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TO: .Tu~k I. IW..f1'el 

ii·RON: X. E. ~·utl1~~·lr..nd and. W. R. S'v.t'!ledc.nd 

8(}'JUECT: A :~ew Disph\Y Proposal 

BA CKGR07JND 

Dt. ri~ ~he d2V"elopment of Sketct~8.d, it b.ecmr.c obv-lcus that tbe apot­

by-spot displc,..v t~1en in U!le on th<? T.h- 2 '\m:J inudequete for advanced appli­

cation:;;. It i~ nov gene?'311:; acczpted that n lmttcr displtzy can be built. 

E!f'ortc in b1Hdi:og better displa,ys h~ve e:aipbl?.sized more speed in line and 

cur\.-e 6.r:J.v.tn3 ~ hrough Arcloz Techn.ic;.u~s (L:i.ncolr!, De.ts. Displcy: TRW, etc.; 

o r th1·c1ugh I'.lc:r.enLnJ~.l. Di.gitW. Te:.::bniqucB (Digitnl Equi~,.nt Corp. 1 and 

Project. MAC). The c'l.ev.::.-lor..;;:ents so :Z'&r have cJ 1 uced t h{' conventional 

notion of dato. cransmission to tbi'? displey ?rolll cons:?cutive regi6t)rs in 

miziuory. 

PROPCS.!\.L 

We pl'O\J?SJ tho.t a n"'w display <:on'i;:rol nhoul.cl. be built which can tak~ 

in.fome.tion from non-consecutive r~1eiste:."a in i;i~or.r. The displa.v ~dll 

also be e.ble to s·~ore infomn'cion oo.c~ into !l'Cl'l10l"Y. In obort, th!' dis2ley 

ve propos2 will lw.v~ me.cy of the prci;erti~s of n murJ.l compltter. Wt p.,..opo&f>, 

of cours1 , t:> us!'" aor:~ fol"':a of hie;ll. speed at:'.i:omt!.tic line o:nd/01· ~i-,,re geirnra~ 

ti on. 

11
1.._ l The irrr.:ir·-e.n~ n-·r notic~l w~ are ad'\o-ancin:; iu tl•is y!.'.pe:c is th!!.t '-1 t:ori? J 

flexible d:l.:f'luy can o::: buil'.; if the displ~· coutrol is given tiore cap::!bili't'J. 

lt is l:i.kely that ·the cont-cl syste~ bu!J.·i; to g:I.ve the displey the e:.-tre. 

cap&b111ty ou.tlined here could ::U.so be used ;dth othPr I-0 units. The pi·oposed 

sys'i;e;u would be p:JrticttlG.rly us~fu.l for ·;;h~ :as-aox unit . 
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Ecxt h&l the ides for this ncv ~;~c of coutrcl du~ng the sur.::mer of 

i963. The ::;w:.e o~· si!ollo.r notionB crui:~ to I·:-a-1 during c. t.?lephone con~.--ersetion 

with Bob Sayell d·\r·•ng November 1963. .'I:~ the prcr.:cnt ti.n:e Ivai-i hml a. l'DP-4 

and displa;y ~ystc:n on order '1-:hich inco'.t"'J?O:."ate scme of the more elementary 

ideas set fo·ctb here. }Jhile spec:~fyj.nz the system to be: J.iUrcbaced from DEC, 

Ivan !-enliz~d the trei:cnclous potential of ,;he n:ore flexibl~ diGplo.;r co1'.trol 

systcm outli~eo. in this 11:cmore.."ldwn. S\tbscquEJ.·c jo1.nt discussion clarified 

our pooition. 

DISP!AY SYSTJ".)1 AS fl. fXl1•iRJT.ER 

Lcrt; us consider the simil.arit:i.ec b~t,men e display system end c.n 

ordinary comt)Uter. In au ordinary compi~ter, there nrc uome centrnl fl tp­

flop registers which ·:."orm the arithmetic element;. In a display syst~111, there 

are sa:·e :flip- i'lo2? re31ote:i:s l-ihich contain the coordintt..tcs and other d-Lsplay 

ini'orme.tion. ....n on ord:i.r.nry com-9utc~, there is a rcg:ls·i:;er called the program 

counter llbicn telJ.a from wbicb regif.tcr in mer::o;.·y '.;he next instruction is 

to be ta.ken. In o. displ('~ syst~m, there is o. :register which tcllc where 

the ne>..-t de.tum is to conic from. In mi. ordinary computer, there a.re many 

dif~erent instl'UCtion3 Vhich, uhen rie~i'Ol:.lled, C3USe different operations 

to be perl'orJied on th-' ccntrnl. s:UhD:ctic roeiators nnc\ the program coun't;er. 

ill en ordinar,y spot-L-y-spo·c dicplo;;• there i::: only one instruction; DCLlely, 

"loa.d the coordinate ·registers and. flt:.sh." 

