MASSACHUSETTS INSTITUTE OF TECHNOLOGY

PROJECT MAC

Artiticial Intelligence

Mamo No. 1BZ March 1973

Display Functions In LIGP

Thomas J. Binford

This mote describes a system which compiles
various forms of LIZP lists and arrays info
display commands for the DEC 340 display,

and provides supperting functicons for scaling,
for moving elements In a display, for pot
control of cerfain displavs, and for adding
elements To and removing elements from the
display.
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In the exauples given, argunents In lower case are SUmnwey
arcouaentss the user’s arguments &ere to pe supstitutec. dap sy.aol ©
preceding & character signifies & contrel character, &nc . sizniriss
tne cnaracter "space".

AR EXFPR subset of this system is availacle, sceouste for shall
gisplays. A Slck version of these disolay functions, written in
KICAS with contreol routines in interpretso LIGF, is evailecle in a
special version of LISP called CLl3f. As displsy primitives, the
system coaplles points, open anc cleosed curves, anc tedt. runctions
nanaole input lists and arrays in a variety of forus. Special case
primitives such as coordinate axes, box, ano cross &re useful Teor
making graphs and figures for reoorts.

Ihe systeuw provides a sceling ano translation (no rotaticon) from
a rectangle in the acmain to a rectangle in the rance, &t the tins of
compiling. UOnly very weaw scaling is5 available in the hardware
{(vectors and text scale Oy powers of twoldi the best sclutien is to
re~coupile the list with revisec sczalinoc. ESeversl functions aid In
choosing scale,. sost gdlsplays can be translated within the limits of
the device, elthner with absolute ccordinates, or under pot control.

lndivicoual elesents of a display can oe added or removed. whole
gisplays can be saved, copied, ano restored. A convenience feature
is that removal of elemants can be aone ov clinkingc each elernant in

turn, anc interronating the taletype.
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[he system depends heavily on dynamic array alleocation and
autcaatic garbace collectlon of errays. LISy has ceen oooifisg to
include this feature. 1n normal operation of the cisplay syvsten,
glements which a&re not being displaved or saved, or othervise
protected, are carbage cellected. The user may provide the array in
sone cases, or the name of the array. The systes normally provides
necessery arrays as a convenience, A function for ceneratinc
vnenonic atoms is proviced. Except when the user orovides the array,

eXxact lengths of displays are calculated pefore array allocstions.
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UFERATING ThHe DISPLAY
There are only two steps in initisting a ocisplays

|} tyvpe "rF to select the display device,
2) make a function call to create a ogisplay arrav.

This section aims to sketch out the oeneral classes ol Tunctions
which are described in cetail in later sections. 1he names ol all
functions in the display system oeqin with the letter J. ihe Commands
to turn on or turn off the disclay are centrol charecters which can
be typed at any tise to EVAL (even in the middle of an atom). lhess
compands are hancled in interruct smoce and taze effect imeeciately,
s0 that they can oe usec even wnen LISF 185 runnina.
with display output selected, elenents are cisplayved as scon as

they are created. hese are reallv two cperatiens, coapiling display
comasands (in a LlI2F array) for the scope, and accing the created
array to the list ef arrays on aisplay. iweo lists contsin the
elements of the display. DISFLAY contains the atoms whoseé arrays are
on display (fer the benefit of hwwans) and LISLIST contains thelr
array properties, whicn the [I5 system uses for cisplay.

vilaF LAY 1ELL

dbe .~.[I! JE

-~

l. To turn on the display “r !
To turn off the aisplay =y ™

2. To create display arrays and add to the arrays being disnlaveg,
the function usec is specified oy the type of gisplay cesired (point,
vector, or text) ang the type of input data (list cor array of nusoars
or dotted pairs or atoms which evaluste to numbers or dottec pairs).
lhe followina is a list, without dstails, of availavle functions.
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LIakLAY TYFE FURCTIONS

ickl DIEXT
olEXTE
UFEN CURVYE DeAY
DLv1,DLVE
LAV ] DAY 2
DAZV I
CLisSED CURVE DCHYC
DLv1,0LVz
DAV1,DAVZ
LAV
O LT oLl
SLe 1 ,DLP2
UAS] DAF Z
= 1 LELX
vGrlg (under pot contrel)
AXES AR ES
CROZS DRSS
FP1YS (under pot ceontrol)

J.These functions manipulate displays, adding elements to or deleting
elesents from a display, or saving anc restorino displays.

