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ADSIRACT

An intermediote level langusge for display programming haz boen
embodded in LISP 1.5. The lomguage is intended ag a bocis for Ligher
laval dipplay laungueges amd includes facilities for both gepoeration aud
anslysic of display informstiom. Through the copstruczion of a heirarchy
of LISP functioms it will be possible to posign a complicated meaning to o
gorics of simple light pen motlons, or to comstruel a complex picture. The
jntermedinte lovel languoge should abstrset from the light pen tralectery
the informotion which these LISP funmctions require snd provide s basis for
picture comstruction vhich offers alternatives of ewoenditure of space,
time, aod progroeming effort, The firet section of Chic memo discusces the
gyaster snd givep progresming examples. The detells of the examples can be
underateod by reading the pecond gection whieh digcusses the implementotion
and the LISP functions available.



I. A System for Display Language Construction

The pyaten provides a lapgucge macropal for the pesersticn of pieiure
parta collod gbjegts. An object czn be auy combination of points, lines,
ane choracters. An ocbject is gseneveisd by calling che .functiﬂn mrerosal
[RAME; DESCRIPTION] describod in the second section. The moot common way
to desceribo an objeat ia to establish a gef point. The sct pelint fc
astablished ukilizing PARAMETIER, LOCY, ond LOCK statementa, The oncet
format of these statements io discussed below. An object description ie
terminated with a STOP ctatement. I8 HAME is T, the cutvtent descripEion
will be gppended to the doeszription of the last object pencvated. The first
ostample, digp, ponerates a large objoct in this mmner.

Tha wser communicates with a display through a light pon. As the light
pen gweeps acrose the sereen, its trajectory cam be used in meny different
vays. TFor example, 1t may be used to determine & point, & set of puinta.
or a line, Or 1if o subpart of the digpley haon been defined as an object,
the trajectory may be simply interpreted as o polinter to this ¢b}ﬂ:h or a
polint en the object. The LISP functions embedded in the display language
facilitate gequiring the dets nooded to malte these different levels of
loterpretotion.

One problem fo wrilizing the light pen L& te datermine vhen i€ L3 naar

the sereen &nd not just being moved into plece, This is qéhr:ud by uzing the



width of the field o7 wiew of the pon o3 measursd by a troshiing cuuan,

This width decrcoces as the pen approcches the sexecn erd o conlos dac

iz cisplayed whenever the field of vicw 43 lezy than o covtcia neesciboblo
limit, Thin pon diotsaco fa awairlable to LISP.

Tha appioach of the pen Lo an objost is eonsidearad oignificonc.

Juat how clese the pen must come befove being woticad i & profram wvacisblo.
Itz wost rocent pooition withinm this disteones is vecovded; Ta eddiiion, ao
ara the last 5 guch positions, esch at least & proscribad distonce fzoo the
preceding ona. This tep@oconts £ éouae way of gredually Torgetiinsg the
cdotails of the past. It is ales pocaible to get Eic currond coordimsios of
the pern, obain a lis€ of all ebjects curreatly seen by the pem, co rooort
vhen the pon cecs an object with a name othoer then a givon neama, or to requive
an ebjeck bo move with the pen.

The ezacmic funetien sketeh is o LISY funetion using soveral of these
foaturas. The functiom uses & oubroutine o disploy Sive diffevent light
bucteona. T the light pen is held noar ome of thesoe buttoms, the tracking
cross will be centefed obout the poin®t wiasre the pen is goen. Tho profvan
interproks pnin:ing at those buttons to mean 1) deaw a line, 2) move o line,
) delete a lime, &) cuppress the erose ond 5) zoturn control to the
telatype. o dvaw lines topch the firet buttm, a pew line will then be
diown whepevar the pon logvez the secreen ond then roturna. This procese io

torminated whenever the pen returns neov ooe of the light buttons. Additionol

LISP functionc could be writtenm to expand siekch into a progras, olwilar to



SEEXCH 2AD.
Often one wanks o comaumicate o the displey certain bseic foomms vhich