We p1·opos: tc. build a display control w5:·t.u aevc:r.·DJ. :l.nsti-u.ctions. Most 

of the instructions wi!l b~ of t:.c "i!i'.n;e<li.e.te" "type wblch require o~" 

one lllCllory cycle, e.g., TX-2's 11 F.EX, 11 PnP-1'::; "LAW". T'.acse neY one- cycle 

instruc-C,ione will locd. the vruict..ts i-ec;iater::i of the di;;;pla.y "With or 'Without 

intens,.fication, a.nrl ·will therefore serve the function of d.'lta "output." 

By stor-lng the d.e:t.a. ·1.n the sm:.e me!iioiy tmrv. ua the inatruc·i:.:i.on to transfar 

it, we g~t dots trnnsr;ilaaion s:C. one i::c;;;ozy cyclu ".'.Cr trunsmission. 

The "display file" then Y:'ill consio-t o:? :l lnr~c o.;..;iber of ii.m::cdiate 

instruct1ons Wh1c.\l load the displey's :rog1sterc. Tile di~pla.y will "p~r1'or.m11 
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the displtW .file re.'~hm.· them m·:?roly ::recciv;i.ng dl:'.to. fro:w :lt. lf ju:m;> 

instructions e.ppea.r 5.n the cUspla.:r f1 le, thf' displo.y w:l.lJ. pe:donn 1'horn also, 

so that tbc 1isplny file need not be per:fori;ioo 5u consecutive orde:i:. No·cice 

t~at c. Jump instruction is really n load ·ir/;::,ediate 1nstruci:.ion, but it is 

tbe 11pro3:rml counter" wh5.ch is loaded. 

~ prop:>se to lnclude som~ klnd. of st.tbr.ou·::;ine cD.pability in Ut" di£illlo;y. 

If the display con "perform" subroutinrw, then repetitive portions of the 

picture ne~d only appear in the display file once. More import.ant., the 

structure of the picture cun be reflect~d in the subroutine structure of 

the displey file l1i1cro it can be detected durtng l;l.gl1t pen inter:rupts. To 

take an e~ple from Sketchpad: an instance stored as tmJ.lti-level sul>routines 

cou..l d P.a.sily be treated ci·!iher e..s a single entity or as its CO!llponent parts.· 

Sketchpad is now able to treat sn tnstruicc only as n single item, because 

to do othcrwlse v.ltn • straight- through di splay file i s very difficult . 

W5.th subroutinine; in 'che displey file, the displey automatically gets 

character generation. Estimates baa~d on the llEC-type 330 inc:r.ementa.l 

di splay show that aha-cit 4co letters csn be displayed, flicker free, usi.ng 

subrouti.nes. The d.ispl~· file x:ecco:;i;,ry to store subroutines for all ;;he 

roman alpha.bet and numbers is estilr"?;ted at about on~ thousand (1000) 18-bit 

words. Since subrouti11ing will be mul tlJ e.yered, ~.dding subroutin .... s for 

simple words will requ:l.r'? only a very f.ew l"'i!gisi;era. 'l'he character a<>t is 

entirely arbitrary, of course. 

T'1.1c diopl~ cyct~ mil have son:e kind o:f conditfonal jump <'9.psb'l.lity . 

Suppose , for ex.ample, . that n "sld p on meu:ory b:tt" instruction (TX-21 fl SKM) 

is includf'd. If' t.he centr3.l.. co?liputcr a.rrnnges for particulnr bits 1n memory 

to l>e changed at regular times, then tho displ~ can condition 11;s p:f cture 

on ~hose bits to pro~uce movi~g figures. For exa!Ilple, if a particule..:- sub­

r out1.ne pro:lucas a box durill6 even seconds e.nd nothing during odd seconds, 

i t will fon a "blinking box. 11 1\ge..1.n, if a subZ"O"J.tinc draws a succ~saion 

of arrowheads whose lX>Bi tion is ti.De deper.dent in th1-ee or more phases, the 

line of arrows will o.pp~or to flmr. We ar.f' convinCl'?d that by putting motion 

into co;nputer pict'~l'CS we ca.~ ~a.ke their ~csning much clearer to ~~ observer. 
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SCOPE a.mS:rJ)E'i~TIOIIB 

'!''le notions outltncd nbo·.-e ha7c trcwcndous vn.lue i'or any disp:'..e.r 6'JGtem. 

As so far dcacrib<)d, it makes no differ-:nce holf the display irnplemcn-1;3 line 

or circle drawing, or even whether it. hns line or circle cape.bil:l.ty nt all. 

