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SECTION I 

PRIMER 

1.1 Purpot«. 

GEOMED is (or mailing drawingt, synthetic video imagat, and 3-D gMmatnc models for th« sik« 

of compuior vision. This documvnt «xplams th« «xfornal command language of GEOMED at an 

inUractiv« drawing program. 

1.2 Running GEOMED. 

Th« system copy of GEOMED is startad by typing "R GEOMED" <carriaga raturn> at a CRT 

vactor display con-, ola, rathar than at a vidao consola. Tha program will display a ractangla, typ« an 

astarisk and await singla character commands. Typing additional carriage raturns will yield mora 

attarisks showing that GEOMED is aliva --nd list«, ng. At Stanford tha CRT vactor display consolaa 

war« mada by Information Intarnational Inc. »■yd ara called "III" (pronoucad "triple eye"), while th« 

video display consoles were nude by Data Jisc and are called "Data Diacs"; inspite of local jargon I 

wish to refer to the two kinds of display ocvica« by generic namasi CRT or vector display and TV or 

video display. 

1 3      Instant Cub« and Translation 

Typing the character "oo", calls a macro that t.takes a cube. Ac^ust the pots on the display 

consola so that the cube looks right. The cube may be moves about by typing the character ":;)(«-". 

The character ":" movss the cuba right (positive x axis); the character ";" moves the cube left 

(negative x axis); the character T movas tha cuba up (positiva y r ,y; tha character "(" movvt th« 

cub« down (rwgativ« y axis); th« ch?radar "«" movas the cube nearer (positive x axis); and i. « 

character "-" moves the cube away (negative ? axis). Clearly these command charcctart ar« not 

mnamonies, thay w«r« chosan bacausa they do not require the T(V key and are conveniently grouped 

in pairs und«r ona't right hund. Th« distanc« th« cub« is mov«d on «ach command is called th« 

strength of translation 0' TDEL. Tho valm of TDEL is displayod in th« uppar right co, nar of th« scream 

and is initially one foot. The strangth of translatiw • halved by typing the command character "/" or 

doubled by typing "\". (The unit of langth can be switched to T »tars or centimeters by th« "X 

METER" and "X CM" commands respectively). 

1.4     World Frame of Reference. 

The direction the cube movad was with respec1 to the world frame of reference which is : right 

handed coordinate system. The initial camera is positioned looking down the Z axis towards the world 

origin. The world origin is in the <.<>nlar of tha displiy screen a simulated sixteen feet away; and th« 

positive world X avis is to your right; anH the positive world Y axis is upwards, Coordinate axes can ba 

displayed by toggling the "fil" switch commond. 

•^       '   -^   ~^ -^ Ml—I ^Ü 
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PRIMER. 

1 5     Control, M«ta, and M«ta-Control Kays 

Notic« that th« Stanford A.I. Keyboard has four "shift" keys I'-oaltd SHIFT, TOP, META & 

CONTROL. SHIFT only d«t«rminas whether an alphabetic t«tt«r !• upper or lower cane; GEOMED 

converts lower case letters into upper so that the SHIFT Key has no effect. The 'OP Key allows two 

ASC'l character codes to be on each physical Key; this doubling up on the physical Keys it not 

important to GEOMFD since "TOP-E" can always be referred to as "•". Finally, of jrest importance, 

the CONTROL and META keys add .wo extra bits to the 7-bit ASCII code, so that a 9-bit character is 

formed. In this document the characters 'V", "ft" and "(" will be used as prefix abbreviations for 

CONTROL, META and META-CONTROL Keying of a character Furthermore, the command scanner 

accepts the characters "oi", "ft" and "<" as prefix modifiers that wilt add the appropriate control •.■>d 

msta bits to the next character typed. The fourth (and final) prefix character is the question mark 

Typing a "?" followed by any character will cause a one line reminder to oe printed of what commands 

are invoked by that character. 

1.6      Rotation. 

Tie rotation command characters are the same a« for translation except you mutt hold th« 

CONTROL ney down or prefix the command with an V". Try rotating the instant cube about the X-axit 

with V:". The positive direction of rotation is counter-clockwise. The negative direction of rotation it 

clockwise. The strength of rotatirn is nam«d RDEL. The value of ROEL is displayed in two formats in 

the upper right hand corner of the screen: as a pi frectta and in degrees, minutes, second«. The 

initial value of RDEL is n/4, 45 degrees Analogous to transition, the cVength • f rotation is halved or 

doubled by "<*/" and V\" respectively Since a sequence o< rotations k common, there it a way to 

make the* CTRL key be sticky. The Euclidean transformation default is translation world frame; but 

after typin« the "s" command character, the Euclidean default is rotation world frame. Translation 

default is restored by typing "!" The state of the Euclidean transformation default is alto displayed in 

the status in the upper right hand corner of the screen. (The "a" command ditabler he status display; 

"a" toggles). 

1.7      The Stack. 

GEOMED commands take their arguments from and leave their retultt in a puth down stack of 

bodies, faces, edges and vertices. The contents of the stack are displayed on the .aft hand tide of the 

display screen. Every kind of node has a default print identifier, for the first body created a 'B!' i? 

displayed in the stack. Making a second cube will push a '82' into the stack To retrieve '81' ute the 

"t" stack pop command or the VT" stack rotate up or VI" stack rotate down or "•" th« swap top of 

ttack command. The "i" command putht the stack down and placet in the new top the entity thet wee 

previously top of stack. 

-2 
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PRIMER. 

I C     Th« Extended Command Scanntr. 

The X-command« ar« axecuUd by typinc "X" followed by th« first tl re« IvtUrt of a mnemonic 

(further l«tt«rs aro ignorod) followad by any nocastary arfumonta. Th« command ia torminat«d by a 

RETURN Th« ar^umant* may b« separated by any raasonabl« d«!imit«ra: spaca, comma, »tc. Th« 

following thr«« "X" command« provid« «a«y creation of aimpl« polyh«drat 

X CUBE <DX width>(<DY h«ight>,<DZ d»pth> 

X BALL <radiu8>,<M longitud««>,<N latitud««> 

X CYLN <radiu»>,<N tid«a>,<DZ l«ngth> 

Th« CUBE command maK«« a right rectangular priam with width, h«ight «nd d«pth as giv«n. Th« 

BALL command mak«s a polyh«oron that approximatos a aph«r«. Th« CVLN command maK«8 a right 

prism that aMproximst«s a circular cylinder. 

■ J 
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PR'.MER 

i .9     Th« Fie«, Ed|« and V«rt«x JtrueturM 

A polyhedron consists oi Ihr«« circular doubl« link«d list«! (call«d rings); th«r« is a ring of fac«s, 

a ring of «dg«s and a ring of v«rtic«s. Th« h«ad of «ach rink is th« body nod«. Th« rings can b« 

traveled by using th« commands "<" and ">" to go forwards and bKk through th« fac« ring, th« 

commands "i" and "l" for th« «dg« ring, and th« commands "v" and "A" for th« v«rt«x ring. Notic« 

that wh«n a fac«, «dg« or v«rt«x nod« is in th« top of th« stacK th« corr«sponding «ntity it int«n«i'i«d 

in th« drawing. 

In addition to th« thr«« body rings, th« fac«s, «dgas and v<?; iic«s hav« point«rs among 

th«ms«lv«s. Fae«s and v«rtic«s always hav« a point«r to on« of th«ir «dg«8 call«d th« "prim« «dg«" 

or "PED" Th« PED of a fac« or v«rt«x in th« top of th« stack may b« r«tri«v«d by using th« "I" 

command. On th« oth«r hand, «dg« hav« «ight point«rs; «ach «dg«s points at its two fac«s, it« <wo 

v«rtic«s and its four n«lghbcrmg «dges (clockwis« and count«rclockwis«) in «ach of its two f«c«8. 

Th«s« last four poinUrs ar« th« so call«d "wings" for which th« r«pr«s«ntation is nam«d. Th« wing» 

ar« ori«nt«d so that a tr«v«rs« of a fac« (or v«rt«x) p«rim«t«r will a(,c«ar ori«nt«d count«r clockwis« 

•i vi«w«d from th« «xt«rior sid« of th« polyh«dral surfac«. P«rim«t«r tr«v«Ung is «xp'ained in 

«ub8«ction 6.4; it suffices now cnly to b« awar« that th«r« »xist ori«nt«d p«rim«t«rs that ein b« «asily 

trav«l«d. Th« cont«nts of th« non-wing point«rs of an «dg« can b« brought into th« stack by th« "v" 

and "A" commands for th« two v«rtic«s of th« «dg«, and by th« "<" and ">" command« for lb« two 

fac«s of th« «dg«. 

1 10   Hidd«n Lin« Elimination. 

Typing ALT-MODE cau««s your drawing to b« display«d with its hidd«n lin«6 «Iimin«t«d5 as is 

illustrat«d by th« two pictur«s of a log cabin in th« woods. To stay in hidd«n lin« display mod« i-s« th« 

'." underoar command; th« "flS r«turns th« displa/ mod« d«foult to display «I! th« lin«8. Th« hidden 

lin« «liminator, nam«d OCCULT, do«s not display concav« fac«s corr«ctly; and for th« sak« of sp««d it 

decs not check for th«m. Th« faces of a polyhedra can be forced convex by applying the T eomm«nd 

to a body or to a fac«. 

i 
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PRIMER. 

1.11    Making a Cub« Explicitly. 

After "oo" and "X CUBE", a third way to draw a cub« will b« tiv«n to iliuatrat« th« primitiv« 

topology commands. Starting with a <r«th copy of GEOMEO, typ« th« command l«tt«*-c In th« s«cortd 

column to g«t th« adv«rtis«d results: 

Vertex body creation. 
Position th« vertex into th« first quadrant. 
Make an edge and vertex and move left 
Edge vertex down. 
Edge vertex right. 
Join the first and last vertices of the wire. 
Pull the face lamina towards you. 
Sweep the square face into a very thin solid. 
Move th« fac« away from you giving th« cub« depth 

■/):!  Rotate th« cub« to a more Umitiar position. 

