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The Gem systenl is an experimental computing facility that provides low cost, high speed,
graphics-oriented computing to between ten and sixteen simultaneous users. It provides
many unusual facilities to its users and presents a user interface that is unique in i t s
convenience and flexibility. The motivation for the system, its design and user experience are
described. Possible future avenues of reseal'ch are also outlined.
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l( I O'I' I V AT I ON

In 1972 the Yale (. 'onlpt t ter Science department und«r to<)k to bu i ld an i n cxpen»i l c
comp«t ing »y»tern I'<ir»tudcnt us«. Th«gro;tl» lvere to provide interact ive computingto
et)eh «»er, and tc>;>lion thc u»( of text a»d g raphicalo«tput in any combinat ion. Since
t he systenl h ; ld t o b e i r l expcn»ive, »uhstant ial e f for t vvas made to b u i l d i t o u t o t '
s t rndar«l conln lerc i ;rlly av r i l rbl» c(>rnponents l vhenevcr p o ss ib le. A l so , s i nce t h e
p roject (v<>uld evc>lve rap idly o t c t t h c y e ; r rs, i t i v . r» im p erat ive t o r n ; t in t ; tin t h e
rnaximurrr ot f lex ib i l i ty to a l lo l ( f<>r reconhgur ing thc sy»tern for un fo reseen uses.

I IAHI)IMARI'. I) I:SIGN

T he (sem »y»ten> hard)vare is pic tured in I ' i grurc 1.

DISPIRITS$ StCII1
' I'he h«art o f t h e » y st<.*m i» tht. ( .senl memory , a b trnk of 256K 1 6 - h i t <v<>rds of

setniconduct»r menl<>ry, «h ich i» «I' c<iur»«call(.d (serllory. I ' ach screen is assjgrlcd
1614 (16 bits,''>lord) section <>I' (senlory. Al l the screens ; lre ref'reshed sim«l tane<>usly
fn>r» their respective Gernor ie» 3() t imes pcr second.

The i>na«e or) each screen is considerecl to be an array of hits 576 lvicle and 454 high.
' I'he»e nulnhers c<)m«q« i te na tu r trlll f rom t h e re»ol«t ion ot ' the standard te levision
nlonrtor» u»ed;1nd the»rxe of the »cruel> lrlenlol'y. Tht. «lost conln lon vvay vvc usc Ihc
s creen is t<i t reat i t : r s l i nes <>f text . I ' ach ch l ractcr i s e i gh t b i t s l v i de , s ince ou r
('.<))Hp(r t( *l » ad('ll c»s 8-bit by res, so thc scr'ccn 'l l lolvs / 2 charactttrs acros». I he 1 6 K
lvord» <)f scr rccn mcnlo r ) ; l re ju»I «hot(I hl led up hy 454 such»c;ln l ine», and the aspect
1<lllo 1» clo»e 1o 'th(' n(ttut al 3j 4 1(ltto ol t he s c1eerls.
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/ri/><<re l. 8/c>c h di a ra)n o/ the ti /i 1/ Lv<tc'>n.'/'/» re i» a <!occd deal c>f eonnntr' oral c c>a/actin(; <et»i/»nc nt herc

not re/'c r>rcl tc i n,'lcc tc'vt..-/c te rc ncc nttc nc' / c)/>>>pc', thc /c rot!ran> aced to clra ' thi) (<ac cle>oc'lo/>c'din lcsc thctn arr
/cntcr

1.1)ch 3() v(c>rd s<'ct)<)n <>f n)c)nory c<>rr«st>onds I() one sc))n li ne on t he sc n c n , v < i th
th<. t<rst 3(» vv(>rd» «.>rresp(>ndintr tu the tup l inc on th<. Screen. The loxv <>nlcr bit <>t' the
t )rst «urd in ; ) tr)'ot)t> is thc left tnost clot r>n the l ine, the next bi t in that vvurd the » ev t
«kot tu th« r i g h t , 1)nd so on. :K '1 ' b i t i s : I l i t spc>t on the screen; a ' t} ' bi t i s dark spot .
LJs«,)ll) M'<' dr;)Xv v< h) t« f)cr(lt'«5 un I) dark b a c k )>round h c ( . 'ause IT 1()()ks ht' t t<'I on I he
sc)CCI) r 1)ttll<>ucrh th<.' harclxv;)I'e h))s I)u O'Itur))l pret 'ercncc c i thcr 1vay. (Th( p r i n ter <>n
)vhi< h the tigu)es t'or this art icle )« ) e dr))vvn prints black on xvhitc, thc opposite of t l )c
sc rcen cui) vention.)

P i<-turcs;)re d iav<n r>n th« sc reens h i t h c s i m p l e ; )c t o f vvr i t ing h i t p l i t « tns i n t o
(ren)ory . ( h <)Aging ) I )el)V)du(11 XV<)l kls ()I' byt«S Ot Inen)or% Ch))n)res ind i v i d u ; ) I SeCtiuns

ot thc s< rccn. ( )p«r;)t ions such as b l ))nkincr raut a selected se«ti<)nof ' the sc reen o r
<',op j))lg ;)n I fn ) lgc f r on l <)ne p ' l I 1 ()f Th< scl «en 1(>;In()ther pa l ' t o f Thc scIecn cll«e ( )silv

pl ofr)",In)Hied.
'I')vo cotnpu tc r s ; )c(ess the (~cin<)ry. ' 1'he 'tern) in;11' computer, vvhich is ca 1)ipital

PAP- I I ; t } .'>, h/)s thc p i l n l ) l l y }c>h of s)1'nulat)fig Ino)<) o) less convent )on 'l l t y peXVI Itcl'
t(.rn) in(11». ' I'hc (>th«r u»e, a I ' 1 ) l ' - 1 1:45, docs general-purpose t in)e-sh;)ring. L'ach

co)nputer h;)s mapping t)ardivare that all<>vvs it to access the (>emory t'or any termin))1
;IS th(>utchthC ( r<'nl<>1>c XV«I «p'<u t ()f Th('. PriIn«')I y menlol y fo r t h e CotnpuTCI. It IS (cult e
possIblc f ( ) l ' h ( )th c<)1'nputcI s 't<) 11ccess t i le s (nl l c sc r c«11 Inen)Ore' at th c s ) tn)e t i11lc;
1);)r(lvv;)I e I'«solves Thc c()))tent)()n. Th < ' p ) ' In l ;11 y connect)on b e t%veen t l lc t v vo c o n l 
putcl s (<)ther th ))n Th)c)uc'h th< s l l a f<'d (1 ( ' Inoiy} ls l) s )n lp l<' b id i r ec t ional l i nk t h a t
; )t>pe;)rs to «ach machine to he a < cry t'1)st paper tape rcaclcr and punch . ' I'he tern)inal

conlpuict h;Is b«cn prog)a)nm«d tu scn(l t l\e char;)ctc)s typed on the keybo()rif» (except
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t'or loc;Illy h;>»died funct io lvsi to the m:>in computer, >nd the main co»>putcr se>>ds
cha>act«>s to I'>c <Ilspl»yt *<I lo tl 'Ic I t ' I'1»>nal c()mp«t(.r .