The important idea presented so far i.; tho;i:. the (lispla;y file is a ce:dcs 

of instructions to the dicpla.y ~1hich a.""C pe:"fomcd. At the prcsem; t~e, 

esch instruc:;ion happens to occupy two i-egistero, the one contain5.ng the 

TSD instruct ton and the one nd.d..~saed by the TSD. Our new concept o:· displey 

file usnge can be progrm.mnnd ~ with existing haro.uo.rc by doubling the 

size of the displey file; each spot will haw its o>m individual TSD. With 

a spot-by-sp:>t scope howeYcr, the subrou.tinir:.g fecture is alrJost vorthless. 

As ever;rone kno1ro, there a.re better things ·i;ha.-i o. spot-by-spo·t scope. 

At this point, let us divtingt1ish between "line" and '\rector" drawing sco~s. - -A line scope ia one 'ih1ch draws a lino from s. specified start Roin·~ to a 

specified eni p>int, :Le., the coordinnten of' the stnrt and end points are 

given explicitly. A vector drswi~ scope is one whic'.11 dro.ws a si;raight \-ectcr 

:from a start point in l.'. specified direction for a specified dis·tance. The 

start point of a. vector :mey b:? left over o.s tbe end of e. previous vector. 

The direction and len..,rrth am commonly specified in n ce.rtesian :form ( 6x and 

~). 

Let us extend the d:i.otincJ,;ion to circles. A ltne-type circle scope 

will be given a start poin~~ / on t•:lc circumference) , the coordinates of the 

circle ~;:, a...•d so:nc :i.nd:!.ca.tion of the ~ount of circle to be drawn. A 

vector-type ci:~cle scope will be given the sta.rt point, initial ~lope, radius 

\ 

of curvature and amount of circle to be dre.-.m. The 1.rtt-.rt point a.gein mey XI 

be left over as the end point of a previous vector or circle. The extension 

to other curves is obvious. tarry' s scope is a vec·wr-·l;y:pe for vectors and 

a linc~tn:;e for 11 circlea". 



'l'lIB :romm OP SUBROITT.1nms 

Hov many things a displey file subroutine can create O:epends on the 

type of displE\Y unit. For an ordinary spot-by-spot display, n subroutine 

can place dots in a fixed patte1"D. nt e. fixed position on the picture. This 

is not very useful. For a display v1.th line (as distinguished from vector) 

dm~ring ca.pa,bili ty, a subroutine cen draw a line from ariy preset position 

to the given end point of the line, aga1.n not very useful. A display w:tth 

vector (as dis·t:i.nguished from line) capability will be able to draw a symbol 

of fixed size and rotation at several arbitrary positions on the screen 

with o. single subI'OU~;ine. This is sufficiently useful to lro.rrant implementa.tion. 

r-.: a circle or e>tner curve ca:pe.bility :l..3 m111t into the display, the 

speciJ:'icaticn of the ci1·cle or curve should be relative to an e.rbi·l;ra.ry 

star.~ir1g poin·c. That is, onf! should specify the radius of the circle and 

its initial slope, rather than specifying the specific coordinates for the 

cer.1;~r of tkc c:i.rcle. It should be fairly easy to formulate curve generators 

wMcb \tse suc'h e. rel~tive spacification. If we define as "relative" any 

di1>play for wich tb~ only specific X Y coordinate specification is e. 

stu.rting point., then any relative display can generate and arbitrarily 

pou5.tion symbols by tmbroutine. 

If the display includes some kint'l. of see.le registers which cbange the 

sizi~ of the curves and vectors dm;.n, then a single subroutine can me.k,e 

diL'erent sizes of symbols. If' the displa:y contains rotation registers, 

thr:n a single subrout.ine can produce symbols at different angles. We propose 

tht1t size and rotation be omitted for now. 

Notice ·chat in a :relnti ve displey syst.eL"J a subrout,ine IIl8\Y cause a total 

nei, displacement of th~ coor<.li.1.1..ate registers. ~'his is very useful. For 

e:r.rnnple, the subroutines which diGJ)lSJ' the alphabet will include unintensified 

moi;ion so that the coordinate :registers are correctly set up for the next 

le·tter to be printed. Not only is ·the type set arbitrary, but you get the 
11 !1JM Executive!! proportional sp.$cing as well. 