1. V 
2 :) 
3 Sti 
4 S({ 
5. S:: 
6 JT 
7 * 
8 S 
9 -r 
10 •/i 

Thre« commands that have not been mentioned yet are: "V" v«rt«x body cr«ation, "S" 8w««p 

and "J" join two v«rtie«s with a n«w edge. The "V" command taKes no arguments and pushs a n«w 

body, fac« and v«rt«x into th« stack This degenerate point polyhedron satisfies th« Eul«r equation 

F-E*V°2 (1-0*1 »2) and is always placed at the world origin. Th« first thr«« sweep commands in th« 

«xampl« sweep a vertex polyhedron into a wire polyhedron by adding a new /ertex and a new «dg« 

(incidentally preserving Euler's equation as do all GEOMEO commands). Th« wire-sweep take« a v«rt«x 

argument from th« stack, and returns the new vertex to th« stack Th« new vertex her th« same locut 

at th« argument v«rt«x. Aft«r thr«« sides of a square have been formed, th« "J" command creaie* ■ 

new fac« and a new «dg« between ih« first and last vertex of th« wir« fac«. V* wir«-join eat« of the 

"J" command takes a v«rt«x argument and identifies it at th« end of ■ wir« and knows enough to fetch 

th« other end oi that wire, at itt second argument. 

1.12   M king a Solid of Rotation. 

A solid of rotation can be made by sweeping a wire face into a sheet (of rotation) and by doting 

the sheet with th« "R" command (Rotation Completion. For example a dumbbell shaped object it 

formed by Syping the following commands: 

Get Vertex to starting petition. 
Lower bell. 
Upper Bell. 
Rotate wire about Y-axit and complete solid. 

i. V(((((: 
2. Si)S)S;)S)))) 
3. S:)S)S;)t 
4. 7«S(Rlt 
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PRIMER. 

1.13   Wir«, LimiM, Sh««t, Eul«r and Solid Polyhtdn. 

fh« entlti« b«in| created and alttrsd by GEOMEO ar« r«pr««»nta<ion« of polyh«dra. A« 

•lr»ady mtntiontd, a polyhodron it eompriaad of a fingla body nod« which is eonn«et«d to a rin| of 

fac« nod«£, a rin» of «de« nod«s and a ring of v«rt«x nod«s. Th« nod«« ar« fix«d sii« at tw«lv« word« 

per nod« and all th« fopological, 6«om«tric and photomatrie data fit« in th« nod««. In particular, th«r« 

ar« no variabl« ianeth «tructur«« such as fac« p«rinr.!.t«r list«; hu« th« cor« «pac« r«quir«d fo" a 

polyh«dron is (B»F»E»V)«I2 word« of morrory 

In GEOMED, ««v«ral classes of polyhadra ar« handlad. Th« most |«n«ral da«« allowod ar« Eul«r 

polyhedra which «atisfy th« elation F-E»V«2*B-2*H; wh«r« B, F, E, and V ar« th« nurnb«r of bodi««, 

fac««, «d|BS and v«rtic«s in th« mod«l and H is th« [«nus of th« «urfac« of th« polyh«dron (which i« 

th« sam« as th« numb«r of handlos or hol«s). Th« «ditor is based on primitiv«« which maintain th« 

Eul«r r«lation «o thai a polyh«dron that violat«« th« Euler relation can not b« Kon«rat«d. Th« moat 

r««trict«d polyd«ron da«« ar« called solid conv«x-fac« polyh«dra; th««« polyh«dra may b« coneav« but 

all their fac«« mu«t b« convox and planar; all th«ir v«rtic«« and fac«« must hav« a val«nc« (numb«r 

of «dg««) of thr«« or mor«; and no edge may int«r««ct a fac« or v«rt«x to which it i« not topologically 

linK«d. Solid conv«x-fr:«d polyhodra ar« r«quir«d for «ffici«nt and aceurat« op«ration of th« hidd«n 

lin« eliminator 

lnt«rm«diat« b«tw««n Eul«rian and «olid, ar« th« wir«, lamina and «h««t polyhodra which can b« 

mad« by «w««p command«. A wire polyh«dron i« Eulotiir, on« fac«d with linear topology; a lamina is a 

two faced polyhodron with no intorior edges or danglinf wire; and finally a «h««t is an array of lamina. 

With th« «xc«ption of «w««ping ruled surfaces, commands for manipulating and folding rh«eU ar« 

non~«xist«nt. 

' 
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PRIMER. 

1.14    Body Intersection, Union and Subtraction 

Given two solid polyhodra in the top o( the stick, the polyhedron (or polyhedr«) «ncloting the 

space ot their intereteetlon, union or set difference can be obtained by typing the Vfl", 'VU" or "u-" 

commands respectively. As illustrated in the lower righl figure, a polyhedral model of a plastic toy 

horse can be made by applying the intersection command to cones of silhouette contours of video 

images taken from two camera positions. 

• 

SILHOUETTE CONE INTERSECTION 

Ifefet 

&MSi I \7^sr«*^vJfc^OÄ i 
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SECTION 2 

EXAMPLES 

Th« «xamplac can b« us«d as «xarcisai in two ways: th« «nargalic r«ad«r can (lane* at \hm 

figurat and attampt to raproduca th« raaultt on hit own; th« casual r«a(j«r can copy th« snswart into 

th« computor and follow th« action a stop at a lima In «ithttr «vant, on« should look at s«ctiorw 3 

through 7 for command« t^-.t hav« not yal baan «xplalnad. 

2.1      Jack. 

XCUB 2 2 2 

\\FF >S« >S« >S* >S* >S» >S» B 

2.2.1 Torus. 

Vt« First V«rt«x. 

s«s*s* Savan mor« vartica». 

s«s«s«s« 
Jt Form Lamina. 

l\\: Position th« lamina. 

•S)S)S)S) Sw««p th« fac« around th« Y«axis 

S)S)S)S) 
i>cr Glu« th« «nds of th« torus togothi 

2.2.2  Torus using it«rat«d swaapt 

V:7aS*J       Maka lamina. 

IT«/:\«S)     Swa«p lamina into ring. 

4>G11 Glu« th« «nds 

K 
-»    . 
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EXAMPLES. 

2.3      Soma Cub« 

An introduction to both Soma Cubit and th« Platonic solid« can b« found i < Martin Gardner'« 

Sscond Book of Mathomatichi Puztlos and Diversions, Simon and SchucUr, N«w York, 1961. Th« 

objects ar« shown rotationally displaced fror» th« po«ition in which they are constructed. If you do on« 

obj«ct aft«r anoth«r, th«n th* "FF- should not be repeated 

rFXCUB I 1  I 

>S«»S«3NS0MA1 

FFXCUB I 1 I 

>S«S«»S«BNSOMA2 

FFXCUB 1 1 1 

>S« >S* >S*BNS0MA3 

FFXCUB I 1  I 

<•<* <S*ii.«t S«BNSCMA4 

FFXCUB 1 I 1 
»S«»»S»At^0«BNSOMA5 

FFXCUB 1 1 1 
»S*»»S*4i »TSWrBNSOMAS 

FFXCUB 1 1 I 
<S««<S«<S*BNS0MA7 
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EXAMPLES. 

I 

2.4      Th« Platonic Solids. 

R«eular T«trah«dron, »dg« Ungth of 5QRT(2) 

XCUB 1  1  1 

AIAAAB V4VV 

SKTSKTSKTKB 

Another Regular Tetraha 

Push opposing veriices into the stack, 

Lop off th« opposing vertices. 

»won, edge length of SQRT(3). r 

XCYL6 3 6*>.414 

>KB 

Three sided cylinder 

Pyramid one of the ends. 

Regular Hexahedron, edge length of 1. 

XCUB 1 1 1 Very easy. 

V 
Regular Octahedron, edge length of SQRTU/2) 

/ 

XCUB 1 1 1 

4D 

\     X L 
Face-Vertex Dual of a cube -V 

Regular Icosahedron, edge length of 6*SIN(n/5). 

Xcyl 3 5 0 

X.507«3 

)*XPRISM 

-nn/5 
^iKX.618*3 
i>o«*T««-B 

\ Pentagonal lamina 

Prismoid face sweep 

Reciprocal of golden mean. 

Regular Dodecahedron, edge length of G/PHI. 

(after Euclid's classical construction: 

Elements, BooK XIII, Proposition 17). 

XCUB 6 6 6. Start with a cube 

fii\2        \      .„Midpoint pDEUMidedgeTDEL 

likiHBiiiii''       _Edge\swiep8 tojmidface, 

StfSSMM^ v.   \    .- ' 
<S4.M«»i<S)«tT v   \ 

iM»»<M«<tJ4HJ Join the two pairs of midpoint» 

7.61 8034 \ Reciprocal of the golden mean, PHi. 

X0.309017*6 ^ S0RT(PHlt2-l/4-(l-PHI/2)T2) 

ßtfßllßi-l Shrink and translate the six new edge«. 

fiWft-AftilB 
- 10- 
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2.5      A Knot 

EXAMPLES. 

The Knot v.as d«v«lcp«d by visuilizing 

th« connection of thra« non-pirallel and non-coplanar 

•dc«s of a cub«, n in th« «• ond Knot figur«. 

XCYL 1 8 6 Straight section. 

\6 

0,/-»xi 
Soc))Scc))S*c)) Tnr»e quarters of a turn. 

Soi))S«i))S»<))B\3 

*:(o9C Symctry on a cub« 

:-C-(l 
>i>^4 F«tch thr«« pairs of fac«s 

>i>oCl 

>i>odi 

GTGTG Glu« 1h« pairs of fac«s. 

2.6      An Odd Shaped Block  (illustrating Kill commands). 

XCUB 3 2 1 

7.100/3 

im 
M«*i>«*M 

E(E:«»tJ<S*B 

>A>Aiv.. 
♦♦KT 

«KTKtAvnKTKB 

seVI2 

SKBI 

2.7      Y«t Anoth«r Torus. 

V\:nn/9 
9aS»!/S:S))) 
S::::::S(((JT 
'S**»A»»9«S«I 
GTI 

-^^^ v 
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EXAMPLES. 

