ( )

~is ’ t ’ .’s h u u u m I u u s ’ is mn c’ \ t s ’ mus i u m t i  m i t  mh m~’ t m u s ’ t h u uus l  m l c ’ss ’ nuhemj m rs ’ s n m u i s l s t imu r st L um u & Barrett ,
1 1 7  L u ‘ u s ’ h i t ’ . I u i t u i ; n t ’ .’ u t u ’ .’ n t s  hn r m s t ’ssm tt u I t  LIII Iu u u es iii u uu us ’ cs’!l Ins’ t u m u s ’ mrmu cee sii img fo h u e  next  iliuts , un au l u l mt im un

t m ’  ii,iuis ts ’ut ’l t iy thu s ’ c l i nr ’ .’ t u i  \ , u , m m i u h i u i a ts’ s L u h mk’ t m u r  Li h iu u e tuu thus nc’S,t sc , u m u I mnu e g rm u iu p ss ’Iiemi re ’ . I u m u r s’sl. thus ’
ts ’, l u l m i u l t u ’ .’ m u l m ’.’ T , u i ’ .’ s I’ll ,u Cs ’!l Im\ s’s’ll ‘ isis L uiisl t l L m t i s ls ’ i s  t h i n ’ cmu rrs ’mu l  \ e , l n i r s h m t i L i t s ’ ‘uL l i i ie  mu t Ime mus ’xt  ce l l  LiS

i’ .’,i m l i m m ’ ul I Inn us t s ’ tumi s ’ ’.t a I m u’ .’ s n m l t t u i ~’ ,m l u’muri fluuui Sli ts’s’ , ip’, siess’nuhned s ’ Lur h m e r. f Ims ’ h m m m es ut a drawum ig are
I t m ’ ” m n u  tush ,m ’ . ‘.‘ ‘ urd mu m e u. lie umm ’ u ’ u  in ‘us hmu s ’ hm sL u s h h u e  ‘us II list ~u~npe~ir iii a t uu p .t u n ’bunttm m t t i scami (i.e., smurt Iitumis

~‘‘~ i ’P’~ I’’.’~u euLu ~ u u ’  ‘.li’,j’l L u\ s’ m i u t i l u t L u t l u,isl, l’Ius ’ au t h umurs  1 nm m u i i t  mu l t i  ( l t Lur rs ’ u t  ~~. Ju i r si am i, l’)741 I l u L u t thuis um iet h u m ud us
nm m t s’u’.’Il s uu i ts ’s h mum m m u t s ’ u ,is ’ I i ’ u’ .’ i’l L u b’ hiis ’s, 55 h iets ’ a su u l Lu l l  uuuu iu uh ns ~n mul ’ ss rc’euu s’ l c i mms ’uu ts  are m nm is iufj s ’s i tr e s l uu ei in ls

h u m  - ,m~ ‘ mu us t l m , mt  th is ’ s’ mn t i ! s ’ 5,~\ t s ’ hnr s’sc’ i t tL it  1 1111 nI Ills’ pu c t u u t s ’ m m u u i s l  lie .us ~m uIL i hn Is ’ Ius ’ i m i s ’ thus ’ sc’~m nm emnmu s ’ e rs im u m n

~‘ m , ’ ’.’.’ \5  bs’~’ mi i s , slims ’ lu t h e  Ies’ tu uu i ’ . l mms ’ m i t  t i L l5 ’Uiti s’Lichi m u te t n n  i t s  te r uu n i tm ,m t imunn  p u t t  t I m  t es’ murs i LiIh en dp mminits
m l ’  s t . m i i mmu g t i m ’ .’ sc a m u ,, u ’ i m s s ’r,s im i mu ,  ‘E’lis’ ret ” u u s ’ , tm m n u mus t u t y  Li pis ’ tu u n e thus ’ x ’s reprs ’se titL mti mn n mu iti s t f i rst he

m~ptI ,it s t I  , t ill , ‘‘us es l Ins a si lun t nhs ’ t m ss ’at m C u lui S’ .’u sum In.

li me L ml t c ’ l u u , m t l ’ u ’ .’ umu s ’ thuu us l us te n umuesh a j nmu s tsmmrt i i t g ah gmun i t h u t u u ‘ u ’ , hu s ’ reimm ‘.ll~~m l L u~, s’ m n i i uuu iam u ds fi nn an eumhi rs ’ h u e
I’, s ’ e t un i  n u t  th is ’ In m s ’ t t m u , . ’ L mrs ’ m!c’ ne r L mtes t t i rs l . Ih uemu pl icedi u t i t u ’  111cm prtu l n s’n b n m n s u t m m m u u s  in a sell sh us pla > tile (i.e.,
smu u t  si ls i n l Lls s ’ mm mum u uuat usl s m i l l , ! ’  this ’> ~ur s ’ getuera ted tm n r a y,uvs ’ iu b u d , t h u s  ,mflm ss ’, es,uuunsatn uls repne\euut iuse LIt I>

gu’u’em i li nus ’ t i m his’ Lis lsts’si m nr sleheted ‘us i t huu umut  L I t  t e c t u u u e  h u e  c m ui imuuuauud s b u m  u m t h u s ’r e t e uu ueuu ts  nt thus ’ i nu c t murs ’, ‘[hu m us ,
it us ‘ usc’11 su mitesh t u m  L,it l i t i t e i L u C t i S s ’ grap h mi s ’s s i t tm L i t i uu t i  buut , Li5 f lue L uul t h i lmns m m m n t s ’ , rs’m i um i rs ’ s  a tmtmnre e uutu tp hs’”. stata
st nui ,. t Irs ’ ,

-~ tu Juu L i l y sis m m t e\ s ’s u i t i m i ui t i u uues L umu sh m ’ ’ ~- l u i uun y rs’ m j u l r e u u u e t m t s  ‘uS L IS Inc I l l t t i ls ’d f u r  tIme tss mm cell m ur is ’ n m ts ’ s t
s’ .,u i u  s i u l u \ ’ .’ I s i ,u n t  t L ’s hmtu l u h u is ’’i Lit is l d u u i t l j ) L  red ssi t l u  t lu u uss ’ u il t Ime s’om usc ’ u uh i mu uu L m h Is’c l mm u is h uu c ’ ( Barrett  & J ,n rstanu ,
I l i T ) )  ‘s s l m l u u t m uary mi t  ks > resu u l t s  is I rs’ss ’ t u ts ’ si in I’iguirs’ 7, ‘h’ Ite presum r h it i ~ mes ’ huuumu h mms ’  tumunk shig huths  ‘ mi s er
lh uL um u thus ’ s m m i u ’us ’ m u  t i m u mma l  is ’ s i u mlu s h uu e hu uu u is’ ’.1uiure d less i u leuu m u m r> rmuu i g h m h v this ’ S L iui id ’ c uu u ui pLi r a tmv c ’ resuml u s us thisnse
m m l nt .mumu s ’ s i umu thus ’  s’,mm h ms ’ u s t u ds (J ui rdan u & Be nnett , I m) 7 ,~ ), ‘lIme t m u u u e  res iui rs ’ui It’ LIdsI mum s i c l s te  .u lini~’, iu m ,s ’ , ,.’~er ,
ss .us s iL ’ ln i f i c Lm t u t ls g reLmts ’r Ih ua m u t u l n  s’it hiei this ’ , . m l u u s s ’ u u u um n l iL i h  mn i nmu s t suu r l uu u ; ’ ts ’eh uuu im l u ue s .  I li e s’uum m s ’hus u mmt u ‘uS ,Is thu Lut
thi s’ lnis ’ s u u r m u u u ;’ al g m uni t h i u iu  is s u u i tLm h h e m r  s t L m t i ’ .  dis hnh :m > ui l nst L it i l l ? (Mit , is L m m m t us’ u h na ts ’ ’.t , null ~ s’lI sm uu tesh Im un
i i iteiLit,’ i iV d’ mi m ajn lumcs ap~m h ic Lut mu nmu s,

hi m ’ .’ p u msIs ln r I luu ’ t s ’ ’ . h li t i u h ii e m ’ .’ m i um u us ’si s’u unus iuhs ’rL Ibl s ul m u nne litmus ’ t hu L imu s,n thu s,u nI this ’ unt huer 155 m n  l’ mnr
s’ xa nmu phs ’ , mmmi ,m (‘I)(’ u ,4t ) t t  s’m u l u m l n s m t s ’ r  SC LIiI s m u l i s s ’ rs imim t u t  a t mi hL ml h mu i s ’ I s ’ i t e t h i  ‘.m I 120 units nt  ,ii,ts’i ‘~s idt h
(e qu i ’ ua hs’ m u t  1m m a b mu mu t 2,~ ‘ mi t  a 5 1 2  In> ~ 12 st In t  s , .reet i I res h ii urs ’ml Lm h iunmil 24 ss’cs u li sh s u ls i tu g  l i ms ’ n , n s t s m m t l i i y

