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The History of LOGO
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keyboard: FORWARD 100, BACK 50, RIGHT 90, LEFT
45, cte. FORWARD 100 maves the turtle forward 100 tur-
e steps," drawiag o ling on the TV screen in the progess.
LEFT 45 makes he turtis rotate 45 degrees 10 its own lefi.
People learning LOGO find it nox, 10 “identify™ with
the turtle, imagining themselves going threnrk its motions
a3l carries particular task, At the same time, con.
trelling the tuntle becomes a r-*aphor for contralling the
computer itslf: Like the turtle, the comp
an ordered series of command, and Ty
are defined as series of commandg.

The ways in which the actions of the turtle can lead 10
Beomelric designs, a5 wall a3 the method used to define pro.
ceclures, s iflustrated in the following simple examples. The
tustle can draw a squarc by rpeating the commands FOR-
WARD 100 RIGHT 50 four times. A procedure can be
defined by choosing o name (BOX, for esamplc) and yp
ing in o geries of comeands in order.

To exscute BOX cnter the folowing:
TELL TURTLE
BOX

When the new command, BOX, is typed, tae turle im-
ediately draws the shape shown in the figure. (The small
trianighc shown in the fipure represents the turtie by show.
ing its position and heading). A similar procedure, TRY, can
be defined as follows:

i
2l
TTERJi-L TURTLE

A student who has defined procedures such as BOX and
TRI is beginning 1o “teach the computer* his or her own
private language. BOX and TRI can ac be used fn the
same way a5 ather LOGO commands. They can be used
1o create other drawings such as a slmple “house™ ar an
absiract geometric '‘flower.™

This approach to geometry and programming provides
the basis for a rich universe of activities known ns Turle
Geomnetry, which includes cartoon drawings (simple and
complex), grometric desigas, meathematicr! theory building,
and compurer games, Extensivns of Turle Geometry have
proven Fruitful when wsed with advanced high school
students or MIT undersraduates. The universe of Turtle

Provides a conceptual framewerk for such aspects
of mathematics a3 the Telation between shapes and angles,
coordinate systess, positive and negative nuesbers, the use
of variables, symmetry and similasity, and even calewhss and

i ial peometry. Th ing involved
in beginning LOGO activities can include procedures and
subprocedures, the naming of jrocedures and variables, pro-

8 The Best of 9%%er  Volume 1

eedural hicrachy, recursivn and ireration, 1he use of eon

tional logic, and ihe development of problem-sol

strategies.
Wi

universe of Turlle
for different stuents working in
Wi sub-universes or microworlds,
iheie awn fimited (bul expandabicl sees of concopts and
related activitics and projocts. To teach LOGE is really o
help learners create, cxplore, and extend iheir own
microworlds.

3

ale of wha: can
e donc with LOGO because it i easy for a reader to
visualize the commants and to see how they lead 1o pro-
sedures that produce the results in the pictures—just s i
is for young chiléren. Childrer learning, LOGO have ace
tuatly casried eut many other ypes of projeets as well; mov-
Ing turties, finding their way around race-tracks or mazes,

1 have used tuele gromctry as ar e

animated cartonns, intcractive coms, wier games sueh s Nim
ar TicTac:Toe, programs which gederale sentesees ar
poclry (or cven play Mad-Libs), and programe o (canstate
Tnglish it Marse Code, o¢ vice-versa. As LOGE becomes
avatiable to owners of TI1-99/4A computers, | hope that
thews prges can be a Forum for describing your LOCD pro-
jeets. Since there wall soon be more LOGO users than ever
before, we can expect more and different LE GO projects
1o emerge. One of the bost ways to build the culture of
LOGO is for users to share project ideas theough the pages
of baaks such as this o1 magarines such as ¥9'er Home
Computer Magazisie.

Aithiough Ti LOGO is a recent entry 10 the LOGO
Warld, a pratotype version has already been testod with hun-
dreds of siudents between te apes of three and nire at the
Lamplighter Sehool in Datlas, Texas, and by sucents in il
teen clementary and junior high sehoals in New York City.
Usinig the Sprites World of animated graplies acivitics,
these students are busily creating @ new universe of LOGO
activitics 1o delight and cducare peneration of com-
puler users. In an age in which computers are omnipresent
in society, and i which univeral computer literncy is o
pressing mational need, computer-based fearning en-
vironsients like LOGO have becowme exsential 1o the pro-
cess of growing up literate in the fasi decades of the twen.
ticth contury.
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that the school is ver

T
$ studenes and by its ol
of Lamplighter Mrequently dropping by 1o see the
micr teachers. Such a Joyulty might net be ¢
sidered unuual, exeept o tasscs, beys

with preschoal 3) and end with the fourth grade-level!.
i school reinforces its ap-
Classrooms have only three walls; 1he
class opens onto an iy, bright shared
rooms are elusiercd areund thess shared-spces
level. Inside each classroom there arc tables and

s (<. 12, French,
maisic, of story lelling), The saff, the Mclities, the studenls,
amd the parents all cantribute to make Lamplighter a very
special private sehool,

Eamplighter has been a le
technology for learning, Calculators, Speak & Speis,
Systems 80 wnits, a ke Professors are abundant
throughour the schovl, Students regularly e these learn-
ing (wels and oter kaming gares found in the shared

s, Teachers maks extensive use of slides
e and audio tapes. When Mr. Erik Jonsson (eo
of Texas Insiruments and Lamplighter Doard of
Chusrmasn and benefact ropased introduchig com.
purers into Lampliv) 1 was well received. Mr.
Jusvson had carlier been in contict with Dr. Seymour Pagert

er in the use af new

f
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of th2 Division foe Study and Research in Education (DSRE)
al MIT, and found the LOGO language and philosophy of
learning intriguing. Papen's inftial explanation that LOGO
e st 10 Progran computers and nat viceversa,
enjoyed a Favorable reception from the Lamplighter fa
ty. Later, as Papen elaborated on the LOGO philosaphy,
it became clear the LOGO was very mueh in nccord with
the sophy and practice of Lamplighter, |
[n the fal] of 1978, Papert and several others front DSRE
mads a serics of preparatory vishs 10 Lamplighter to ar-
renpe for the introduction of LOGO te the school. The plan
was [0 bepin LOGO training For fhrst the faculty and then
the students by using the Digital LS1-11 LOGO (in use at
the Brookline, Massachusets, project) and later, bring Tt
LOGE imto the schoo] as it developed.

Shortly after the first visit by Papen, Lamplighter reme!
the first of twa LSI-11's that were (o be used in the initial
fwa years of the project, Training sessions helped the indrial
core of Lamplighter faculty frepresenting nussery school,
second grade, third prade, and fourth prade) hecome
Famniliar with LOGO, This “Computer Group™ then bagan
working with thi fourth geade students. Shorily
Userealier, a second LS1-11 was rented, and by the end of
the spring term every third and founh grade studenr had
had at least one howr of LOGO insinuction on A computer.

“The third and fourth graders considered it a trear 1o work
an the computer —panly because these special computer ac-
thvitics allowed them 1o miss classes, 1ad pantly bectuse they
genwinely enjoyed working with LOGO, One stadent's
remark reflects the sentiments of many of these pupds. After
e had spent an hour working at Figuring Ene lengths, wen
argles, and sections of arcs in order (o construct a eom.
puter picture of a cat, be thanked me for “‘getting out of
math class."
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In the summer of 1979, the Computer Group was expand-
edy and bwo workshops were hck 1o refresh the (caghers”
MEmOTics, Sul‘m‘.ﬂumlly. a 10 day workshop at MIT in-
troduced the teachers to more elaborate 1 Cr0) prograrm.
ming and allowed them 10 participare in discussions on the
relationships betwoen learning and LOGO. Then, as the new
schoal year stanted, the teachers were really surprised to
discover how little the fourth graders had forgotien about
L students generally recalied all of the com.
mands m:y hiad learned three months carlier—even thouph

79, several eariy
prototypes of T1 LOGO were tested at Lamplighter and
Tevised by the MIT L© 70 laboraory personel in consulta-
tion with Lamplighter and Texas i.-uments, In January
1980, the pace of computing al Lamplighter accel.atcd
20 idaled version of T T OGO was implemented on the
Ti protoiypes. Ty the end of January, o dozen protolypes
were in 1se at Lamplighter, and a very iow siudents con-
titwed (o use the LSI-11 LOGO. Most pupils, in Fact,
switched to the T1 protaiypes even theuch 1has meant re-
learning much of LOGO.