1?articv.le.r subrou:tines mey do different things dur-J.ng different iterations 

or at different times. For example, a particular subroutine might merely 
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( cause a. snml: . displacf'll!cnt of' the coo::iiinG:t" registers to the right every 

7th til're it :"s used. !t. w:!.11 be ·ofer:y uf:efvJ. to be able ·1;0 read back and 

store the final X Y coordinates after ,,?<.!1":forr.ning su.ch a. subroutine. For 

example, the small-displnce.ment-ev-er-,t-Ttih·'.lse :;..ubroutine, combined with an 

appropriate st ore instruction ~-ou.ld make it possible to automaticeJ..l.y 

move a line of text slmrly G.C):'oss the screen. The kind of slow motion 

desired for ·~he progrmn 11 WDHJOW11 by L. M. Hant.man, would thus be possible 

with almost no load on the ceptrs.l com-m.rter. ----·- .. 
We propos1e, therefm.•e, to include in the displ8\Y' control, a s1;ore 

instruction. This store instruction i.rlll im;ert ·!;he value of X Y in·i;o the 

appropriate portion of an instruction of the new load X Y (irnmedia:te) type. 

Similar store ope:eations should be available for the other active regis·lie:cs 

of the displa¥, e.g. , intensity, etc. 

It wil.l be all m.,t impossible to implement this store-type operation 1 
vith any ana~og-scheme vector and cul"re d..."'awing displa.y. We insist, therefore, 

that the display itself must be of the incremental digital !YJ>e, as, indeed, 

;ie have said befo:re. 

We hav.e outlined a great deal of pol-rel" for this proposed display. 

Fori.unately, s great tl.eal of ·che poue:::- needed is already built into the TX-2. 

TM!refore, the specif'ic equ1pi:ent "We ha·n? in mind will be fairly simple. 

In 'What follmm, some attempt has been made .. oo generalize the notion oJ~ 

"performing" ii d.u.tn otr:tFJ.t filP- to o·~her IO 'I.ml.ts. 0-t.her input-oo.tput equipment 

(XEROX) ma,y 'ICll profi·i:; from such a trea'Gmen'i;. 

We believ.c tr.at th~ following poi::.rlis should nov be clear: 

a. The notion of }.'.lerforilling an output file is po-werf'ul. n~ 

ca.~ be applied to se1e1'al.t"Y!---eS of scopes and even other 

I. o. units. 

ba The eJd.sting TX-2 hardware can lie made to perform displcy 

files in a lilllited, wasteful fashion. 

c. Vector-type scopes a.re preferable to line-type scopes, 

Circle and curve drawing scopes should also be of the 

"V1ector11 
( relc:l:.i ve) ty;~ . 

d. The power of p-e1"forming a displey file cen never be fully 

realized without e. read-back {store) capability. We JDJUat have 

digital incremental scop-as for this reason alone, not to 

mention edge detection) pen tracking and stability. 
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:r. ~.:be TSD-d!ltf•. register ;-..a:tr in n. cumberso:we f'ormnt f'or r 

single inatruction. An :incrc.!uoc of speed, sav:lng of stc.~age, 

o.nd rclo.tively simple lmplell!cntntion of a "cllltu. channel" ~n-e 

:po:.;cihlc a.a outl:i.ned ·001011. 

(S~c RWPOO/ili~ 
We prop<.•£:- tba.t a oing.le 'I'X-2 op code ba il!lplemented as folloua: --Tho oper3tion is not ~1dresasblc, nor inde;cable, nor dcfcrnble. 

Conf'igurat:J.on bits an used for w.ria.t:tons c,;n.d/or dismiss (mlliY'bc ) 'l'hc bits 

normally devoted to specif"J'illg an index rog·i.s1;or and the address (21~ in all) 

are treated ns data. T'ne instruction has th" "dismiss and wait" :f'cnturc 

of the 'l'SD. 

When tht! ins~aucli1on is pel"fo~~, t he 21} (1. 1 to 3.6) bits are trans­

mitted as C!Ai:a to the I.O unit ".:Uo~ sequence 1a c.ctive. The configuration 

bite are also cent to t he I.O. uni·i; ·~o specify how Ji;he 24 bits of data an 

to be used. The instruction 'ri.11 dis:n:i.ss w>.le:.is held. When ·the operation 

started is C(.mplete (this 21:sy be at once, in the case of lending the intensit.y 

setting) the f'leg td.J.l agein be mis~d and the n~xt instruction \Till be 

perf'omed. 

We propose tl•nt the TSD 5.n "tha dicpley ~ciuence should oocorie an input ...____ 
or store rotter than an <Jl~put or load izwtrnction. The TSD ;Till place in 

th~ addres::!eCi. rcglater o. 'lilsplcy X ! itned:i.E\te no :flash" wlth the cw·rent 

values of the. coo!'dinat<e regit:'lte:::s correctly placed. A few miscellaneous 

:f'uncti o:as such as "FJ..ncb CU.l'.ttn·t posit:ton," "Con·tinue a.fteI' liB}lt pe1 

interrupt," etc., -vrill be 1.:mpl®ented in the !OS instruction. 