ut is ’t h mmust, amid bcIs~s’s’ti 3 m tish 5 ss ’ ,. mu im si s f u r  thus ’ u ut h u s ’r t w u l  nus’ h huu mui s ,  YsI s ’ un m mn > ret l u i t ns ’ t t t e i i f s  t , n i  t he ~n m ushs u mr t t t ug
tt t s ’ h h t mu d s’~ s’s’s’ds’si t h i m m s s ’ u isi m lg pres mmn t m nu g . I’ Ius ’s were Is’ss t h uat u  t h u nse ums uu u e  I hu s ’ s’ m ’ uus s ’ n tm m nmua l hec hu mmu t h mis ’  m u t u ly
lint i muta l  h im ’ .’ le ing t hus nimn t ‘.‘~ ss ’ s’s tm tu ~’ a b n muu i t  125 u m l i t s  ‘ m l  r as t e m wis htl u , ml ‘us h i ls hl p m mi uu h a mu sh Ins’s ,u uu d thus ’>
s’m ht ma h led m u  s’ ’m,cs’s’ded thus ’ t l ue u i umun s  re s h mu m ms ’ uuueu u ts mm s u m ig thus ’ s ll mm s s ’u ut t m u mtLul uums ’ t hisus l , i’Ius’ tutt le t mu umu m uslu f ’> ,m tins’
m u s l i n ’  ~‘ , n s t s u ~~i t  n m ’  ‘uS ,ui, slll_’ll t l> ‘ m , .’L m t s’i t h uatu thua f l is muu t ’  t h e  c mmm i ’ u ’s ’ n t t u i u m ua l  u tu e t h iu m d mum h u e  m dst i t il nn s . but
sm g j u u f is .mni I l y  b s ’ss Imu r hmmue s iele l umumus I i u u s , ‘ m l  s I m mi ts ’ .’ , us ‘u ’ , hu s ’ rs’ Ills’ C m mt iV s ’ u i t tm l i t L i l u tueh l mmid s’ nu s ’u n uu m u ts ’rs u mnu s ’ mui Its
i i lLm)ml i  hu rmu b let ul s I mt es .i m t t pls’ . limnies Iii Lmd sh L umu d delete Li linus ’ iii a Intel lire c m nm t tL mimul tuui  Li t ,u hL i l  h i i is ’ ls ’ tm g h h u  mi t 45
lim its ‘b m ,ms t m ’i wim hth u ‘uS s’us ’ Lm lnuuut I, ‘n~ ss’ s u l n ld m , L ut ist 1) s,.’ c n u m u u t s . ns ’s lns ’’.- t u ’ u s’l s- , i ’ m t hus ’ s’m nn tv s ’ nhimn miL m l uu ms ’ t hiu msh ,
But th u s ’  li nu s’ i m ’m b i uirs ’d l us i t u ’ the I nmi s ms u l r t i n i  uu ms ’l hu u mmt ‘usas mi n I> Lm htnuil 1 In ss’s’,n mum l s I’mn n (mm mii i L u’ . ithihi tn m n and
de hetimun i ,  [imus. t ims’ L uu uh hu m mrs  e m i mts ’huds’ t h a t  ibis ’ mums ms m m rt inig ss’bus ’ u tts ’ rs’ pness’muh s a smgui i f lc ,it ut mui upr m nvs ’ ti ms ’ m it in
m mmt ’ .’ i , i s t u s m ’ s’ a p Lm ht h mty liver time s’ m mm m v e mt tuuu m u L i l u L i s t t ’u ss’L muu c um n i ’ us’ n s um u mu t i ’s’hmmniqu ie.

Is 1) ~‘ i sm j a I Re~um lmitimuii I> ruu ces s tm u g

All ml tI l t ’ 21) les ’ hmi imt b l ies mius s ussed up u ummtm l  t l m nw huave rs’prs’ss’ tuhs ’ d inps ’ rLu t im un is mmii graj nh mts ’ shL ulLu, largely
Ill t t , u n u s b m u r m m m  it inu ims a ujes ire mh iepre s emuta h i i ’ uu 1 m m dis hn lL ls i4umss ’ ,’ll ansi ‘I’a xi mi ( 1 1)72)  h as’s’ sls’ss’rihn s’d an
ad d m t um mmu, i I  is ’ ’ ( mt m u m h u u s ’ ~~h m u c Iu  us a i mmms ’d Lit rs ’u hum s ’mmu g ibue q u u a n u h m t s  ut  m h a t L m  to  he sh is imlayed w~t humnuit t nmnh mce ahly
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I”igun’ 7, Summa ry of key results of Barrett and Jordan e~ perimcnI.

( i’ im ’ l  lnm u ui i  t th , u rr s ’ tt & Im’rdam n , l’174 , pp. t i n t , t ,2i
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m l,.’ ’ r .u m h u m u u ’ ‘.Ius~nIa> tj m u .m iu t s I’hmeur ts’s’h unuuu i ums ’  us cahl c’ml ‘uis u , u l u’ .’ s m m l u u t i u m n l iuus ’ m ’.~5 I m u ’ his ’cLm um ’ us ’ I t  I\ iuLi5u ’ m b ‘ m M
cliii u l . u t u m I L ’ I m m m i i i  .u s’.’s’u ue I,’ his’ mhis l n ha y s’ ,.l t lm nu s s ’ ‘us’s mm ‘us ‘u~ i m  m m l i  ‘. , m m u u m ’  ‘I I ’ m ’ ‘ umsm u Lm l hs is ’sn t ’ u ’ .’ ml

I s ’. ,m t  t h uemu ts ’ ehu u u u ’ . i u m s ’ l’ .’u ’ mmm s s’,’itlu this ’ s’ s t , u i n l u s imm m u i ’ t u t  mut Li uuu un u iuu uum mmi  u es n n l ’ uL u Im l s’ els’ u uuent I \ l h~I I, ~s’ huuchu
us t Ime tm ’ mu s ’ t l u  ,uf t hus ’ ‘ . l u . u ym ’ r uL u l  u m b  ,m m m ’ s i L u m u s ’,In ’ ‘ us I u , n s m,’ s m ’ .hs’’, .u m ’ .’ ‘.‘ l l u iL u l  u , m  thus ’ \ Lit iu l 5 i sis m, ’’, ’ , hi m t u m , m ,  I , , m I’ m ?.  ml thus ’
mhu ’,b’ l.us \m u s  su ’ ’ . t , ’ u  s ’ , tumuss ’ Is ’uu l ’ t t u  us Is ’s?., thuLium ~‘,1l’~l anu s! ‘us I m u s l u  m i m , ’ .’s m umu t  m I i t t s ’ u t m n m m m u  Is l!’.’ ut m ’’.’.’ ss nm t  in
s lum e s ’ t m ,m mn In> aim amuu ~tc’ p ue L u is ’ u t h u L unu Lmh p h u L m (L u h p lua li sui L i lls ex p er muu us ’u u t L mlls ‘ . u s e u m )  is m I t s u I  t hu ~s : m u m k ’ u b  ills’ L m m u ’ ,’j c ’
rest ms rs’u iumre d tun n r m .’’~c’ m ’ u ’ .’ C n n l u u u s ’ s’ t i ’ u u t ’ u  ut thus ’  uhus j u l L u \  h i s  t h e  I n r m m ’ .’s’ss s u u u m j n l u t ’us ’ s thus ’ du m m t, us Lm nsf m , .’ n t m u c - s’s
dLm m a ln> ste ppmu ug L ul m ’ uu ~’ Lm g i’ us’ um s’uunnuects ’d h mmue I l L i ’ uS ’ ui u l ’  a niui re p h Lucimug Sc u M ’s  ‘‘I s hi m ur t  ss ’s lm ‘ rs I h m . u \ u m l g  m ms ’’,’i u y u hl e
m l u m i ,’ , . t um lum , u l uhi t ’f ’e t em u ’ . s’s ) wit h sumiu ’j s’ lu nnuge r s’ s’ c t m m r s

l’ .’s t s  ‘u’,’ .’ t s ’ perbm nu tmie d miii a d us I n lL ms sub ’ in Lml p huL mbd ’ uus ’ a l ms ! spe s’i L ul s l u . m m L u ’ .  i s i s  I \ ,ht ,( h ) ,~
1
~., I u u s u m i m i  ~lRI’

‘uil uk’s m ; u m u L ’ u m m ’ I n m n u m n  (I t u u  in , Rs’ s m m h t s , ‘us’ Iuich i s’u’ ’.’ t ’ .’ smu tnl’ .’s’ Iu ’ u ,’ t s  s’s , l lu u Luted b> Bni’e, s’Ii Lund I L n \ l m ,  m m ’ ’ s l u mu wii iii
I u m ’ uum , .’ x \ —

~ u’ .’ ’ . luis’ tmunn  iii tIme m u u m m u m her ml ‘ u’ .’ s t ’uii , ‘uS L us p u ns suiml s ’ whi le still um uai u u lmi t l i u n g mum e\es ’iI’ .’ ’ u t
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- lrm ,/ .S’u,umu ~ n /j, u~ , h I ,u,’n nr i t l ims , :\i i L u hu . ’ m l r i l h i t nm  shs ’ ’ us’ hm nps ’sl hi> J , I’ , ~ L u r uium c h’, at t u i i vs ’ r s i t s  nt Utah iii 196t) us
c i fed as a ls ’ I l us ’ s ’ . ’ l l t Lu t u ’ u - e  esLul ut l n he ‘ m l  Llu.s ’L m s LlIui ~m h imug :uti s l us ds’ss’ m ubs ’d Ins S i mthmerha u ud ct ai. ( 1973), ‘tins’
S,l~ ,‘ lt i muc h ’, ,i!e u mrit h mm u i us InLisesi uu t l  Li seLmi’s ’hl t u m u  buuiuuni l g s ’ m u s ’ mlui s ‘us u l lmI I I ’uss inti thus ’ immua ge suirlacs’ . e’a’.’hm un! sshnmc hu , in
Ilm ’ .’ ir e m u n m r c ’I> . c :imm he ‘ . ltSpILis em! mum si ltisis leresi hum m i u l emu . s  ‘ uvu tisimu ’ , ’ , I nc’c tL ut mgl s’ iii h Its ’ ‘.v plL utue) us cummisids ’red
b u t ,  m ’ ? ’ s’ m m ’ .’ n ml i s  II - ( I t lii i , m ’ .s ’s LIII ‘uvi t l m u t i i t  :ut all, Ill (In ) un m is ’ mu’.’ s’ m mu uu l n l s ’t eh> ‘ .mm ’ u s’ us  ml lit t,hme t u rst  mn st a mmce ,
t hu s ’ u c’ ‘us ,i tm h sl s uu u m p l> h’. t umuth i um ’’ ‘ I  ‘.hispl~i’u in thus ’ ‘us u u u u l n ’ ’ u ’ u  , 01 In erl t :ups It w’ m uum lsl he shuadesh Il l repress’ nit
ln ,ms - k~’ u , n iuu iu i ,  Ill thus ’ ~s’s’m~mnd u l lS tL i t is ’ s’ , tIme ‘uv itidm ’s’u us sl ls l n las s ’u l uf thus ’ sm l s ’ c ’ ni u uui l ace us mie Lurer this ’ vis ’w ptm uuit
t h u a n u  e s u m ’, ‘t h em 1 .1cc’ t hu L ul Lulls il t lu c  s’ , ’ itis hu ms ’ , ’, i m u Ills’ s’v s ’ t u l  a wu t i dm mw us imm l erss ’e le d bs a fLies ’ , it i5
su i l nshu ’ u u u h m’ ’.l into t m m u u r  s ii iah ls’ m ss - immd m n ’ u ’ u s ansi s’ac lI is rels ’st s ’si, Ilims smihns iuv ist i nti ciu m ut um numes as n us ’c’s ’ssar > , dumw ni
hum f lue si/u ‘f a r L us ts ’ u che itneti t . n e ulll iu i at ttu?. ’ s’a rl ier m mml > w h ietu a sviiidun ss is ds ’ter uuuiu ied to he h umum u i e ge m n e umus ,
Suitl u c ’ul ~u uid c’I al. I l ’u7 3I him m imuts 111t h I h u L u t  L u mI L u ~m l t  nr,m hls’ iu i s s - ut lm hil ls iums ’ I h uu u d is thua n In  is u tun l easul > ~uss’si wnt lm

u , us ts ’ r s, :u mu (‘R’Is, su l u , .- ’.’ slc’s’ u s tu m tn ’ u  ul n lnu i l s ani m ui ms wi mm li ’ s ’ , ’’, ars’ uu mut rs ’ Luehu e sh iti Lu le f t  tum rig h t. t u n 1 n fun huut m mn un i