ara to be usod in constructing loavsor units. These inputs right be a sot

i

of letters vhich sre to be poracd imto A sentence; oy chey might be a seb
af civeunit elemorts or mueic sywbole,. T SEETCE PAD thic ie done by
indicating the type of forw and then moving the light pon po that the
parcueters of the form, the cnd poiats of o lime segwent fov instonce, can
bo abstracted f£rom the trajectory. Alteormatively, one could abstvact both the
type and the parometers from the trajectory. The exauple progrewn argus
uses a method developed by Teitelwom which ensbles the user to teanch the
machine to reploce a cingie line by & konowm form. A line Zs & single
wovoment (howawver complex) ouw the surface of the digplay without Iifting the
peas The LISP data structure ic convenient for otoring proporties of the
forwms to be recopgniced.
The pareing of vevy large dioplayed expressionc, such ao LISP

§~expresaions for exomple, cen be difficult for people. Furthormore,
cheve may be olterpoklive pavcings. People cen be aided by intensifying,
upon request, srommoticel subexprescioma or sub=-objeats comtoining referenced
semeents or by pvoviding addéitional displaye meapiungiully related to the
Firsh Sicplavs These pipghe be rotafed vicws of an objcck or shaded objects.
Furiher developoant of the ayvstom £5 necded In this erce. )

io the task of the progrommer to organize 2 program and data basc In
such a way that the most necded Inputs to # wachine will have short repre-

zentaticne ond the west needed computations will be efficlent. The



combinstorial aspects ore such that this must be donc through o gevies of
levels of concepts, #An impovtant point is that it is not possibie o
complete an entire levwel ot o time. The most uscful concepic ot a givon
level only become clear with the exploration of higher lavels. The
erxpleration of higher levels without intermediate concepta io, howewver,
olmost imposoibly tedious. It is iopeztant in an experimental situstion to
haye a syetom where one can make changes to any desired depth and provide
for the irregular growth and reorgoniszsition of the date beoge.

In the prosent Jdisplay eystem, experimentation will probably indicate
that pew statements for mecrosal are needed, or thot eertain objects oceouyr
go often thot more programming effevt could wall be speat in gemeratiug them
efficiently. To provide for thesc poscibilities mocrosal has beon progromsed
as a ayntactic extension of the scope sssembly langusge, £a8l. Sal 1e &
LISP function which crestes objects frem lists of octsl pumbers. It is
describad im detail in part II. Provisiom hae also been made for the
addition of machine lanpuege subroutines which alter the objects as thay ere
digplaved. Turthermora, the sygtem i3 organized so that mo statoments
need be mede about features of the displey language which are not nceded.

By ezbedding these dicplay fecilities in LISP one makes available a
wealth of mechenigms which hove proved wvseful in the smalysis and gemoration
of langmge end in the development of systems which cem be increased

incrementally in complaxity,
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II. Imnlementation

The usa of LISP in this system hao two diatinct dicodvanbagco . Tioui,
it is nct possible to interrupt the LISP oyotem ab say point in sico awd
immediately employ fts full power, It may be in the midst af garbope
collection, Garbage collection with the curceat vovsion of PRC-06 TSP
requires g noticable time. Semnd, the dota types are oo Limfoed. IG
in not convenleni to set up the Cype of list strueture wsed in SEETCH PAD,
but thir con be approximsted. A aoerious problem ig the inabllicy te et
aside bloeks of reglsters to eontain diaploy imstructions ond Lo ctore
informetion about light pen actiono.

To get cround thepe probloms o firmed buffer of 2046 words hae been
aet aside for descviption of the dizploy. All communication between LISP
end the display goes through thie buffer. This buffor cutaing two kinda
of data strecturen; display lists and headers. One header is sosocisted
tith eaoch display list, vhich L8 & list of half woerd commands for the
displar. The bheaders bufld down from the top of the uffor and the display
iccs bulld up from che bottom.

During display sn flatersupt roulinme cycles through a dispatch table,
Dispatehes csn oceur to a pea trock routine, a routine which displavs the
contents of the dicploy buffer, o line dvawing routine, o&nd a routine which
serainates the diaplay.