2.8      Th« Pulfac Water Tempi« 

ten mil«s north ot Stanford, the Pulgss Water Tempi* marKs th« termination of an aqueduct that 

brings water from .he Sierra Nevada to San Francisco. This example iliui'tratet how a complictted 

object is built up of simple polyhedra. 

i 

Base of Temple. 

V:X5 Foundation of tempi« 

StX0.2 

S)S;;S)S;;S)SX3 Jatfies forming steps 

;'rn40' S«« ROEL to 40 d«gr««s 

8oS)RT-.X3 61 

l( 
Sweep out a solid of rotation 

Top of Temple 

IVX06 

:S)))S;;SI((J Make rectangular lamina 

TX3.5 

^40" 

9«S)i>Gt/) Sweep lamina. 

1X2.72 

) 

Columns of Temple 

XCYL 0.5 9 6 Make first column, 

S9:!X3.5 position column. 

>A/(l9/(I«:n20, Taper the top of the column. 

Q«)\ 
C)ru:)r) Make eight copies of the coll 

C)C)C)C) 

?, 
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EXAMPLES. 

2.9      Croct-Eycd SUr*o Pairs. 

Models may b« vi«w«d a« a stsieo pair by creating an additiunai camara and display window; 

this is don« automatically by using the "/Joo" macro Although storeo pair prisms ir« availabl« and can 

b« used to view the display screen, the stereo macro command swaps the usual left and right images 

so that the depth may be seen by looKing at the screen cross-eyed as is illustrated by the Siamese cat 

below. That is in order to see stereo depth, look at the display cross-eyed so that you can set tnreo 

windows; next, concentrate on focusing on the middle window. With practice the displayed objects 'an 

be seen in depth at a glance with no special equipment, which is a greet help in petitioning things. 

li 
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EXAMPLES. 

2.10   Video Synth«»» 

r 

Tha "flO" command will Ho a hidden line elimination and output ■ 2-D vector based image format, 

V2C file, which in turn i» suitable input to a program jailed MKVIU MKVID create», »hade», colors, and 

dejagcie» television picture». The only online video hardcopy device i» the Xerox Graphic« Printer A 

quick, but low quality XGP video imafe (such a» the large on* below ot .he »tar »hip Entarpris«) it 

obtained by typing "R XIP;L010;*<FILENAMt>' or "R XAP;10,t;«<FiLENAME>" to the monitor; the 

smaller picture was made by taking c Poloriod picture of a video display screen. XIP and XAP «rs 

underground Xerox do-ument format ing programs which will someday be superceded by the 

establishment supported program nanod PUB. XIP is three times taster than XAP, but uses twice a« 

much core.  This document was formated and printed using XIP. 

14 
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EXAMPLES. 

2.11    Vid«o D«riv«d Polyh«drf. 

One w»y \o mak« a polyhedron from a video image is to sweep Ihe silhouette ot an intensity 

contour from the proeram CRE (a video contourinf program). The CRE commands "T" for take, "C" for 

contour and V0M for output contoured image will yield a disk file suitable for input to GEOMED Using 

GEOMED commands: "ft\" will input a CRE file and create a face, edge, vertex data atrueture on the 

now camera node that corresponds to th< contoured image; 

0. TClOotOHAND.CRE 

1. /JIHAND.CRE 

2. uC- 
3. XSIL <ZMIN> <2MAX> 

CRE Commands to take, contour and output. 

GEOMED input from CRE file. 

Locate a suitable contour body node. 

Sweep out silhouette polyhedron. 

The CRE program is documented in Stanford A.I. Memo a 199, titled 'Image Contouring and 

Comparing', by Baumgart. A more elaborate example of video assisted drawing is demonstrated by the 

water pump below; the shape of the base and the holes in the bate were deriv*» from a video image. 

15 
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SECTION 3 

GEOMETRIC COMMANDS 

3.1 EUCLIDEAN TRANSFORMATION     .VS 

Tr«nil«1ion, * Roiation,   fl Dilitior.,« R»fl«tion. 
M;" Transform Minus X-Axi«.       M:" ...Plu» X'Axi« 

(" Transform Mini-« Y-Axis.       ")"  .Plus Y-Axis. 

Transform Minus Z-Axis.        "«" ...Plus Z-Axi« 

!" T anslafion DtfauH.        "•" Roialion Dtfaulf. ill*! 

3.2 STRENGTHS OF TRANSFORMATION. 

3.2.1 "/"     Halv« a Transformation Strtn|th. 

"\"     Doubl« a Transformation Sfranffh. 

3.2.2 ^(•xpr)'*        S»t Translation Strangth, TDEL. 
,,n<«xpr>" S«t Potation Stra.^th, RDEL. 

^ | "r.<«xpr>" S»t Dilation St-^nett., DDEL. 

3.2.3 "<dieit>" S«t Transform Str»njth lmm«diaU. 

3.3 EUCLIDEAN SWITCHES. 

I 3.3.1       "F"    Stop Fram« Switch Forwards. 

"/IF"  Stop rratre Switch Backwards. 

3.3.2 "0"   TojgU Framo Origin Switch. 

3.3.3 "4A" Stop Axis Counter 

3.3.4 "V"    Enabl« Ali Body Motions. 

•VV" Disabl« Fram«   Motion. 
M4V" Disabl« V«rtox Motion. 

"«V"   Disabl« Parts  Motion. 

3.4 THE ITERATION COUNTER. 

' M<digit>"        Accumulat« lt«ration Count. 

"<r«turn>"    R«s«t lt«r«tion Count to Z«ro. 

3.5 DIRECT EUCLIDEAN COMMANDS. 

• 3.5.1     "IT    Unmov« a Body. 

3.5.2 "X PLACE <X> <Y> <2>" 

3.5.3 "X ORIENT <PAN> <TILT> <SWING>,• 

16 
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GEOMETRIC COMMANDS. 

3.1       EUCLIDEAN TRANSFORMATIONS 

Translation, «: Rotation,  fl Dilation, < Raflvction. 
,,;M Trai.$torm Minut X-Axi«.        ":M ...Plu« X-Axi$. » 

"(" Transform Minus Y-Axis.       T   Plus Y-Axis. 

"--•. ranstorm Minus Z-Axis.       "*" ...Plus 7-Axis. I 

"I" Translation Dofault.        "■" Rotation Datault. . 

The Euclidean geometric transfor-maiions are translation, rotation, dilation and reflection. The 

entity in the top of the stack is transformed by typing one c the six characters: colon, semicolon, left 

parenthesis, right parenthesis, minus sign or asterisk. The cnaracters colon, left parenthesis and minut 

sign tran&form tSe object in the negative direction with respect to the X, the Y, and the Z a es 

respectively Tie charjctert semicolon, rigM parenthesis and asterisk transform the object in the 

positive direction with respect to the X, the Y, and the Z axes respectively. The particular 

transformation is selected by keying the cc-'.rol bits: none, control, meta and meta-control which 

respectively select translation, rotation, dilation and reflection. Finally, the no-control-bits twi can be 

forced to t-1 rotation by the "a" rotation default command, or translation by the "I" trap'.ation default 

command. 

Translation moves the top entity in th«« stack in the direction specified by one unit of translation 

strength, TDEL. Rotation rotates the entity about the txis specified by one unit of rotational strength, 

RDEL    Positive rotations »r» counter clockwise and negative rotations are clockwise. 

Dilations and reflections refer to a three axis count selector State 1 causes dilation (reflection) 

to be done on the specified axik, dilation state 2 causes dilation (reflection) on the two axes not 

indicated, and state 3 causes dilation (relfecticn) on all the axes. The exit count selector it advanced 

by typing "4A". The state of the selector is displayed as a digit 1, 2 or 3 just to the right of the 

dilation strength's per cent sign in the editor status in the upper right of the display tcreen. 

When the dilation strength, DDEL, is less than 1007. a positive dilation will scale the entity by 

1 /DDEL and a negative dilation will scale the entity by DDEL. Positive and negative Keyingt make no 

difference in the execution of a reflection. 

3.2      STRENGTHS OF TRANSFORMATION. 

3.2.1     7"       Halve a Transformation Strength, 

"\"       Double a Transformation Strength. 

The strength of a Euclidean transformation can be halved or doubled by keying the transform's 

control bitt and by striking slash or back slash respectively. 

17 - 
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GEOMETRIC COMMANDS. 

3.2.2   "X<r«8l expression)" Set Translaiion Strength, TDEL. 

"n<real expression)" Set Rotation Strength, RDEL. 

•7.<real expression)" Set Dilation Strength, DDEL. 

or The strengths of the Euclidean transformations can be entered numerically by typing "\", "n 

"t" followed by an arithmetic expression of numerical constants The simple expression scanner can 

take "♦", "-", "*". "/" «nd parenthesis in the usual precedence order; the scanner also evaluat is the 

p. character,'V,'to 3.1415927; numbers suf'ixed with the inch mark double quote (") are divided by 

twelve; mm'ber« suffixed with a left single quote (') are multiplied by l.;45325t-2 which convert, 

degrees into radians 

3.2.3   "<di|its>" S«t Transform Strength Immediate. 

The strength of a Euclidean transformation can be set by Keying the Transform's control bits and 

by striking a digit from zero to nine. Keying "«digit)" sets the streng of translation; a digit without 

meta-control bits contributes to the iteration count. For Translation: H<0" sets TDEL to 1/16 of a foot, 

••<4" sets TDEL to one Foot, and "<9" sets TDEL to 32 Feet. That is, «digit) sets TDEL to 

2.0T«digit)-4) feet For Rotation: V9- sets RDEL to n/2, V8" sets RDEL to n/4, and so on by 

halves.   For Dilation: "fir sets DDEL to 10«, "fir sets DDEL to 207. and so on. 