Other hardware
, I«'VCI <ll f1<'liphc>'als al c >It><>chc«I to the ttv 0 cA>vlf)t>tcl s. (I tevv ()f )vhich bear f ul'ther

<Iis<ussio». ,->t <.hn»>ic pn>blim f > ci»g C RT or ie n t ed s ys tcn>s is t he d i f t i<:ulty o f
ol)talnllvg f);If)t'I c(>plcs of t 1>t.' c()>v tents of the scl'ccn al reasonable cost, especially vvhen
tl>i. Screen c;>n displ )>y f)i< tures;Is «veil;Is t«xt. The ter»>inal <'.omputel has attacl'Ied to
Il;1 sl;1»<l(>l'«I elect rost» t >c r>v>>11'I x pl l»I«f'...)in«« tht' d;It') In a s('recn >v>c>TIAI y ls;ln; l l > ay
(>t' bits in t l >«s;>m(- f<>rn>;It as i» rt ( fuirt.<1 b) th« r » a t r i x p r i n t er , copy ing thc scr««»
mt.>»ory <fire< ill to t f l« f ) r in tcr p>o<luces <I pap( r copy of the screen image. XV« h<>ve
pn)gramrv>t.d tl>e termir>;>I convf)ut«r so that on c;>ch k«yboard, there is a 'I ' r i»t ' b utton
th;>t nl(>k«s (I <'.op% ot tll«sere(:n, >ll()tvi»g use>s to ol>ta»v h;lrd copy as often as»ceded.

user p l og>",1»l <',>n (>Iso I>l I';Ing< 1(') cop% scl t't.'I> illlagcs to t l l c p I >»tel' I ')y st 'ncl>fig>
contn>1 (.hart>('ti l sequc»ccs to tl>t t e rn) i>lal, s<) that by r«pc t i t l ve ly d>arcing p i i t u f « s
;>»«lprint i»g thc»11<»vg«r p>lpcr pi<* tl>rcs c;ln be dratvn. Al l s ixteen terr»in;>ls s*h;lre the
s;>»>«printer. s() tl»; t the cost p< r l«rminal of prov id ing> the pri»tcr is qu ite I( )vv. AII of
thc tigures for th is p:>per tv<re f)ri>>t«d on the » ) ;>trix pr i» ter .

'I'h«r t is also ; Ir> (>r»; log»« I '( ) s«bsyst«n>„ tvl>ich is describe<i later, at'tachcd to the
terr»i»;>I co>»put«r.

SVS'f lv,~l ~tiVTXV <rei'

I. 2
! >>ftcr (> go<)d dc;>I of' investigation and ex ptr imcnt, vve <le«i<led to a<lopt th i. ~vcll
k»()wv» t n>x t l l n « s l ' l«11>»g svste>v>.

Terminal computer
<<><>e l l>>vc pf'ogla»111>cd tht' tel ' IA>»al compu h : r to c l v lu l ( l tc all A , )( I I ( B I t c f t n l n ;>l.

'I'hc (.'mul;>tion pro«r >»> Is vv>itte» it> tl>c san>« C.' I;>I>gu Ige ' as is the I. j»ix system
I >st If anil s() the p>'og>I <1>'n has been «asv lo develop a»d rnod l f y .

Each (:>cm >er>»i»al can be used just l i l<e a typ ical typevvriter tc rm in;>I. . iin(« the
1)eh»i i<)ur»f' the ter>nin;11 «Iepe»ds solclv o» th«p rogra>n in th« term i»al computer, vvc
h;>(c E«en I>bl« to dc(« l()p;> ter>vvin:>I (vith some i cry unusual characteristics, In t 'act,
chan <>ing ten» in:11 ch;>r;>< t«ristics ll;>s been so easy f l );>t «her> nc t c«c ive f ) rogr;»1>s
v< ritt«I> «'ls<.tvl>«rt that d«p«»d <)n tl>c spt'ci(>l ft atul es of 'I p'll t icular type of term inal , i t
h»s <) I 1 t.l'> L)cell «>Isle> I <) I t.'p>og>" >» > 1 ll« '1 <'> m>>lal colvl f)utel to c>»<11>>te thc d esired kind
of t«f>H»1'll th;>n to «h'>flgc thc pf<)gl"1»1s flic>vis«IV«s.

c ursor add ressi»g>, horizo»t>l t ab»I;>te, r ing t h c 'bell', c arriage re tu rn , l i n c f « ed
(possibly scn)l l ing ;>t the bottom ot' the scr«e»,I cle;>r page, clear l inc, reset„and scrol l
the scr«cn i>lv'»<g>«,'uly el>st;Inc« up o>' dovv». I here Inc ' l lso solvve»vole u>lusual f t.'atu>es.
1''<)r exampl«, si»ce scrol l ing> the scrc«n imag« is a very slovv <)perl>tion, the user can,
u»<1cI' f>rogra>vv contlY)l, st t thc «list>1»ce to be sc>ollcil vvllcn hc scllds '1 l>ne feccl >11 thc
l)ott'o>H of Ihc scl'et.'n. O'c lv>>ve <1>scov« li'il that f»r most pu r p oses scrol l ing 10 l i nes
c(ery tenth l i»c t«ed is perl'ectly;>«lequ;>te;>nd puts;> much lighter load on the terminal
computer th;In d<)< s c<»>venti<»>al scn)ll i»g. The user can ;l t (Iny t ime set convent ional
l»vt'-;>1-ll-tu>v(' sc>'off�>ng> If <<vl>r>tcd.

.)«(«r;>I >I><)des can bc set in thc termin>>l, eitl>cr by pushing but tons on the keyboard

11>lvc the u'su'll contr<>l tu»cti<)ns»n p l cn>ent«d: cursor mo t i<)n> cursor home,



»I' l )y st *.l'lt l lt>g co»1>01 chtlrl>«tet seclut.'>1«es fl'»Al the mai» cotnputer. The term inal can
be slvitched to use th e A P L ch a r acter f o un t r a t her t han t h e r e gu lar (36 character
ASCII s « t , ;>nd ch;>ra«ters fn il» the tvtn can be in t«rnl i xed, since text air«;>dy wri t ten
does not «hange when the te rm i t>al mode is changed. One «tin also svt itch between
having «hara(ters <iverstr ike as <in a re;ll typewr i ter and h l l v ing only the IM<)st recent
«h;>ra«ter:>t a s«rt e» posit iot> sl>otv, as on;> conl ent innal ( RT , F o r d e m o»st rat i<)ns,
the terminal can stvi tcl> to double size characters.