The pen track routine disploys a croce as wan described earlier. In =

cyude elfort Lo pgive the reutine enough display time eocch evele, it 1is colled



between display of sach object in the display buffer. Use of the clozh
would be bettaz,

The format of the headers in the display buffer iz an follous:

HAME (Pointer toc am atom)

A = OH=-0FF bik -(dizplay 1liat leng:h pointor to stovt
of dicplay Lict
-1
B = Trackiag Crose Juxp bit
Pen hit diptonce Pen hit count
G = Move with pen bitk gubyr address ABC
Hoat recent ¥ Mozt recent X
¥ x
Y X
X — X
¥ X
X X
Figure 1 Hepder Format

Eech displey 1ist hes o0 mame wvhich is kept as the first word of its
heoder. When oo object is referenced by 2 LISP functice, thke beadsrs are
secrehod for one with ths name coationed.

The interrupt prograr cyclez through the heeders. It picks vp o
pointer for ¢ BLED instructieon from the Tipght balf of the secopd word of
cach header. Whis PLED is termipoted By 2 STOP insirectlion at the cnd of
each dicplay list. If the subr addrcse ig not 0, then the subr at this

addreas will be executad when the ST0PF is resched.



If the lighi pen i3 seom duvring diﬁpinf of some disvlay lint, combval
goss dmaodiately to aa intercupt prugrsm, Several conditional bronchinsos
ean occur within this program, The intorvunt progrem firet re-disgplays the
dioplay liat a3 » check againet light pem poise, LT the pen is secn @
pocond Cime the pom czods movable bit iz checked. I£ thic bit is o 1 the
pen tracking croas is eomtored about the polnk vhere the light poen wae sean
ond the reat of the display list is displayed. Otherwise, @ check iz oode
to sae 1f the eonter of the pen ¢roves 18 within a specified minimum diztonce
of tha point geon, 1If not, the diesplay liet 1s conkfnued with the light pon
rocaabled. If thoe pen is close ensucgh, the coordinates of the polut ascen
are gtorad ie the fifth word of the heoder, The last five wurde of the
hesder contein the coordinstes of points séon by the pem in the past. Each
of these history polaoits is ot least & speclfied distamee from the preceding
coe, Thig distence 1s in the left helf of the thivd word of the header. Whe
a new point iz ceen, it 1 added to the hilstory poimts if it i far epough
away from the one most recently etored or 1if there sre nooo. The number
of hiptory poinke is kept in the right half of Che third word of the heoder.
This number esn be sel to zero by LISP, Uhonover there are more than five
history points the oldest one is lost, After the point scon has been
eppropriately gtorod, a check i{s mode to sae if the object should move with
the pen. If bit C i5 sof, a pointer to the digplay list in transmitted to

the pen track routine. The display liet is then [inished.
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Dicplay liste are put into the Guffer by the sal lomgucoge. If a

line is to be drawm with the pen. A set point for the line is ereated with

the sal lenguape.

Ita display list in then fnercmonted by the line drausdng

routine. This incrementong ie terminated when the pen leaves the meoveen.

wacrosal [X;¥]

DISPLAY FUNCTIONS

maerosal intezprets its arguriznis and then

eallp pal on the repult. X is the flrst
argument for sal. ¥ is a descuription of a display
lipt for sal. ¥ is a list ©f ligts, cach of
vhich i3 a macxo, The firat word of each wmacie
ia an atow which has under the property MACRUOSAL
a sunciion of one arpumcnt. crosal gets thia
functicn and applies it £o the remoinder of the
macro list. The result of this function is a
list for gal beginning and ending in oode 1.