3.3      EUCLIDEAN SWITCHES. 

3.3.1     "F"    Step frame switch forwards. 

"flV"  Step frame switch backwards. 

There are four frames of reference: world frame, body frame, relative frame and camera frame. 

The world frame is that in which all coordinates are stored; the world frame is the natural direct frame 

of reference, all the other frames being represented in world frame coordinates by a frame node 

which contains the origin location and a^es orientation of secondary frames. In particular, each body 

and camera has a frame node, which determine a camera or a body frame of reference that translates 

and rotates when Euclidean transformations are applied to that body or camera. The relative frame 

mode is a catch all; when a body is in the top of the stack, its relative frame is that of the body of 

which it is a part; when a face is m the top of th. stack, its relative frame is a special face frame with 

Z-axis parallel to the face's outward pointing normal. The "F" command steps the frame switch 

selector forwards, "fir steps the frame switch selector backwards. The state of the frame twitch 

selector is displayed in the status in the upper right of the display screen. 

• 8- 
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GEOMETRIC COMMANDS. 

3.3.2   "Q" Toft'* trw Orijin SwUeh. 

Euclidean transformations in world Iram« can be done with rcnv:i to the world origin or with 

repect to the origin of the entity being transformed depending on the state of the FRMORG switch. In 

particular, FRMORG affects world frame rotations: FRMORG true cauiei rotation cb'jut a world axi« thru 

the world origin; FRMORG false cause* rotation about an axis parallel to a world axis, but passing thru 

the body origin. The FRMORG switch is flipped by the "Q" command. The state of FRMORG is indicated 

by an asterisK in the status display; the asterisK is present when FRMORG i* true and absent wh.n 

FRMORG is false. 

3.3.3   "fl.\" Step Axis Counter. 

The three-state switch named AXECNT affects dilations and reflections. State «1 indicates 

dilation (reflection) only on the specified axir. State "2 indicates oHation (reflection) on the two axes 

not specified. State «3 indicates dilation (rejection) on all three axes. The state of the AXECNT switch 

is indicated by a digit to the right of the dilation strength's percent sign in the status display. AXECNT 

is cycled forward by the "^A" command. 

3.3.4     "V"  Enable All Body Motions. 

W" Disable Frame  Motion. 

"^V" Disable Vertex Mc'ion. 

"<¥" Disable Parts Motion. 

Applying a Euclidean transformation to a body means applying ih« tranform to the vertices, 

frame and parts of that body. Each of these three phases of body transformation can be individually 

disabled by the "V" command with the appropriate combination of meta-control bits. With no 

meta-control bits, the "i" command resets all the body disable bits. Tranbforming a fully disabled body 

is a no-operation. 

3.4     THE ITERATION COUNTER. 

"<digit>H        Accumulate Iteration Count. 
H<return>M    Reset Iteration Count to Zero. 

Digits typed without conirol keys are accumulated into an iteration counter. The iteration count 

is cleared by typing a carriage return. The count applies to Euclidean transformations and sweeps. 

The ability to iterate and to do macros is not developed because of the existence of GEOMED imbedded 

in LISP which provides belter interactive programming facilities than would be possible under the 

present character command scanner. (It is my design philosophy that interactive geometric editing cen 

in fact be kept distinct from interactive programming). 

i 
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GEOMETRIC COMMANDS 

3.5      DIRECT EUCLIDEAN CO ^MANDS. 

3.5.1 "U" Unmov« • Body 

This command «ppliss \h\ inv«rs« of th« Biv»n body's fnm« of r«f«r»neo to th« body it««lf. 

This has th« effact of undoing any translations and rotations that hav« b««n applivd to th« bod/; that is 

th« body's fram« is JOUght ba-k to be coincident with the world frame of reference Thus a 

polyhedral body can be constructed in a standard orientation; then rotated randomly for inspection; and 

then be wrought back *o its original orientation for further editing. 

3.5.2 "X PLACE <X> <Y> <Z>" 

The location of the body, camera or vertex in the top of the stack is placed at the given world 

coordinates 

3.5.3 "X ORIENT <pan> <tiU> <swing>'' 

The orientation of the given body or came, t is set to the specified values. 

C__ 
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SECTION 4 

TOPOLÜGICAL COMMANDS. 

4.1 FIVE EASY CREATIONS. 
4.1.1 "oo"    Instant Cub«. 
4.1.2 'Voo" Instant Torus. 
4.1.3 "X CUBE <DX> <DY><DZ>" 
4.1.4 "X CYLN <RADIUS> <N-SIDES> ^ZV 
4.1.5 "X BALL <RADIUS> <M-LONGITUDES> <N-LATITUDES>• 

4.2 COPY, KILL AND DUAL 
4.2.1 "C" Copy. 
4.2.2 "K" Kill. 
4.2.3 VK" Ede«-V»rUx Kill 
4..: "/HO" Dual. 

4.3 SWEEP COMMANDS. 
4.3.1      "S"     SWMP 

4.3.2 'VSM Pyramid. 
4.33 "R"     Rotation Solid Completion 
4.34 "X SILHOUETTE <ZMIN> <ZMAX> 
435 "X PRISMOID" 

4.4 THE EULER COMMANDS 
4.4.1 "V     Make Vertex Body. 
4.4.2 "E"     M«K« Edg« and V irUx. 
44.3 "M"    Midpoint an Eds« 
4.44 "J"     Join Vtrtie««. 
445 "G"     Glue Faces 

■4 

4.5 BODY INTERSECTION COMMANDS 
4 5.1 Vn" Body Intersection. 
4.5.2 VÜ" Body Union. 
4.5.3 "oc-" Body Subtraction. 
4.5.4 "-" Evert Body 'urtac* Oritntation. 
4.5.5 "I" Invert Edge Linear Orientation 
4.5.6 "|" MaKe Convex. 
4.5.7 V|" Edf« Slurp. 

r 

4 6 CUT COMMANDS 
"X CUT <X> <Y> <Z>" 

VX CUT <X> <Y> <Z>• 
"fiX CUT <X> <Y> <Z>" 
"<X CUT" 

4.7 PARTS TREE COMMANDS 
"A"    AHach. 
MD"    Detach. 

Cut Bodies, Faces and Edges 
Cut Faces and Edges. 
Cut Edges. 
Kill Temporaries (Uncut) 
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TOPOLOGICAL COMMANDS. 

4.1      FIVE EASY CREATIONS. 

4.1.1 "«" Instant Cub«. 

Th« instant cub« command places a command string for maKing a particular cub« into th« 

t«l«typ« buffer   Th« purpose of this command is to maK« a d«monstration objaci 

4.1.2 "Voo" Instant Torus. 

Th« instant torus command places a command string for maKing a particular torus into th« 

t«l«typ« buffer.   Th« purpose of this command is to make a demonstration object 

4.1.3 "X CUBE <DX> ^YXDZ/* 

Th« CUBE command makes a right rectangular prism with width height and depth at given in th« 

three arguments Th« body node of the cube is pushed into th« stack, and th« cub« it located at th« 

world origin. Th« absolute value of the arguments is taken so that th« cub« it alwayt tolid. A zero 

<DZ> r«turns a r«etangular lamina ratfwr than a cub«. 

4.1.4 "X CYLN <RADIUS> <N-SIDES> <DZ>" 

Th« CYLN mak«s a right prism that approximat«s a circular cylind«r. A 2«ro <DZ> argum«nt 

r«turns a circular lamina rath«r than a cylind«r.  Th« <N-sid«s> argum«nt it forcod to b« at least thr««. 

4.1.5   "X BALL <RADIUS> <M-LONGITUDES> <N-LATITUDES>" 

Th« BALL command makes a polyhedron that approximatet a tpher«.   Th« <M-Longifudes> and 

<N-Latitud«t> ar« forced to be at laatt three and two r«tp«etiv«ly. 
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TOPOLOGICAL COMMANDS. 

4.2      COPY, KILL AND DUAL. 

42 1   "C"Copy 

This command copies the body or face from the top of »tack in a reasonable manner and pushs it 

down. The copy of a body includes all thw parts of that body. The copy of a faca, create* a two-faced 

body lamina coincident with the given face 

4.2.2   "K" Kill. 

Thii command takes the top body, face, edge or vertax and attempts to delete it in a reasonable 

manner Kill of a body deletes it and all its parts. Kill of a face removes the given face and all its 

edges and vertices but one vertex, which is placed in the canter of the given face and is returned to 

the stack. Kill of an edge removes the given edge and its negative face, NFACE(E). Kill of a vertex 

removes the vertex and all its edges and faces but one face, which is returned to the stack. The kill 

operation is not defined in cases which would leave one-sided faces or dangling edges; however the 

necessary trihedral restrictions are not imposed so that certain illegal kills are possible and other 

illegal kilts are fatal. 

4.2.3 VK" Edge-Vertex Kill. 

The "ocK" kill of an edge removes the edge and its negative vertex, NVT(E); the positive vertex, 

PVT(E), is re positioned to be at the center of the original edge. The PVT(E) vertex it returned to the 

stack. 

/ 

4.2.4   "40" Dual. 

The "/ÜD"' command makes the 

face/vertex dual of a body; that is all 

the faces become vertices and all the 

vertices become faces. This command 

will turn        dodecahedrons        into 

icosahedrons    (or    jacks    into    horny 

octahedrons) as illustrated. 
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4.3.3   "R" Rotation Solid Completion. 

Aftor a wir* ha« b««n swapt around, you have a (hall of rotation. To chant« a th«ll into a aolid 

all that ramains to b« don« is do a sanas of J commands on th« l«ading and lagging varticaa of th« 

shall Th« R command, usine th« NCNT to stop arounJ th« pol« caps, calls th« J-command for all th« 

n«c«ssary pairs of v«rtic«s.  Th« sweep face is tak«n as an argumant and nothini is r«turn»d. 