I o h«lp «xploi t the unique f'catures of CRT t e rm i t>al s, ave have implemented screen
'~vi»dolvs' tvhich 1>flntv screen >ctit ity t» be restr i«tetl to an arbi t rary sub- re«tangle of
the screen. A program can send a c<intrnl sequence that sets the upper, lower, left and
right marg ins nf th e sere«n davit>do~v. All o f t h e r egu lar te rm ina l -cont ro l characters
su«h,>s «ursnr » >»t in», c lear p;>ge, horizontal tabu late, and scrol l up o r < lown t h en
npcl't>te onl y v v l l h l » t hc sc l c c l 'c(f w I t ldow . 1 . Allkt' »l o s t wi t >dnlvit>g sys'tctl'ls, no
pn)gratn in the main computer need be atvt>re that it is wr i t ing to a lvindov> rath«r than
t ti the ful l screen, since the t«n» i»al computer handles all such activ i t y ; l u tnmat ical ly .

A lso note t h a t f ' unc t inns l i k e ' clear t o end of ' pl lge' a re e ; l s i ly s i m u l a ted b y
pert'orming;>t> existing sere«n <)peratio» tvith in :> davit>dotv. (In this case, the fu»ct ion tn
use would he c lear-p;>ge.)

C nmml tn icat inn b(-ttveet> the term inal c<imputer and the m ain com p u ter u s t s ; » I
extreln«ly simp l« p r o to«ol . 'I'he l ink b«tlvt«n the mach ines tr >nsmits I() bi t lvords <if

data in para l lel . I .««h tv<inl t r ;>Asmitted >n ei ther d i rect ion has the log ical te rm ina l
numb(.r it> the higl> liyte and the ch«r»cter t» transfer in the lower byte, Ea«h character
is t'ully pn i cessed at the r eceiv ing end b e fore the nex t c h aracter i s r eceived, 'I'his
;>t nids h;>ving any start, stop proto«nl. In fac t, early versions of the terminal emula tor
p rogram d i d h >v e a s t a r t . 'stop p r o t»«ol t h : l t l i u f f e red ch aracters i n t h e t e r m i n a l
cotnputer bu t vve discnvt r«d tha t the a t»nunt of ' compu t ing needed in th e t e rm ina l
col Aputel to Impl t 1»«nt the p lot»collvt>s gfe;>I «nn»gh that. wc got bet tel I 'espntlst' by

pfncesslflg t"««h «11>lfactcf to c o m p l e t l n» l n > A>edlatcly. I h c I Y la ln c nn lp t t t c l s e t lds
characters i» naut>d-robin fashion for the v;>rious tert»inals so that each user gets a t'air
share ot lhe term inal c<ir»putt r s t ime.

I hc pfogf>>A'> Inst«le lhe tt'I tntl>al conlpt>tef Is also vcfy simple I» «<in«ept. It cof>stsls
o f';> lnnp that ob ta ins a char««ter and te rm ina l nu m ber f rom th e m ain cnm p u ter o r
f r»tn ;>n i»ten>a1 buffer used f' or "ln«al' f 'unct ions, sets th» (~enl registers to » » lp t h e
scree>i memory for t he r«qu i red t t<r»linal, and then e i tht r dra ivs pr in t :>hie «h;lra«ters
dire«tly <)r <lisl)at«l>es to rout ines I'nr in terpret ing con tn i l «h;>racters.

For each screen i t n>aintains a smal l t able conta in ing the cu rsor pos i t ion, screen
lvindnvv l imits and o ther re lated par;>meters that t>re upd;>ted after each «hara«ter or
screen»p«r >tl<)n,

Llespltc al l o f t h e ,'><lv>»««tl f«atur«s ltl ol» t « I IT»l'lais, t hc cml l la t ()f p fng ta tn on ly
takes;>bout ()500 tvords <)f mern»ry (»(it count ing about 3000 lvords for the «haracter
tables'.

Operating system
AlinitT>al m()dificatinn of the operating system was needed in order tn exploi t the fu l l

pntv«r <if th(. (Jet» t«rm inals.
><Ye add«d a m«chanism to the operat ing system that le ts any program man ipu l l>tc

thc screen memory of i t s term inal . ><Ye h;>ve exploited some other lv ise un<Ised m<idc
switching h : t rdtvare in th « I ' D I ' - l l t o pr< iv id« a d i r e« t h ;>rdvvare path f r» m e v e ry
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runt>ing progr;>m to thc sect ion ot (~emory associated with i t » term ina l .
The PI ) l )-I I,'05 hil» three opcrat i»g mo<les, each lvi th ;> full set of )>ddre»s mapping

registers. There are;>Iso 'pres ious addrc»s space' instr«et io»s that lct a pn igram access
tl>e addre»» space of a dif'fcr in t » )ode th;)n tl>e one it> which the progrJI>1 i» running.
*
I he I . Bix system only Li»e» t<vo 01' th(.' three avail Jbl(. modes, »0 wc nlodi f ied it so t l> >t

the»cr«en mcn»)ry <if'thi con t ro l l ing t erminal of a procc»s u'a» alwi>y» n>apped int(i thc
)1<ldl cs» spJie o f t h«' h i ih<."I to «BLI»cil »lode i»)d th l l t th e p l cv l o« s A>o«lc fo i ( I use>'
pro«raA1 'A'a» illw;>y» thi»' B><)«lc. ()Bcc thc rcg istcl » ale sct L)p ; i t systcnl i nitialization
t ime, th i» f c i i tu r c ;>«l<l» only one i n s t r uc t ior> to a c o n tex t »>,.tthh, an i n s ign i f icant
slow «lolvn.

Thc ovcl )>II ef fect Is th ; It a « s cr p r o g r an) n eed O nly c x c c< ltc soIT>c spc('I;II ln
stl ucl lo i l», >lr>«l Dol<l»» ()f dl>tl»; I c i(loved In an i l 0«1 of thc » c i ecl 'I mclno r ) v v l t f>oL>t liny
f«rthcr inter< ('nt ion f roi» thc operat ing systen>, A acre (n memory can, in th is v<>>y, be
Ioli>ll) r cvvr i t tcn i t> about 5 (>r»», )vhich l ooks l i ke an i n s tantaneous cl>;)»gc of t l ) c
pi('t«vc. A u»<'I' can 1>l»0»)i)p th( ' sc iccn MC1Mol y «lirer t l y i n t ( i th c a«ldfcs»»p i lcc ()f a
1«nni»g p rogr ;»», lvh ich pn )v ide» faster »c reen access hut severely l im i t s t l )c space
;>vi>ilable f<ir the p r ogr ;lm i t »e lf , » i»cc the sc reen takes 161(' of t h e av ;>ilable 321~
progr Jm a<ldres» spac< . Ii> f >ct, A>ost program» «se the first access mc(hanism since it

Li»L>i.Illy f;1st c» 0<igh.