‘ ‘ I  m I’ .’t -

ui ’i u t Ih’ ) ”
~ ~I m h s’sst tlns ’s ~u tc ’ c l u u miu h u us ’ ill ss hm l c hu  : m i ’ . L l s  ut  thus ’ ss’res ’mu nepreseut t m m um. ’ I ,n ss s’u lnuu u umuda n is ’s uu mm

.11’ .’ s u iC ss ’ss is ’ .’ ls c’n e L mts ’sI Li l l l t ut ’  thu ’ .  / , u \ m s -\,s LI s ’ . L u rchu  Li hm mmm l . ’ this ’ / L u \ l S  P rmms ’s’esls . L i T 15 b’ lnH u t  511 1? ’  beluns’,’ this ’
‘ l5 ’ LI t ’ .’5 I lu ’s ’, s i  i n l n m u l l t l L u u s  t h u l u s  ta n  s’sta hlhsl ues l is sh e ch L mr s ’ sh t iuv isuh he , i’hnuus , hegitun mui ng LII thus ’ pun u mm f closest n un  this ’

Inhns s ’rs s’r ,uuu d : u u u ’ ’ u l l u ? ’ Lu ’ u’ u us , m um n h u e  us ‘ .t rLus ’ ,’Il ‘ u ’ u l i i ’ .- l t  us h eh m mw :m hints ’ i hua n hm as ’,ulnea siy hn eetm sirawti , W um u l mu ’s
( 1 1) 7 I u t i c ’t hi ’ ud s’, ,us s- , u iuu l na rc’tl S ’ , ’ i th l Kuh nerl ’’u, It ‘u’u’Lls s hi mms ’ , ’ t u hhm : mt  mill a ( I)(  In(nOO , e mnuu u p mmtmtmg l imits ’ f o r
%1.Ii:’ I m t s  ts ’c hunuupi s ’ 7 im ns ’ u  s .u~ \ ‘s u 1uuL irs ’d I fu n r L i i i  N h> N Iis ’ t g ht t  ;ir u ~u> I. ss’ h ue r e : u s Kuul ns ’rt ’s ium s ’ t btm id umnc u urs tunis ’
:‘ t u ’ ’ u ’ , I ! us  p rm i ’ m n l u m r t u a l  t im  N’eui l ns ’ ml Iti ulh i m u l  l Iu s ’ss ’ ls’s’lui t iu l u ue s uum ~u~, his’ i:u ’~si Ii ’ .’ tl as ( “ us ), s m U t s , sines’ this ’ “~>
b m l, m mus ’ us I u st s l umu s u s ls’ res i, tmm h hu m ’ us ’ s’si ins a s le i n t l u ss’ L m lm , Ii L uimn i ug thus ’ / ,i S I’,

5, wm / umm , , hIi .’nn ri tlummi ’u, I lie s’ s’ m u c ’ral ph ui l m m si u i nht > ui t i ds ’ i ls iii’ su~u m u  humu s ’ ~ul g m m r t t h m u u i s  us tIme s :mt uus ’, neg:irdhess
nI ‘ , ‘ ,hiumsc m , m r t u s u l h L ur a lg i ln l t luuu i  is iti~ mu lvs ’ul ( ‘ Iem ss ’ i ra /v Sa hIs ’mt , l’i(ni” . ) I u n’sl, edges m i s ’ sm ’rts ’sI hs s 5,1 t h aI u u muhs

l b u m m s s ’ emir’s’s i r m t s ’ t s ’ . ’ s t i i u ’ ’  t hus ’ c u urrenuh ss’ L muu Imne are es am ut i mied Nes t mu s l u t  L i hi umu g thus ’ x iSis 5 ls.’ n t tm r ut l s ’ sI t u m

ds’ Is ’ r u in unus ’ ‘u’.’ s’I i iut is mil m aclu ss ’ Lm uu h imns ’ wut l umu eac h mit  s s l u u c hm this ’ s Lil t ls ’ ILiC’ .’ i t iL l > his s’ts ubn l ’ .- I uui al ls , Li / s , n u t  us

p e r t uu r uu us’d ~m mnumunmg all ss ’ c’Imls ’ u u t s  ba l h i tu g w i thm i i m eac h ses ’ t i m l ui ml a sca m h ums ’ Imu s lehs ’ r t t un t i s ’  ‘us- lmis ’hi us ‘ u ts ihn ls ’ Titu s.
thus ’ tu, I m u l u m b i u n ’s i ts’ c h t Lmnl u s ’ ts ’r i/e d LiS > 5 /  s u I r t s ,

l $ i n u m k m m i ~’,h i t  11970) mis ’s’. tu nes Li hints ’ Ss’L mt t m u l gu mn u l hu tmu I n : u t t l cu i I i i I ~ ‘us s’ll su its ’s! 1,1 u’ ’.’ul’.’ r a tm u u tm ut siua is’d
lt iiLIt’ s’S. %Iu ’ ,, b lL m i t u/ a hl m m n i  muf thus ’ s smmrt  is ns ’ r fumr t tu e d In> f l ist Lm s sl m s ’m , i I i t l l ’ Li ti ns ’ . le ts ’ sLu r  u~ibIs’ I lag) w it h cash
11mm )’, i’iun c im i t t l n n u s lu i t ’  l ime sss ’ r us ’ :\‘u thus ’ scant m m m l ’ s ’ s’s f m m u u m u  he f t  Iii rigjut , t hu s ’ t i m , ’ u I .m p l> gu imu is f lilnlmed s’as’ht
t um m ie  t his ’ ss’Li t i  m u m  1 ”.Ss ’’u units ’ u ‘I i ts  s’u im ’ ’.’s ( )um l> t hu muss’ mmml > ClIns ‘ u sh imi s s’ l ii:”, .u~’.’ h ii~ips’’.i ImI th is ’ ‘‘ i i i

’’ Im mus i tmummu In  s’ .
ii, is ss m t h u uum I hu ms’ .’ I’ ll> g um nus ) L i me  umse si m u  dmst u m u us ’ c’ L ln t l l h ) t i t a h i m m m i s  ‘ ‘Ss s’aclu ‘.‘u lt ’ s’ is ‘. I I uS ’ , s’ t t  LI uh’ .’~ i s m n ’ r m  us ittau,is’

m i m i ‘uv b u i cht ut this’ ‘‘ 1m m h m m l l > 01115 us ‘. Ium s ’ .’’uI to Ills’ muh ss’r’ms ’ n. Limit! i t i tm ml i ’ i ,ut l,u uu us Li’. ‘.u .m,ttiu :’! s u’s’mu s’ r.lI ’ .’ mh ,m b n, u mmt

this ’ i tu ls ’ ii si t > ml thus’ s’.’amm trumimu t h a t b nm m uuil l i h i lii this ’ iu s’\t sIi~mi u~’s’ h n um muul, I Im il , ’tus m t > is ,,m i tu u iliits ’s l us .u l u u mm s ’tu i mmi
u I  thus’ ,utm , ’ hm ’ hu,’I ss s’s’i u thus’ s l l i t i ’ . ,’ mb this ’ um i hs g m mm m amm ml a linu s ’ dn a~sm nn l mumiuu this ’ ligh t s m ’ u ur ’ . ’ .’ Im i this ’ smuu t . i s s ’
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I~ iukiuighih raut hs’shs m t h u us a h em i ru th t i m i  s l l i l u l ua is ’ ml wi t h t hu L i t  mit ~
1
’L Itl ,,m s ’k I himmumu ’ m ~’~’ i- , ‘‘ u ’ -~s u uu ’ v s

nnethi sm.j) lii ,u (‘I )(‘ I 1n04 s nm m nu h m umte m I(s’suu l t s L II ’.’ sIlillill ,m ul/ed m i  I Li 1)1’ .’ 2. lt~ ‘ u m k u i I ~’ I m I  . l m Iul s I t u , i t  t hu ,
imn plemcntati mmiu m i t  hums .u l, ’m , nm t hi utu mncsu p us ’s to t hm u u ums amu d ‘ u ’ uumuds It i t l euu u mu rs , i t i s l u i , l u iu , ’  u l Lu t  ,u s l , u t L m m m ’ , m u ’  I is
s’a pable uuf p~~’ce~’d~~ ’ ,u h im muu t 1 , 1)101 p mm h ’, u f i m i l s . s’L us’h l s’,’ut h u Li Ilia’su t o ut l i  ut h m , u u m  ‘.5 1 i t s ’s’ ’,,

Ta/ mi , ’ 2. Results oh’ (‘n u t  PilliSi ) ut ot W ari im els aiim) Boum is nigh I ~‘ls’ I hitids

Comput ing Time s~
Figure Polygo ns Edges W a r nock  Bo u knm g h l

A-I - r .u t ue
(‘sm t t ~mge 17 u~() 2 u u u m u u ,  I - S s’.’ ’.