4 3.4   "X SILHOUETTE <ZMIN> <2MAX>" 

This command sw««ps a silhouctt« lamina body into a con« batwaan -<imin> and -<im«x> on th« 

Z-axis of th« now camora. Th« minus Z half spec« is th« on« that contain« th« obj«ct« visibi« from th« 

camera; that is, th« c«m«ra,s principl« ray i« th« minu« Z-«xi« ray. 

4.3.5   "X PRISMOID" 

Thi« command is lik« th« faca sweep command except that th« diagonal edge« ar« provided 

across all th« n«w sw«-p fac« r«ctan|l«s forming a prismoid of trianglos rath«r than a priam of 

r«ctangl«s.   (S««, th« icosahadron «xampl«, 2.4). 
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TOPOLOGICAL COMMANDS. 

4.3      SWEEP COMMANDS. (| 

I 
4.3.1   "S" Sw««p. 

"/iS" Sw««p Cylind«r, Edges Not Sharp" 

This command swaaps a faca into aithar a sh««t or a solid dapanding on th« NCNT :•• th« fac«. I 

If th« NCNT is z«ro, th«n "S" r«turns a naw fac« coinc'dant with th« giv«n {«« and conn«ct«d to it by 

new sw««p edg«s and ractangular swaap facas forming a prism.  Whan th« NCNT is non-z«ro, only th« j 

first NCNT «dg«s of th« argumant faca's parim«t«r ar« sw«pt into n««' fK«s, for th« saK« of cr««ting ] 

solids of rotation. Th« "S" command applied to a v«rt«x sweeps out a n«w v«rt«x and a n«w «dg« 

Th« "ßS" command is th« sam« as "S" «xc«pt that th« n«w sw« >p «dg«s ar« mark«d with th« NSHARP 

(not sharp) bit. 

4.3.2   VS" Sw««p Pyramid. 

"(S" Sw««p Pyramid, Edgas Not Sharp. 

Givan a fac«, "ocS" will craata a paak vartax and plac« it in th« c«nt«r of th« fac« conn«ct«d by 

an «dg« to each of the face's original vertices. The peak vertex is returned to th« stack. Giv«n a 

v«rt«x( th« pyramid command 'orces all the faces of that vertex to be triangular (a« if th« giv«n v«rt«x 

were a peak vertex of a pyrai id). 

) 
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TOPOLOGICAL COMMANDS. 

4,4      THE EULER COMMANDS. 

4.4 1    "V" Make V,r»«x Body 

"/3V" Mak« Body nod* 

This command creates a polyhedron consisting of one vertex and one face. The vertex is placed 

at the world origin. The V command takes no arguments and leave« the new body, face and vertex on 

the stack with the vertex on top The "/JV" command will make a naked body node, th»t is a body with 

no faces, edges or vertices. 

4.4 2   "E" Make Edge and Vertex. 

This command creates a new edge and a new vertex starting from an old vertex. The E 

command requires two arguments, the top argument is the r Id vertex and the second argument mutt be 

one of the faces to which the vertex belor;s The rew edge and vertex become associated with the 

given face 

4.4.3   "M" Midpoint an Edge 

This command takes an edge argument and creates a new edge and a n«.w vtrtex. Th« new mid 

vertex is positioned along the edge in proportion to the value of DDEL. Type the command« "«SM" in 

order to make a midpoint that is geometrically in the middle of the given edge. 

4.4 4   "J" Join Vertices 

This command creates a new lace and a new edge The "J" command has two forms. The 

general form of the "J" command expects two vertices of the same face to be given on the top of the 

stack, and it returns in their place a new edge and a new face with the edge on top. The wire form of 

the "J" command applies only to a lace that doesn't have a closed perimeter. The wire "J" return« the 

other end of the wire in the top of «tack and leave« the «econd argumen» unchanged. 

4.4.5   "G" Glue Face« 

Thi« command take« two faces from the top of the «tack. The face« «hould be of opposite 

orientation, they should have the same number of vertices, and the vertices should be neerly 

coincident. The two faces are deleted along with all the edges and vertiee« of the second one H them. 

If there were two bodies before, then one will remain; a« a body glued to itself form« a hole (or 

handle) yielding a polyhedral surface of genus one greater than before. In either en«, the glue 

command return« the body of the faces «o formed. 
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TOPOLOGICAL COMMANDS. 

4.5      BODY INTtHSECTION COMMANDS. 
n 

4.5.1 "ocO" Body InUrMctien. i 

Givan two diffarent bodies from th« top of th« stick, if th« intersection of the space enclosed by j 

their surfaces it not empty a new polyhedron will be formed to represent the surface of th« space of 

intersection; and the giver, bodies will be Killed. 
I 

4.5.2 VIT Body Union. ', 
I 

Given two different bodies from the top of the stack, if the union of the space enclosed by their 

surfaces is simply connected (that is a'la de Morgan: the intersection of the space enclosed by thei' j 

surfaces is not empty); then a new polyhedron will be created representing the surface of the union of 

the enclosed spaces of the given bodies.  The given bodies will be killed. 

4.5 3   "oc-" Body Subtraction. 

Subtract the top of the stack body from the body second in the stack (where subtraction meant 

union of the evert of the top body with the second body). 

4.5.4 "*" Evert Body Surface Orientation. 

GEOMED polyhedra have an inside and an outside irrespective of enclosing a finite positive 

volume; that is, a thing that appears to be a cube can either be a sol d in space or II space in a tolid. 

The evert command turns solids into holes and hole« into tolids. Holet are defined «t polyhedra with 

negative volume. 

4.5.5 T Invert Edge Linear Orientation. 

Edges are directed vectors with a negative vertex and a positive vertex. The "1" command flips 

the linear orientation of an edge by swapping itt vertices, faces and wingt (edge wings are discussed 

in part II). 

4 5.6   T* Make Convex. ) 

This command may be applied to a face or a body. All the faces referred to will be split into 

triangles. 

4.5.7   Vl" Edge Slurp. >, 

This command will attempt to remove or darken the visually unsetthetic edges that arise from 

the "I" make convex command. The edges tlurped are the ones with dihedral angles of almost pi, and 

with wing angles that sum to less than pi at each vertex. 

) 
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TOPOLOGICAL COMMANDS. 

4.6      CUT COMMANDS 

"X CUT <X> <Y> (Z)" 

"oc* CUT <X> <Y> <Z>" 

"/iX CUT <X> <Y> <Z>" 

"<X CUT" 

Cut Bodies, Faces and Edgai. 

Cut Faces and Edges 

Cut Edges. 
Kill Temporaries (Uncut) 

The cut command argument specifies a cutting plane in terms of a vector from the world origin; 

the direction of the vector is normal to the desired plane, and the magnitude of the vector is the 

distance of the origin from the desired plane. 

^        I 
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1.7      Pert« Tree Structure - The Attach and Detach Commands. 

ATTACH 

DETACH 

"A" 

"D" 

I 
.V 

The parts' tree commands "A" attach and and "D" detach, allow bodies to be connected into a 

tree structure without effecting their faces, edges or vertices. The "A" command links the body in the 

top of the stack to the body in the second stack position M a sub-part (or child). The detach command 

unlinks a body from its parent. Certain operation» such as the Euclidean transformations apply to • 

body and all its descendents. If the top entities of the stack are not bodies, then these commands are 

no-operations. Because of the implementation, the parts structure is always kept at a tree; 

circularities and incest are prevented. 
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SECTION 5 

INPUT/OUTPUT COMMANDS. 

"I" input B3D <iU. "0" output B3D fit«. 

VI" input CAM III«. VO" output CAM til« 

"/i\" input CRE film "flO" output V2D til«. 

"(\" input GEM fil«. "(0" output GEM fil«. 

"/SI"   take comminds trom GEO fil«. 

"P"     output PLT file of current display buffer 

5 I      I/O COMMANDS 

Ti a "I" and "0" are the commands for input and output. There are two file formats for 

polyhedra named B3D and GEM The plain "0" command will output a body (and all its parts) from the 

top of the stack into a B3D file The plain "I" command will input a body (and all its parts) from a B3D 

die and will push it on the stack. The VI" and VO" input and output CAM filet to and from the node 

of thj "now" camera. The final simple I/O command it HP" which creatt a plot file of the current 

ditplay. 

The "<r and "<0" commands are nearly identical to the "I" and "0" commands, except that they 

read «id write more of the contents of each body, face, edge and vertex node for the sake of GEOMES 

(SAL; and GEOMFL (LISP) users. Specifically, words 0 and 8 of each node it included in the GEM 

format.  Online GEOMES and GEOMEL documentation can be found under *.WRU[GEM,HE]aSAIL 

The meta I/O command' provide an indirect method of getting video images into and out of 

GEOMED. On the input side, a television image must first be converted into a line drawing using the 

program CRE which creates CRE files; on the output side, line drawings, V2D, are converted into 

televsion pictures using the program MKVID. The '/1\" command inputs a CRE film of images and places 

the images on the now-camera's node. The "flO" command does a hidden line elimination and a 

photometric simulation (shines the sun on all the visible faces) in order to create a V2D file (vectors 

2-D) for the take of MKVID. Further detailt on CRE and ^!<V|D arc available from the system's HELP 

command. 
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INPUT/OUTPUT COMMANDS. 

5.2      ONLINE PLOT FILE HARDCOPY: PLTVEC, XAP AND XIP 

Thar» art two online hardcopy plotlir- devices: the Xerox Graphics Printer, XGP and th« 

Calcomp plotter A plot file (which is a display buffer) can be plotted on the Calcomp by running th« 

program PLTVEC PLTVEC first asks for point vector default: REGULAR, DASHED or VECTOR; type the 

letter "R" or just type a carriage return Next PLTVEC asks for a scale size; type a real number 

between 0.1 and 2.5. A scale 10 will yield a plot upproxima'ely the size of the physical display 

screen, 10 inchs on a side. Next PLTVEC dsks for the plot file name, after which the plot begins 

When the plot is completed, the question 'move pen" appears and can be answered with the letters 

"L" for left, "R" for right, "U" for up and "D" for down On the other hand, in order »o get an XGP 

copy of a plot (or even a video file); type "R XAP;LO,0;«<file>;H or "R XIP;L0,0:*<fiU.>;". Futher 

details on XAP and XIP are available from the system HELP command. 