App1ieation routines
AII «f the Ale«)r Ii>ng<l'lgcs Li»cd (in lhc »ystcnl , inc lud ing Fo r t ran, B:>»ic, API., and ( ' ,
have h;>d some »01'1 of g l apl) ics ln i c i ' I ; lcc <>ddi'd. I I>(' » lost »o j )h>stlcatcd l o l l t l » c»,
uhi< h i>re «Ie»cribed hei<)w, ar( fo r p r ogr >m» lvr i l ien in the Ia»guage ( ' .

.1> v;» ictus <)I u»cr softv,arc ha» hccn (),ri t te» to i ls»i»t i» p iet«re crci l t ion . I hc n l o»t
<1 idel< u»cd pa<.kagc lct» ihc L>»cr dri>(v li»e» and point» ln»L>biect;lrlgle» of the screen,
A f'r<(IL>cnt;>pproach is to dehne»eccl"i l scl'ccn windoxv», »OA'1c f( ) l gr'aphic», sonic f ( )r
t ext. a»d s«ime lor :> con>bi»Jtion Otbo th . V<)r ex;>mple, there i» a scree» editor wh ich
hi>» il li>i g»c veil><l<)w M,'hich»ho(v»;) pol tion 01 thc f>lc hcl»g c«lited » i»ld a»1'n Jll <inc-1>ne
vvlndolv w h i c h h ( i l ds i>fg<IM< nts to c i l l t ( ) r con>A>i»)d».

Another package >ll«)>v» (har;icter fo«rits t() bc crc;>ted. edited ;»>d «»cd to dr;>w text
»>«I pi< turc» on th c ; e re< n. Be»ides;> wide la r .iety ( if' «harJcter» ( .t»»uch ; >» regular
Ron>i>», (»reek, (. yri l l ic ;»>d (ilil (~erman, there (il'e ch:lrJcter sets thJt are used to h«i ld
A><il <' <.'(»I»plicated piet<>1 e» siich as I BL>sic)ll »o tc s i »>d A>ap s»» I'»bola, )1»<l v;11.10«»
»0< elll ch i ) r i>it« r» including <.xccllent rl pr<)dL(etio»» of' the» igni>ture» of some ol' the
I I»'l>lty Alen>hci s.

( )tl>cr I<'»» )videll «»c(l sof't>v;>re ir>cl«ile» (';>le<imp-« in lpat ib lc F( irtr.;>n routines I'or
d r>uing l i r>e» and c h ;>r>cters, and s o m e routines fo r v i e>ving t h r e i - i l i m cns ion;>I
«)I)>cot» ln pc r»pect lvc f l ' 0»» ' v a l ' I ( ty of v I (<lvpolr i t».

Fditors
Hy fi» th<.' nlo»t hci>< lly use(l piece ()f gri>phics soft lvarc Is thc » c reen oi lcl'lte«1 text

e<litor, (< hicl> is b;>»id ()n Yl>lc'» <-xrei>»ivc prcvi(ius ll ork <1» screen editors.' ' ( )n m '»1%
()t 1)el sy»t<'»1», »ci'c('.n c«li n)rs h >vc f')i led to giiil') ')c<'cptal'lcc hc('aiisc they h ave»» elf)<)sc
'>nd co»f u»ing»»y»tax and becau»e tl>ey gc»cr:>I I( pli>ce a»cv< re load on the comput ing
»y»te») or < lse ru>> > cry»lo<vI<. The app ro)>ch <ve u»e is thJt the ed i to r p r o ( i de» 1>

.- ><i
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n ur SC r d f > r; e d F) I e <3ehi2. n L >n e 3 1
lritnfrr ' . .8'f>tnptf' r Ji tiii . r i f f i n . Tiffs fhhatn l tlc Il f f t f<I t l t i Ievr J> 'Ilt f ltlf>t' athttt f>t >'lt t>lhlfefl> rf' <rli'I ted lar «n

o l>rri i t f i i t l

hh'l)3<tohc )»lu t l )c f) lc, i l t lhl th i l l. the us( 'f ( '>»1 slf» ply cl 'oss ouf > lncl uccf <('ffte n i l< ('h ils I'lc
hh<>«l<l i>). 1>;)per.."hnh tixt t hat tht l s c r t y p e» o»lci the screen goes direct ly Into the h ie

bt, )f)g c<l)Eccl. l. s l f l fgf s))3glc-k t ch ( ' f ) f n t»i» )ds , t h c l i s t ' I c i l l ' I I » c o k e i l Xi i)l le t > I o f ( u f - i ) f ld

p ;lstt i >p( r ;)t i i )»s, a s x ( i ll ;)s t hc ilsual e d i t (>r o p e r ) t i n t )s o t ' n ) u s i n g f o n ( i) r d i lt ) c l
l>l)<'khan".Ird I» Ih t , t) l l ' a»(l do i f )g conte>ht sc'Irh'hcs. 1 Ie call d f'ah< a 13ox a)'l)cln(l st)IT)c pi) f t
ot' thl . 1<xf f>)l t hc scree)) and th i n c l t l t tc i t , f» f>(:e it some((h t .)c c ls(. in th ;l t h lc o r to a
ditfhcre»f t i l t .', l>I' ch i'El e xec ulc I t ' )s < i)l»ma»ds tu t h e s y s t c n l c o f » > f lat)d I n t e l p fe t c l .

Hh el)rett) l clcsig i fl ot the t e r )» i » i l l e l n « l ; )1(>r progr f )» i l »cl the i f l t er f Ice beth( te l ) t i l e
I<'I'113fnal <'OII)pulCI all<i fhc » l i>fn l )unlpute l ' 'hh c 1'li'let; l)el. n iloli I A m i) l (< t h t ' s c f 't'et)

editor ruf ) t ;)sf( r ; l f l i l «hcilph- r th;»1 thc c;» if)us li»e ehlilors, so that must users (.(lit (>nly
hhitl) t l)c st rccn « l i t o r ; » ) h l I») ny do n l > t chen k f )«(h' ho(h: to use any o the r . Beg inn i n g

c)sere ht)d Ihc edi t<>r h'cry t:)sy t l> usc b<.c;)use tnosf Al tht f>pt r;)tior)s are intu i t i h 'cly c lsy
t (> gl'i lsp , >»)(I 1>')CC «lf >st: i )»ill(>gICs ln T hf f lgs t l ) cy d u h( '1) llc typ f l ' Ig AE) all C>fdi»i)r l

typewriter.
Editor implementation

t ) «r seri cn editor u» t ht () (n > sx stc») «1) 5spec it. ci) 1 lh clesigit)c(l to ac hie< i. n))xi)»ul»
pir l 'orm;»1«.