In L middle of the spring semesor, 0 few e
totypes arsivesd anc 3l the Machifes wers upgraded 1o 8 laver
wersion of Tl-based LOGE, Before the school year ended,
all of the third and fourth graders had had at leass one hour
on the new machines. One of the reated LS1-11's was then
returned (though few aoticed its departure). At that time,
several fourth graders were writing elaborate programs
vd\wh mddruu of recursion 10 create “movies™ or 'rain-

). 6 elaborate scencs. Same sudents
weere so. kam with LOGO thal their parents hapgily bought
them their own eomputers (at that time, T1 LOCD was not
yet commercially available); other studenis became
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enthualled with their ability 1o produce petfestly printed Jot-
ters and nueicral on a koyboard - received
typewnilers 2 preseats from their parsiis,

By September 1997, a Latal of 50 TI LOGO prototypes
were in operation i Lamphighter.

2. Then, laie in the fall, the second L
returmed, bt its [e4s wend completely unnatioed becauss all
of the faculty and s eresl was alrcady focused upon
the Tl ano prosoiypes. Since Sepicmber, (he C
Group has continued (o work individuaily with third grade
addition. the rest of ihe facully is being ¢
wl in LOGO. and n has mm inicediced mm ali of the
i of t school ew
ath grade trt dncmcd the beit Saytai
treciuce LOGO Into their scs and worked out various
procedures for \Im intresduction, For example, one teacher
developed s simplified LOGO programs for the
proschool chi ng in arder 1o pro-
d\.\c interest of LOGO eon-
izst and mmd rmlm ta

g
iieted. For the rest of the semester, LOGO will be used in
clats by (he tenchers s they feel it is relevant fos thir lesans
and will continue to b available (as arc the other karning
aids) 10 students during free periods,

T LOGO projoc: was not inended to be
. Since there are aa control groups,
strong causal clatms for LOGO's effects are inapprapriate,
Several cognitive and peychological assessments, however,
were made at the beginning of the project and will be made
again nl the conclusion of the present schoal year, And,
there already have been some indications of student attitude
and behavios change. This is best exempiifi a
in which the pupils express their keen interes
new LOGO knonwiadpe.

II mLum: inleresting to observe what metivates children
Because LOGO s o oxicnsive, Lamplighter
Iaachm Find it mpossible to show students all the come
mands in the initial sessiors. As 2 result, sudents have taken
e discovery of more LOGO commands as a sort of
reasure hunt and this new, “unauloreed,” LOGO infor
ation is dissentinated theaugh an *“underground nciwo
amorg the students. During 3 training session in which

APE (the LOGO
command with which users make their own shapes o1 4 16
* 16 grid), some students were secretly watching themn,
Shertly afterward, a hand-copied “underpround” LOGO
with clear and eoncise dirctions for the use of
SHAPE was found on the floor of a dassroem: at
the same time. » number of sudents bepan using
MAKESHAPE

Stutents have discovered other information aceidental-
ly. One student typed MC instead of MS for
MALESHAFI; s putbim in MARECHARACTER
i users ean modify okd chazacters,
wraelera. The student prowdly shouted out
his diseovery to his classmates, who quickly confirmed his
resilts and spread the news, Now information has diffused
from grade to grade or class 1o class o1 Mo parent to child
in a similar manner.
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Al prescis, most of the U

d and fourth graders—and
even some of the first and second proders—are writing
LOGO programs. And this includes some fairly
molnaueam] pregrams which use recursion and the can-
Gl A few childsen even acquired

subprocodares—ie., breaking a complex
dow Lo its several companes i

ming, or

« 1. In recursive programs,
ons of the progmm

calls for a new stack Lo execute
Ve do this by including the same of
1 the progrun iself. Al the recussive pro-
£rams written by the students, however, had the recursive
step in the Yast line. [When the recursive sLEp oecurs in the
said 1o have “ail-

e
end recursion.
sophi:limn.d usage, sec the LAZYS procedurc in Figure
1—Ed.]

A number of programs rnmmoed exciting viden scenes
In EXFLODE, 32 differently cobored balls splay out from
hi tvntef of the cesen beforat repeating the entire procedure.
Qe third grader saw how he eould place o program which
printed a messape inside EXPLODE, and thes combined
recursion and subprocedures. RAINBOW had one or more

uously change colors for an attractive visual
o) .uﬂsw?\l‘h had the TV monitor

across the sereen. Some cven Ill:l,c\i. teckets, or airplanes
spouting fires from thels engines.

b eliildren wrole programs
whizh put shapes 1ogether 10 ereme

seenes, such as 2 home with a o
driving down the sireet in front of
hamme. Mot studeats had writ

5I<1'?\.‘ £l
printing fo be deared from the
screcn.,

Afier spring break, several things happened which caus-
o o quansum Jeap in the computer work of the studems,
Firs the children wereshown bov (o s thlr prostams
and shapes on casselte tape. Until then, the studenis had
B[Sl e e e e
1o save, That meant (hal any elabersis shape had to be
reproduced on o grid i an arduous manner, Lid long pro-
giams or coniplex programs required a very long time m:-
ing. (Remember these ehildren are elemeniury puipils wit
litie typing experience brfore computerst).

Srudents had not used much of th
tions for future work
ook S0 much oF Lher L
would use and improve each sesson’s prograns just by tap-
ing it Back a cascic, Abo, oy could desen and
SAVE complex shapes rpead f ecing e ost wh the
comMpulers were :n o

Thie children were atio shown the TELL TURTLE mode.
“This opened up all of the turtle geometry features of LOGO.

work s founda-
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(Turile geametry, is such & power el idea that some Pascal
sysiems have adopted i) This newly acguired mode, coupls
ed with the previously samed SPRITE MODE, allowed the
students to produce many interesting proprams and visual

ests, As a result of thess rew developments, many of the
studeats soon exhibited @ fecling of masieey over dhe

mers.

in the final eight weeks of school et expomens
tial expiosion in the complexity of the students” progrants
and in their case with the machines, They quickly \eamad
10 use variables a3 inputs, and coasequently “discoves
the famous turtle geometry POLY gon program whnln can
penezate any regular pol . (See Figure 3.) Then one stu-
dent fourd that changing the anghe of the turn oa each recus-
sion could producs beautiful palicrs—including 3 riking
nested curl in a star pattern. Many stedents now began pul-
ting programs together in suhordinate and superordinate
strutures. Programs comained the unique LOGO controls
of TEST, IFT, and IFF, as well as the canditionals IF-
THEN-ELSE, plus BOTH and EITHER for conjuncuve
and disjunctive branching. One ul ‘he third gracers wrole

mands| He then added VIsua] displays of the addencds, and
EnCoul temarks when @ student made a mistake, or
a colosful scene &s @ reward for the corecs answer.

_'Flgm 3

,r\.m;:-
I

TELL TURTLE
POLY 90

Launched the shute with flames shooting from the engines,
jewisoned the auxiliary tanks, orbited the shullle among
planeis in outer space, returned the shuttle to a dry lake-
bed punway, tasied it t0 the end of the runway, ond stopped
it for & perfeet londing. His progrems are shown here in
Figure 4

Using o mbinasions of several user-dsawn shapes,
| students began constructing very claborate composite pis-
twres.. One third grade student also discovered how (o change
ssaciated with key 1
ifg the charicters on a grid “lile" with (he MAKECI(AR
primitive—Ed.), and decided 1o tease the teacher. She
replaced the 3 with a 2, dnd then called a teacher for a
demonstration: While instructing the eompauier 1o print 3
43 (which now looked like a request for the sum of 2 +
2), she reenarked 10 the teacher: *Look how durml this com-.
puter it Lt doesn’t know 2 + 2.7
The aetivity among the third grade students was exs
16 witness. One began progrmmming dramas in which iext
was printed at the bottom of the soreen while 1he story was
enarted in SPRITE and TELL TURTLE modes at the top
of the scréen. Oné dther third grader was so intrigued by
1he space shustle"s landing that on the same afternoon of
1he landing, hit began working on a shuttle program. First,
ke wsed MAKESHAPE to construct a faithful replica of
The shuttle, cormplete with USA monogram, biack-and-whire
oloring, and auxiliary rocket engines. Then e worked for
part of the aflerndon and a little of the rest morning to
debig s programs, His final superprocedure
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The gains made by the Lansplighter children with LOGO
Tave indeed been impressive, They confirm. Papert’s dic-
um [Mindsearms. Seymour Paneri, Basic Books 1980] that
children should program compaters and not vice-versa, Ii's
obvigus that LOGO has indeed furihered Lomplighter's goal
of igniting the tmaginations and intclicets of its children.
But mere importantly, LOGO has the pozential to fire up
imapinations everywhere.
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Who is LOGO