All the romo.ini?lB func·tions outlined for the display wlll, of course, 

using existir..g TX~2 instiuctions. Sabrc-~tining is IJOSGible, even erit~etic 

operotions can be done nt disp~ t"'°, 1£ desired. The 1mportant n~ 7 
capability 1r that th<? d i spley sequence perfo:nns the displa,y file. -

MoGt of the instructions to be pcr:rormed in tbe displa;r file 'Will be 

of the displey' ilmnedint~ type. !n o:;.'dar to gain n speed sdvsntsgc, e. "data 
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ch!l.llllel" coU:,:.d. be :i!:._-..lc:r.entcd, :i:cetini:~ the 1'ollo<rin:;;; rcqi.•.ir-.:m;ento. The d1::.ta. 

char..nel l;ottl.d be r>.':.>lc to kc~' ·trac};. of tbe t!is2loy sequence progr&.l counter 

ilxlepcndcntly fro;, X memory. Th~ eatn channel would be eblc to ':;lCl'"forn 

only the dis~l~ immcdic.te ins·:;ruct'i.oaz_{·qp5.ch uue t11c single nel7ly-dei'ined 

op code) by :~.tsclf. IT the da:t::i. wen? co:ning froo on~ memory ( cey U r;cno:cy) 

and the othc:-: TX-2 sequences were con ::erncd only lri th other memories, ~;hen 

the opera;l;ion of. the data cb!1..n:1el would ~ concurrent ( s.s contrasted v:. th 

interleaved) ui:~h the rest of TX-2. illicnevcr ·t;bc data cho.nnel came to an 

instruction it wos una.ble to perform, it would ra.ioc the flag of the d.:Lsplfl¥ 

sequence for help. 

If the <.ta.ta channel is connected to a. ptu•t;icuJ.tt..1· sequence, perfoming 

any load :1.Imn~diate instruction ·would dismiso the sequence nnd ro·turn I-0 

control to tl1e data channel. If the da.tD. cbrui."lcl is not connected, tht~ 

cent ral ma.ch:l.nc would perfom the ins·i;ruct.ion. Thus, t.he only effect of 

the date. cba'l.1lcl uould bf: ·t;o f':ree the ccnt:rol. machine from ~"Uch frequeut 

I-0 processing. An identical disp1£l¥ file (progrmn) wlll work ei·cher vi.th 

or vi thout the channel. For exnnj?le, if one ~-d.shcs to read tape wile 

displeying, onn mil "borro\111 che cha.:.mcl f::-om the display for use vi.th 

the ·cs.pc. ?·1-?e.nwhlle, displey will co::it:im1e, but with the centrnl processor 

performing nil the displ~ instructions. 

As mention·~ abo~, Jump ins·i;ruc·tiona uro rca'lly load iI!lmed.ic.te 

instructions -which lced the program coun·~cr It v1ll probably be easy to 

make the dtl.t..'l. r..hnn.."lel e.ble to per.form .jumps. Slightly more clif'f'icul.t, but 

very useful, would be to mnltc the data channel itself capable of perfonning 

subroutines, pcrhc.ps only n single lc'i/el of rubroutining, with help fro'.!D 

TX- 2 for mol~c complicated stn.".ctures. You ca.'l get more complicated., if you 

vlsh, but th•.:? o.dd1.ticnal gains 'beco::ne very sm!l.11 becauac the number of 

instructions of o·i;'her typt?s is probably ~r;t Gme.11. 

For inp-.tt rather Ji;han outP'.it uni·ts, ~~hi'? displcy (load) Im::ncdiate - -instruction 1Jhould p.:.rhe.ps become a. store il:ir::~d.ic.te . Still only o;.-ie tl!cmory 

cycle is rec.r.1ir.Jd, but the p::rogram;:ter is gi·Jt:n n renponsibility to preloo.d 

his table wi:i::.h •:C!!1pty" store i.!lstructl-:>us. Since the ctore would affect 

only the r"J.ght porticn of the ;..-ord, s. single prc-s~t dnta file could be 

used for many 1;ransfers. 
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As ue h(\ve pointed out, o. diBltal..:.... inc:r.ar~ dis!'ley will oo 
necersary to realize the f\.tl.l capo.bU:ity of the perfor.ned display file . 

We propose that en in~tial vexsion of ·this display Gho-:lld be designed nn.d 

implemented o.s soon aa por.sible. T,10 salient cha."S.cteristics of the 

incremental c.J.isplny are outlined below. 

The b39·i.c display should be built around counting decoder.a. .Eithc\ 

a Lin- developed display coulJ. oe used, or the DEC ty-pe 330 inc:re:lc.:1ting 

displ~ (about $18IC) could be i.aea. The co';.lnting decoders ahould b~ 

10 bi t s each. 