.

' i 'hc n lost oh(if)u . 1'mitat i ) ) f u l t h c e d i to r i s t ha t t i les th ; I I ; ) r t . Eo bc
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e«lited ar« l im i t«d t o l t ) l » c h a r i icters. T h i s t u rn s ou t « s ua l ly no l t o h e a p r o b l em
hec;iusc I»(>st of' thc f i les that users <v;)Bt Io edit. are small any>vay, a»d beca«se the

»I«< sx sf('») ; ) l l'E'i)«I««hils J M ariel««of too ls lh i i t Blake IT c(?»venle»f to I ? feak la i ge 6ICS

i)it» p i( ces ii»d I (> handle gn>ul)s ()I f i les is 1 u n i t .
The edi tor reads thc cBtll'c f ile t(> be edited i»f() prog>ram inc»)or i , ed i ts it ' in cure '

;in«l ri )vr i tes it E'E>nlplctclx when edl t i l ig> is done. U'e; )d«fed a speci))1 terminal m(>de t()
fh» syst«») for Ed i t ing . I n t h i s m o de , ch ; i r i icters That ; I r r ivc f rom t h c 1<exboard are
E l)vide(I l » t o I x««o cl«issi's: c i i r so r )«»of)on «»)d pl ' i »ting chal«ictefs «ifc s»»ply e<.'h()eif

bilck li> thc scfccn (»1«1 buffcI cd I» thc sysf«"IM, ««( hcfc(is olh i ' f co n t i 'o l cha i act i :fs Jfc n(>t

echoed J»('I cill ls«' Jll (>I I hi.' hlilfel cd text t () hc p«lsscd to t l lc pn>gi 'il l). In thc c«lsc of tl ie
E:hi)i icfcl s fh ;11; ii i E'E'h(>('d fi l ls w ' i )I>, the «cho t o t h e te l l n i n a f p l o i l i l c es a c o f r e c t l ««
>ipd Jlcd scl 'ee» 1»'1>lgi'.;«)d thE; ii i l<l('flying cd l l o l ' p i ogl i)Bi need f l ike no I I B » 1edlatc
; )cti(»i. I ' (>r the » t h e r c h : l raclc rs, the ed i to r n eeds to c l i a i ige the screen so t ha t t h e
editor pn>gr;)rn rc;ids i)nd;)«.counts I'or the buff 'ered characters and then perf '()rl»s the
Elesiled f'un«tion. 'I'l)e a(lvi)»tag>e of tliis schei»e is that the edi tor p r o g ram n eed be

sw'ill)l)( EI I» and f Llrl o»ly in t hc c ( )nip lf ( i f lvcly 1»fl 'c(f Llcnl eve»t th i l l ; I c ( )nt ro l f i i n c t l ( )B
ls I 'cq«csfc«1, «)E'I tlli ll E IUIE'k It 'spouse l s g « i l l ( i » t c< 'd f o f c« f so f co ll t l o l a r i d t e» f

ch;ira«tcr» v<hicli cot»pr ise » )ost of w:h;it is type<i to the edi tor .
I» pr ; ic l icc w« f i»EI th;it even I 'or the I ' i i»ct i()»s that requ ire xvaking up the ed i to r

p ro)>ri)B), resp(»ise t in>< is usu :)Ilx i i n d e r ; i s e c o nd , x( ,hereas f' or flic f )ster func t ions
resp(>nsc seems Inst(i»t 1»(. Ous.

Pirture Cl eati<ln

AVE hiivc lo«nd th i i t s i i»p ie- In indcd graphics pr«>gr;)n)s i)rc extremely easy t<> lvritc,
I '()I evan%pic, thc p i '(>gi"«i») «sed fo d t'«aw' I' Igul c I ( f h i b lo c k di « lgl'«)nl of thc sys tc in )
E>nly took; ibout I)al l ' i in h(>«r lo w I.ife an<i ilcbiig. The ilb i l i ty to avoid having ii displ i iy
list ill)<l I(! v< oi'k (III E'("tly w'Itll I' l l«' scf i 'E'n ll '1)ilgi. 1(«ts thc iisi'f bypass (I vvholc Icvi'I of
co»)pl<.»ify i» l i< ri i i t in n»>st (>Ihci graph ics systems. If ' there is some need f<)r more
co»lpl ic i i te(1 Elispl iy d;)I.i st r«c t« r cs, I t i s usu i i l l y very c i isy to v i r i l e t h ( . n )u t i nes tha t
tl «inslillc t h c l n » l t ( ? Tll ( «lc f l i«il scr«e» ll i l«ig('.. ll I s a l s () poss l l?Ic„ thou gh w c h « l vc B o f

( lone i t m u ch , t o r e ( id b acl( the p i c t u re fo r f u r t he r a » ; i lysis. Th e m o s t c o n ) lnon
i )pplic;it i(>n ol' this is lh«t v(e i is«;i lly dr )<v lines in 'Eomplemcnt n iode' , i .e, inver t i»g
the bil v.iliies (>n the screen I iithi r tl ia» Just tur» i»g tl lclll E>», Wvl) lcll h(1s fili. ~ efy uscf Ul
«lie( I ' l l i i l f i i l i n c c «in b c r c A 1(? ««Cd JUsf I?v I c<ll «1'A'»ig IT.

'I'hc AI ' I . Subsystei» I»;ikes use E>f Ih«APL c l i i ractcr fount and lets line dri)<vings he

lilii«li. El)I eel ly fl «)l)1 AP I.. T h e l 'c hi ls i)is<> I?cen v> ol k di»le 0» B i i ippl»g I i ct ing>ular
;il'e(is oil fh(. scil*i r) dlfccfly into API ii f l " ilys so fh«lt plctUfes cdn be dfalvn lvith fhe fUI I

f f(xib) l i t< of ' t l )e A I ' I , o p e ra tors, w i>rkin«> directly or> the hardxviire representation
w ith(>«t i»terpi>silig rel;i t iv i .ly inel'licicn l ; ind i n f fe»ibfe l i ()e-dri)<vinf> n>utincs.

i)o»)c sT)idel ' its h«ix c ln v c s t l g i i l c i l p l c l L ) I'c c l 'e«lfi()1'1 lii»gUagl;s, s«ch « is I . o g o an i l

(>tli<.rs h;ive c r c ; i lcd ) c l ) l ively s o p h i s f ic;ite«1 systi.nis I ( ) n l a n i p« late a» d d i s p l Jy
;)Thill")ry po lyhe ( I l l ) il l pi ' I 'spi'ctl( e 1'E llh hidili ll l l »e cl lmi» ; i t)(>». A lt l i()ugh Jn i n l i l t l on
ls (ILlltc ( l i th(.'Lllf, Ellspl 'iy (>f «)I I?If fi)l l ly conlp l i .x p l c fU rcs ls e«1sy slnci; thei c nccd bc no
( Iisplax l ist th ;i t grows w i th f l i c (.(>mplcxitx o l the p i c tu re .