CISPLAY, DISPLAYE
OCLEAR, UCLEARE
oCcorY

DSAYE

DGET

Another class of functions consists of those which nove, or
manipulate individual elements of a cisolay.

LMLV E

DERLGHT
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FOINT AND VECTOH DISPLAYS

dhat basic displays might be useful? ke might want te display a
set of points, or & curve made of straight line secments connecting
peints. A usual form of gisplay input wight be & list of dottec
pairs of x angd y coorainates, or & list of such lists. For this
usual form there are three basic functions:

OPTL EXPH aisplays a set of ocints,

DCRY EXFPH aisplays open curves,

OCEVC =R AT aglsplays closed curves,

For exsuple, (DFIL list) or (OCRY Jlist) are tvpical uses.

e might want axes, a box, or a cross, 1he exemples are:

(DAXES (LIST (al . az) (ul . w2ll))

(DEIX (LIST (al . aZ) (ul . ugl)))

(CDCHISS name (x . y) size)
where {(al . a2) is the lower left corner of a rectangle aligned along
the coorcinate axes and (ul . ul) is the upper rioht cornsr.

lhere are & number of other input options for which functions
exist in the SUbn version. e could have list or array input. nie
might Hént to graph a set of values (numbers) evenly spaced along an
axis. In that case, the x coordinate would be calculated by scaling
the indices 0,1,2, « « n. The functions are nawed by acronyms which
corraspond Lo the optionst

Aor L 1ist eor array input

F or V point or vector (curve) display

I or 2 numbers {(graph}) or cotted pair input.

List imput may contain atoms which evaluate to deotted pairs, provided



DISFLAY FUNCTIONS IN LISP Fage &

the flag DATOM is non=nll: The flag should stherwise be nll to aveld

the associated cost of this feature.

LSUEK

DLV 1 Display List of Vectors (numbers)

DLV Display List of Vectors (dotted pairs)
LULF Display List of Points (numbers)

DLF 2 Display List of Points (cdotted pairs)
DAV ] Display Array of Vectors (nuabers)
DAYz bisplay Array of Vectors (x,,y¥ paires)
AR Display Array of Polnts (numbers)

DAFZ Display Array of Points (x,,v pairs)
Sl Bl
DAEV L Display Z=dim Array of Vectors {numbers)

Some examples of calls ares
(DLvI list)
(OLVI list “arravi)

(DAVI] arravin arrayvout min nax)

(DAV1 arrayin max)

(DAVI arravin)

(DAVI arrayin min wax).
Arrayout, min, and max are optional argunents. WMin and mex are lesast
ang greatest indices for the input array. If win is given, uax must
be given. The cdefault casas for min and max are the limits of the
arraye.

With the functions for list input, DLVIY, DLVZ, CLF1, and LLFZ,
closes curves can be generated by the calls (OLYI1 (CCC list)) and
likewise for OLVZ, DLPI, ang OLFZ. At present, no provision is nade
for closed curves for those functions with array input.