For?

ts not just for
Turtles anymore

y the question of LOGO" relevance for children

selevance for adulls has been stated 25 an im-
c\mm‘ur issue. That the Bsue ever SI05E MELS
L%

ren developed because ul |h=
dren invest in LOGO, The pesitian that
lex for children may have arisen because
published programs secm magse urilesa oae aciively explores
them (ivcluding secing what happens when the programs
are changed). Presenting
copied, run, stored,

<ontrary to the philosophy
LOGO is for humans. When Paper
comfortable with 3
hologram—swhen you grasp just the smallest pan of i, you
have 2 small, but complete piciure; and, later as your
unclerstanding grows, you till have a complete picture, albeit
larger. From that perspective, people can always learn more
frem LOGO and do more with LOGO even though they
are able to use LOGO after the bricfest of introductions.
This feature of LOGO is whar Papert alludes to i his
slogan, “Low threshold, no ceifing.”
e LOGO slogan invites empirical verificatien. In my
self-observations and studies of other adults, | have natic-

wed that there are commen, identifiable LOGO.

develepmental stages. Among these are the discovery of
heuristics i.¢., powerful ideas), improved und:rxmm!mg af
numbers, appreciasion of angles and heading, and awareness
of states and state independence. Probably the greatest gain
people share in warking with LOGO is the realization that
one can find out en the computer, rather than ignoring the
auestion or looking the answer up somewhere. This is so
obvious that it might appear wivial; it is not. All learning
thearisis agree that active leaming is preferable to passive
learsiing, This presents 3 dilesima For those writing ahout
LOGO: Hew do you captuee the epen aclivity of a LOGO
learning enterprise in 3 closed article?

The purpose of dhis asticle, however, s 1o reflect the
development of 1 LOGO game, and in that developement
show liow an apparently cmples program is chitd®s play,
even for adults. At the same time, | hope that the develop-
ment will paint 1o variations and will entice you inte active
explarasion, The program was nitiued by a student in a
course 1 taught.,

Goprgha 18] Emari Viey Publaung S,

The program was supposed 1 be a “Pong™ 1ype game.
As )uu fotlow its growth, find ey point, if there is one,
& Program stops beirg a children's program..
The sume Teeging not us 3 program, but smsly 3 colles
tion of conditions.

ECAEIYe &
‘uun:b
WHORI]

These commands set 2 ball specding left-to-right eross the
‘middle of the scrcen,

The idlea grows. N.Ie 2 progran as the ball is set to “boun-
<ing™ off lef) and right bosndarics. This ls sccomplished
any 67 several ways:

But BOUNCE! semetimes. doﬁ'llwrkv—m\umﬂy
he sprte Is “eaght™ 32 one ead or the other, What hap-
pens is that ths ips past one of the XN
the computer s at line 2 of the program a5 the sprite moves
left through X coordinae equal 1o — BS); by the time the
mmnul:l reaches line 4, the sprite is well 1eft of X coor-

¢ — 85, Then the computer tums the spme right 180
[I rlghl 180 functions equivalent 1o a lcft 180). Before the
sprite ean move beyond the — 85 X coordinate, the com-
puter checks line 4 again, tume the sprite 180 and gends it
still further 1o the Jeft. Of course, when the reiches
line 4 8 third time,the sprite is uil] left of -85; the poor
sprite is stuck beyond the lefi-hand boundary! This bug
could be eliminated with & sccond wype orf BOIJNCE.
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that the CHECK program is fnvaked culy if dhe bail is
beyond XCOR &5, Therelose, nat of the sooring end poises
ean be controlled alter line'3 of BOUNCE2 by rewriting
the CHECK program:. - '

bl T
| iy "ﬂ

This game, like most LOGO projects, is open-ended. It
could be altered so that 2 winner is named at 4 score of 21,
revised for two players, changed to wse joysticks or changed
o that the ball has topspin. cach addion. it is
necciary t0 make sure {hai th
cstablisked only once, that procedures 1o be rapeated ace
placed inside a recursive program, snd that there are no
Recuzsion Interface Bugs. -
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It is necestary toset up an initial valee e both the com. x-og_g‘:”
L puler's gore and the player's score as was do~ il -Y, b

Since this is done just once, it belongs in SETUP. [The in.
itial ssare i< O to 0—as in the proverbial “soothsayer's'
paudiction ‘ar soare befone it begins. . . ] So SETUP i

i

1+
L
R i bt

Bk et e

nitial conditions are |




PART 1: Language Structure and Syntax
Luco was devcloped by Seymour Pupert and his

Ass0C ar the MIT Adificial  Intelligence

[Labarazary in order to study the way peopts might
Leasn in & computer-rich environment. It was designed 10
be a languegs so simple to use thar a person could
reanipelate ol jests or concepes by just thinking about what
b or she warted tw accomnlish, and net have to warry
abaut programming, Such a anguage might stimulate a por-
501 10 explore, 1o lsam, and 10 grow,

The Ided was 1o provide cortain primitive commands and
eperations that could be combined to form more eamplex
coenmands and aperations, These more complex anes could
then be used exactly like the primitive ones. Thes it would
b possible [0 coneruct a single eormmand to accomplish
anytling that could be accomypished wsing the priretve con-
CEps. i s ¥ could
call and aetivate isseli—was allowed,

LOCO i3 a relative of LISP, the list procssing lunguage
usad In antifical ineedli LOGO and LISP share the
sanabilty of mans; umbers, words atrings
without a space). and lists, A it is & recursively defined
object: It i an erdered set of objects, cach of which may
¢ & aumber, 8 werd, or a previowaly defined list, In LOGO,
A procedure is repaeseniod by a lisy; there are commande
to aecess a list that represents any procedure, and 1o define
mew procedures from lists which might be the Teselt of some
manipulation. Furthermore, a procedure may have inputs
and may have an output, and s activated by specifying its
name {a word) fellowed by its inputs (which may be
numbers, words, or lists), Defined procedures as well a¢
primitive: commands and eperations all have exactly the
=Eme Symax. This is why LOCGO & so simple 1o we, 1is
Power comes rom its 18 processing eapabilities.

1 hope tht the description given so far has made it ap-
parent that LOGO & not just for children, Although LOGO
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2an e ued in cleinentary ways, it is Misch more than FOR-
WARD 20 RIGHT 90, LOGO is 2 language for all people’
who want 10 learn and expand their capasitics: .

The LOGO Turtle ]

The first experiments with LOCO were with junior high
school students who couid appreciate manipulation  of
words. Then a Turtle was creater whose movemests could
be understood by very voung people. T

The Turtle was originally a robot that could be command-
& to move about the floor, 12 had @ pen which could be
gither up e down. In an experiment ar the University of
Biitsburgh Learning Center several years ngo, ons young
person used LOGO to command the Moor turte to draw
an lptabet of large lotters. He also taught it to act like an
aimplane, and “fly** betreen citles ena . The plane
had the possibility of going out of control, with the Turile
#0ing inte a spiral and spinning on the floor, The turtle s
now usially o small triangle on & terminal screen, but it car
saill do such things, albeir on & smaller scale,

At the youngest levels, LOGO i being tsed 1o reach a
feeling for distances and anples. Ac levels through college
it is being used to advance a new subject in'mathematics
callsd “Turtle Geometry.'" Some interesting theoretical
have come about. (A wealth of examples and cxor-
<ists s contained in Tunle Geometry by Abelson and
EScssa, where procedures are expressed ina language almaost
cuctly the same as LOGO.) Recursive designs such as
snowflake curves, space filling curves and trees are applica-

tioas of LOGO' power, J ;
T LOGO

Ti LOGO is marketed 0s a language for children, and
I was & pleasant surprise 1o discover that TI LOGO has
Aall af the Lt processing cepabilities built into i, Al the
recursive designs presented in Twrrle Geomerry can be
drawn. {The TI Turtle is, however, limited to 192 differcnt
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88 pixel character pasitions. Thus, if a figure is very dense,
it can't be e large.)

Tra mentation that comes with Tl LOGO doesn’t
mak:uuw:odwcr LOGEY: iy of the com-

mands pesded for manipulading ail but (e simples s ace
not decumenzed.