Tl»s ;)I'>ilit~ has encourii «cd so»ie E i )r)(>g);Iphic w l ' ) fk . 'I'here is a set of rout ines w ith

wliii l i i iscrs i i i s i ly crei ite m;ilas (>f tile 1. nitcd . i t ) tcs and d isp l iiy in fo rm a t io i ) keyed b i
/)p ci>ilc. 'I'i)is is (>I interest t() gioups <vhich mi i i i i tain l i )ai l i l ig l ists on the machine. A»

«I lilei gl «l«IU«lti h«is E'fci)IE'd ii soph i s f ic J'tcd pJckage >vhIE'h keeps t ra('k of l n f o l rn Jfl (>»

aV (?VL>BVIr>XV i)I' ' I 'HI . YA l .r> (' I>l>l SVS'fE3 I

l5I ,
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l'iqccrr .S, .3 erc)pl/iri oricntc cl >Iccncc. Xotr tlcc. wsc»f o trxt rci>)dos(, on the /it / let tc/ ciisplccv in)ttnc tic»cs. l hc's

tccnciccsc i» «lso «sect lccr < /ror ncesscctccs «n<I c'iicncnrntsfro/n tlcr p)iq;rctnc

abc>ut ' I ; I le 's «nderground u t i l i t y t u n n e l s. I t s t o r es da ta about ) vh i ch t u n n e ls a re
corrnccted to vvhr('h ()thefs, vvhat types c)f prpes go 111 xvhich direct ion, ll h ich doors
have locks, vvhere th» burg lar alarms are, etc. The in te r face t(> this is almost ent i re ly
gf;IphIc;rl: thc Usc1 has a map o l ' thc cal l l p«s on (v l l ich hc c ; l f r ovc f l ' ly' ' the vafroUs
t«nncls and facrlrt les. Infor rnat lor'I Is added and clclctccl by poln t lng to thc bu i ld l rlg OI
t«nncl of in tel /est (by mol ing ;) cursor an>«nd thc screen ) and then typingthe changes.

Analogue I I C) applications
M c cnhancecl thc teI fn111'll erlllrk)tor so th'l1 bytes ol (>emory coUld be converted to

and 1'rom;rnalogue signals, usirlg the above ment ioned analog«c I ; ( ) s ubsystem. An
exciting app l icat ion is the analysis of electrocardiagratns, done in co -operat ion iv i th
thc X ctcfarls A d n l IBIstl at)on. Arl ; l loglrc tapes of patrcnts heclftbeats arc re(id Into thc
A-to-D converter on the termina l computer and thc signal digitized every 200 ps. The
d igit ized in fo rmcrtic)rr st(>red i» (3ernory i s t hen r ead i n t o t h e m a i n c o m p u te r an d
«s«ally iv r i t tcn on com p u ter d ig i t ;l l tapes. People ivork ing at the term inals can then
fapidly Ilr'1()lyse thcsc t(lpcs. Ir ldi>/id«;Il hc;l f tbe;Its lrfe shoN n gr llphrcally ()I'I thc scrccB,
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/rie>ur< 4.. .I <>ra/>/>i <s tree e<l>tor. 'I'l>is f>a> t><'ufa> «'/itor r<>as >.':ritt<'n as an assi/<«>nent for a < lac>. Tl>e.cy>r>hofs
«re f>on> a stan<lar<l Jaunt «n</ >lo not, >n tl>>s rue<, >nean an) t/>>>rg

;Ind the oper;)tor <.har;Icterircs each as normal or abnormal. As heitrthcats are analyscd,
fhcv 11re' sf<)r( (1 so IhJt lu t ' f i rer sl»11lar 11CJIfbcats c;I» bc Idcl l t thcd auton la t tc ' I l ly. 1 hc
entire «tat;I from ; I t y p i ca l 12-h<>ur tape ca» be thoroughly «nalyscd in about hal f an
h(>«r, xvl t icl l i s ;i b o u t :I t t < ! rde r <>f Mi l r » i tude 1 ' i)ster t h a n an y (> t her m ct h ( >d o l
colllp<lrable ace«i'acy. 1 he Icsolu t Ion t>t thc ( rcA1 tet Mttlals; Ind the'll; Ibrllty t() <ltsplJW
a rbitrar i l y c o t» p ie); p i c t u res i )re c r u c i ;t l t<) t h i s a p p l i cat ion , s i ne< ten o r t wenty
hcitrtbeats ; Irc «lispli)yed situ« l tanc<)<<six, each xvith m;Ix imum s ( rec » det;Iil .

I Iitving I ' iotlce«l that i t t laloguc srgn;lls co<lid hc I 'ei1«l Info the 4C M sy s tem, so» le
studert ts investi<rated the t'easibil ity of p roduc ing output analogue signals in real t ime,
ir»d thu s a s v s t c r l 'I thaf p l J vs r r l i l s lc «vas xvI'Iffen. I f ca n p l ir v s i x t o t c» vo ic e s
sit»Alt u'leo«sly, J n « l opc t "1tcs t e (Iso»ably N' c ll cv c r l «v hetl o t h e l usc l s c o r l f i n« c
nork ing, vs hich is unusu;11 for computerized music synthesis. K ork is noxv in progress
I() develop i) tn«s i<' scot e c<lit01' thai le ts «sera mi ln lp« l i ) tc n l«s ic in t he c (>nventional
r»usi«..;rl r>ot;1tion;Ind to i » tegr i)te i t «vtth the music p l i ly i»g syster».