‘I’m uni ms 22S ‘)( Ilt .‘s u i m t u  , I ii

- t t t  “5.5

~\ nnay mib
(‘tu bs’s t (nO (40 k’ 7 ))  m m u u u u ,  2 11110 ,

(,u 4 ‘.1 l num ; l um m s ’r,

m’. ,u’, ’ut i l i m t m ” . I  s’ ut ‘., m l , , ,m u ’ umt s i ii m u : ’ ,’’ ms , u s ’ ‘1’’, ’.’

Last Prim unit > Tee liii iq LIes

Thus’ tlrst re a t . tm umi e smuhut iuumu tmu  thus ’ hui d ui em i s m u r l , m ’ . s’ l m rmm ln he u uu ‘usas s hs ’ ’ u s’ In n!ns’st :11 ( ,e uts ’ rL u l i’ Is’s Id ’ .’ by R, \
Schumnacker ( Rmn uug e lmut , h O n O  S iu th ue n iatud s’t L u! , , I97 ,~ I. ‘1 hue te c hum t iu i i ue imsesi a list I n ru l r i t >  u ln int ri L iCh u u ’
develo p a hm ug bi s~uatut y umima ge piess ’ mitat imntu s \ S t s ’ ilu t u m r  usc’ mu v isu al bl i e lut  s l lm uu dL m tmunmi  ‘u ’ u!ui s’ hu ‘u’u :,s i m u m i n l s ’ u t t e n t t e s l
at the NASA Maiimis’d Slnacecnat ’t (‘cutter its 1hl1,~~, h~as unugs ’ r ( I’)7.~ I L uu ud lt iuukt ui ghut I I’)70) rs’ h n l l i n  t h u : m l  t h e
NASA sys te mim (I’. ~,5 ‘,u,uuu minis ’ s ) was deve lulped luum space net is le iv unuus anud s lu m ek mt uu s i u u u u m l L m t  1 ,1 11 sI mu t t ’ .”,, Lit isl t h i , u t
this’ basic SySt s ’ t i u eapah uh itis ’s itic lmuded uup tuu 240 s’’.l~’s’s I tmta s i uu t u uu u u  40 p! Lmuu ’ .’’u ‘us III in cu l ls ’s per n l L u t u s ’ I.

A second ‘u> shem iu ( 525  scan l i tm u s) ‘us- as de livered t u m  thus ’ \L is L ih 511 I tL i i iu l iu? ’  I ,u’.’ u lut> Lit k m m u uss ih l e ,  Ic’sLis
in 1972 ( Itasinger , 1973), ‘thus  svs t ’ .’ i l u is eaj na hte snl di s hn ha s tu g sc eim i ’s s’mu u t i pm ms s .d ml 5 1 2  s ’ m !e e s hum Lld’ .!it ‘‘n -

2 .000’t’d gs’ env ini m uu li lemi l us avajlahle in t h ue I umr i uu m it ’ m h L u t , m  bL us’.’ iuum b n heu um s’muts ’sl u mnu umi.uuiu u ’ .’Iu s ’ ‘.i usk , t ’n , uumn ‘us iu i s ’ l u
am y ~l2’i.’dgc scents ’ ilI Lu > he su nti upu ise d dur itug this ’ ‘ u S s t c’t l i’u use iii Li i i  ‘.‘ \Ins’n l iu u ’ .’I m t L u l  In u l iu t  t t L i i t i l I I ? ’ l n l m l , I L m m t i ,

Sc hm u m t mta c ks ’ r ’s Is’c bu tums h u e I i> ’s  s ,i rtimu ui murder )  is bLusesi m I l l  ,l cmm ns ’s’pI ‘us hum s l m hu e uu utm , ’ u lmms ’’.’s! ‘us h u e n e m u m
s’s’rtaln s’ iut l es ’tu m m ns uub l Lus ’es at e tenum ied c hmusne rs L unu s l Lu ns ’ tre L m u es l ,us a u ’ n u u u u l l  I Sumlhu s ’ r l L u m u sh dl LI I , ,  i ’ t 73 ) 5
emullectim umu mmf taces us a s’ i Iusts’ i uu mul > if it inen tu t i ts  Li hnress ’t h n r tm i r l h > mu rds ’ r m l ‘ uus th i h mls  hum hi’.’ ‘.‘ ‘ u tL u hnhi s lls ’mI m l

clusters umnd s’pendentt mi t ’ t h e  sic’,’, pm ui u t l  ‘h’ h mj s ps’t~~ t t e ’ .l auu e”, a mm uimua t u l ’ n  n I this ’ me l Lut u mun u s ins’t ’u ’us’s’tu s’l uu su e u s
rather t htain hetws ’cnn all mit thus ’ bLiss ’s mu thus ’ ss ’s’ mu s ’ - I liii’., t b u e n m ,  s’u mu l s l hi’.’ f m uh lm m ’ uv s’si Ins I n l 1 , s’’.’ss iuu ~’ I nt ,u u , l >  h im ’ s ’ .’
cluster sect imn nt s wh uichu are s’ us mhls ’ ,

Sc hnum nma cker restr us ’te d this’ enu v i rmunn i t ien i t  It ,  ‘ .115111 ’ .’ t h i L i t  s’ l m u s t s ’us Lu re LIII hui i s ’:it ls ss’ l nLir L ibls ’, ( ‘ j n u s t s ’n
priorities ws’rs’ cum u in puted 0> develmu In inug a t ree ssh iim s s’ t i mu d s ’s ms ’ in rs ’ss ’ uu l  l u lLutus ’s s’.’ l n L lm L i t t i u? ’ t i e  ‘u , m u i u u u u s ‘.- l mm s t m ’r s .
arid wh ose two niunde hir an uch ms ’s re p resem ut this ’ side m I t  thus ’ plans’ mini whim s hi thus ’ su ’ .’ss s m m m t  us Im m s ’ L u t c ’’.I, h ‘ mum ’ .’ ‘~

~IVCS a siuti phitìcd s’’sa uii ple 1 mb tbt e ~mr iuur it i/. imig ts ’s ’ humils h iu s ’ i- ’ us s’ m ut ua hls , t h u s ’ Ss’hiiiil i Lus ks ’l iit’ .’ t l l m im t  Is Im I
preconipute as mituch i pnionit) mmrderit ig innfmnrn unatitn n as hnmis S lbi lc ’ a bm , u umt th is ’ s’ uusmrum u u l mm e mi u h s ’ t u u i s ’ ‘.,‘ us’i i mmi ’ .i Iis’ ui u ~’

any pictures . Thmere h’ore . h i s  tec iumui qus’ is well sm m mted 1 mm f lue stati c s’mu smn mu u uu u us ’mm l I’mn mim i sh tnt tlig h it s tu uumu lm mtiu u m i.
but not well suited Imi s ’ mtvirmm n mmie m n ts m i  wh ich u ui an i> mu h fs’ c ts i t iu ls ’ ’.’ l it5ts ’lms’ t ls ls ’ llt l~ (S Ii h l ls ’i l L uim ’ .l  s t  : mh . , I ‘~7

2,()OO- I:dge (~~,?tpuu’r Ip, ia~’c ’ (;u ’,um ’ra,ilm,u (( ‘ IC) Si ’ s/ m m, BLIsitis ’ s’I ( 197 i b th’.’s snm hn s’s ,u ue s’s’ t m ml>
developed systemi l wh ich us capable mi t  dis~mIa y imu g ses ’ mu s ’s s’u u ntu pnusesl mm l u m p  tu u 2 ,OtO) edges I ’ m  Li ‘us isis ’ Limugle
field of view puhut Ir a m mmi m ng si mn ulat imuni researc h faciIit~ - This’ hasms’ tec hi n l is l u m s ’s unms ’ hu ms l e Sc hi u it ui Luc k s ’u ’s l Ist
priority nniethuid as well LuS nuta nty e m ihi amuce m i i emmt s Ihuat , s’ t m hls’ s’ hu vs ’ l> , pr m u s ’uuh e ‘ u mu ls ’ns ’Lmsesl I n r m~ ’ s’s 5uIl l ’
capabi lity. Wit lm th u s syst e i im . it is possible tm m simmiu lt ami e mmu is ly dispIa~ ss’s’t ls ’s t umu t ‘us uu mit ds ’h’ms’t m dell II> u pen a h’ .’d
cock pits , each operating anywh e re with in a 1 .250 h> I .250 mtau a ti c a l u tile L l t s ’L i

Th e environiinemit is modeled itt this’ f m m r m m m  m l  Li dis hs -i ’ .’stsh s ’u i t data lnLus’ .’ ss hu uchm m n m s ’mir pmmm , um ’ .’s
Schumacker ’s prioritizing imn htun m i tat iun t u I mmr this ’ varimnu is uih js ’ s ’ t ’ u  (clusters), ‘Ills’ data h:iss’ cm n m t t L m im us 100,000
edges, expan dable to 600,000. Twmn genneral pumrpmuse digital cm mt uipui t ems (SI I So . 2 h h lm ’ uu’ u L l t l ul ssum t si s m u t s ’
commonly add res,sah Ic) and one special p i i i  pu iss’ cum um i pu its ’ n am ”.’ ulss’sI h u m  II us ’ s’ ‘us ml ,ut  ,u I rmmnm 1 Iii’.’ s’mu s~ mu nu nit s’ nu I
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(2 , 3 , 11 ( 1 , 2 ,3 )  (3 , 2 , 1 )  (1 ,3, 2)

( Nm ut e L.R in tree denotes whetimer siewpununt ms hum let ’) , ri~~nt m l’ line identified at preceding node point.)