AL thig point, it may ba hetplul 1o briefly describe just
what [s avalible 1o & person who sits down to wse T1 LOGO.
Tha TL Turile is an object that lives on a coordinate wreen
with horizont, inates from = 1% to + 120 and ver-

coortdinaies fiom = 46 10 + 597, The bottom sl Lnes
of the screen are Used for text. The turthe can be awsign

anglé, and if can b moved a given amow cither in the

direction of or oppasitc 1o the ~'rection ‘heading. It
can'make a dot az any position. The pen cm ‘be down, up,
o in “reverse’ modes, mc it can draw in any of 13 colors,
Unigque to the T version of LOGO are sprites—objects
familiar 16 th... with TI Exte '23 BASIC, There asc 32
sprites (numbered 040 31) with cach assizned 1o a 1616
wese aned can

<zously an
attribuite such o :hape, color, position, heading, speed, or
welodity. The commands which comtrel the tunle act similar-
Iy on the sprites, Motien is controlied by
Gn lh: current dlzest m\) m‘a velogity ﬂ:unznr. ]

i

lhtyﬂnﬂmben‘hﬂmnn!nawaulyuw. cpeations bedause
& Sprite always knows its own number, duape number, ogl-
or numbet, position (on the full sereen), heading, speed.

and vl
Papert has described Velocity Turtles (which can have

~=10qm.-.: i Acerferation Tursles (whase velocities can be

n tu
which does rot ehange.direstion when it is rotated, but
shanges velocity only by aceelerating ia the direction i
radn. thus abeying Newton's laws of motion. A dynatus-

1l therefore behaves fike the ship in the papular Asteraids
arcade game. The example procedures that follow this art
cle will dembnstrate ama(u-ﬂu which can have the force
of s “thrustes”? changed, and which can simulais an en-
vironment with friction.

T ‘also hlsmu\-ts (Auambered O o 255) that can
kpven arbitrary 8B pixel designs. We can assign tiies
foreground . and background eolors and position them
aywhere 6m the 24 % 32 character sercen or on the current
print Jine, Consale characters ase tiles, the number of cach
:-Je being e ASCIl cod = the character. (Noie: The Ture
i3 trace using tiles, so simulfaneous use of the
'rm.h_- nonprinting characters i limited.)

5 Wnlds. and Lists
A pumber in T LOGO is an integes from — 32,768 to
32,767, Nurnbers can be added, subtracted, multiplicd and
divided (Integer quatient). calculatior.: being mexdiula 32.768.
The restziction to integer asitfunctic is a definite limitation,
but the Limitation is not serious for most applieations.
is a character string without a space. A feature
nf_}-@?‘? it fromother

4 ‘m‘ nd'énsar Volume T

lunguages
ing a word fy as (11 the name of 2 command
or roceduse, (338 variabie, and (3) data: For example, it
1l waed X is 10 be wsed a5 the name of an act
is used. When an otject has been assigned 1o

is denored ¢ word X as data is denoted X, Sup
that X has not been defined as an action and has ot beea
asslp » 0 X with TELL ME

vahze, LOGO will resposdd 10
HOW T X. 10 -X with :X HAS NO VALUE. nd to "X
willh TELL ME WHAT TO DO WITH X
A word can be asdigned it kind of data—i e., & Bumber,
word, or lis: a2 valwe, This also distinguishes LOGO from
BASIC or Paseal where the dnu vpe of & vaiable must
bz spesified In advance. As  bizaure example, noie tiar
MAKE "“MAKE “MAKE and MAKE *MAKE [MAKE]
awsign to MAKE first 1he ward MAKE and then the list
whose sirgie member is the ward MAKE.
Tat i most pawer{ul datas ebject in T1 LOGO and
Is deneted by a lefi baacket foliowed by its members, then
aright bracket. Examples of fists are { ], o oW
NOW BROWN COW], a list of w
[FORWARD 20 RIGHT 907, a list whose mesabers ace 3
word, & number, and another list.

Drata Mlnipulnliun In LOGO
Cor are powerful in manipulating daza in-
clude the rnilumnn' FIKST(F), LAST, BUTFIRSTIBE),
B-J‘.\‘L.AS\‘(].\L), SENTE
NUMBER?, WORD?,

zw:wc a nls& ofmm.lnd-\ Iuam;s lhr]ls.l whiich defines

use of thews t is recessary to be abie to comstrust fists whase

members themsslves are lists, The following key fun-

::cumemed} commands, FPUT and LPUT. are helplul
re:

FPUT objeet list—putputs a fist whose first member i ob-
ject, and whose fallowing members are the members of list.

LPUT objeet list—outputs a list whose last member is ob-
jest and whese members all but the last arc the members
af dist.

if object is 2 word or a number, the sesults of these com-

mands sre the same os SENTENCE objecr Jist and
SENTENCE list object, respestively. But if object isa §
FPUT object list adds object o the beginning of s while
SENTENCE object list adds the members
beginaing of M. This & 3 crucial difference, making passi-
ble the construction of arbitrarily com)
olher commands in the sbove list which are undocumented
are 25 follows:

NUMBER? ab)m’—murm TRUE if object is a number,
and FALSE otherwis

WORDT ohjscr—retusns TRUE il objest is a woed, and
FALSE atherwise,

THING? “nmwuﬁamm if name has been assigned
4 valuz, and FALSE otherwise,
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NG mame—returng
aame his 4

object which has boen assigned
v

and), return et
s w word, that word i
its members arc inglude

Some of the v
Giters by studdy
athers were known 1o !
pung Peoples” LOGD Asses
Courage reaters 10 share other discoveries With .

A Caleulating Example

As o simple & . consider the problem of teaching
LOGEO w am Lke a caleulator, 1F one enser

ELL ME WHAT TQ DO WITH2 + 3. Here,
reselt of exccuting PRINT
STEN

* 3. The problem is solved by
ist [PRINT 2 + 3] and ther
st A solution is the

Aher you enter CALCULATE, the computer accepls
arithimvtic expressions and prins aut the resulting value unth
TER is pressed. The revursion then “unwinds," and

the procedusc stops.

guage such as T LOGO
Vet for learning. all

— pnllczuons. and
Teascires ull ssudents thai with LOGO these is ehways
=]

1o learn,
PART 2: Constructing a DYNATURTLE
Thc'

ctions for wsing the dynatenle are abiained by,
> The dynatustle itself is activated by typing
'rr\,m.- RTLE. The roceduse sz o e.—m ing 2 le-

I
|
|

sm\vE n 4

SHAFE 13

§AEERs = Eanaa)

SHAPEIE &

=h
B

1
SHAPEZ1 .
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causes 1 tihruster® (0 impart tnotion to the dynaturtle with
spead 3. Each touch of the E koy edds a velocily with
magnltude  to the dynaturtle, Touching S or D makes the
dynaturtle face 30 deprees deft br 30 degrees right fioem its
Tarmer heading. Velocities add like vectors. 1f the dyaat
tle s ot fucing in the direction of its motion, &« force of
the thruster will cause it to hcad in a djrection iniermediare
betwezn its heading and divion, exactly as if it were 2
Tocket In spce obeving Newton's laws.

Touching F will turn (riction on. [n this dtate, the dynatur-
e will be shupgish and come quickly to s step afer each
kick, It will 1herefoze be neces: to increase the foree of
e thruster. To do this, wuch K. You ean then coter 4
Tawber, say 10 or 20, and 1ovsh ENTER, The dynaturie
will now be given an Inceease i velocity with ‘magritude
10 or 20 'with cach fouch of E. Tou F aguin wil tum
Iriction off, You will find tic dyraturtie now very difficult
10’ control, Touch K again and readjust the thiust,

When friction 15 ofT, the dynaturle is seen 1o act just ke
the ship in the Asferalds arcade game. When friction is on,
it béfiaves as if it were dding on 2 rough surfacr—appearing
to skid a3 you direel it around the gircle,

Descripiion of Procedures

DYNATURTLE setivaies i nrocedures INITIAL 72,
SETDYNATURTLE and CONTROL.
| INITIALIZE draws 2 ci
(sorite 0% L

o @

SETDYNATURTLE posltions the dynaturile and gives ©
it ts initial shapé {shape [3), The secret of the dynaurtie's
‘uming eagability i that e twe've shapes (shape 10 through |

. and initializes the thruster

21) contain designs for the dynaiure, each rotated 30
degrees Trem the preceding,

100p. Friction is always checked
A, CHECKIRICTION decrgases
sne of the contral hevs is pressed,
on is taken and control brasches to label A, Tous
procedure keeps running uail @ is touched,

velociy of sprite 0, which Is
CUon the dynaiurtle is fa

is then néded o {he veloeity af spri
shape of the dynatunle,

ROTRIGHT adds 30 degrees to H, which maintains the
heading of the dynaturtie and causes sprite 1 1o carry the
shape with niext highest number, wnless that sumber is lrger
than 21. If sprite | & carrying shape 21, it assumes shape
10, T this wayy, the dynaiurtic sppears 10 be rolating to1he
right by 30 degiees.