5.3      VIDEO IMAGE DISPLAY: DDVID 

After a V2D file is converted into a television file by the program MKVID; the picture, which is 

in standard Hand/Eye format, may be displayed on the video synthesizer via the Data Disc using the 

program DDVID. To display a television image using DDVID, type "R DDVID <relurn> E <return> 

l<filename> <return> R<return>".  DDVID will type a list of its commands in response to a question mark 

5.4      GLOMED COMMAND FILES. 

Contrary to its design philosophy, GEOMED will accept commands from a file. The proper design 

philosophy encourages th« would be ^sometric programmer to use the LISP embedded or the SAIL 

embedded version of GEOMED notation rather than the syntactically weak single-character jump-table 

notation. A command file is executed by the "/?Z" command which will ask for a file name. Th« fil« 

should have no line numbers Comments may be included among the commands prefixed by "3" and 

terminated by a carriage-return and lirn-feed. A "eil" comment prefix will cause tS« comment to be 

typed out; the "/I3" comment prefix will cause GEOMED to wait for the operator to type a character; 

and the "O" comment prefix will both print the comment and wait. 

I 
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SECTION 6 

EDITOR CONTROL COMMANDS. 

6.1 PROGRAM CONTROL 

6.1.1 "it"   Exil GEOMED. 

6.1.2 ■*«:•"  EnUr DDT 

6.2 STACK COMMANDS 

6.2.1.      "••"   Swap First and Second Ei«m«nt$ of Stack. 

"oc**" Swap First and Third  Elements of Stack. 

"4«" Swap First and  Last  Eler...-nt8 of Stack. 

"(•*"   Swap Second and Third Elements of Stack 

6.2.2 "i"     Duplicate Push Stack Down. 

"t"      Discard Pop Stack. 

6.2.3 Vr Rotate the Stack Down. 

Vf  Rotate the Stack Up. 

6.2.4 "9"     Push Ur.ivirse Node into the Stack 

'VC Push the Now Camera into the Slack 

/' 

6.3 BODY NAMING AND RETRIEVING. 

6.3.1 "N"     Name Body 

6.3.2 "B"     Body Get. 

6.3.3 VB" Body Retrieval by Name or by Numeral. 

6.4 FACE AND VERTEX PERIMETER TRAVELING. 

Fetch Counter Clockwise. 

Fetch Clockwise. 

"•"     Fetch Other. 

W<n>"       Fetch Nth Vertex of a Body. 

6.5 LINK FOLLOWING COMMANDS. 

"<" NFACE Link 

-<" NED Link. 

"v" NVT Link. 
MnM DAD Link 

"«" BRO Link 

•V" ALT Link. 

VCW Link 

">•' PFACE Link. 

"I" PED Link. 

"A" PVT Lir.k. 

"U" SON Link. 

"s" SIS Link. 

--»" ALT2 Link. 

".M CCW Link. 

K 
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GEOMFD commands t«K« their arguments from and leave their results in a pushdown stack of 

bodies, faces, edges and vertices The contents of the stack are displayed on the left hand side of the 

display screen. The swap commands exchange the indicated elements of the stack if they exist. The 

stack can hold one hundred entities, although only the top thirty elements will be displayed. 

6.2.2 "I"     Duplicate Push Stack Dowv 

"T"     Discard Pop Stack 

The "i" command push the stack down and places a duplicate of the previous top of stack into 

the top of stack.  The "T" command pops the stack discarding the top element. 

6.2.3 "eel"  Rotate the Stack Down. 

"ait"  Rotate the Stack Up. 

The rotate stack commands preserve the number of elements in (he stack. Rotate down push« 

the stack and moves the last element to the top. The rotate up pop the stack and moves the previous 

top to the bottom. 

6.2.4 "9"     Push Universe Node into the Stack. 

"«cC" Push the now camera into the Stack 

These two commands require no arguments, but merely push the Universe node or the currant 

camera into the stack, so that node linking can be started. 
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EDITOR CONTROL COMMANDS. 

6.1 PROGRAM CONTROL. 

6.1.1 "<£"    Exit GEOMED. 

Exit the GEOMED editor.   Returns control to monitor level or to user program level     When I 

embedded, GEOMED returns the entity at the top of its stack to its caller as its value. 
I 

6.1.2 "*•" Enter DDT. 

Enters DDT if it exists The SYS versions of GEOMED never have DDT; the versions 

GEOMED DMP[GEM,HE] and G DMP[GEM,BGB} will usually have DDT (which is actually a Swmehart 

RAID); and a GEOMES core image has DDT depending on how the compile and load was done. A DOT 

VP" command will continue execution in the GEOMED listen loop. 

6.2 STACK COMMANDS. 

6.2,1     "♦•" Swap First and Second Elements of the Stack. 

"<***" Swap First and   Third Elements of the Stack 

"/i**" Swap First and  Last  Elements of the Stack 

"(**" Swap Second and Third Elements of the Stack. 

i 
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EDITOR CONTROL COMMANDS. 

6.3      BODY NAMING AND RETRIEVING. 

6.3.1 "N" Name Body 

This command accepts a string of jp to ten characters typed as a name for the body in the top 

of the stack; any characters can be used in the name, \he named is terminated by a carriage return. 

6.3.2 "B" Body Get. 

This command will replace the edge, face, or vertex in the top of the stack with the body to 

which it belongs. 

6.3.3 "otQ" Body Retrieval by Name or by Numeral. 

Each body has a numeral corresponding to its position in its world'« body ring.   Th» VB" 

command will accept a name or numeral and will push the indicated body into the stack. 

6.4      FACE AND VERTEX PERIMETER TRAVELING. 

(lv II 

Fetch Next Edge Counter Clockwise about Face (Vertex). 

Fetch Next Edge Clockwise about Face (Vertex). 

Fetch Other Face (Vertex) of the Edge. 

Fetch Nth Vertex of a Body. 

Fetch First Edge of a Face or Vertex. 

When the top two positions of the stack contain an edge and a face (or an edge and a vertex) 

that are connected; then both are intensified and face (vertex) perimeter traveling is possible using 

the "," or the ,,.,• commands to obtain the next edge «bout the face (vertex) from the given edge, going 

in the clockwise or counter clockwise direction (as seen from the exterior surface of the polyhedron). 

It is also possible while perimeter traveling to cross to the other face (vertex) of the given edge by 

means of the "♦" command. Remember that whenever there is a face, edge or vertex in the top of the 

stack, the body to which it belongs can be obtained by using the "B" command. Mastering these 

commands alleviates the urge to have a light pen, or to take prolonged trips around edge rings. The 
,W<n>' retrieves the Nth vertex around the body ring of the body in the top of the stack; the vertex 

numerals are displayed when the VL" switch is toggled on. Trivia experts will b« happy to know thei 

"cc." and V," fetch the next vertex (face), counter clockwise and clockwise respectively, from the 

current edge with respect to the current face (vertex). 

32 

i     i ii fclfci 



^ .mmim^-mi^^^^m q —.     -      ■ 

EDITOR CONTROL COMMANDS. 

II 
6.5      LINK FOLLOWING COMMANDS. 

The GEOMED data structure consists of twelve word nodes which contain links and data.    The 

following commcrr1 characters fetch particular links of the entity in the top of the stack: 

WORD1: "<" NFACE Link. "V PFACE Link. 
W0RD2: "<" NED Link. ">" RED Link. 
WORD3: "v" NVT Link. "A" PVT Link. 
WORD 4: "fT DAD Link. "U" SON Link. 
WORDS: "c" BRO Link "a" SIS Link. 
W0RD6: ••-" ALT Link. "-»" ALT2 Link. 
WORD7: ","CW  Link. "." CCW Link. 

The root of the data structure is the UNIVLRSE node, which is unique, and which can be pushed 

into the stack by executing the "9" command. Directly accessible from the UNIVERSE node are the 

display ring and the world ring: 

"n" of the UNIVERSE returns the "now" WORLD. 
"U" of the UNIVERSE returns the "first" WORLD. 
"." of the UNIVERSE returns the "now" display. 
"," of the UNIVERSE returns the "first" display. 

A display is not a node, but is rather a ring of windows. The refresh subroutine GtODPY, 

refreshs the windows of the "now" display ring. 

"t' and "3" of a WINDOW travels the Window Ring of a display, 

and "," of a WINDOW travels the Display Ring. M   (I 

Each world has  at least one  camera, one sun,  and a ring of bodies. 

•V" of a WORLD returns the "first" SUN. 
"0" of a WORLD returns the "now" CAMERA. 
"U" of a WORLD returns the "first" CAMERA, 
"." and V of a WORLD travels the World's Body Ring. 

«* "e" and "a" of a WORLD travels the World Ring of the UNIVERSE. 

Each camera points back to the world to which it belongs "U"; and belongs to that world's 

camera ring , "«" and "»" ; and has potentially two rings of images: the synthetic image ring, ".", of 

images from the hidden line eliminator. OCCULT; and the perceived image ring, ","• o* Image» from tho 

video edge finder, CRE. 
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EDITOR CONTROL COMMANDS. 

6.5      LINK FOLLOWING COMMANDS (conlinuad). 

A poly hour al surface is composed of faces, edges and vertices. Each particular face, edge, or 

vertex belongs to on« and only one body; and in turn each body ha« a ring of laces, a ring of edges 

and a ring of vertices: 

* 
"<" and ">" of a body travels the Face Ring of that body 

"<" and T* of a body travels the Edge Ring of that body, 

"v" and "A" of a body travels the Vertex Ring of that body. 