/‘zgure ‘1 Simplified illustration of Schumacker’s cluster prioritizing techni que.
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and produce this’ neqm uurs ’d 555115 ’’, tmmr eit h e r  inn humt i i m t  twu ’ s’ mu ck pmt s .  Onus’ Si - I IsO (‘i’l i u i t n ’ r t , i ’ ,” w ith :
memory in the siniulatimun co m uipm mt er t mu dctermmiin c cru vir m unit imen i t bs ’Lmt lu r ’ .’s t ital a rs’ m u  t b , ’ pih m .u ‘s Im ’ ’ b I  m m f s i ms
and perfor mm n ha~ c comm rdinate hrans hm nrni zm tiu m nns , ‘l’Iic’ ses l u tu s !  511 ‘IsO (‘I’t ’ luu t s ’ rb Lus - ’.’S ‘us t b ,  u lue I n t ’ l  s i  I

comm only addressable mune mtnm nry ann d Is ’ t~ his ’s neu iuirest ed ge d~mta I ruuumu thus ’ 4 2 51 hIs te s h m c mli i  t .u t u tu ’ I , - ’
environmmien t. This edge data us s lmured ui s u re as thus ’ active mlafa bLuse, lime spu,’s u , u l pmm n “ msu ‘ . u m t i m j ’ m m t s ’ i  I I I
cabinets of Inardwars ’ hnousmnig addit i unal cum re im ie ml imnny annd digital pruuces sn um s Its m nts’ n I,u ss ’m l ‘us i t  l u huut b: cs ’ins’t.ml
purpose comniputers via their cumu lt ium mi t m uie m m immry , Lmnu d acc m nii plishis ’s this ’ Lid wul u’s ’ I s ’ t at m ’ ‘I m u t  vi tIe mu ~u ‘u i ,ul’u

Hidden faces are detc rrun incd by scanning time en vi nmm n mtmi enm t ‘um t I m i vt ’ s’I,ii u ’ \ t ’ .’ m m , ! I m ’ :  I r m mi i i  t hu ’ .
viewpoint to the var iouus laces uuf nnhjects, afl(i couliparing i ts  sm ni gumlLu r mm n i e mut L u t iu ’ n u  ‘ u ’ , ’ m t h u t huLu t  ‘I LI I m m i u t  ‘ u , ’ , , ’ ’
norn’mal to the surface mn h ’ this ’ face. Fstgcs cti mmnuni omi ti n ~mdjae euit I L Is ’ .’s th uLum Lure bi nt hm Iu tu lu !s ’i i ,uuc ’ mIs ’ ’ hu um l , i s ’ i ,
This effects a rapid etim nina timmn mit Iiidd cmn edges ari d is Lu ke’, b e L m t mIre unu acm , u u m i t phm s luutu 1 ’ th us’ prm “ . u s s l l n m ’ mit r u .m l
t in~e (Basimiger. 1974). Anmithier ke> l’eat um rc is included iii t hus ’ scan c u l t u ’ us’ rs i uu tu  j ill,’. ess itss ’I I lru l n mm ts I’’ I us’
converter include this ’ [aster line at wh ich each edge firs t arid l Lm sl  LIppCLur s , mrumi thus ’ ‘uh u u j~.’ u t thus ’ umi sic ’ iii i’ .’
display plamis ’ . Th is permits edges to he e fficientl y ScLm ii c u um ivs ’ r tes l  hi>’ bnu iuit l mmm g t hi ’ .’u u h il uLm u > u i u u L i - , ’u I’.’ s II sI\’eh>
When conversions arc accomp lished fmnr scan line mm , e h eu mucmmts mut  edges ssl mmcl i  l t . m ’ u u’ t i m it > et let  t l l u n i  m u . - uk’

computed for scan line n+l using the sl m pe infmnnr u na timmmu ( Reck , t 974),

The CIG systemnn drives fourteen ‘tin m m c m (‘RT siisplL u >s , s5’vs ’uu Lm nrL ut uge d u r n  n m u m u s l  e ,u~ I, s’ ‘s k 1ntn t i m  ctt ’ .’’. I a
± 1 20° horizontal by +120°, —40° vertical lid s! u t  v ies’,’ t u n r  thus ’ p11111 , It us Im . m r t  ml ,m s u u u u u i l , u h u m n u u  s~ ’ u mj n l s ’x
deve loped umnder thie directimni tnt ’ tine Air h’m n rce I h mm uu uamu Resmimir ces I ~ih i m mr a tu nm > ‘s ‘5,!’. , uim ~s’tl ‘ss steni i s I )us ts u m ‘ i n ,

Wright—Patterson Air Force Iase , Ohni un , b r  imse inn t n :u it u i lm e s i l iu u uh L l l iun iu  IL ’ s’.’ L mrs ’II It is n u h ’ u ’ u u u u u s thu a t this ’
impressive CIG process ing capability is hargel) at t r i bu mt a bls ’ I mi ami a lnhnreci Luh hc L m uu uum uumu t  I c u m u u u l ’ m l u  tu e  ‘‘‘‘u~ 

ci
devoted exc lusively to thnat task, ‘linus, while sm nllls ’ mnh t Ime ‘u~u rum m mi s  tc ’c hu mmm q um s ’ s i t s’t mip h mis s mu m , u , mm i ’ .’u m t

extension and further investigatiomi , tine cost tnt a large-scale t iu tp l etums ’ mi tat i mun u s ushi  ,ms t h u m s  ‘us , mi t ’ . !  pmds ’lluds ’ I t ’ .

widespread use in rnan-conu paler symbiotic s vs letn s ,

2, Additional ()hscru’a t im mn s, Thus’ rcviesv pness ’uu test mit hu mst sts’n li m e ‘sui t IL l ’ .’ .’ t ‘.‘ u b luu im l uues sim us ’S m m  m l II CLunk

ex haust tine vas t bibliography (nil this ’ subject n mur ‘ . , usc’r t ime mt i uh tu tu m d e m I t  u m u e t b u , l ’ . ! s  tIi.m t h uLuse tn s’s’u m tris ’’ .l t m m

develop improvements here and th ere omn t h e alternative Is nm ,”, t nt ’ Lmh g u u ni h iillm s. I 1 ,1 55555-1 i t  u ’~ hs’Iis’sc’.! I,’ lm ,use
fulfilled its niajor objective m uf outlining this ’ basic Lm pprm ma c hu es t hu L u t  Lu ic ’ .msL uil :mhh s ’ Lit i ’ .h s Ills’ m t mIme p l l l nsu j ’ L i l

problems encountered with thenn.

Sutherland et al, (1973) concluded th eir suirvev with u this ’ m Ihss’ n”,’:i t i mmi l t huLmt  “ I ’m m u m ’ . ’  is , m u u’ ,’,s’ I ls ’s’ , hbms ’
m ajor problem of hidden surl’ace detectimnn , This’ s i ur t imn g murder. i i i  InLuru iemu h L u m , nu Ll> rej nrc ’ss ’m ul ~m 5 s’Omiiu t ,u n1n m’d
framework from within whichn new mi iet h umnds tiLl > he devs ’hunpecl Lii i ’ . t ex p hmured - II hu L u t mu s ’s’u u uus ’tIn n ’.!~ ,uu u

required is fairly obvious in view umf t h e  repmurt ’ .’s l C ui t t i p l i tLmh m ll l l  t i t iu s ’’u . i’.’~nI’ .’se il tL it iv’.” ‘‘ I ‘ u s - hui ch m ‘users ’
discussed earlier, ) The sorting orders used in the itinags’ s pace at g u ir i t l i nmu s ‘uss’ is ’

Are a Sampling - (xy)i
Scan Lane - yxz
List Priority — zyx

Suthierland suggests that one aveniuc h’mu r new researc h t i t Lu> h’~s’ 1mm t rs umt h ucn  si nnt m u g  mur ’ .t ’ .’ r s

It seems, too, that perbiaps an optim al sum rti u ug umn mis ’ r uti u s ’~ li mit ‘.51st j ne r ‘us’, l imit ‘.leps’mi ds ‘m i t t Ime n l , u t u u ne
of the environment, ‘lime m a j o r result mmf sorti ui g is t in e l imumimu L ut ’ .’ in i f m nr mi iLmI u i uum , , u mm ’ . l  thu s ’ st s ’ t ms i t s  ml u u m l m i r u u n ,lt l ,u l ,

along the various axes could be use d to idennt il y t h a t  axis almiing s s - Ii t ubm this ’ sm l rt  m m ’  j n t m , ,  us,s ‘ us ’ ml h ‘.‘ hui ’ m l ! l , m t s ’ tO’ .’
grea test amount of infm m rnma tim mn, ‘l’hiercfore, it niias’ he w um rt hu whmh s ’ t o  ui i ’ u ’ .’ s t u m ’,it ’ .’ this ’ i~is’ ,‘I s i t  m mhl ’ .’ ‘um ’ nhlt ~i,’
orders which depend on the display envirmi iimncnit mit ’ tIns’ muh u ) mum e mt t ,

(3) Revk’is ’ and (~.‘nc ’lus ion,m
‘fhe symbiotic system mn requirennent ls’adiiug ti n Ills’ Lubm ns’ ’.’ SliI ’ um ’\ mit t ’ i L l l n I I ms ’ s t ’ .’’.’b u t u u m h l im ’s ‘uS ms t i l L i t  0 t h

man and commiputer require techmniques for t ui r uuuLmtt imn g Lm t u s l prescutt umu g imntu i r n l l ih i l i t i  l ’ u~ Iuicl i n r u .us k’
unanticipated by the receiver) in a way th at will he clearly uu mtd e r s tmn uu m! It unt hu 21) Lmnm m l t I) u’ r . i ; ’ h i j s ’s

techniques were reviewed in light iii t his requirenmient.
(a) 2D Techniques

Basic 2D operations such as rotationi, scaling, zoontinig, etc . pose miii dms n m un s ’t ts ’dil iuicLml ‘m i’ bl s ’ i t is . us
met hods for accomplishing these operatkmmis arc relatively st ra ug lut Imm n ’ u s ,m u ul ,mui d bu, m ’ u s ’  hnt ’ s’t i I ’ m , I ’ us’Ii
Pen-tracking techniques are readily available; h owever , t he even j n ms ’ ss ’ n mh hnmn ssihuli l% mi t  Im is im q . ’ thi s ’ Ik’lI s
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pm i sllu m m m u ml ’ it is m mm o ved im mo nap um i l y rcu mnains a ’ 1 m robleni that has been handled so far only by means of a
ss ‘ ute nm i a t u~ ss’ Lurc lu of the screen.