ROTLEFT is

ROT,

ar o
of rotating the dynaturtle 1o the

GHT but gives the effect

SETFRICTION simply makes the val f the ward
FRICTION? erue if it is false, and false if it s true,

SETKICK pets & sumber frem the console and assigns
it as the specd for sprite 0, The velocity foi . iie 0 (x- and
¥- eoordliates) is used to impart an acceletation (o sprite
1. Natz the comind 55 FIRST READLINE. The prifnitive
READLINE outpuis a list, and 55 requires a number for
iipul. The desired nursber is the first {only) member of the
list entered.

I
aie ||

ik
LTI
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EXT-E-N-D-I-N-G LOGO

Applications for Very Young Children

€Y eyrmour Pagert d
hreshale! sa that «
fram it, Unfocur

ment that LOGC

comprehend dnd genera
. {Programs sech s T1 texiao-spesch,
b e

simplified LOGO systems. Ose approach yvie
LOGO input device which transtated symbeol
i slots through a'l.lghl scanner imo ASCH! coce, Although
protarypes of the “siot machine'” card reader worked well
enough, the ides was never developed commerciall
cnned apprasch was followed by Bob Lawler, a gradate stu-
dent ol the time, who wanied his two children 10 be abl
1o use LOGO. He wrote s nuibeer of excellent LOGO pro-
grams whigh allowed very young children to draw with the

Borste Lurtle pictures. Lawler's progriams wers written

r 4 barge, main{rame computer version of LOGO, but ltis
h T1 LOGO. In fact becouseof the

shildren mwore effectively when sct up on the T1-
ewsence of his programs was 0 smplify access 10 Lertle
grenmietry by simplifying and combining commaands. One
lows pupils o mave Uk turtle forward or

o rtle lef or right

dren, or as children
add sthes comanands by merely
IEY. For campl:

IF WANEWER = "C CLEARECHEEM
e = G 1ok

Then, as siudents master the Muller set of DRAW commands
and arn the idiosyneracies of QWERT Y typewriter code,’

they can be intredused to TELL TURTLE without using
DRAW any furiher.
Coleta Lewis, a teacher at the Lampligher school in

Dallas, astapted Sprites for use by nursery sehoal children.
(The Lamplighter schoo! pianeered the use of TI LOGO
m"h ..mldrm see ““The Lamplighter LOGO Projest.'!) Two
games™ hildren played allowed them either to move
a garnge around the sereen, move a car around the srcen,
an vary the colors of each separaiely, or 1o construct a face
and then celor in the parts of s face. Programming sprites
for wery young children is not much mors diffisult than
DRAW. As one example of a sprite game for youngstess,
consider o pame of blocks, It is fairly casy to create a
universe of blecks with simplified speite commands, First,
it is necrssary 1 make up some “‘blocks™ using
MAKESHAPE. A circle (shape 4) and a square (shape 53
already exist. A good set of blocks ought 1o kave s triangle.
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It would, howeer, b ettt 1o bild rancles wilh fous dif -
+ fereni urientntions' because (he shapes ol spriles cannet be

- roLated, e
These could be assigned shape aumbers 6, 7, 5, and ¥, A
£00d block set should aiso have 3 rectangic. Ta shaw (i
two orenations, shape numbers 10 and 11 could be
designed as shawn, S

Ll
|

are

!

!
f
i ,‘.&“:

Ll

il

Gther shapes eould be casily added, Childron should be
able 10 calor the blecks, move the Blosas around, change
sheshape of any of ihe blocks, and bring mose blocks orta
the sereen, In addition, when a chilg beging working with
onc of the biocks, hie or the should be able 1o identify which
one it i (Oneway = s identl feation can be aided is 1o hive
then brielly Rask eolors,) The feliowing programs impie.
ment thase ideas:




USING RECURSION
FOR LIST HANDLING

ince T1 LOGO's graphics capabilities fire so vass and
S 30 £asY 10 e, Ihert B & tendency 10 overlook its other
fenturcs, List handling is o case in point; By combin-
ing wome ol LOGEYS list primitives—such operations s
FIRST, BUTFIRST, (of the eonverse LAST,
BUTLAST)—with recursive [sec adjoining A Frimer an
Recursien and List Primitives] OUTPUT lines, we ean easily
vrile Programs 1o reverse a list, alphabetize 4 |
sevy

im;
! of the Language,
Presence or absence of a word in a list l
@ problem commenly eneountered in lis procesiing, The
MITLOGO group refees to this 15 the “MEVIBER? pro.
blemn becawse the program 5 10 answer the Auestiea, “I5

sser of program which called for the answer. 1t & also
%vigus that if the Lt 1s empty, the word is not In te fis,
Given Just this muuch information, it is pessible to feame
# MEMBER? program:

aipert, fallowing Polya, notes that one way of solving a
complex problem is t ignore the complex whols and focks
an those pasts which can easily be solvad, [Sex Mindstorms:
Children, Compters, and Powerful Jdeas by Seymour
Papert—avaitable from the 99%r Bookstore.) In the
CMEMBERT" problem, if the first word in the list were
thesarget word, then It would be casy 10 detect it and solve
the problem using the LOGO primitive FIRST*, which
returns the first word in a Jist:

VRELIRERE
e
oyt

Mow all that remains is solving for those eases in which the
word is in an énterior position or is absear from the thr.

Freahe 1783 Enersis atuy Pustabing Ca

Were the word socond in the Lse, the probiem would be

salved by adding a tine using the LOGO primitive BUT-

FIRST, which retiarns 2 bt the firs: wordl in 2 list of words:
IF FIRST BUTFIRST :LIST = <WORD OUTPUT
“TRUE '

since the secand word in the list &5 the firsr word in  list

which excludes the first word, Simlfarly, the third werd
beconies the FIRST of the BUTFIRST= ofthe BUTFIRST

of the. faurth word is the FIRST of the BUTFIRST
of t TFIRST of the BUTFIRST of the sz, It would
be po write a s & line for cach of those posi-
tions as well as the enih or any other poten-

tiad ward po am that did this would
n 1 LOGO this 3 1ne
atice that for ench position wt additona] BUT
at is rieeded. The prablem therefore requires
only & single recursion line to complete the program:

Now when we run the program by typing MEMBERT
IA QUICK BROWN FOX] “FOX, the first stack chacks
to 52 if the list i empty or if the first word in the Bt faatches
the target word, FOX. Then it awaits the fesults of & 5e-
cond stack which runs MEMBER? with the trancared list
2nd the target ward. The seccnd stack then awaits the results
of # third ©2ack which runs MEMBER? on BROWN FOX
and *TOX. That stack then awaits the results of MEMBER?
FOX “FOX which sctisrns “TRUE (from the match in the
second linc), “TRUE i recurned 1o the secand stack which
outpuis “TRUE 10 the first stuck which outputs “TRUE
10 the program whkich first calied lt {or to top [evel). In the
Suent 1hat Lhere were n maiciics, one of the stacks wowld
eventually e MEMBER? on an cmpey Hist and would gur-
put “FALSE. et

Anather common problem is to count the number of
words in a list of words. As before, this probler: is solved
by outlining the obvicws elements of the solution and the
simpbest case. -

TO COUNT “LIST

QUTPUT some number

END
The slmplest cass oceues when the list Is empty,
TO COUNT :LIST
IF :LIST = {] QUTPUT 0 e
OUTPUT some number
END ;
When & list has just ane word in ity the program shou'd
recopnize that and OUTPUT 1. Since & list with Just one
word is one word away from an empty list, The LOGO

51 RS raturny (1 I Wit 19 T8 o4 wereds, o7 v (i bien 125 s

o wonta o The firgt Wt in'a wort LAST relums e 861 Inttnr in # lar
s o4 1w Lkl i 8 WO, DUTFIRST rutiona s i £ fd o

81 o e, o sl Eul B Gt lettar in @ s, BUTLAST et a1

1 1830 warc i1 & 145 01 Wi, o 0 bt e insl Levter In 8 veora,
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opermtion BU . IRST 1'|[|I ed fo that st wos!
g lr:lmewe:.

list.