When the VL" switch is toggled ON, a numeral is displayed at each vertex of the body in the 

top of the stack. The N'th verto), of a body can be brought into the stack by typing W<n>". Besides 

belonging to rings; vertices and faces have one additional link, the PED or first edge link which points 

to one of the edges of the vertex or face The FED of a vortex or lace in the top of the stack can be 

obtained by typing ">" 

Besides belonging to an edge ring, each edges points at its two faces, its two vertices and its 

four neighboring edges in each of its two faces; these last four pointers are the so called "wings" of 

the edge and are used to travel the perimeters of faces and vertices. Thus with an edge in the top of 

the stack, either of its two faces or two vertices can be obtained by typing one of the four characters 

"OVA" respeetivoly. 

The arcane link positions in words -3, -2 and -I of a node can be retrieved by the control 

"<><>VA" respectively; while meta "<><ivAH will retrieve from word« 6, 7 and 8. No important links 

are stored in the arcane positions. 
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SECTION 7 

DISPLAY CONTROL COMMANDS. 

7.1 STATUS DISPLAY. 
7.1.1 "»" 

"•" 
7.1.2 "d" 

Vd" 
7.1.3 "L" 

VL" 

7.2 HELP DISPLAY. 
-in I* 

-H„ 

VH' 

Status Display Toggle. 
Toggle Now Window's Darken Bit. 
Clear the page printer. 
Datum Display Toggle. 
Datum Format   Toggle. 
Toggle FEV Lights Switch. 
Toggle Body Lights Switch. 
Toggle Frame Lights Switch. 

Information Prefix. 
Help. 
Unhelp. 

7.3 DISPLAY MODES. 
"space" 
"ALT" 

VALT" 
"/JALT" 
"<ALT" 

Display Refresh, GEODPY. 
GEODPY with hidden lines eliminated. 
GEODPY with back side faces eliminated. 
GEODPY everything visible. 
GEODPY with OCCULT diagonotticr 

"cC. 

"fl. 

Sticky Alt. 
Sticky «:ALT. 
Sticky ^ALT. 
Sticky <ALT. 

7.4 EDGE DISPLAY BITS. 
7.4.1 VD" Darken. 

"<DM Undarken. 
7.4.2 "X NSHARP" 

7.5 FACE COLORING. 
"X COLOR <n>RED <n>GRN <n>BLU <n>ALB' 

7.6 CAMERA COMMANDS. 
'VC" Push now camera into the stack. 

Make new camera. 
Step now camera forwards. 
Step now camera backwards. 

"fiZ" 

VF" Set Camera's Focal Plane distance. 

7.7 WORLDS AND WINDOWS. 
"W" 

VW" 
"/(JW" 

•{" and "}" 

Make Window in Now Display Ring. 
Make Window in New Display Ring. 
Make New World. 
Step Now Display. 

V{" and V}"       Step Now World. 

7.8 IMAGE RINGS. 
VT" Make a Simulated Image Body. 
"«-" and  "-»"        Step Perceived CRE Image Ring. 

V«-" and "u-*"     Step Predicted OCCULT Image Ring. 
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DISPLAY CONTWOL COMMANDS. 

7.1      STATUS DISPLAY. 

The execution of nsarly every GEOMED command is followed by the two display refresh roufmes 

called GEODPY and STADPY STADPY refrt-hes the stack display, the editor status display, the node 

contents display, and the top of stack brighteners called "the lights" which are governed by the "L" 

command GEODPY scans the "now" display ring of the universe node, and refreshes a piece of glas« 

for each window having a camera 

7.1.1 "i"    Status Display Toggle 

Vi"  Toggle Now Window's Darken Bit 

"■"    Clear the page printer 

The STADPY (status display) is turned on and off by the "<" command. Tne "«<■" command wilt 

turn the window border on and off, (that rectangle). The "a" command types four form feeds, for 

clearing the page printer of visible characters. 

7.1.2 "d"   Datum Display Togg'a. 

Vd" Datum Format  Toggle. 

The "d" command causes t^i contents of the node at the top of the stack to be displayed in the 

lower right hand corner of the screen. Frame, body and camera node« have a special display which 

indicates their location and orientation; the special display format can be toggled on and off by means 

of the "ec6" command. In the regular format node display, the appropriate link following commands for 

the different word« of the node are indicated. 

7.1.3    "L"   Toggle FEV Lights Switch 

'VL" Toggle Body Lights Switch. 

"^L"  Toggle Frame Lights Switch 

When the "L" switch is on; faces, edges and vertices in the top of the stack are intensified. 

When the 'VL" switch is on, numerals are displayed for all the vertices of the body in the top of th« 

stack. The vertex numerals «.an be used for obtaining a particular vertex using the "«V" command. 

When the "4L" switch i« on, three vectors are displayed indicating the direction of the axe« of the 

current frame of reference; the vector« are labeled respectively by a letter "X", "Y", or "Z" followed 

by a number between -1.0 and «1.0 indicating whether the vector i« going awcy or coming toward« th« 

current camera. 
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DISPLAY CONTROL COMMANDS. 

7.2 HELP DISPLAY. 

•T'     lnform««ion F^fix. 

"H"     Hdp. 

VH" Unh«lp, 

Typing a quesiion mark "?" followed by any character will typ« a on« lin« reminder of what 

commands are invoked by that character The "H" command allows th« user to read this document a 

page at a tim« whil« using GEOMEO. Help starts by displaying pag«-4 and waits for other dnsired 

page numbers; typing a carraige return will exit the help with th« display persisting, control carriig« 

return will exit the help with th« display cleared   Th« 'VH" command clears th« HELP display glass. 

7.3 DISPLAY MODES 

"space" Display Refresh, GEODPY. 
"ALT" GEODPY with hidden lines eliminated. 

VALT" GEODPY with back side faces eliminated. 
"/SALT" GEODPY «v«rything visibl«. 
•VALT" GEODPY with OCCULT diagonostics. 
"_"    Sticky Alt. 

"oc."  Sticky ««:ALT. 
"fi."   Sticky 4ALT. 
"(."    Sticky «ALT 

Ther« are two basic display modes: with and without th« hidden lines eliminated. Initially th« 

display refresh displays all th« lines that are visible from th« simulated cameras of th« windows of th« 

now display ring. Th« "ALT" commands do on« refresh in the mod« selected by th« control bits. An 

«asy hidden lin« elimination takes less than a second; the hardest lak« up to thirty seconds. Th« 

underbar commands, "_", make th« selected display refresh mod« sticky, ell refreshes er« done in that 

mod« until th« next underbar.   Th« spacebar command redo«« th« last refresh 

7.4 EDGE DISPLAY BITS. 

7.4.1     VD"Darken.  "<D" Undarken. 

Given a body or an «dg« in th« top of th« stack; these two commands set or reset th« darken 

bit all the specified edges.   Darkened edges will not b« intensified by th« display refresh 

7.4.2    "X NSHARP" 

"X GOURAUD" 

37 - 

Given a body Ci an edge in the top of th« stack, those two extended scanner commands set th« 

"not sharp" and th« "Gouraud" bits, respectively all the edges of th« body or of th« given «dg«. Th« 

two bits specify different kinds of intensity smoothing to the "ßO" commend. Th« "not sharp" bit 

causes not sharp and not folded edges to b« not visibl« after a hidden lin« elimination, which yield« tin« 

drawings with a rounded appearance 
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DISPLAY CONTROL COMMANDS. • 
l 

7.5      FACE COLORING. (j 

"X COLOR <n>RED <n>GRN <n>BLU <n>ALB,, 

The coloring command ■pplieb to a body or a face satt the bytes of words 4 and 5 of all the 

faces given.   The <n> arguments represent percentage values between 0 and 100; the argument must { 

be suffixed by a letter: R, G, B or A standing for red, grsen, blue and albedo.   Combining the colors , 

red and green gives yellow; red and blue gives lavender; blue and green give  a light sky blue. , 

Lowering the albedo turns red into crimson, yellow into brown, green into dark green, sky-blue into \ 

slate, blue into deep blue, and lavender into purple. 

38 

In order to get the so called "I and C" required by DDVIO's color command, "C"; suffix the 

filename you type to MKVID with a "/C switch. To display a color television picture on the color 

synthesizer; you must remove i BNC terminator from the color synthesizer, which is located in the 

kludge bay above the video switch cable fan out; you must place the toggle on the upper left of the 

color television set in the up position; and you mutt give the following commands to DDVID: 

"C<filename> <ret-rn> E<return> R<return>" 

The color synthesizer requires twelve data disc channels, which are usually not availabi« in the 

day. The intensity channels are 36, 35, 34, 33, 37 and 32; the color channels are 31, 24, 23, 27, 30 

and 25. The system information programs DOUSE and FINGER will type information on who I« using 

which channels and where particular users are located. 

7.6      CAMERA COMMANDS. 

"ocC" Push now camera into the stack. 

VFM Set Camera's Focal Plane distance. 

"flC Make new camera 

"/3)" Step now camera forwards. 

"/i{" Step now camera backwards. 

There are two basic camera commands: VC and VF" The VC" command will push the now 

camera node into the stack. The VF<dislahce>" command wilt set the now camera's foe nlane 

distann to the given value, the distance is assumed to be in units of millimeters. The initial focal plane 

du a is 12.5 mm. The additional camera commands allow the creation and use of a ring of cameras. 

The /3C" command will create a new camera at the end of the camera ring of the now world. The 

"/31" and "ß{" commands will edvance or retreat the now camera around the camera ring. 
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DISPLAY CONTROL COMMANDS. 

7.7 WORLDS AND WINDOWS. 

"W" Make Window in Now Display Ring 

VW" Make Window in New Display Ring. 

"4W" Make New World. 

"{" and "}" Step Now Display 

Vf and V)H       Step Now World 

Although, the data structurs below GEOMED allows many worlds and windows; these commands 

are not intended for general use The "W" command will make a new display window, such as the on« 

made by the crosseyed stereo pairs' macro, "fico". Windows can be scaled and moved about the 

screen using the Euclidean transformations, one translation unit corresponds to 100 display units. The 

"odW" command will make a new window in a new display refresh ring; and the "{", "*{", 'Vj" and 

"}" will as stated advance the display or world rings. When there is more than on« camera (or on« 

world) the node identification of the now camera (or now world) it displayed in th« status 

7.8 IMAGE RINGS. 

VT" Make a Simulated Image Body. 