This list is profocod by two integora which

give regpectively the mode that the disploy

will end up in ond the mode in vhich it sustc
begin, if it is to interpret this list correctly.
moccoral appends the seccessive macro expansions,
using the prefocing integers te create the proper

Ligking of modog.
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The fellowing mecio wourd foumrts 2v0 in
e ayaten:
(PARALLTTR panenable geale iugesaioy)
Kornaily the firet word in o gag oedink,
thioc stabemsnt ¢reatos a parcmeteowr word, YF
peaonebla, ceale, or intensity is LiTL, the
corrasponding flold of the povonotber word 1o

nat cuabled,

(LOCY n)
Crantec o non=dicplaying ¥ podnt word which
cots the scope ¥ coovdimate to wm. This Lo

nprrally the socond otetement in ¢ oot point.

(LOCE u)

Crondeo o non=displaying X poiut word wiich
pato the scope X coovcluare te B. Thic is
noreally the thivd oed lacc etatoment in o ged

poiat.

{500
Creates a parometer word with step enabled.
Thic i3 norwmally the last statament lo a dicplay

iist,



Sa

Ba

I

{ISTOP)

Creates a narameter wopd with stop enabled
und a flag that the previcus word has o breslout
bit. The use of ISTOP is explained in the

deseriptica of sal which follous.

{10CYD 0

Croates a displaying ¥ poiut wond which seta
the display Y coordinate to n and dieplaya o

point.

{LOCXD n)
Creates a displaying X point word which seta
che display X coordinate to n and displaye o

poink.

(LIE RJ_ ‘.{1 === :F.’E ‘En}

reates g aequetnce of nen-displaying line
gegments from vector words. The display atarte
at the last point displayed or set by LOCK, LOCY.
Bach incvement has size im= 11’.+I. -Ii.
Y=y -

L41 ?i"
(LOED X, T, - K, %)

Cractes a line Yike LINE, but dieplaye it.



pal[X:%¥:2]

-11-

10. (LOUGLINE X, Y, X, Y,)

il.

" Qraates & pon-displaying vestor cantione

. womd. A Bine wil) %e drawn from che zurrent

displey coovdinates to the edge of the display.
Tha n.?,n-pe of the iina {ic {Y?ﬂ';'l}!(xz-ll}.

ﬂ.mln.zm "Ll ‘!1 1‘2 'fz}

Oreatet & Line like LOWCGLIME, bur dizplays

(GHAR :EL manan :ﬁ}
Creates & display of charectzr made worde
which are the PHAME's nf the atoms X:. No space

i
sre insarted betwzen the PHAMD'G.

X i the name of the diepley 1iat ve be crested,
or T. Xf X ia f, than this 1lst Is appandsd o

the lert one creatad. IF the previeus liect unds
in STEP ﬂSHEJHj, the STUF is removed. T7 it ande
in TAROP fﬁﬂ3ﬂﬂﬁﬂﬁ. it oot ouly removes <hip Bus

g2res the breakour it {ﬂﬂﬂﬁﬂﬂf} Lo the srevieus

belf werd ¥ is a deseription of he liot te o

ereated. Thare ars btwe Soren far tha elesrare o
Y zorresponding to twe medes Tur the assow>ly

fvnetlon 22l. The funcrfen i1 indidally o mod:

In wode 1 sal romoves liste of atoma, tve at =

sima, from ¥, Beech atom i B oauwabor ov 1 heon
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In mode 1 2al removos liaks of atomz, o ol o
timo, £from ¥. Eech otem it a aumboar or iz bound
to ong on Che detied pair List Z. Tour cacsh pailr
of liste pal forms one diaplar kol word instruc-
tion by shifting the mumbers on the second 1lst
the oumbar of places speclflcd by the cocTesponds
iop member on the fizet list, When it oncountozg
WIL en ¥, it goas into mode 2. In mode 7 sal
talces numharas or non-numerical gfezo one ak o Gloe
from ¥, Tach aumber {8 a display bolf word, ¥EL

a non-munerical atom is encountersd, pal leooks at
the provious nurbar to see 17 it puty the display
fiate {uerement or chazacter mode. If in character
mode, snl aseembles the MMAME of the atom as
characters, If in ircrement mwode, gsl gots a list
of full words off the stom's property liet with
tha indicat'ﬁr SCHAR. It acsembles these #s fncoo=
ment mode half words. Coasecutive non-ounerleal
atoms ore ssscmbled together in the same mode.
When gal finds 2 number, the breakout bic is set.
If ega) finds WNIL, it returne o mode l. Mode 1

in more £lexible and mode 2 is more economical.