progears which will reverse
- The sifplest case Mmud "be a Jat with o wards,

m‘ :'wk:‘;i I |
‘I

The next simplest casé would Be a Jist with just ane wasd,
For such a list we could j.ave the program QUTPUT the
SENTENCE or the word and an emply list,

5 as welit
#ple, let's Lse LOGO to “weite random
Tloct at LOGO poeiry, we'll attempt some
“free verse™ by inssructing a poel (o string words together
randomily from a it we sclocs, Farst, we will need 2 pro-
gra:ﬂ lixe SELEL‘F 18 oulput a selected ftem from a I.m

i ' canbe applied 1o ]Dngﬁf
4 “For & final exa

{e)
= the integers thre o nine, if our Jist s
uﬂlOOUN'I’.aI::a - thar

CAL cbum :LIST “LENGTH
e can then wse NUMB for the va™e of LE?
then type:

TYPE séuacr (NUMB :LENGTH) fa st of wards]

A FRIMER ON RECURSION
AND LIST PRIMITIVES

ntior 1o unduraiand reswrsian i LOSO 4 oow imag
PR LGTD piiramn  job & etes 1o pariomm. Exch
' oy co 15, Evars Gantsee.

oa oy -wbwununn O Soursa, when 2
Carttacror Tevses on END. P

il i g
- Thark b b Toid o InO\JIHﬂ'I < ine Gt -r|
SINCo B8 Cany &2 sl g

S prmastn ke buch i \m -mm
or; hdds 1 350 then DUTFUTS
adds § b 1hat and Ben OUTPTS 3,
RSN WY 1ia eaplanation, you £ aw
& Pragrem which Gives. 10w 1he answes o 3 aum
o

TO EXPONENT X N

[0

R

To tumn this into Jﬂ!o'puelry,wﬁ should have a randoen
number of el randomiy pickied woerl with & random
fiumbes of spaces betwoen Words (E.
and l'|¢l| H Whm relam

Note: PRINTCHAR 32 puts the ehamcter with ASC]
32, a space, on the seren,

i we want continuing lines of pociry, we can write a resir-
SV program;
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Mow we gnn 1y mm,mm. 90:_7 inzo o program which You probably recognize that the problem of generating

produces ether nk verse, or B finite vy vers it o foem of the problem of teaching the
e af lnes of virse. e ww tomodify POET 10 pro-  COMPIST 10 h fallows @ specified rule (in this
ive i sifferent liti—one of  case sach line mus rh)-mn.} rE general applicarian

s s noi mar. Cne of the

grade 3

o orajeet ol n test

book Tute 'plugmlll Tike ro*"r which pencrated rendom
seritenges. After she saw

we effects of changing pans of
uuH siastically that she mow

be quickly w;w 10 8 ssntence penieraiy

;uum people can pley with to make slsmmar

s v
g

CatL g0
Shiy 23
#rersinny

LT RN

riats cuiar camvwes

SENTENCES can be made a bc"

distinctions of number and gender where appropria

e rzadde 3 more soplisticated language geassator If GRAM:-
- MAT is aliered to allow For conjunctions and subordinate

chauscs, All af these ¢l and mese can be

oy studenzs a5 they learn both the specifics of grammar!

and the mathematics of LOGO,

uderss
s 10 s, bt s e itants s not hase verbal Labels
or fymiacical rles e ars o ypoceh, B 0 o4 ¢ 2he rckvaner of
e b . proge
pramman "pench wynigeie."
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+ ter than single- uipase pr

- of the critecs

iy

| 3oE o

IR

5 _eymous Papert and hid colieagues purposefully docid-
ed 1o st ¢ LOGO ta facilitate the writ
"computer plogroms. The coneept of good program-

“ming is N0t Superficiaily apyarsak. OF course, 3 program.
should accamplish s intenced goal, but all programmers
fecognize Ciat any goal ean be achieved by ma
1ypes of programs. Beyaad simply working,"” there are a
number of criteria by whish programs can be judged Pros
grars which have muliiple are generally bet.
ot Programs which are casier

to debug and which can be uncerstood by pesple other than
the authoss {or which can be understood by -ise authors at
i mare desirable, Py programs

H

*wehich run' faster’ o with fewer bits of memory are better

OF IO memory-intemsive progracs. Finally,
{500 programs are aestheticly more nppealing than others,
It Is passible to find examples of program applications.
in Whlch two or emere of the riteria are n conflict. However,
it is maore dien the case that the criteria are in accord. Al
for acsthetics are straigl and
relatively objective, Sll, writing assthetle programs s so
satisfying that aesthesies be considered first here.
. Far instance, you eas write GO in LOGO, but programs
vith mamy different branches from GO commands are par-
ticularly inelegant: Why write poor progrants when good
Dnes Wre easier to write? ALa inclegant are programs with
Fundreds of Enes of code, vmeciaily whea the code con-
taing several repetitions of 4 5. .o of commands. And pro-
grams with many inputs are penerally less pesthetse than
o thase with fewer inpuis. Compare the scshetics of two pra-
gramis which coun: the number of words in a list:

This program requircs typiag as input along with COUNT
and the list in question requires a starting value of :N -0,

i
foinr
= R
Thls program requires no superfluous iput.
Elsewhers in this chapter, there s a fairly complex pros
gram, DYNATURTLE, which creates a tursic thar oty
Newtonian laws of motion. Despite (e compiexity of
sam, DYNATURTLE is relatively cleg,
'ATURTLE has anly three lines, which are !
SETDYNATUATLE, and CONTROL. Each
is, in tarn, a brief program which serves a
Contrast DYNATURTLE'S clagance with
a spagheiti-pole BASIC program which weuld achieve the
same effects. Such a program would be lons, . liercd
with extensive GO-TO',
A subiller example of ciegant and inelegant programs can
be snade from the GRAMMAR prograsm. The program was
modified from a earlies POET program and was weitien:

T

=
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= second GRAMMAR progrm
is sharter, [t achieved preater simpl
e repeated [

rd;. The spcilication of the sst and

'wn. 5 is doft for GRAMMAR, the program sur-

5 WORD, A common farmat for many wellwrizzen
grms i

TO DOSOMETHINGSPECIF! !LI\I LY SPECIALINPUT

ol \ RALPURPOSEPROGRAM :GENERALINPLT

ERALPURPOSEPROGRAM
SOENERALINPUT
LOOO cammands :GENERALINPUT
END .
On oceasion it i nocessary to siring together scveral
cral-purpme programs inside 8 specific.purpose pro-
crum. In that case, the geners] program often requires that
thers be SOMe Set-up steps and some fi-up™ steps before
and afier the genernl program. Such progrums have the
fonm:
™w GE\'T.RA.L.PURPDS]:

UE'\LRALFLN(.T'O\'S
FIXUP
EXD

Mathematicians may indeed recopnize o similarity be-
tuween the concept of elegunce and acytherics in puograme
ming =nd the expression of algebraic funciions. There are
Y ways 10 express algebraie functicns, byt it is often
more uselul and always more elegant ta express such func-

i
or 8 quick fix-up manipulatien along rasing.
There aze two other major aspects o consider in ordes
10 writc better LOGO programs, One is writing programs
which don's run out of memory; the ather i writing them

Zoprrigh © 19) Emersd Yatey Puiher Co.

1o rurt s favt as possible. It is imporant 1o understand the
major feat accomplished by Texas Instruments and by the
MIT LOGO Labiin putting LOGO on the 99/4, LOGO s
@ very high level eomputer language which requires large
mauns of mem The architecture of micrecomputers.
spesd with which large 77 10unts of memozy can
e The T LOGE which emerged fiom the jeint
1 T) and MIT reprewnts an effon 1o compress code
mmm\ummunoryuq e
: oats. There are two Lricks w

OG0 make LOGO feasibl
tricks you can gain even
T re s an autontatic garbage-
rhuge collecor is @ pan of the Sperating

h

¥
le For Further wses, OF corse, the garbage colicetor
shewld not destroy aned overhioud all of memony's wor
st ihe automatic garbagecolloior in LOGO
izes when 2 wnit of memory hay served ts purpass
s by checking Lhe Enstructions written in the memory. Below
a 3 zograms which permit or exclude the

In thés program,

¢ parhuge collector notes that each fime
TOLYGON is entesed (referred to as. the Jewed of
POLYGON), there are no furthes commands or instruce
tions after the line POLYGON :SIDES :ANGLES (calied
the recursive call tine). Thus 1he pisce of memory that was
used th'stare POLYGON at that bevel s collected for reuse.

wll memary gets wed up in TI LOGO, the sessage GUT
OF SPACE" appears, but POLYGON will never generate
tha message bocawse it will never run our of memory.