A typical call for DAZY1 would bes

(DAY 1 ~“(arrayin) (al . a2) (nl . n2) {ul . w2l . (vl . v2)1)
over the two=dimensicnal grid given bys

xl=al+ndkv] jouter loop along vector (vl . wvi)

yo=saz+nleve

s=x0+nil*ul sinner locp along vector (ul .u2)

wEy(en [ e,
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SCALING

Foints are scaled 1f LU3SCALE is non=nil. The two ccorulnates .lay oe
floating point or fixed point LISP numbers. If CALOE iz neon=-nil,
non-numeric atons are evaluated to deotted pairs. Scaling and display
are a mapping fron some two=dimensionel rectancular COUALN inte the
two—dimensional rectangular BANGE {(scope coordinates). ine lirtits of
scope coordinates are (0 « O) to (1577 « 17597,

Scaling corrasponds to the Tollowing operationst

DECALE = {5x . sy) i$scale
DORGD = {xd . vel sjorigin of the DUORAILLR
IRGR = (¥Xr « vrd) dcrigin of the LANGE

UssK {x=xd k+xr
vEsy [v=vd Iy T,

The free variables which control the scaling aret

DOXKAIN HANGe

DORGD DORGH erigin of mapping

DLOWD DLOWA lowar left corner

CUrPL DUPR uppar right corner
DSCALE

Two wtility functions aid in deternining scalet

DOMAINL EXFPR cetermines the extreme coorcinstes of 3 list eof
dotted pairs.

DSCALE EXPH determines the scale, aiven domain and
range variables.
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FUNCTIONS FOR MANIPULATING DISPLAY LISTS

e want to be ahlehtn Add elements to cr celete elenents fro.
LDISPLAY and DISLIST, to save, copy, and restore display lists. A
slight complication should be kept in mings wost arrays are atowns
which are not on the Q3LIST. They cannot be referred to directly by
naming them, but aust be referred to by somethino which points to
-ihEm; That 15 wost truublashmu in deletino elenents. A special mode
in UCLEAR blinks 2ach element in turn, preservinc or daleting as
instructed by the user in a teletype centrol loop.

DCLEAR FEXFR

(DCLEAR) removes all arrays

(DCLEAK a b ¢) removes nameo Arravs

(DCLEAR TTIY) proceeds down the list DISPLAY, bElinking
the current array. Teletyps comméncs ares
W guit
T_ proceed and preserve the array
R_K_ kill the current array.

ODCLcAKE EXPR evaluates its arguuent and removes a sincle array.

DISPLAY FEXFA
(DISPLAY a2 © c) adds the atows to DISPLAY ancg their
arrays to DISLIST.

CISPLAY EXPR _
evaluates its argument and adds a single &array.

ol PY FE&APH
(DCOPY world)
COCOPY)
conses a copy of DISFLAY onto CSAVE with the scene name world
{or a GENSYR if no name is gciven).

DSAVE FEXPR
{DSAVE worlc)
(DSAVE) is5 eguivalent to (DCOPYI(CCLEAR)D.
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LDGET FEXFH
(CGET worla)
(DGET )

appands the saved scene {(or al]l scenes if no nace is cgiven)
to CISFLAY.
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DISPLAY ING TEXT

The simplest mode of text display uses the display like a
teletype, as a character cutput device. Material printed goas to the
scope as to a teletype. The control characters "X and ™Y turn text
ocutput on and off, respectively. Text mode and cispley aoda are
incompatibleis to label displays, other mogdes must be used.

IThe DOTEXT display call spacifies & line of text (provices for ne
carriage return), with optional arguuent for vertical alionment, and
optional absolute position. Fot controcl (pots 146,147) is used in
absence of an absolute position.

DTEXT FEXPH

(OTEXT (line of text) ¥ p)

(OTEXT (line of text) p)

(DTEXT (line of text))

(DTEXT (line of text) ¥Y)
If the second argument is Y, the text is displayed vertically, If
not, the second argument is taken as a position (dotted pair pl. IF
there is no position specified, the text is put under control of pots
148 and 147§ T_ terminates pot control.