HIL is not a lepal object nams.
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HORE TCTIONS
In the descripticn below 5 stands for the neme of an objoch with 5 set

point. W stemds for the nsme of an objact with er without 2 got point.

ax[8] Beturis the current x coondinsts of 5.
py[8] Returns the curvent ¥y coordigate of §.
amv[3] Makes chject 83 follow the light pen uhenover

& seep it, HReturna 5.

sunav[S] Megatea smv. Heturns 8.
axyine[5:X;Y) Increments the get point cuezdinmstes of § by

X,Y. Returne 8.
gelel § Clearc the diaplay buffer. Returna HIL.
sdlelw] Deletes object W from the display buZfer and

refurng W.

perk[X;¥] 8tarts the pen trackiag croams at X,¥ and returns
WIL.

puntxlk| ] gtops the display of the pen track crocs.
Returna HIL.

pul ] Returna Ghe % coordinate of the pen.

pyl ] Returna the y coordinote of the pen.



ptehnf ] Returne MNIL iF the pen fo far from the scorenn,

aruf ] Starts the display build wp ‘n the buffer.

Gizplay will continve wntil sunral | is called
aunrn[ | Stopa the diepley and returno HIL.

pldwiX;¥] To use this commond, use macrognl to set up
& szt point at the currest pon positicen followed
by 2 zero lemgth relative line and temndnated
with IE20P. Then eall pldw. Increwcute of
length ot loast X and escgle ¥ will be sdded to
this ebjock until the pan leaves Che screen.

Returns HIL.

phele[w] Clears the pen spprosch history pointys of obieck

W and raturns W.

ph[w] Beturns a list of the pen spprosch hiistory points

for objlect W,

phellw;X] Sets to X the minimunm distence betwoop pon
opprooeh history poicts £or object We X ie on

Iateger batween 0 and 1024,

pho2[X] Sets to X the minisum distance batwesn pen approsch
histoyy points which L8 sssuszed for newly created

abjnctu.



phel[X]

sint (W;y]

scopy[Wl, wWZ)

plehf ]

secl[W;y]

pliw[w]

ptchw{ ]

puntehw| ]

piplW]

punjpu]

=+]15=

Bets o X the ruxd.uw digtencoe on tho sevaon ab
which the pen can soce an ohject. X is an intege

botwaen 0 and 40.

Sets to ¥ the intenslty of ebicct W. DRecurns W.

W is en iateger betwocen 0 and 7.
Copies object Wl and names the copy W2, Returna

RBeturns a list of all objects curremtly being

peen By the pen.

Sets the acale of object W Lo Y. Returms W.

¥ is an integer botween O and 3.

Beturns the peme of the first object other than

W zeen by the pen.

Waite until the penm is mear the sgresn and then

reterns NIL.

Waits until the pen is mot mear the soreen sud

then returns HIL.

Lf the tvocking croes 1s not following the pen
and pip[H] hos been executed, then vhen the pen
sees object W, the tracking cross will be centar:

about the polint of W seen, Returns W,

Yegates pip and roturns RIL,



poh[ 1

pohe[ ]

glina(g]

gaubr[w:¥]

aloc[W]

saddw)

16~

Returns the name of the most recent objoct to
ba seen by the pen or HIL if none have been acen

nince pohe wan executed.

Sets the lesst object seen by the pen to NIL.
Beturns WIL.
Peturng a lizt of che coovdimates of the and

points of the line segments which nake up objest 5.

Caupep the gubroutine beginning ab Location ¥

to he executed each time object W iz displayed.

Intensifles o subexpression of object W which ia
indicated by the light pen. Suboxprossions are
marked in the object by psoude parentheses which
are not displayed. A poeudo left paren ia
indicated by the parameter word 60000L, snd a

poeudo right paren by the parameter word ﬁﬂDﬂﬂEB.