This program will never run out nfmcmmymTILDGO
becauy ihe program terminates.

This program wul&t use up all avaitable memory before
it realses s stop conditions because the garbage collector
cannotrefurbish the memaory 1o execute this
POLYGON at any level, The program leaves work to be
dane (amely PENUE) ence control s passed back to the
level of POLYGON,

Unforunately, the garbage colleetor is not a-mevmcd
with the authority to decide if any Instructions following:
the regursion call are worth keeping, and so the following.
POLYGON program coulc zun out of memory:

i
L | | z|

The only dilference between u-; first POLYGON pro-
sram and the one here s the empey fine foliowing the recur-
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sion call and before END, The garbage collector sces that
there is a line of commands and cannot rell that the fine
is useless, 5o it is bared from refurbishing the memory?
Empty lines use up memory and can block parbage callee-
tion depending on their location), so empty fines should
be eliminated from your programs.

Finally, the aperating system can work faster when fewer
spaites are being s, ir., programs which use a0 sprites
mm‘a.uzr programs which use sprites, The more sprites

use (genezally), the slower the system operates, The reason

forthe slight degradation in respanse time is obvious—the
system has to check to see which, if any, sprites must be
displayed or moved. The sysiem checks an ts sprites by
tooking up the highest number of sprite calied upon. For
example, TELL 31 or TELL SPRITE 31 would cause the
system to check on every sprite from 31 on through to sprite
0. Such & cheek is necesiary (from the user's perspective)
only If all 32 sprites are being wsed, I only one sprite is noed-
«d, then the user should ype TELL 0 or TELL SFRITE
0 and the system would skip the checkup on sprites 1 o
31, thus saving & small amount of time.

Student Reactions to a Four Week LOGO Class
By Gene Branum

Seudents pick up these principles quickly. For instance,
Gene Branum, a student in » four-week LOGO course,
reflects on this experience:

“The expectations of the studeats varied —we wanted to
know more atout computers, we wanted a diffesent Jan-
term expesience, or maybe just a froe Jan-term, Whatever
the motivation, all came away affected in some way by our

experience. All experienced both the frustration of failure
;nd the Mush unmunnhu the computer finally 'did what
was

Tl format ror our experience was a four-week mini-
teem (Jan-term) st Austin Colleze. Ous class met: five days
a week for two houss, and we were roguired to spend at
least one hour of work on gur own as well. This require-
ment was easily met; as one student put it, *It was not
unusual to sperd fous hours al & time” on the computer.
Meedless (o say, the eaperience was very intensc, and there
waz & great deal of self-teaching. This was felt 1o be one
af the greatest strengths of the course.

i L

“Professor Hank Gorman did & fine job of teaching the
basics early in the course. As he 10/d us his expectations,
we scoffed. After two weeks, he told us, we would be draw-

ship was grear, the majority were inscourc about “the
machine.’ Dur confidence, however, grew with experience
and familiarization.

““The twa greatest aspects of the course for all of us were
(1) the team experience and (2) experience in general prob-

sobving skills, The true strength of LOGO is that
students, warking $ogether, can teach cach other massive
amounts of material. The realizstion thal everyome hacd
problems put us all on the same level. Sharing ideas and
sofutions became important for everyone beeause no one
could work totally independently. Many social experiences
allow students to interact, but LOGO is one of the few that
forces students to think together,

*“Withaut exception, all of the students involved in the
course ommented that, after LOGO, they knew better how
to approach & complex problem, Dr, Gorman spent several

clast periods oa problem solving skills; decompasition,

, naming, multiple descriptions. and the e

men.* These skills not only aided our search for solutions

1o LOGO pmhlml; hut alsa for pmbrems that require a

s that

ll|=s:lnr‘1=lm'\dswthe comgiex, which is its major strength
& sysiem for any age-group.

"Wh-le it was widely agreed wpon that none of us
‘mastered’ LOGO, each of us developed confidence in our
abilities 10 control the computer and make it do what we
requested. The LOGO experience allowed everyone to use
logical approzches to probiem solving and gain valuable
hands-on experiencs in & dissiplin that continues to Increase

5 students wrote during this
course, show an emerging appmj-unn Tor elegance, speed,

and simplicity in programming, Except for correction of
typographical crrors, their work hasn't been edited in an
attempt to find still more clegent ways of achieving their
programs’ goals, Note, however, that they all grasp the
essentials of esthetic programming.

Space Pylon Racer

Omce set up, the player guldes his saucer through pylons.
Two shapes must be made first {eheck graph paper). The
keys control the saucer. E moves it upward, X moves it
downward, D moves it forward, 8 moves it backward, F/
speeds it up, A slaws it dawn, [f the ship hits & pylon, the
beep sounds,
Use arvow keys fo change direction.
Use F for [ast speed.
Use A Tor slow speed.

1B The Best of $9%r  Volume 1
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Spinout

This progrmm was designed 15 2 carloon 10 depict (wo
Indiznapolis-syle racing cars racing, crashing, buming, and
being towed away. The central program, SPINOUT, con-

tains 7 subprograms. These shert programs make the cen-

wal program neal and concise.

Pt

iﬁygfi\'rhr

Munchie

Munchie llusirates hiow o cn peOgrm A EPrite 10 maove
to cenain lacations where an object may be found. After
testing coardinates within the prosedure, it cats that objest
and continues on until it eats all ebjects. You move Mun-
chie by using arrow keys, and set speed by using keys 0,
5, and |, You should stop Munchie whea passing over the
abject 10 be eaten.

ST
LR |
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with the
JOY
~ Commands
of TI LOGO

Yuu push the stiek forward, and the alrerafi begins o
roll. You then pradually pick up speed and sian mrov
ng down the runway. After reaching (:km‘fxl)t‘:d
you move the stick nga m'd Dd:leﬂ ly you're airborne,
Naw you have contral of the sk o fiy high or low, do
loops and other sancuvers, and mm Land, But be carelul
with your speed! You don't want to stall and crash.

This isn’t Mlight tyaining o a simulaar. Itisa T1 LOGO
procedure that gives you the opportunity 1o fy by keyboasd
o joystick. 1t uses either the arrow keys or the JOY 1 and
JOY 2 commands. The 0¥ commands return one of nine
vatues depending on (he position of the joystick, thus open-
ing & wide range of possibilities for interactive games and
other nctivities.

At fiest, it might appear that the nine values have litle
vc\atlommn ta each other, You'll note that the three and
he seven were omitted. However, the pattern of the values
is quite interesting.

from left to right in ench row, you'll note thar

e more han the previous digit, L6 2 +
1), exe. Moving from bottem to 1op in
each m umn, abserve thar each digit is one more than the
previous ane,

These parterns begin 10 fuggest why tiree and seven were
omitted frum the values asigned, However, 10 mike the
logie behind thes patiems even mone praphic, let's convert
them 10 binary numbers,

0010, oo oo
1

0001 — 0101 — 1001
+

0000 0100 1000

Caryrgnt € 1590] Gvarall Yalay Pblabing Co.

Now look a1 the firs two digits in each column You'll
note that they are the e, representing from keft to right,
0, 1, and 2. Alsa, if yau losk at the list two digits in each
row, you'll note thal they ave alio the the same, Moving
from botiom 1o top, they also represent 0, 1. and 2. So what
we really have here is a distinclive eoordinate system with.
reall meaning, rather than wha! might first be perceived as
a rundom plicement of values.