Ss a mn u, m Mm ver s ion is noriitaIl’~ performuned using software due to the conmpk’xity of analog equipment for
immi pIemime mm tnuu~ a hardware capability. The cmnnve ntional method of scan conversion (producing a direct
binary im m izm g. ’ mi t ’ tbne display) has th ree associated prm~hleiiis (a) large storage requirement for the binary
mminagc , (h) large cmun np utatimmmial tmmimes , and (c) diffIculty in picture mmmodification . Techni ques to reduce
stmm mags ’ res lUirci tmetit s are accmummip anied by an increase unu cortiputat ion time; hiowever , the potential percent
reduc tis umt (m u storage is about ~ times the corresponding percent incnease in time , b , ff or t s to enhance picture
minm ditlcatisnmi capability are based aroi,ntd cell organization ~f the display and placetmient of the refresh
umidmm n , mn > i nn f n mu m n t mi f the character /vector generat nr. Associated scan conversionu techniques have been
dcvelmips ’d m i t  thus ’ cell mirga itized display. The technique seenrUngly best suited for interactive graphics
L1p!ntu ’ .Lu t mim s a chm m s ’v ’ .’d a significant reducl imun in the time required to delete lines during picture
nmtm m mhi licatim uii. hIu nwe ’u ’c r , its genneral processing t u nic was on the order iii 4 to 8 t im mu es g reater than that of
pre’u ’ imuuu sh~ develo ped techniques.

A umn ique nmet hi snd of significan tly reducing the ‘number s f  vectors con um prisi n g a scene has been
deve lmnped Ivisual reso lutimmn i prmncessing). hknweve r the methnod would have its greats ’st utility in randomin scan
CRT systs ’ inms. in raster scan systems , it could be use d to reduce the size mnf the x~y data bass’ hut wmnuld not
f av o rab l> affect con iputational time,

(b) 311) Techniques
The most significant prmibleru n in this’ use of 3D techniques appears to  he tIme re m oval of h idden lines

and surfaces , The earliest techn iques developed as well as th me techniques nmmnsl widely used today enmploy
mmbjec t space algorit himm is which exaunine each subject t mn discsnve r w hmichi parts will he hidden. Only then is a
picture created by deriving an inmage space nr display plane i m age These technniqutes all s ufT e m the
disadvamntage of hung computation tinmes ,

Tec h niques employing inmuage space algo ri th nnns are ch aracteri zed 0> their att e nt imi mn t m  the nature of
thie display inuage at each resolvable dot mn mi the screen . rath mer thani to the tm ntal unhje et mmnder lv umug the image .
Depth priority image space metlimids postpmune the visibility test until last , amid perf unrm ui it mini the basis of
surface depth as observed from thie viewpoint. Th ese uiis’thmuds pc rtinrti i their tasks by operating tin
success ive ~screen areas or on successive scan lines. The Warnmnck ane a sam imp hu ng met hmn d is not easily used
with raster sc an CRTs because of the unisysteinat ic processing murder of scre emi area,s , The Wri ght  area
sarnplimng method has a significant spee d advantage over ear l ie r ts ’ s ’ hu n miqi ues . b u t  at th at, the conuputational
t ime gr mws as N•squared, where an N by N hueig htt a u-ray is m nvmn lved. Scanm line t s ’chmni q us ’s are s’hiaracteiized
by a sys t etn uat i c y xz order data sort tsn: (a) lum n i t at ter t t j mnm t tin thus ’ ~urr e nm t s ca ut l imn e , ( h) determmnine sections of
the scan line within whicbn each fac’ .’ m a y  be visible, and Ic) dets ’ruii imte whum uhi faces ,mre visible based on their
pr u mx m nn u t > to the viewpoInt. These techmnum iuue s appear t in he gens’raIls fL u ster  t h an area ‘u~uinpling m ethods, but
the y are nmtem mto r-y com msuunming Ltflsl still require uninnutes mit c mn mi np umle m t im~ s’ t , n t  smungi e , tmimnder:ute ls’ complex
m)bj ec ts.

List prio ri ty image space techniques pe nf’mrnmn a pmn’limnmm tn t ’ t he sis uhiluts- lc ’st first by gencratutig a list of
surfac es murdere d acci mrd i n g t i n their res pective dept h s. Schumimacke r ’s i l i e t h i m ud us this ’ best k u umwnu amid has been
applied in several large systemi ms to prmnvidc visual sitmiulam,ion hm uc c re w t rau m u m ng . WhLle as’humevtuig the real tinme
solutions required m m  su c hu app l ications , the metiumud is miot well sumt cd t ,m env m r ummum nmeui ts iii w h ich minan y
obj ects umiove in dependently , Large-scale applications . suc hi as that descrnbed by Basini~wr (1 973). require
exte nsive computing power devoted exclusively to display gcnicratiomi t i n  iccm umn iplish t the job in real t ime,

(c)  (‘onc lusuons

Scan eonversion met hods are generally too t imu te c m mntsumttumntg or lou nm e mm u m m r cmnnsun um in g t in be
efficiently used in complex display generation Ion i iiamn ’con mpu tcr sym in h imit ic syste ms , I t  torts to reduce time
or mnemnory have only resulted in a tradeunfi bet weenm the twin . hlandware ‘us-an cumnversi on appears to provide
t he uunly readily available solution. hlmm wcv er . the imddituonia l cm’S t amid pot ential mi iL u m mtc ni an ce prob lemiis make
t his solution fan less than optumita l .

The major problem in achieving 31) effem’ts appears to be the elintuinuat ion of hidden h u e s  and surfaces,
A tremendous annount mit work has been perf’mmr umm ed in alteimip is to eftlciemitiv resolve this prohlenmm The
image space tec hniqmues appear tin humid the greatest prunuse t’mmmi thie standpoint of minimizing
computati uunal time, However , t hey .se c mm i t in acs’unnitp lishm thm us tuuiic redimct ionm by sacrificing flexibility (e.g.,
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they lack ability to handle environments in which many objects move inmdependemn t iy). Present nmetiim ds of
3D display, with hidden parts removed, are generally time consuming and applicable only to the display mI
simple scenes in a man-computer symbiotic system. Pr&niinising areas of research may lie in further variation
of sorting orde rs (with respect to the icy, and z axes ) and in making the sorting order dependent on the
image space environment rat her than fixing it at the onset,

Language. Work on developing an efficient language for graphics applications has included t i ”
development of programming languages and small-scale voice input techniques, with the fum ier being
several orders of magnitude more prevalent.

(1) Graphic Programming Languages
There is nearly a one to one mapping from the set of graphic program m ing Iauuguage s omu tuu thus ’

(sizeable) set of interactive graphics applications. A survey of the entire area would h ave easily resulted in
an additional paper nearly equal in length to this one. Therefore, wf~at follows is moore a genmera l innpression
than a survey, t he latter being necessarily deferred as a possible sequel to the effort being reported.

Graphic programming languages seemm i to be classifiable on the basis u,f the strengthn of their
association with FORTRAN or some other high level language. The number of languages per class is greatest
for those classes having strongest FORTRAN associations , dwindling rapidly as that strengt h lessens and
fmally disappears. This is undoubtedly due to the (commendable) goal of prcmducing a universal gr uphm ic
language, which is partly achievable by basi ng it upon a unive rsal high level language already in existence.

FORTRAN subrout ine packages are probably the most widely used of graphic langumages (t iumumigh i
strictly speaking a subrout ine package cannot prop erly be considered a language). Typical of these are (S P
(RuIly, 1968), DISPLA YTRAN (Gagliano , Thombs , & Cornis h , 1 968). and AR TA(Mezei & Zivian, 1Q7 2) .
Use of such pac kages simply involve s preparation of a FORTRAN main progranim which calls vari umus
graphics subroutines as required. The subroutines are , necess arily, graphi c device dependent. In add ut i cm n .
long argument lists make use of the subroutines cumbersome .

Attempts to minimize requirements for frequent subroutine calls with n lmmg calling vee tmnr s hue
primarily in the development of FORTRA N extensions and additions ( h3racchi & Sm nnm ia lvic u n , 1970: h3t Lms chit
& Ferrari , 1971; Dell’ Aquila, Murro , Prezioso , & Refi ce , 1972; F rank , 1968; Ilurw it , , Citron. & ‘~ea ttn n i ,
1967; Shearing, 197 1) This includes the development of such FORTRAN enha ncennents as the ds ’ f lnmtmmu ni
of graphic variables and extension of the lang uage itself to include such comut u nma j ids as l)R,.\V~, E RASE , am nd
EXPAND. Con s iderable dependence on subroutine calls still exists but is lessened by such hamu gua ge
enhancements.

Lecarme (1972) points out seve ral we ak nesses of ap huic langumag e s wit h s trsutmg F O RTRAN
associations. He says that calling vectors for subroutine calls o ten cmuntam 10 arid so n net in ncs up tin 3m) 

~3
parameters . Also , t he posi tion of the parameters in the calling ctor is signi f ican t , and awkw ar d techni ques
are requ ire d to omit parameters when desired. lie ais mu cIa ~ t hat mtian i~ sm i hrmnutin cs thiem u isc ives ire
anonymous un der their “ fores hortened nan ies ” and difficult to use it only for th at reason .

These ob~~rvations have led to the development of a nurmuber of special purpose mmtLm s ’hmi ne -de pen dcnt
graphics languages havin g little or no ass ociation with FORTRAN and little m i t  nun c o m uu mi mo n al m t u e s anmo ng
themselves (Homiann et aL, 1971; Lecarme , 197 2; Newman , l97~ ; Sib ley , TL uy l m m n , & Gmnrd unn , h968) . On’.’
suc h language , for example , is LOGO (Newma n. 1973), which consis ts iii a set m it miii ’ . nuns typified hi,

LINETO x ,y
DISPLA Y s s is pnedefined subroutin e
DRAW BOX IN x i ,y u , x~ .y~

Another is UAL(Hormann , L,.eal, & Grandehl , 197 1 ), which us list oriented , pt ’ m n lut t muig assignments res u lting
in pointer changin g and value chang ing, as we ll as having its own mm n u iq ue set mit ’ mi ma~’r ma

The overriding impression gained from a cursory review of existing grap hic p nog nani mm snug languages is
that those attemptin g to be general purpose arc fan Ie~ than optinm ual . while those ’ whiclu have moo re
extensive flexibility are application dependent and would need to be repro geamn it ied t m ur use in a
man -computer sym biotic system. Also , as wit h most pmo gram nmtn g languages , co nsi dc ra hls moo re att e ntion
has been paid to the efficacy of the language in the eyes of the computer than m u  the eyes iii the man Thus .
most appear potentially cumbersome , slow , and unnatural to use in a system purpo rt ing to prod uce a
sym biotic relati onship between man and machine. Perhaps equally im po rt an t , grap hic pnmng ramnmi ng
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languages per se seemmi highly unsuited to syutibiotic system nu use where attentiomi getting and rapid interaction
may occa~onally be required.