Counts the nunmber of pseudo left pearcos to the

intensified subpart of W.
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{PRINDEF DISP MV EXPOND)

(DEFL!ST ((DISP (LAMBDA (N) (PROG (U V) (MACROSAL (OUQTE NisP) (
QUOTE C((PARAMETER 1 2 3) (LOCY 1) {LOCCX 1) (LiHED 0 0 © Q) (ISTO
P)3)) (SETO U (EXPAND N NIL)Y) A (COND ((MULL UY (RETURM WILID) (
MACROSAL T (LIST (cowD (({EQUAL (CAR U) (QUOTE U)) (QUAOTE (LINED
00 0 ))) C(EQUAL (CAR U} (QUOTE D)) (QUOTE (LINED O 0 3 777777
T77774))) (C(EQUAL (CAR U) (QUOTE L)) (QUOTE (LINED O Q 777777377
77 0))) (T (QUOTE (LINED O 0 & 0)))) €QuoTZ CISTOP)))) (SCTO U
(CDR U)) (GO A)X)))) EXPR)

(DEFLIST (CMv (LAMBDA (X) (COND (CEQ X (QUOTE U)) CQUOTE n)) ((E
Ej%}%?fﬂggpggl (QUOTE U)) ((EQ X (QUOTE L))} (QUOTE RY) (T (QUOTE
4

3
{PRINDEF EXPAND)

(DEFLIST ((EXPAND (LAMBDA (N EXP) (PROG (A B C D E) (SETQ EXP (Q
UOTE (U R D R))) START (COND ((ZEROP M) (RETURN EXP))) (SETQ N (
PLUS N =1,0)) LOOP (SETQ A (CAR EXP)) (SETQ EXP (CDR EXP)) (SETO

B {CAR EXP)) (SETQ EXP (CDR EXP)) (SETQ C {(CAR EXP)) (SETQ E (NCON
CE(LISTEA(MV B) AABCRB (MY C) BCC (MVEB)CB D))) (CON

? (EXP (GO LOOP))) (SETQ EXP E) (SETO E NIL) (GD START}))})) EXPR

3
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(PRINDEF SKETCH)
{NEFLEIST C(C(SKETCH (LAMBDA (N X) (PROG (U W) (COWND (X (G2 A))) (P
JP (BUTTON (QUOTE 5) 183 17¢8)) (PJP {3UTTON (QUOTE 23 348 17@4H)
} (PJP (BUTTOR (QUOTE M) SEE LT7EE)) CBUTTON (QUOTE P) TEd L7RE
{(PJP (BUTTON (QUOTE R) 1182 L7E@)) A (POHC) (SETQ & (FLIW NYL)D
3 (COND ((MEMBER W (QUOTE (D M3}) (GO C))} ([EQUAL W (QUOTE =33 [
GO 63 (( EQUAL W {QUOTE RI) (G0 H)) ((EQUAL W (QUOTE P}) (20 1))
((EQUAL U {QUOTE ™M)} (G0 E)) ((EQUAL U (QUOTE N}) (SNLT W))) (4
O A) C (SDLT uU) (SETQ U W) (BUTTONON W) (SETQ W (PLHW W)} (GO )
E (SHY W) (PUNTCHW) (SUNMY W) (GO A) G (SDLT U) {BUTTOMON W) (S
ETQ U W) D (PUNTCHW) {(PTCHW) (COND ((GREATERP (PY) 16E@8) (GD A})
Y (LINEDRAW (GENSYH) N 1) (GO D) M (SDLT Ul (RETURN NIL) | (SOLT
Uy (SETQ U W) (BUTTONON W) (PUNTRK) (G0 A))1)) EAPR)