V«-" and V-»"     Step Predicted OCCULT Image Ring. 

"4*-" and "/!->"      Step Perceived CRE Image Ring. 

* The resuih of a hidden line elimination can be used to create a special kind of polyhedron that 

approximjtes the image An image polyhedron is like a photographic print with faces, edges and 

vertices representing the details of the image that is on the print. Th« 'VT command (take a pictur«) 

creates such an image polyhedral body and attachs it to the OCCULT image ring of th« noew camera 

Similar to 'VT", the "/tl" command inputs an image polyhedral bodies from a CRE file and attachs them 

I to the CRE image ring of the now camera.   The "ocT" command images are synthetic and the nfi\" 

command images are perceived; the display refresh includes the first CRE and the fir-.t OCCULT image 

of th« now camera ring (as weli as its usual view of its simulated world). The control and meta, left 

and right arrow, commands will step the CRE and OCCULT rings as stated above Th« creation of 

structures for both synthetic and perceived images brings us to thi start of computer vision and th« 

| conclusion of GEOMED. 
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SECTION 8 - ADDENDUM I. 

TEXT COMMANDS OF GEOMED 1973. 
\ 

Toward fh« «nd of ! 973, t«xt nodes and Uxt commands w«r» add«d to GEOMED to dtmonstrat« 

its potential value for mechanical drawing This worK was done by Tover Mock, end the resulting 

alternate version of GEOMED is available on the system as the program named "G". 

Text nodes are created (or edited) by applying the "T" command with a vertex in the top of 

stack. The header of a text node list is called a Y-node and can be reached from a text node by the 

"<" command; Y-nodes carry their own 3-D space locus and so can be moved «bout using the Euclidean 

transformation. The resulting data structures can only be saved and restored by means of the "<0" end 

"d" commands, which dump and restore D3D files. The D3D format I/O doesn't exist in present 

GEOMED. Tha "T" command accepts text by means of an editor resembling the system's editors TV and 

E, which use the system line edit commands.  The particular line edit mod« commends of G are: 

<CR> Forward 1 line 

<VT> Backward 1 line 
I 

o^O Forwaro 4 lines 

<*(< Backward 4 lines 

otO Forward 16 lines 

<*(< Backward 16 lines 
I 

*D Delete a line 

0 Enter line insert mode 

ecZ Concatenate next line with current line 

I <rf(E Return to GEOMED 

ec<V Update display 

oc</ Shrink character size. 

«:<\ Expand cKracter size. 

| The best way to get a labeled drawing into hardcopy is to "P" plot it out of G into a plot file, 

"PLT"; and then to use PLTVEC to output the drawing on the Calcomp Plotter or to use XAP to output 

the drawing to the XGP, Xerox Graphics Printer. See section 5.2, for details on how to make hardcopy 

drawings. 
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SECTION 8 - ADDENDUM 2. 

COMMAND INDEX BY ASCII ORDER. 

PAGE            ASCII CHARACTER             COMMAND 

OOO NULL No operation. 
31                  001 i Push slack down. 
31 eci Rotate stack down. 
2                  002 «; Control key prefix. 
2                  003 fl Meta key prefix. 

33                 004 A PVT, Positive vertex link. 
26                 005 - Evert Body. 
26 u- Body Subtraction 
2                  006 ( Meta-Control keys prefix. 
I                  007 n Set rotation strengSth, RDEL. 

1«                010 X Set translation strenith, TDEL. 
Oil TAB No operation. 
012 LF No operation. 
013 VT No operation. 
014 FF No operation. 

19                015 CR Reset iteration count. 
i                   016 co Instant cube. 
8 o«» Instant torus. 
13 flco Crosseyed stereo. 
36                 017 d Datum display Toggle. 
36 ccd Datum display format Toggle. 
33                020 c BRO, parts tree link. 
33                 021 s SIS, parts tree link. 
33                 022 (1 DAD, parts tree link. 
26 <*n Body Intersection. 
33                023 U SON. parts tree link.                                                                        1 
26 otU Body Union. 
19                 024 V Enable ali body motions 
19 <* V Disable frame   motion. 
19 /3V Disable vertex motion. 
19 (V Disable parts  motion. 
29                025 3 Comment prefix. 
29 3 Print comment. 
29 fi3 Wait for character. 
29 <3 Print comment and wait. 
31                 026 9 Push univene nod« into stack. 
31                 027 « Swap stack elements 1 and 2. 
31 at«* Swap stack elements 1 and 3.                                                                  -. 
31 /?*♦ Swap stack elements 1 and Int. 
31 <EM Swap stack elements 2 and 3. 
37 03f . Sticky  ALT display refresh. 
37 «i_ Sticky odALT display refresh. 
37 ft_ Sticky ftMJ display refresh. 
37 (. Sticky (ALT display refresh. 
33 ö: i -» ALT2, link fetch. 

0'2 TILDE No operation. 
f 33 J No operation. 

33 034 < NED, link fetch. 
33 035 > PED, link fetch. 
36 036 i Toggle status display enable. 
36 oc* Toggle window display enable. 
33                 037 v NVT, link fetch. 
37 040 SPACE Display refresh. 
19 041 I Set translation default. 

042 M No operation. 
36 043 ■ Clear page printer. 
31 oc* Enter DDT. 

-41 - 

•\ 

i     i i mm\   i 



ADDENDUM 2. 

PAGE ASCII CHARACTER COMMAND 

26 044 Make convex. 
26 »I Edge slurp 
1« 045 Se» DDEL, dilBlion s»r«ngth. 
- 046 No operation. 
- 047 No operation 

17 050 Euclidean transformation minus Y 
17 051 Euclidean transformation plus   Y. 
17 052 Euclidean transformation plus   Z. 
32 053 ♦ Fetch other face or vertex 
32 054 Fetch clockwise 
17 055 Euclidean transformation minus Z. 
32 056 Fetch counter clockwise. 
17 057 Halve strength of transformation 
19 060-071 DIGITS 0 THRU 9 
17 072 Euclidean transformation plus X. 
17 073 Euclidean transformation minus X. 
3? 074 NFACE, link fetch. 
. 075 No operation. 

33 076 PEACE, link fetch. 
2 077 Information prefix. 

17 100 * Set rotation default. 
27 101 A Attach 
19 /?A Cycle Axis count. 
32 102 B Body of a face, edge or vertex. 
32 ecB Retrieve body by numeral or by name 
23 103 C Copy. 
13 o^C Push now camera into the stack. 
n 104 D Detach. 
37 •cD Darken 
37 <D Undarken 
25 105 E Make ed;e and vertex 
31 (F Exit GEOMED 
II 106 F Step frame selector forwards 
38 «;F Accept focal plane distance. 
18 /3F Step frame selector backwards. 
25 107 G Glue face-face. 
37 110 H Help display. 
28 111 1 Input B3D 
28 *! Input CAM. 
28 ß\ Input CRE. 
28 <l Input GEM. 
25 112 J Join vertex-vertex. 
23 113 K Kill entity 
23 otK Kill edge and vertex. 
36 114 L Face, edge, vertex lights toggle. 
36 «L Body lights toggle. 
36 4L Frame of reference light» toggle. 
25 115 M Midpoint and edge. 
32 !i6 N Name a body. 
28 117 0 Output B3D 
28 «iO Output CAM. 
28 40 Output V2D. 
28 «0 Output GEM. 
29 120 P Plot file output. 
19 121 0 Toggle frame origin twitch. 
24 122 R Rotation completion. 

; 
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ADDENDUM 2. 

PAGE ASCII CHARACTER COMMAND 

24 
24 
24 
24 
39 
20 
25 
32 
25 
39 
39 
39 

21 
21 
22 
22 
22 
27 
38 
37 
24 
24 

29 

17 

31 
31 
33 
39 

39 
39 
39 
26 
37 
37 
37 
37 
39 
39 
39 

123 

124 
125 
126 

127 

130 

S 
PCS 

AS 
«s 

u 
V 

«V 
/3V 
W 

X 

131 Y 
132 A2 
133 

\ 134 
135 ] 
136 T 

«cT 
137 ♦- 

*»■ 

140 i 

141 THRU 172 
173 { 

c^I 
41 

174 1 
175 ALT 

«ALT 
/«ALT 
<ALT 

176 } 

?! 
177 puaouT 

Sweep cylinder. 
Sweep pyramid. 
Sweep cylinder edges not sharp. 
Sweep pyramid  edges not sharp. 
Take a simulated picture. 
Unmove a body. 
Make vertex body 
Retrieve Nth vertex of a body. 
Make body node. 
Make window in now display ring. 
Make window in a new display ring 
Make new world at end of world ring. 
Extended command scanner: 

PLACE <x> <y> <z> 
ORIENT <pan> <tilt> <swing> 
CUBIC <X width> <Y height^ <2 depth) 
BALL  <radius> <M longituo>s> <N latitudes) 
CYLN  <radius> <N sides) <Z length) 
CUT <x) <y) <z> 
COLOR <n)RED <n>BLU <n)GRN <n>ALBED0 
NSHARP 
PRISMOID 
SILHOUETTE <2min) <2max> 

No operation. 
Read commands from GEO text file. 
No operation. 
Double strength of transfornation. 
No operation. 
Pop stack. 
Rotate stack upwards. 
ALT link fetch. 
Step thru simulated image ring of now camel 
No operation. 
Lower case letters same as upper cat«. 
Step now display backwards. 
Step now  world  backwards. 
Step now camera  backwards. 
Invert edge linear orientation. 
Display refresh with hidden lines eliminated. 
Display refresh with backside faces eliminate 
Display refresh with everything visible. 
Display refresh with OCCULT diagonostics. 
Step now display forwards. 
Step now  world  forwards. 
Step now camera  forwards. 
No operation. 
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