The displey shculd have en "incre:ncntaJ. 11 n:cde. T'ne "display i'r.,Jedi::ce· 

incre::nental11 instruction would ca.us ... the d:tsrl'l¥ to rnnkc six spo~s, each 

e.djc.cent to the previouc one. The direction of moti on for each spo1, 

YOUld be specified by four of tl•e 24 bits tl"E.nsmi·tted by the dis11l ey 

imnediate instruction. Such direct incrementnl use of an incremental 

displ~ lws been explored by DSC nna fountl to 'be useful. 

The disJA°'y should have & Ycctor ca.pabllity. The vector should be 

specified as .AX and I::;!, ldth ea~h 6 being 10 bits plus sign, for 11 bi·ts 

1n all. ThP vector co.pnbi.lity could t:itb~r be implaented w.Ltb binatj.• 

rate multipliers or \lith dig.-tts.J.. differenti...l tccbniq,ues. The binar/ rate 

mul tiplier method is cheaper, but '1-rlll not gcne:t"al..ize to circles. 

The d.ispl ny might hnve ci!"cle caJ;abili·~·. The deta.ils of implc:ncnting 

circle ca~ability arc not a fittins subject for inclusion here. If circle 

capability· is not included, nt len&t proYision ohould be made for later 

C"Pl\I1Sion to circles. 

We do not feel th~~ rotation nor size chengc cv.pability are necesGary 

in ~.;he d1spla,y. If a need for :-otation or size ch!lllge appear5 at a later 

t:tme, it co.n be included then. 

Full advsnte.gc of the digi to.:L properties of the displ ay should be 

teken to e:asc the jobs of pen tracking and edge detection. Whenever the 

pen sees ligbt, 1ncro'llcnting of the line or circle being dra~m should stop 

so that the light pen sequence mey note the coordinates which the spot has 

reached. A suitable IOS in the pen ccqucnce t:hould cause incremental 

motion to resume. Sim::lerly, wnen incre:renting brings the spot to the edge 

of the sc1-een, c. higher pr1ori·i;y Ci!(ll.'.ence should be called. 

9 



( 
The d.lsple" should be con!.>::ncd uitb a cuito.ble ma.nue.l inl:c:.t""t<.mtlon 

facility. The exact form of the knobs a11d E'> on to be provided ls 

relatively Wn:a.terial. At a cost of only money end no dcsi&n effort, Lincoln 

could i;urc~w;e o. carbon copy of the console DEC is building to Ivnn's 

specifications. 

LET US MOVE AHEAD WITH VIGOR 

We believe ·!;hat t.be displey concepts ou·U:i.ncd here, together l'rith the 

bardvare changes and e.dditions necessary to implement them, ~lll constitute 

a. major st•.?P forward. Crudely speaking, wl? can gain an order of' magnitude 

in displOi}'" capebili ty. Arbitrary chsractc:t" ( o:r pi cturc) sets cen be easily 

impleJl1ented; flnshing, winking, movill3, flmrlng pictures can be used; and 

the displ~ fil"' (pl"Ogra:n) docs not need to be l'l!.dico.l.ly chnngcd to get a 

large chan.'!e in tha pi.c't\lre shO'<·'!l. The nelr syot<.'tll involves compiling a 

displey progl'8lll rather thnn listing a display table. We most strongly 

reconm;end thnt the essentiels of this proposnl be included in the TX-2 

program no• r undcrlf.3¥. 

IES:WRS:amt 

10 



l·V\SSACHlSJST'IB INSTITUTE OF TEX;HNOLCX1Y 

Lincoln I.e.boratory 

5 October 1964 

TO: TX-2 Uoers 

FROM: T . Johnson 

Su.BJ: Curve Display 

( 
Seq. 621 Curve Display, is now on-line . Enclosed is a draft 

of the scope 1s operations. At present 1 circles are not available . 

When this las-; probl eo 1s overcome, an addendum will be circulated 

to cor:rpl ete the description of the display ' s operation . 

TJ/jk 

enclosure 
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CURVE DiSPLAY Ho 62 

T'ne scope is n cartesian coordinate, hiB}l speed display with 

10 bit precision in the vertical and horizontal axes . Points, lines" 

parabolas, hyperbolas and circles can be displayed repeatedly to 

caintnin a viewable display. 

!006230000 Select Scope 

(connect) 

D 
vb 

DD 

This instruction gives a ccnetered 

origin. (Other origins are not avnilClble .) 

Additional nx:>de selections are a.ccornpl1sned 

with the TSD instruction. 

TSD copies f:rom Tj to the scope buffer. 