-

(PRINDEF LINEDRAW BUTTON BUTTONON BUTTONONL) _

(DEFLIST (CLINEDRAW C(LAMBDA (NAME QUALITY SCALE) (PROG NIL (PTCH
W) (SAL MAME (APPEND (QUOTE C((@) (@) (@ 4))) (COMS (LIST 3411k <
CALE) {CONS (LIST 3) (APPEND (CONS (LIST (PLUS 227098 (PY))) (CO
NS {QUOTE (@)Y C(LIST {LIST (PLUS 11u@@d (PX)))1)) (QuaTE ((R) fh
FEFBEY (@)Y C2ERAYIIINIG NIL) (PLDW QUALITY SCALE) (RETURN NAME))
¥)) EXPR)

EDEFLIST ((BUTTON (LAMBDA (MAME X ¥) (SXYING (SAL NAME (QUOTE ((
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@) (@) (@) (35118) (@) (220808@) (@) (11up@E@) (@) (2@paip) (@) (3
PupEay (@) (2gR218) (@) (6@430E) (F) (IPREXD) MILY X V1i)) EXPR)

(DEFLIST ({BUTTONON (LAMBDA (NAME) (BUTTONONL NAME (5X NAME) (SY
NAME })))) EXPR)

(DEFLIST ((BUTTONON1 (LAMBDA (MAME X Y) (SXYING (SAL NAME (QUOTE
CCEY (@) (@) (3811%) (@) (229@@@) (@) (lluvggp) (@) (73spi@) (R)
(SE@@2I) NILY X Y)))) ESPR)

3
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(PRINDEF ARGUS MAXSTRING MAKSTRINGLI MAKSTRING?
MAKSTRINGE)
DEFLIST (LARGUS {LAMBDA MWIL (PROG (U ¥ R 0 MERGELIST NQ) (SETQ
U (LINEDRAW (QUOTE ARGUS)Y 2 1)) (PUNTCHW) (SETO V (MAXSTRING (SL
INE U)}) CSETQ R (MAF2 V ATREES (QUOTE GETC))) (MAPZ AWEIGHTS R
{FUMCTION {LAYBDA (WEIGHT LIST) (MAP LIST (FUNCTION (LAMEDA (CAN
DIDATEY (SETO MERGELIST (MERGES MERGELIST))IY)I))) LCOND (CHULL ™
ERGELIST)Y (G0 A))) (SETQ NQ (CDAR MERGELIST)) (SETQ Q (CAAR MERG
FLISTY) (MAP MERGELIST (FUNCTION MERGEL)) A (SODLT U) (MACROSAL (
QUOTE LAST) (LIST (QUOTE (PARAMETER 1 3 3)) (LIST (QUOTE LOCY) A
YMINY (LIST (QUOTE LOCX) AXMIN) {(LIST (COMD ({GET Q (QUOTE SCHAR
¥} {QUOTE SCHAR)) (T{QUOTE CHAR)}) (COND ((NMULL Q) (QUOTE %)) (
T Q¥)) (QUOTE (STOPX)) (COMD ((NOT (EQUAL AMODE (QUOTE TRAIN)I)
{(RETURN QJ))) (PRINT M) (SETQ U (READ)) (COND ((NOT (EQUAL Q U))
(GO B))) (CSETQ AWEIGHTS (MAP2 AWEIGHTS R (FUNCTION (LAMBDA (X
¥) (COMD ({MEMBER U Y) (PLUS X 1)) (T X)))))) B (CSETQ ATREES (M
APZ ¥ ATREES (QUOTE PUTC))) (RETURN U)X))) EXPR)

{DEFLIST ({MAKSTRING (LAMBDA (LINE) (PROG (U Vv MIN MAX V1 V2) (M
AKSTRING2? (EVERYOTHER LINE)) (CSETQ AXMIN MIN{ =MAKSTRING2 (EVER
YOTHER (CDR LINE}))} (CSETQ AYMIN MIN) (RETURN U))}))} EXPR)

(DEFLIST ((MAKSTRINGL (LAMABDA (X) (COND ((GREATERP (CAR X) Vv2) (
%}?TEiék}:HAKSTHIHGE X NIL3Y) (T (LIST (MAKSTRINGE X NIL)Y NIL)))