'I'he ant)log>uc lr)put sysfcm h ' Is i l lso becr l used fo h i )»dlc a j o y s t ick fo t p r c fu r'e'

«11"lvc l n}>. XVC lo«»d th ; It 1'or mitrty purp<>s< s, curs<>r keys on the keyboard are mor c
co»vcr)ient f(>r point ing th irn the joyst ick is, s<> th< rc h;Is been c<>mpari)tively l i t t l « u se
of If so f i l l ' .
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h'rtlrrrr' .i. J>rtlrlrrv lr«r>r <r < rrr'> ( plrrttrntc lr >rr(<r<>rtr. 3 t <tc tltc' ahrlrt)' ta r'alrly plot a ~«tr'at <I<'al r>f ral rirraatrr>a.
/lrr«tc <i<If<'r crfc' tlrrt frrrrrr tire rrc'lrl ))'ttc'rtl)

Other applications
.<<(Ltlrr ally, a A:lde v(lr lefy of g(()tres lrtr J Jerrronstr"lttons rapid ly l rppcalcd. I hc Lrslr;ll

tir»l -(>f-d,ry co»rrrr;rn(1 h;rs lien> supplctnerrte(1 by;1 'clock' command w h ich d ra(vs a
(' lock la('(' orr lhe scrcetl, wrth the hand» lnd lcatrtlg the correct t tme. A sxveep seco»d
hand i» opticinal. 1>Vh(.n a terminal is id l( , thc system di»pl;ry» a picture front rr l ihr;rry
(>1 'rppt opt i'.rte trr('»»'ltrt s, »Lich 8» fhe scttl »II Y ' rlc I r r i v c l » i ty , v ' ) r iot)» por tcrt t lous
11 r ottoes, 11»d c>tiler cotttputcr ; r r twork . '1'his actu lllly had some pract ic;11 bc»cht, since
Us("1"s can »lore ia s t ly tder l t t f>c il'violable tcl nlr»<lls and, stncc h<lvlngr a plctUrc sclecfci l

for the l ibrary is considered sontetl>itrg ot';rrt lronour, there divas att incentive to develop
some ol thc p )c tUI C (lrspl<ry package».

1 wr> un(1(rgra(lu:lt(s developed a . > far KV;rr» g ; lmc (vh icl r lets »i ver ;l l people at
d ifferent ternt inals I ly »pace ships, land on p lanet», and of course blow each other to
»r»lthcrccn». Each person sees rhe Lrnii crsc out of the wi ndows o f h i s o lvn sh ip , r ind
ha»;1 set of c<>ntrols and i r rd icat«rs. ' I'hi i l l u s ion o f b e ing i n a 3 - I 3 space is qu i t e

per»(la»ii(' , and th ( en t i re game is l cry inv<>lvi»gr.

4 I
«
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'1'h(. (>(m system pro( ides a user i»terface that is quite di f fere»t from that prov ided by

' r»y otl>cr t ime-sh;tre(1 ( cintput ing syslcm of simi lar cost that xx e know. I t is otre of t i le
(»rly»>st("ms to p rov ide scree»-or iented ed i t ing> ((rs opposed to t> pelvri ter-or iented
editing ; rd ;rptcd to a C ' I< 'I ' t e r rn i tral). I t i » a b so lu tely th e o n l y s y s tem t h a t ; t l l o l vs
oril in.lry users ;l t a»y tcrm in;11 ro do gr;)pl)i(.s lvithout mak ing speci:11;lrrangements in
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i I>r»c>c lr > c i>i tlic»» i l c l lr r» icl ( l ic q>c>I>l>ic»l fit>>i>v>

l>ttt';>n«t;>nd h'IY>nL! To tls«sp«t'<;ll te>'n»n;>ls diff'«rent f 'roln the <»oes used f'c>r nor>n» I
tt c)lit. I' .Ye>'Y ll>Tvodut'To>'>c' con>pl>ting t'ot>l'se lh;>t uses thc (>em s«s te lvl >nclud«s c> tt<'ll'

<lsslgrnn>cuts In«oil lng g l">pl'u«s. Nc>»>c of then> hi>Y«hcen stop> isingly )ophist i t ; l te t l ,
I'or inst;>nt t. one t l > ;>t simt l l ;>ti"<I The spre;><I ot p o l l u t ;>nls tlottnt«ill<I fr o lT> l>n

( %pl(>s>c»>.
AII users use th«g i r;>phi«s t.ditor t'or I«xt;»>d prot>rl>n> prep<>r;>tion. It is n>t>«h c>lsl«f

t r> le;lrn t l>:>n the st;»abdal <l lint. edi tor >ntl , fo r Inost func t ions. ;>llot«s faster edi t ing .
()u> el f>ericnt t 1>as hecn I l>.>t tt l>en users n>oY« to other sx stems that do not p r o « i dc
tt i »tl<vtv «di t inL> Tl>c.x 1>;>x c r«>cticins not un l i f tc t l > ose o f ' p t .op lc a c « usto>ncd t o
>nit'I '>CI'IY< «ol'nt)l>tin" t y h o h c l« t ' to us « h > l it h st 'sl('lns.

Tht <di tor h; ls vetent lx bet n;>ugn>entt d so th>lt I> user c;>n automati«l>IIt' exec<>tt
sx st«l» «on>n»; l><l ot his «1>oi«e upon Ic;>t i>>g th«erlitor , tt pi«ally to cr>n>pile;I progr,>nl
c)v r«fo>'n>'I I;I <h>«tin><'lit. . <noth«r >n«l t"ls>ngrlt pop t l l '>v tc» tt>re lets the user exec<>te
)1;>vt c>l' '>ll <it';> tile ' ls st st«In «on>n»'nds. 'I h t .' «un>nlands cl>n >1>«ol«c thc usc o f '
t ;>vi.>I>t«s. «ontlit ion;ll sti>tt"n>cnts <>nd hr,>>>t hes. ".>ome users novt h;>Ye til«s of f»Youri tc
«on>n»' l>ds t >'onl tt h>t:h thct' selc«I p le«cs To o'xt'«t>te,
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An effect nf these features has been t» make the edit — compile — test sequence, ivhich
u sers typ ically r epeat over and o v er , m u c h f a s ter t han b e fo re . T h i s has sped u p
program devel<)pment considerably .

The pr imary obstacle that has kept us f r»rn us ing I l l<)re graphics seems to be the
inherent d i fhculty <>f designing a good graphical in tert'ace for a system or appl icat ion.
I 'ypical ly , m uc h m o r e i n t 'ormat ion i s d i s p layed i v i t h g r a p h ics t han < l i t h r e g u la r

textual outputs and the pn>grams are th«s more d i f f icul t to w r i t e .