The two 10 bit fields are interpreted as 

signed ones complement numbers • llowever g 

x cood. • • 9-3 .9 

y cood .mode the scope is set so +O "" -o for continuity 

2.9!.i.9 r The mode bits deten.d.ne whether the x, y 
1.8-1.1 

fields are to be used as coordinates, rates , 

rnd1us 1 or o.rc lellG'th as discussed below . 

-----------------------------------------------------------~----------------------*-

CONlENTS OF T j 

liJODE FIELD ONLY 
(bits 1.8-1.l) 

LOADING MODF.S 

23 isplay point 
J 
Used to display a point anywhere on the 

scope screen. {also can be used to load 

startpoint for any curve - see l.t:>de 3) 



-2-

21 displo.y nearby Used to tti.splay a. point within 1/2" 

point (high speed) of the last position of the ~when 

faster plotting speeds are required 

( 30 µs/pt compared with 70 µs/pt} . 

Also can be used to load atartpoiut for 

I 
any curve - see ~bde 1. 

I 

~ 3 toad Point Used for loading any startpoint for any 
'.I 

l curve. The X, Y coordinates are stored 
, 

1n the scope for subsequent use in the 
I 

I dis~lay curve modes . The bemn is moved to 

f 
the specified start point, but not i.J'ltersiri 

I 

( 

l L. toad n<'!o.rby For loading curve startpoints within 2~' of 

point the last position of tbe beam when faster 

~ curve specification is desirable . Normal.ly 
' l 

t 
this code does not sa.ve a.ny tir.le when nore 

I 
! 

I 
than one TX-2 sequence 1s ri1nning . The bean 

t 

I 
is moved to the startpo1nt, but not . 

J_ 
intensified. 

-r 
2 Loa.d rate I For loo.ding the initia.l rates of curves 

(slope) 
I 

I (lines do not require thls particular raode ) 

I 
I The X field specified t he copplement of 

' 
) 

ax/ dt I 1ni tial where t is time; the y field 

specifies tbe complement of dy/dtj 1nit:fal., . __&/_dt Y :rate Note slope -= 7- • x l'Ste ... dy/ d.'< > 
.I dx dt 
I Thus an infinite slope can be specified 

I 
I 

merely by setting Xrote .. O. 

I 
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U:>a.d arc length 

( time) 

I I • D 
time 

t 
4 .5-4 .1 

time mode 
2.9-2 .1 t 

1 .8-1.1 

I 

The rnac;nitude of X te and Y te ra ra 

detemine, among other thin{;s, tbe 

initial brightness of the curve (see 

curve equations below) . Xrate and Yrate 

nre stored in the slope for subsequent 

use in the dlsplay curve modes. 

Determines the length of the curve 

starting at the init:l.al position and rate . 

T (for time period) is stored in the scope 

for subsequent use in the disp~ ~mode 

Note the bit fields are different for ~ 

~only. T (an integer) is spilt into 

two fields , the least significn.nt bit occupies 

2.1 and the most significant bit occupies 4.5 . 

Thus , 1f T is less than 10 bits in length, 

bits 4 .1-4 .5 must be zero . 

Ul.1.tw.:c.UM~OJitJ 
Display l.ine The X field speclfies Xrate' Y specifies 

Yrate. Thus M:>de 2 is by-passed for strnight 

lines only. A line is di.splayed from the 

last position of the beam . The X & Y comp'lnEmt 

lengths of the lines are (Xrate )(T}e.nd 

(Yrate )(T) respectively. At Maximum rote, 

T "' 17058 J for a component length equal to 

one scope cU.ameter . The position of the beam 

at the end of the lir.e is automatically stored 

in the scope for subsequent use as the st.an-

point for another curve, if desired . The 

parametri~ equations descrtbirlG the displa~d 
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:Bl.ank l ine 

Display parabola 

line are: 

X ~ (Xrate ) ( t ) + (X C)Od o) 

y = {Yrate } (t ) + ( y ~ood. } 

:f'or 0 ~ t ~ T 

Same as Mode 101 except the line dor1s not 

show on the display. 

The X field specifies the ~O!JI1lleJ!!F~ 

of As the rate of cha.nae of X te; the Y field 
H 

specifies the comple100nt of' B, the rate of 

change of Yrate • A parabolB j ,s displayed 

from the last position of ··,ae beam with an 

initial rate specified ei;her from a toad 

rate mode (#-2) or .from +ae rate le!'t in the 

scope at the end of anc1ther parabola or 

circle . (lines do no-:. sa:v~ rotes ) . Co.re 

must be taken not to allow the :rate to build. 

up above its mo.ximUl.t by ctoosing the right 

parameters • For an orthogonal parabola 

displayed at max1mulll rate on one axis ~ and a 

rate of change of rate ( A or :S) of ljl~ 

maY..imum on the other l.Xis, \ T "" 17058 ;or a 

parabola extending over the diameter of the 

scope and curving to 1./2 a diameter (with 

a slope of one ). With A or B greater than 

1 / 4 , the •changing ~ would erov to large . 