(DEFLIST ((MAKSTRINGZ (LAMBDA (X) (PROG MIL (SETQ MIN (CAR X)) (
SETQ MAX (CAR X)) (MAP X (QUOTE MINMAX}) (SETQ ¥V (QUOTIENT (PLUS
MAX (MINUS MIN)) 3)) (SETQ V1 (PLUS MIN V)) (SETQ V2 (PLUS V1 {
QUOTIENT V 6))) (SETQ U (APPEND (MAKSTRINGL X) U)) (SETQ V1 (PLU
S V1 V)) (SETQ w2 (PLUS V2 V)) (SETQ U (APPEND (MAKSTRING1 X) U)
} (RETURN NILJ))}}) EXPR)

(DEFLIST ((MAKSTRINGS (LAMBOAl(X LEFT) CCOND C((NULL X) 1) ((OR (
ANG LEFT {GREATERP (CAR X) V2)) (AND (NOT LEFT) (GREATERP V1 (CA
ROXXIY (PLUS 1 (MANSTRINGS (CDR XY (NULL LEFT)))) (T (MAKSTRING
3 (CDR XY LEFTII))}) EXPR)

3
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(PRINDEF MAP MAP2 SUBLl EVERYOTHER MINMAX MERGE]
MERGES GETC PUTC) .

(NDEFLIST ((MAP (LAMBDA (X FN) (COND ({HUL X) NIL) (T (CONS (FN
{CAR X)Y (MAP (CDR X) FN)))}J)))) EXPR)

(DEELIST ((MAPZ (LAMBDA (X Y GN) (COND C(NULL X) NIL) CT (CONS (
FM (CAR X) (CAR ¥)) (MAPZ (CDR X) (CDR ¥) FN1)})))) EXPR)

{BEFLIST ({s5U31 (LAMBDA (X) (PLUS GBT15L476735 X)))) EXPR)

(DEFLIST ({EVERYOTHER (LAMBDA (X) (COND {(OR (NULL (CDR X)) (HUL
L (CODR X)) (LIST (CAR X))) (T (CONS (CAR X) (EVERYOTHER (CDDR
X)33332)) EXPR)

CDEFLEST ({MINMAX (LAMBDA (X) (COND ({GREATERP X MAX) (5ETQ MAX
X)) ((GREATERP MIN X} (SETQ MIN X)) (T NIL}}})) EXPR)

(DEFLIST ((MERGELl (LAMBDA (LIST) (COND ((GREATERP (CDR LIST) NO)
(PROG2Z (SETQ NO (CDR LIST)}) (SETQ ) (CAR LIST)X)) (T WIL)}))) E
XPR} '

(DEFLIST ((MERGE3 (LAMBDA (MERGELIST) (COND {(MNULL MERGELIST) (L _
1ST (CONS CANDIDATE WEIGHT))) ((EQUAL CANDIDATE (CAAR MERGELIST)
) (CONS (CONS CANDIDATE (PLUS WEIGHT (CDAR MERGELIST))) (CDR MER
?Eéiﬁgi}} {T (CON5 (CAR MERGELIST) (MERGRE3 (CDR MERGELIST}))))})

(DEFLIST ((GETC (LAMBDA (PSTRING TREE) (COND (({NULL PSTRING) NIL
Y ({NULL TREE) HMIL) ({ZEROP PSTRIMG) (CAR TREE)) (T (GETC (5UBl
PST:ING) (CDR TREE}}X)}))) EXPR)

(DEFLIST ({PUTC (LAMBDA (PSTRING TREE) (COND ({MULL PSTRING) TRE
E} ((HMULL TREE) (COMD ((ZEROP PSTRING) (LIST (LIST uUl)) (T (CONS
MIL (PUTC (SUBL PSTRING) MNIL))))) C((ZEROP PSTRING) (COND ((MEMB
ER U (CAR TREE)) TREEZ) (T (RPLACA TREE (CONS U (CAR TREE))}))) (
T (COMS (CAR TREE) (PUTC (SUBl PSTRING) (CDR TREE)))))))) EXPR)