SI;1)(IAIARY AND F I ' I ' I . RE DIR I 'C"I ' IOUS

Overall, our experience lvith this appro;lch t» c»mputat ion has been very posit ive. IVC
developed a variety of appl icat ions lvith comparat ively l i t t le effort , and the ut i l i t y ot' a
graphics terminal f» r p r og ram development is now fi r m l y establ ished. 'I'he 1>it-map

termini)is vve dev«loped have turned <>ut to be useful fn r some types of graph ics i n d
i mpractical fo r o t h e rs. T h e a b i l i t y t o c h l i nge select ive parts o f t h e s c reen «nd t o
overlay picture elements on top ot' each other makes it easy to draw very c»rnplex
p ictures w i th p a r t s t ha t ch ange f requent ly . O n t h e n t he r h a nd , an im at i»n i s v e r y
difficu lt , s l l l ce c o n t l n unUs an im ; l t i<>n requ i res con t i n u ous COITlpUtatlnn t o I cd ) avi
changing parts of the p ic tu re, and th is is hard to dn i n a t i m e-shar ing env i ron)Bent.
Anilnat i»n w h ich i s no t d on e i n r ea l t im e sh<>uld be p ract ical, i v i th t h e «nm p u ter
d raivil)g a f r ame and t hen t r i gger ing a camera, changing pa r ts o f t h e p i c t u re and
t riggering the camera again, and so on .

I 'uture develop»lents of the systems may go i n several d i rect ions. KVith m i n i m a l
effort vve could ar range grey scale and co loured p i c tu res by su i table combin;) l ion ot '
images from m u l t i p le screen )Bern»ries, but we do no t see any f u ndamental b reak
thr»ughs ii ) this d i recti<>n. A di rect ion wh ich lvc lvould l ike to pu rsue is t» prov ide a
t erminal com p u ter f o r e ach sc reen, T h i s i v o u ld e n able an im at ion and p e r m i t a n
incr«ised amount o f the p rocessing to be d«ne in the te rm ina l . ' I'her(. is currently a

restrict ion that 1111 terminals must be in the same bui ld ing as the computers, since the
screen images are nolv t r l lnsmi l ted via coaxial cables lvhich are impract ical <>ver long
d istan«es; the i n d i v i d ua l t e r m i n ;l l c o m p u t ers i v ould a l l ev iate t h is . O u r l v o r k o n
vvindolvs points the vv;Iy tn transnl i t t ing complex pic tures with min imum t r ; lnsmission
tllnc, by t lansmi t t i ng on ly l hc n l l n l lT ll inl of w lnc lovvs needed tn Update nr mal r l ta ln a
screen iIl lage. I here is also oppor tun i ty fo r w ork on g raph ical input del ices, such as
t 'lblets and mice.

KVC also pl;IB tn dn f u r t her w(>rk in i n t cgr i l ted graph ical env i r»nments, extending
Ihe seri<en N'indnxls 1() bc more gencl ally Usct l i l , vvith d i f f « lent p r n g l a rns si111ulta
n eously accessing di f ferent iv indo lvs on the same screen, somevvhat in the manner » f
Teitelman's 'Vrograrn)ner's Assistant ' ' o r t h e I B A I 3270 Session 5'Ianager.

S ince the screen ed i t» r seems ln b e so g enerally Useful , )vc are m o v ing t o w a rd
making i t the standard system in ter face. so that Users only leave it occasi»nally to d»
snnlethlng UBUsUal. I rogl alns c:ln bc rUB di rectly f l 0ITl the edit» i, and th i . l l i n t )ut and
»utput data can be manipulated just l ike any other t i le. In some cases, the output f rom
a program lvould even be edited : lnd then fed back into the same program f(>r further
processing iv i th»ut leaving the edi tor ; th is is useful i» lv»r<1-processing appl icat i»ns.

Our bi l -map term inals make it easy t» dralv «hara«ters on the screen t'rom I i «r ie t),

»f di f ferent foun ts . 'I'his lv»uld a l l<>w technical and scienti fic reports >which inc lucle

mathematical symbols and l e t ters f rom f o r e ign a l phabets to b e t y ped Up d i r e«t ly ,
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((:ur(ent sy»tern» f<)r thi» purpose requir« that codes for the symbols be used 1vhich
a re only t r anslated to th e co r rect f n rn ) i vh«n the document i s fi n a l l ) p r i n t ed .) KVC
c<>ulil the» p rn i i«le a system th>)t let such documents be p r epared 1vith f u l l v i s u ;11
f i<lelity m;Iintained from in i t ia l 1(«y'll'>g through editingt<) final prin t ing. Su«h a system
1>,<)»ld be equally useful for pr<>ducing slides and transparencies. A matrix pr in t«r >/(:ith
hIghcf IesnlUtlon tha>1 the one M'c nove have veould bc needed to pr i n t docUm«nts of
acc«pt;Ible qual ity fo r d i s t r i bu t ion .

W» believe that much 1vork remains t<> be done nn graphical program )ning tnnls.
KVC are nn>> developing a screen-or iented prc>gram editor 11 hich recognizes the synt )x
<>f the prngr(>rr)ming languag«, so that «di t ing commancls c;In be phra»«d in te rms of
th« I;Inguag«nf the p rogram r ;>ther than just in t « rms ol ' l ines and characters.

I' In>Illy, n4>ny ol U» hi>ve noticed lh:lt a gl">phlcs terminal al lo1('s >1 prngl >lm In pUt ( ln
i)nmense:lnl<>unt nl in fo rm; l t ion <)I> the screen in;1 v«ry short t ime. I .arge pnr t ions <>f
most graphical pr<)gr>)nl» >U c d«dlc>>ted tn m i>Inta)ning the dat:>»tructU(cs that ho l( l thc
lnfol m'1tloll d isp layed, I h«1 C ha» been lnteI est ln cl eating dat>1 bast' p>1ckilges t>l>loI cd
to t h « gr ; I ph(cs cnv(1 on>none so t h >1 tcn111pl >cated pIc tu l «s <. an h« nl o l c « as) ly
manipulated. ' I'h« fount rou t ines m«nt ioned earl(er are a simple example of th i s .

a(.'Ii NON I.FI)()ESIENTS

' I'he or ig in;11 con<.eption <)f the C /em syst«rn (vas due to I ' :dgar ' I ' . I r ons and Pe ter
&« incr . Th e te rm i ) )al hardu are ((>Is prin)arily designed and bu i l t by C h ar les (Iinter
and 11>'Iark Bro>1n. The k«ybn(>rd subsystem )va» designed and bu i l t by I n d e r S i ngh .
Robert KY. 'I'uttle i» responsible I'nr t l>e d (.»ign OI the t>vo-cn)nput«r syst«m and also
ivr<>t« th«»«re«n «ditnr . John I .ei ine designed and 11 rote th«screen access fe:>tures of
the operat ing system and t h e t e r m i na l e m u l a tor p r o g ram. T h e c l ec t rncardiogr;Irn
softwar< was designed and written by John AV. I.ev(is. The music soft )var« is due to
Stcv«n t('I. I lal l ich, of the 5 a l« D e p a r t (ncnt o f 4 ' Iusic.

' I'his murk +as I 'u(>dcd in I);>rt by gran(» from the >loan I'oundat inn and the I '.xx<>n
I' 0 U 1 1 d a t I () n .
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