The position and rate at termination are 

automati cally stored for subsequent use if 

desirE'd. Tne pa.raruet:rlc equa. tioriS descr:f bitlG 
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32 

. nlrulk Pa:rnbola 

Display sharp 

parabola 

Blank sharp 

parabolas 

-5-

the parabo ".a are: 

x M (A) ( t 2) + (X te)( t ) + (X cood.) ra . 
y ~ (:B) ( t 2 ) + (Y te)( t ) + (y cood.) ra 

for O~ t~ T 

N<Y.lE : if' both A & B 'I- o, the parabola l.S 

rotated . If A .,, 0 & Yrate = 0 with 

( X cood .) & (y cood).., 0 

y • (B) (t 2 ) 

x ... xrate ( t ) 

• t x 
o• a X- I 

ro.te 
{ B) 2 

Y • {x 12 x 
rate 

Sa.tle as l·bde l.l.1 e xcept the parabola does 

not show on the display. 

Srune as l·txle ll, except the Param::?tri c 

equntions are : 

X • (K)(A)(t 2) + (Xrate)(t ) + (X cood. 

y m (K)(B)(t 2) + (Yrate)( t ) + ( y coou . 

for 0 < t < T 
..... ' 

where, 

K • .0161~~i--l-O-- • l 

~ S' 62 

This allows sharply curved para.bolas while A 

and B still remain frac tions of one . 

Sru:ie as l·t>de. 12 1 except thP cuTVe is not 

dl.snlo.ved . 



TO: APEX et al. 

Alex Vanderburgh 18 January 1965 

BUBJEC?: D:ispl.q paekage tor 'rim's Scope 

l. A displ8'Y package for curvee, lines, points and characters is 

e.vaile.ble for use on Scope 6e ('l'im' a). 

2. At t.he mcaent it uses 3 OORAL block type numbers. !he bl.ock format 

is d1agram:ued on the next page. 

3. 'l'bere are two character displa\r code numbers: 

e. 10( S) for normal text. Right e.nd Bottan edges are 

detected. OVerflow fran right is returned to cent.er and 

down one. If' bottom edge is detected, program Jumps to 

b. _11( S) :tor fast text. - Do edge detection. 

4. Cba.racter codes 71, and 171 (WOBD EXAM) give column siie.cing as 
specified by Q4. If current position is to the right, i.e., 

U beam must move to the left, it autanatically moves down to 

avoid O'Ver printing • 

. ~do Cba.racter Code 203 specifies a. new beam position to be 

taken fran Quarters 4 and 2. 

Cbaracter codes 14-17, P.eadin, Eegin, Bo, Yee, 63 Black, 67 Red, 

74-77, Lower, upper, Stop, Hull1f'y (and 114-117 etc) a.re ignored. 

5. A beam position resets script to normal. (eo does carriage return. ) 

6. The program requires 376(S} regiatere for instructions a.nd 23008 
for constants. 

7. ~Stack Controls and lllll.tiple scope switching are not yet included. 



,__ _______ Pen Mode # 

-- Coral 'lype .....-~--.,,._--t Bing tie Reg. 
+--- Bing start (hen) 
,...__ .Pen Stack Word 

Code Dispatch 
numbers - q 3 

9------ Pen Mode Dispat ch # 
L .......- CoreJ. Type # 

'VE<~'R - ruRVE 

n • muober ... ~t _,,,, -:n 
'1'8D IAliery'~~~::::::::~ 

+-- Pen stack Iata Word 

Words 

C • lO or ll 
10 tor edae 

detection, 
ll tor f'a.ater 

di epley' -
No~, 
detection 

d • oumber of 
character 
vords 

L 

mD ]'.)lta. Wordl'- last one in 
.,..__ block 1s perfomec1 Pirat, and 

should be a posit:Son word. 
lbsition 18 not :n?membered tran 
block to block. 

------Pen M:xle Dispatch# 

...-- Coral ~ # 

Character codes - 7 bit numerale. 
/Code # 203 1nd1,.a:tes nev x-y position, 

given by Q4 and ~ at same data. VO:fd, 
8.lld can be an;yvhere in block. 
Le.st word is pr.>cessed first and 
shoul.d be e. position word - code 203. 
First word in character area shwld 
contain mmiber at characters !;.1.r:!bs 
one, in quarter 3. 

a. 