(2) Small-Scale Voice I np ut Techniques
Since most computers are d1eaf , t Ime sinnplest and uummn s t commi mon practice is to treat man as a mute , as

in the case of graphic programming languages. Large-scale (i.e. , unlimited vocabulary) voice input
capabilities are certainly a potential tool in nunan-conmputer synihiotic systeuns , but at least for the very near
future , the state of the art does not suggest them widespread , low-cost availability. However , several fairly
success ful attem npts have been nnade to provide a himm ui ted voice input capability that is well within the state
of the art and ideally suited to man-conmputer synithio~.ic systemns .

Small-scale voice input techniques pemfornm four basic functions . Firs t , a speec h processor (usually
analog) extracts signals from the input wavefo rmmm that will be used to characterize the utterance. Bagley
(197 2) for example extracte d three measures. (a) a nteasure of signal level , proportional to short-term
average power; (b) a measure of zero crossing rate of the signal; and (c) a nneasume of zero crossing rate of
the first time derivative of the signal. Elder(l970) used a group of bandpass filters to extrac t time-sampled
measures pr9portional to the power output of each f’ulter (similar to Fourier analysis).

The second task is to recognize whien a word or utteram ice has been spoken. This requires imposition
of a restriction that a nmtonient of silence occur between eachi word so that word boundaries may be
detected (E lder , 1970). Then the recognition algorithrin, testing speech samples continuously, scans the
amplitude signal and waits for it to rise above , then fail below, some fixed threshold to detect the utterance
boundaries.

The third task is to ntodel art ut terance when its occurrence has been recognized. Elder’s technique is
(0 store an array where each entry is proportional to the power output of (‘liter i at time instant j .
Bagley tornms a 22-dinmensimnn ai characteristic vector by breaking each utterance into 7 equal length blocks
and averaging eac h of the 3 mnneasures within each block. A 22nd element is computed which is proportional
to the duration of the utterance.

The fourt h task is to decide which, of a limited number of utterances, has been spoken. This decision
task would he fo rmidable were it not for the imposition of restrictions on vocabulary size and training the
syster un to recognize only known speakers . Timese are the two major restrictions which distinguish small-scale
voice input capabi lities fronn their general purpose, large-scale counterparts ,

(a) iramning the Systemn
Thue basic task in training the systemm m is to first compile reference models for each utterance. In

application, eac h reference model is compared with the current utterance model and the decision task
becmnmcs one of determniining the ‘closest fit.’

Systenm i training is the compilation of the reference models. One technique is to compute a separate
set mit  reference nuodels for each speaker and store them in some form of mass storage. l’his is the method
used by E Ider (1970). Thent , w hiemm a previous user approaches the systenn , his re ference arrays are fetched
for use in the decision task. Traininng is perfmmrmne d by asking each new user to recite the vocabulary set
several times , and computin g a single model of eachn utterance by using an averaging method.

An imth m c r mu meth u i d, used by hiagley (1972), is to conmpute a single set of reference models for all’
speakers . This is accommiphished by recursively building a protot ype vector dictionary consisting of
characteristic vectors (utterance mnuidels) for eac hm utterance obtained from various speakers. Dum’ing
t ra mn m nmg, this prototype vc c tmur dnetimin a ry is use d in a closest-match scheme to gue~ which utterance has
been spoken. If the gmies.s us correct , no updating is performed on the dictionary. If incorrect, the
characteristic vect m m r for the utterance is added to the dictionary and testing/training continues. l’his is
continued up t i ) sonic preset huiui t omn the dictimnnary si/ c.

(b) The Decision Process

1)eciding which utterance has been spoken requires the comnputa tion of a measure of closeness
between time numm del or characteristic vector for the input and the reference models or vectors . The typical
approach is t o compute a sumnimed-square difference error ove r the respective components of the two
vectors being conm ipared (Bagley, 1972; Elder, 1970). Other possibilities are to form a scalar or dot product
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or an absolute difference error. A disadvantage of this techunique is that it requires computation of the
selected measure for every reference model vector.

Elder (1970) proposes (but did not implemnent) a technique to reduce tins computational load h~lmnmutin g the number of reference nnodels that are compared with the model for the unknown utterance. lie
suggests that a promment.feature conmtparuson be performed first to elinminate re fere mmce vectors that diffe r
markedly froni the vector under test. Suchi features might include the real-time length of the utterance or
the number of peaks occurnmtg in the power-versus-tinme curve for aim utterance.

(c i Experimental Results
Elder’s technique (umnique re ference models for each speaker) resulted in a 3 .6% error in attempt ing to

correctly identify words from a vocabulary size of 37. The test included .s utte rances of each word in the
vocabulary. In an atten mpt to reduce e rror , a modified decision scheme was contrived wherein the t w u
re ference arrays closest to the unknown’s array were determined, If these two arrays were very similar (as
determined by their sunmmed square difference error), then the utterance was “rejected ,” and no atte m pt
was made to identify it. The theory was that in this situation, a slight perturbation in tine manner ml
speaking could have resulted in a different identification. W ith t his schemine , errors were nonexistent hut
36% of the utterances were rejected. It was concluded that the modified scheme has little practical utility.

Experiments were also run by Elder to determine the effect on error frequency of reducing the
number of filters used to obtain basic model variables for the utterances. In tine original configuration, 16
filters were used, with crossover frequencies ranging from 100 to 4,100 Hz. Reducing the number of filters
to 8, while retaining the same bandwidth, resulted in an increase of errors fronn 3,6’~ to 6 .3” .

Bagley’s technique (single set of reference models for all speakers) resulted in error frequencies which
depended on the number of utterances made by each speaker during tram ming. When applied to a speaker
who had been involved in the training process, errors ranged from about 1(Y - for 3 repetitions of each word
in training, to 2% for 30 repetitions. The vocabulary size was 33. When applied to a speaker who m ad not
been involved in the training process, the error frequency was 14%. This figure was reduced to 2’i- by
selectively dropping from the vocabulary 8 words whtic in had the highest associated error rates

Both nietinods were implemented on an IBM 360/65 com puter. Response t unu ne for tine Elder nm iet liod
was about 185 Ma, and that for the Bagley method was 2 15 to 240 Ms. For core stm m ra g e ~t thue nt’6~rence
models, Elder’s method required 9,472 bytes for the 37 word vocabulary , and Bagle~ ‘s utiet luod required
4,400 bytes for the 33 word vocabulary.

(d) Obsen’vations
It appears that a distinct time/memory tradeo ff exists betweenu thie techniques it mitm ude ling each

speaker independently (Elder, 1970) and compiling an mwe rall uuurudel for all speakers ( BagJu.-~ , 1972). The
former is faster but consumnes about twice the core for storing time rete re nce un um ude l . Withu adeu t muat e training.
Bagley’s method achieves a slight increase in accuracy over Elder ’s , hut thus observation mmius t be weiglued inn
light of the differing vocabulary sizes used in the two expe rimm ients. A distinct advantage m f  Haghe~ ‘s method
is its usability with unknown speakers. This can he perfo rmed with an accu rae~ equa l to t inat achieved for
known speakers if the vocabulary set can be judiciously reduced to e lumm mimiat e rite most trumblesonne words.

(3) Review wad Conclusions

A review of the language aspect of computer graphics was inus pured by the sv nnhmotic svs te m mm
requirennent for an unrestrictive and easily applied nmmeamn s ut “gettuung the pumum nt acTmo ~s” mit t ra iu s nu imt t im ig
infonnatic*~ that is relevant to systen n performimance. Along w ith th u s was time comi u pami u m imu requmr emu ii - m i t t om
some attention-getting capability.

Graphic programming languages are abundant and varied . huut time nutm i s t prevalent are those whui ch h ave
strong aasociations with FORTRAN or sonme other higlu level lamuguiage these inclu de FORt RA~
subroutine packages as well as various additions to and ex tem is io ns of I’OR’l RA’s~ h’a r t l~ iii  an attemiupt t m u
avo id the awkwardness of using many subroutine calls wit h kngth t~ c a hhu mug sm ’ c tu i r s . e lt m m i t s  have also heenu
devo ted to develop ing special purpo se lang uages t h at di) mm iu t depermd on an asso c iat ion with .i )tmgl men level
language. These types of languages are largely app lication specific amid ht ig i u l y u u ia ch m i rt c depe umd e nt.

Graphics programming language s are geared pri mar il~ to adaptation of tine imuan to the c i mun i p uut er and ,
in their use , man is denied the advantage of his most natural co n im um u m mi c ut mo n mm io d r - s peech. h owever , a few

31

- - -. , - __________________________________________________



t~r immumI s unm g techun i qu ui’s e\m st witichu n uma y he imimnunediate ly applied in man-commiputer syminbiotic systems for
s mmi cc input capabilities. 0mm a sumnahl scale , hiunnited vocabulary voice input techniques have been
e~ perinmnentall~ deve loped with as little as error in rcco~ iition accuracy. The prinm~ipal variants of these
tec hunmu q ues are time nmnet inod of nnodelimtg tine input waveforn n and the method of developing a reference set of
ui mmud e ls t raimm inmg ti m e s~ stenu m ). Response tiu mm e and mtiemory tradeoffs exist largely as a function of whether
~ mm .’hi km iu nwn m spe aker bnas h is  own refere mmcc set m f  models , or a single model exists for all known speakers.
,\ccum u . uc~ is not sigmut lcauulI~ affected h~ thie se alternatives if sufficient t ime and trials are devoted to
trzuum im m g liii.’ ~ ste in .

luu commclusion , graphic progi~ u imum m mumg lamtguage~. are probably adequate for conm niunu icatim uns that (a)
.mrc .mmm ucmp: mt e d t m ~ t u e  t ra nsn u mi n t e r ,  amid (hi do mi nt require speed.’hlowever , as with nearly any progr ammiung
Iangm u. m~e t l,e~ are at best m co m u tm u mum m ic at i mumi aid that must he learned and which neces~ ta t& ’s plamumuin g and
tiu u u c  t m m  .mb’b’ly. I ui u t i m is reason. they do not , by themitselves , fulfill all language requirem mients for a syumnbiot i c
s~ s t m n u m . w here h m m t h u mt l enun um umu ~‘e~ tun g and extenusive flexibility m a y  he required to tram ns mmm it umifo runmati un
critica l to oii .tZm mug ss si c m ii i~ 

r t im ru umamu ci’