UTEXTE EXPE

(CTEXTE “(line of text) T p)

(DTEXTE “(line of text) WIL WIL)
This form evals its argumentsi if the second argument is nen-nil, the
line is displayed vertically. If the third argument is non-nil, it
E%E;%kan as & position, otherwise position is under pot control as in

The other means of text display is compatible with polnt and
vector displays and provides carriage return as in FRINI. The first

step is to allocate and initialize the array for texts
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{AFRAY name NIL lenoth)
(OIS IKNI “name)l

Text can be added incrementally byt

(DISAD *name flag “abc)
Ihe second arqument should be T or dlL depending on whether PulIll or
PRINC type output is desired. Fosltioning is left to the user. Lhe
byte pointer is stored in the last word of the array.

DISINI 3SUBkR
(DISINI “name)
initializes the array for character mode cutput.

DISAD SUER
(DISAD #pame flag “(text to be sdded))
Appends the s-expression third arguaent te the text
in the array namne in the print mode specilied by
the second arcument.

DISCNT (display character count) functions as CHECT does
for PRINT.
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OUTFUL TG THE PLOTIER

Any display can be plotted with the command (uPLUT), which turns
the paper and plots the current display. Thus, the whole display
apparatus is available for plotting.

for special uses, complete control of the plotter iz avallable
with the comnands (PLOT n), where the argument n incdicates a
character, pen up, pen down, etc. (CHAH PLOT, Al memo 142, M. 5.
Speciners THE CALCOMP PLOTTER IN T3 AND LISP, Al memo 133, ¥+ S.

Specinerl).
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WVING DISPLAYS AND POT CONTROL

To move an array with a point position, executes

(DMOVE x v dname)
where cdname is the name of a display object.

lo getermine @ rectangle (aligned with the x=y axes) in scope
coordinates under pot contrel, we execute ([DGRIUIT_ where 1_
teruvinates.

he can aove most arrays (but nct all arrays) under oot control
by using (DPTS a) where a is an array. If we call (WIS LIL) we
contrel & cross on the screen. ke can locate peoints in the gisplay
by typing in names to DFI5 which marks the spots with Crosses, named
after the atoms typed in, &nd sets the wvalues of the atons to the
location in scope coordinates. Such a usage would be:

(DPTS NIL)a_b_ec T_
where T_ terminates.
CPTES EXPR

moves certain display arravs on the scope, under control of

pots 146 and 147. [f the argument i5 nil, the array mowved

iz a cross, The following s—expressions are commands-E

T_ terminate and return

FIMNE. enter a fine contreol mode centering arcung the current

lecation ) _
COAHSE. resume the coarse position modei the point may shift
drastically for cbvious reascns.
atou.. the atow is glven an array, into which a cross is put,

ancd whose value is the current location (cotted pairl.
The cross is left at the current location.
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UTILIIY FURCTIONS I& DLISP

uLl5F contains some standard utllity functinnf=

oI
cOs
ATAN
SQRT
EXF

LG

] 2
arg in radians, 10 € % < 10

s5ame

(ATAN ¥ X) computes arctan y/x

exp base ei arg -B3 <« x B3
=3B 3L
log base ej arg 10 € %X < |0

14
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EXAMPLES

The following is an example of a program which uses the display
to show the successive stages of analysiss

(I0C F)

(ELGES)

(COND (SHOW (DCLEAR) (SHOW<HID)
(DTEXTE “{(END&J NIL UPPTJ))
(COND (PLUT (DPLOTID)

where the function sHuweNis 1= “efined ast

(UEPFFHUF SHUNKEMDE (LAMEDA () (PROG (A B)
(#APC (FUNCTION (LAMBDA (X)
QUDOND ((SETQ A (GET X (QUOTE CORNERS)))
(kLW B ICONS A D)) ))
: 1) SEGAENTS)
(DCRV B) i
Yy EXvHY,
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AVAILABILITY
The two forms are available ass
cXPH (UREAL DI EXPH COX)

SUBR ODLISP"H
(UHREAD DIS SUBR COM).

rurther implementation is invited.

Some changes and simplifications are planned. Hevised versions

of this description are to be found on the user directory .Iarll. on

the 115 system.