•~ u m e~ t rm.’ uu me l y pr ium uuusin g adjunct to a syummbiotic system is a smimal l-scale voice input capahiiit~ . This
wmnmh d provide a higfml ~ ct llciennt att ent iom i-gett imtg capability for one thimng. and possibly cmuu ld be mused in
c mu m uj uunu c t i m m n m wit h a graph ic progranumnutin ig lamuguage to provide arm effect ive overall means of couunnmunication.
hu l l  ( 197 1)  cites several mnther advantage s muf such a capability. mmnc luding additional reliability and its
nmat uralness tmu time nu m amu. l qually inuiportant is tine potemntially favorable effect thuat it could have mun the mmian ’s
att i t u de atx~ut t h e  sy st emni amid his rapport wit h time comiuputer. A snnahl vocabulary si/c does not appear to be
a serimuus Imu muitation if time vocabulary were judiciously selected. Howeve r errmur rate nay be critical , because
use mn f voice input would h ave its greatest utility in situations where speed and accuracy are both relevant.
(For imtstance , mistaking “Nmm ” f or  “uo” at a critical point in systeini operation could Fe disastrous.) The
roost fr uiriul areas of researchu in t he overall language area seen un to be: (a) reducing error rate in small-scale
voice imnput techniques. and (b) com imbmning graph ic programunnming languages and voice imuput techniques into a
single ci flcien t commi mmi un ic a timn m i capability.

IV. OVERVIEW AND CONCLUSIONS

Thue purp imsu.’ of th is paper was tu )  determ mnin ic and survey t h e  research areas that appear nmmost critical to
.uiiuie vimu g iu iamn .cm n mu h m mi t e r s~ uumhios is. First , ani operatiomnal definition ofn ian-com mipute r sv nmhi c ms is was derived
whmic l m distiutcuishes it lronm i other types of man-compute r relationships. This was accomplished by viewiusg
such reLm ti mumt s im i ps t r m u n  a syste mmis stand point and ch aracterizing themmn by the ty pes of int~uruniat ion or data
t huat are traunsceived by umman and com miputer. Tine prinnary distingu~ln ing feature of a syumnbiotic systenm i is t.h~
capahilmtv of hothi parties to tramusceive relevan t unrequested informmnation .

Using thue derived definition, key systemn i requireunents were projected. These included status
tr a mtsce ivers am md uumem mmor ies , grapitic techniques, a language, and an attention-getting capability. A survey was
th en performi icd of research and the state of the art of technology addressing each m f these requirenuients.
(‘rit ica l problenuus were ideuitifled during thie course of the survey , and emphasis was placed on a review of
rc’,ea u chm ,mu cas related thereto.

Status Transceivers and Memories
It was cuotc luded th at raster scan CRTs m old the greatest pronntisc f u r  synnhmotic systenm applications

dime muua mn ly t m u the reduced refresh rates required when using an interlaced scan . This provides a capability
for traumsuuu i t t im ig urger quantities muf data without incurring flicker in the display, which is a mmiajor source of
in m u u hle inn miuan~ graphics applications. Wh ile raster scan CRT technology itself poses no specific researchi
problems , re qui remim cm mts for efllciemnt scan conversion mmm et hmotl s do.

Input devices are niany and varied, but thi em’e is no single device that is low cost and optimal for
p m m i m mn unm g .  draw mmtg . and positionimm g data on the CRT. These are relatively significant capabilities to develop
liii man-co mntmm uter syrunhiosis because pointing, drawing, and positioning are the malor actions by which
muian cant cmum unm um ufl icate with the computer using the display. The light pen is a relatively flexible input
device , but laster response times are miceded. It is also desirable , Irons the standpoint of convenience to the
hmu n u a m i . to provide a sty lus-independent input device. iloweve r, t he poor quality of ach ievable resolution is
a mm ta ~ mm r im r oblenu m m ere
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Despite a hut of evudcmmc e as t in i t s  need , little work has been accou miphishmed in eltIciemut l y ex t e r udimu g
man’s memory precision and recall capabduty. The most pronntisi mtg approach seemins to he to provide l m inum a
simulated sh ort-term mm me mnmo r~ . Only one study was fmiund whn ic ht att e m m i pted tmm dmu this in aum in t era ct u v e
graphies applica~ umi. It was application specific, h oweve r, and not direct ly genmcra liiah le to nnan.c munim puter
s~ mbuotac systems . Effo r ts to extend computer irmennory capacity hiave uuta in ly cm mn usist cd of improved data
structures to enhmanc e retrieval speed. There is sorine evidemice tJnat perh aps a better dire ct m m uuu ufef hur t wom uld
be to reduce the mnumnber of display files typically required.

Graphics Techniques
The major research problems existing iii tIme area of grap h ics t c c lumm i qucs are’ tine d cvel m m pum me uut of

efficient su~ umu c unversion methods and techniques for solvimig rime hniddemi him ie/ sur t ace problem. l’x ist in~’ scanm
conver sion methods are either too tm mm ie consumnuiuig or too nienmory comnsuiuuuig. Attempts tmu imumpr ove omi omie
of these aspects have resulted in tradeoffs on the otbmcr. Hardware scaum conuversi om n is possible , but ont ly at a
high cost and with hiughly complex electronic equipmitent wh ich det racts fr ummu mm vcr all systcuuu reliability. Time
only reai-tmnne solution to the hidden lim e/surface prob leum m requires em im ) rm muou S processing power for a
large-sca le implen ienmtatiomn, and is mint suitable for use with emi viromn muments w h ere evcr ~ t hmimn g nmuies
independently. Other solutions are extremely slow in general , and, again, speedfme mm mr~ tradeoffs have
occurre d m every attempt at iumn provem nu ent .

Trackin g the light pen continues to be a problemit due to the possihilit~ of tine tracki rug pro~’r muu i
getting lost if tine pen is unoved too rapidly. Since the light pen is one of time Im uw e s u cost innput devices
available and us fairly flexible, its use in near-future symbiotic systems us m mm t ic  (pz i tcd .  T iteretore . pen
tracking muuay be considered one research problem relevant to symbiotic systemum dcv el mupuun c u it.

Even though raster scan CRTs hold greater promise titan do ranndorm n sc auu t~ i~-~ 
dime 1 m m t h e  tu cker

problem, they do have the companion requirennent for scan conversimunu. Omne w a~ mt re’d um c iui~’ t h e  t li.ker
probability in random scan vector drawing system m~ is to reduce tine numniber md vectors needed t i m cuu u u tp mms e

scene. Visual resolution processing seemns to be one techunique for acconi~ml ish min ug t his It cer t a inm l \  uutermt s
further investigation to determ ine whether or not its full-scale use in c m m nju i nc t im mn wit in randorur s c u m  s~ st ’um is
can produce flicker-free displays whose densities approachn those possible with raster scan systenum s .

Language

The nnost promising research area here is the further developmnneri t amid retlmuemun e mmt ot s uu mall -s~.ule S m u l ce
input tec hniques. Improved accuracy seemmns to be the inmost significant requi reuu uemit . Tluis would mint m u nml ~
provide a highly efficient attention-getting capability, but ‘~.ould enhance tine rapport whicln umuann feels w ut lu
the computer by allowing hum to use mis inmost natural counnmunicatiomn mutode . Anothuer pro mnnisim ug are ,i us t u u
investigate hybrid connummunication techniques using a conibimnation of graphic languages auud smim .dl sc ulc
voice inpuit met hods. This could offse t somm ie of tIme disadvantages of graphic lamiguages (cuuunher s uuu iu e . s lm iss
and require trainning the person) by conipleunenting their use with time speed amid inaturalness of speecl u.

Summary of Critical Research Areas
Table 3 provides a summary of the research areas detenuuined to he numu st cr itical . Adv ai tceunue nucs mmm

t hese areas would e ffect the niost rapid closure on achieving the type of systenmu required f’m m n n nmamt- c munuupmmt e r
symbio~s. The interesting and, in a way, discouraging obse rvatiomn t hat evolves frouuu Table 3 is thuat nmu au m~ of
th ese research areas are not new and, to one extent or anot her , have aircady been iimvesti gatcd t u m i  ahm nmt a
decade. In view of this, one wm ut iders how much can be expected in way of furth er improvennie nts iii time
next decade.

On the more optimistic side, many of the areas have enjoyed somnie very recent advamicemmie nts (past 2
to 4 years) win ch , if not optional themselves , h ave suggested new avenues of immvestiga tuo n. This is especially
true of the areas of scan conversion, hidden line/surface, and voice input. Sti ll ot hue’r areas (simniu lated STh1.
visual resolution processing, and the idea of hybrid conunmlunication tech niques) are , as yet , re latively
unexplored and therefore wide open as far as potentially bridging the gap to mnnan-com niputer syitibiosis.

This paper has determined and reviewed what appear to be tine most fruitfu l areas in whuich we cain
channel our next efforts. Hopefully, therefore, it huas contributed to the goals of man-computer symbiosis
by serving as a point of departure and poisible inspiration to existing or potemnti al aspiran ts to those goals.
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Table 3. Summary of Critical Research Area?

Status Transcuivars Attu nt ion -Gstt in9
a nd M.mori •s Graphic Tsch niqusc Languaaa Capabilit y

1. Raster scan CRTs & 1, ’ Scan conversion I. Small-scale voice 1, Small-scale
associated software input techniques voice input

(innproved accuracy) tec hniques

2. Simulated STM 2. hlidden linef 2. Hybrid comnnunication
Surface techniques methods (voice input

+ graphic language)

3. Low cost , general a. Sorting Order
purpose input
devices b. Variable sorting

order

a. Ligln pen response c. Image space
time techniques

b. Stylus-independent 3. Visual resolution
devices (resolution) processing with

random scan CRTs
4. Reduction of number 4. Pen tracking

of display files

a1~ each category, research areas are listed in desceunding order (author ’s opinion) of criticality.
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