- a2 ) LR
01, = (2,1)
007 0 IE 0} i |

m‘(nnd‘fbcuxdm|mumm mlu"ﬂ:m-:r-‘
dinaes for the e

MAKE Y [JOY1) / &4
MAXE "X (JOVI) - 443V T

Now let's pur thess JOY commands to, work in
FLYAWAY, 2 procedure develaped by Rogér Kirchner, o
feliow YPLA member. This is & procedure forone or two
players that tests each player's abality 1o take off and safely

Zandd an airplane on the runway shown on the screen. Either
irseion keys an the keyboard or the Joysicks can con-

plane. |

Joyssick commands are incorporated in the pro-

em!l.re s TICK S. Push the stick iurwmd‘ and lﬁ: mml’l

eaies 15 Speed, §

IF :X « 6 THEN Fhmll

1F ;X = 4 THEN SLOWER

Te minimize the chance for error, difecticl wmuul\d.l
are accessed by merely moving the wysdck 10 the 2k ot

The Bese of 99'%er
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M drawing pistures v
ag ev wenld then tire of
mave on 1o the ather thi
fre players ev
s

re that hagpe:
€ LOGO offers 0 young p
¢ ies—aiach mare 1h

e shows
Thcmhnahn'rsn:p\ 11k c|||nre
a LH0°, 219

el langiages,

¥ al BASIC: it uses a fin
sl e strung together

< the opsralion of the prograr

alt a1 a 45 \uncIL
o A0 izl 1350

SIC propiams easily disocrne
mu e i s (e speced - unn:xru:"‘ LOGD, on the ather han
aad *al e Biecrafl 1o iet for the CRASH " the command docs:
Perametcr

FLYAWAY is an o ccilent praphics oo
10 tap o OGOl
bt

Gmportanl point ta s, 133
if coluca ors ﬂo In 2 Naveminr issic o fnfoivor l’ci 4
erucntoe s ‘rhough he can undery,
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Problem Solvirg
WITH LOCO

e like LOGO
ause it pives us something 10 *think with,” and i
CACOUraEES s 1o think in what Papen lis called “mind-
sized bites.". The solution of a problem can be
with the definition of & procedurd, IF the probicm i sin:
ple, we can specily the procedure directly, Otherwise, we
1ry 40 specify it n terms of @ small number of simpler
progedures.
Often, this method leads 10 a complese salution of 2 pro-
lem. But sumnetimes, 2 problem is so com="+ that 1he
te numbsr of problens, A s

I t 1 pleasureable 1o wark with a Tany

7 suppose that new problems kave 1he Lal\':‘l e
previously encountered problems, and an: simpler, The pro-
plem will be sosed at ease “heore:

o a solution in a fini
it said 10 be recursive.

OM of the beauties of a langimge such a1 nco i Tt

IOCL- procedure nat only gives i (hooratical wlu o, but
@ practical ane which can be carried out by excsuting the
procedure. OF course. for the latier, one needs aceess 1o a
THI%A wmu THLOGO for some other implenssntat
of LO .
in m:uklng iraugh the salutinn efa preblem, one n’m
works “hoth ends.” The big e
also details occur which can be | mm.nnnnw in-
5 procedures, which ihen make the solution of larger pro-
blems easier,

Translating the Pig Latin

5 C“I’Widﬂ the
wan Er & ite Pig
Lasin, Monrdmzmmrﬁlimn ﬂu s 1o add amv"

n
take the consonant sound lmln !hc front, add “AY™ o l\.
and put it ar the end, Thus **AND™ translates o Al
DHAY™, and “BREAK™ franslates 1o *EAKBRAY
These rules Jeas rmved 3
accamplishing the fask:

This pracedurs reduges eur probilem b the selution of thiee
wier problems, which we night reed to reduce fusther.
Thc procedures we need ace

MEMBER abject fist
TRANVWORD word

TRANCWORD word

MEMBER returns TRUE [ abject is in st and returis
FALSE otberwise. TRANVWORD transdates ward if it
beging with a vowel, TRANCWOR D transhares word if it
begins with a consonant. We can hope that MEMBER is
lity buili inte LOGO, 1t is
ari

but this is o problem
anyihing ihat sl 2 primitive can be bailt in.

Aty stage in the solutien process we can docide 10 work
on big problems of foeus on little anes. The selution of
problers 1A't a linear process, ¢ven if solutions are usially
fresenited s i the peocess were aederly and suraightforward.
The LOGO prosedures document and organize progress

Lei's focus an the problem of deciding membeeship. [f
ohject i in 3 list, it is either the fiest iteen af the list, or ¢lse

124 The Best of 99%er  Volume 1

Cosarah £ 1983 Ermarud Viley Pubisuog Ca.




it is the finst of a rruncared list, or i & oot in 1he list. The
detinition i, ratuglly, recunsive:

it dogsn’t.
The definition of TRANVWORD is so simple we ¢
waite the procedure anytime, Lec's do it now:

16 1idnswy
ST TEE T Wl
L HIEEHIN

ad/ |
w | n

The (undocumented) primitive WORD takes two words as

input and autpuss the word fonmed by joining ten.
The definition of TRANCWORD takes more thinking.

We want it 10 be recursive, We want to mave lerters from

the Beginming to te end witil the first lenee is a verwel, and
then add “AY™. We are led 10:

I wee iry itha is, think through, of execute in LOGO)
TRANCWORD “BREAK, we find it will return
EAKURAY, s desiced. And TRANCWORD "YOU
retarns OUYAY. lut TRANCWORD “BY runs oul of
sppae Beviuse 1he recussion cannot end. Evidentally ¥ must
be added 10 the st of vowels, But then TRANCWORD
*YOU would return YOUHAY snd not QUYAY,

Can you fix this bug? We want ¥ 10 count as a vowel
only if o fsn't the firat letter, Qe solution is Lo use oo in-
puts 1o TRANCWORD, ane of which is a flag. This solu-
tion, as well as the peneratization 10 ranstating a ssntence,
an be seen by reading the PIGLATIN procedure and the
procedures it calks m

TOWER OF HANO!

Mow we turn Lo 3 less frivolous example. The Tower of
Haned is a puazle familiar to many, 1L consises of thiee
pegstands. One containg & *lower™ of ciscular rings. The
@hject is 10 move the (ower from one peg 1o anotser, mov.
N ONE Fifg At 3 Ling, and never puiting a larger rig on
tap of u smaller ane. There is rumored to be o Buddhist
priest working on a piszsle with 64 rings; when he finishes,
thne warld will end, 17 he makes one move per secand, how
much shoukd we worry?

W can use LOGO w0 worry about

number of rings and outputs the number of moves, Sup-
pose we think of the task Lhis way: Move the 1op n =1 rings
¢ an auxiliary peg, then move the larges: ring, then move
ihe smaller n~} rings onto the largsst.

he way of viewing the problem leads 10 the following
recirsive definilion for NUMMOVES:

Conript © 194) Ermarit Vatap Pisiaing o,

Trying this procedure, we find that NUMMOVES 2 =
3, and also thar NUMMOVES 3 The reader might
try 10 findd a Tormula for NUMMOYES o, and also the value
of NUMMOVES 64, o

OF more interestds aprocedure for actoally solving the
puszles, ond beyond that, for implementing the solution
erphically. By the shove reasoning, what we noed is a pro-
eedure SOLVE with four inputs:

SOLVE & gl pos? poed
which would

arve the top n rings from pexl to peg? using
the rules we obiain:

Tor hive LOGO print oul the moves in order, we nesd
10 implement iwe psocedures called GETRING and
SETRING:

In Ll meantime, let's implement GETRING and SETR-
ING smply 5o we can Lest ous solulion:

The Besc of $9er  Volume 1 128




fliimat

Momw, if we enter SOLVE 2 A “B " C, the owpus will be:

H

PICK UP A SET ON ©
PICK UP A SET ON B
PICK UP C SET ON B

The number of moves [oF thiee fings s 3, 03 expected.
What will be the seven moves for SOLVE 3 A B “C?
Try ig!

We've looked at 4 LOGO prosedure for solving the
Tawer of Hanoi as an abstraction. This procedure, SOLVE,
prints aut—as a list—ihe sequence of moves necessary for
the solution. But given the graphics power of LOGO, we
should be able to design 3 program—a ceries of
prosedures—which will represent the actual mov-mient of
sings from one peg 1o another graphically. And, in fast we
can use LOGO"s MAKECHAR command 10 define the re-
quired graphics, called riles, and we can move these aewly-
defined tiles nbout, using LOGO precedures. So let's begn
at the beginming.

Let A, 8, and C be the three pegs. When we know which
rings are on which pegs, we then know the particular state
of the puzzle, In our LOGO implementati
A. B, and C will be the names for lists wi

aumber them | throu
beginnkng position, with atl nr.\p onpe A, i represented
by:A = [12345678]. e

345678],:B = [1],:C = {]. Inessence, a mowe con-
sista of removing a number from the beginning of one list
and adding it to the beginning of another fist. At the same
time, of course, the graphic represendation fing must be
crased and redisplayed in the correct position,

Let us Mrst construct a procedure HANOI, which will
allow us 1o play with the puzzie and then, when we wanl,
saive it automatically.

<&
ACPLAY should allow us 10 pick rings up and put them

Aconma (har 1NFT 1AL e

Assume that INITIALIZE assigns (he value B 1o N and
iTOP is the pumber of the ring 1o be displayed, Then
SETUP can be:

Using urilities “F\II!F)U EMPTY, and ALARM, we
an wrile PLAY in way a3 to validate all input.. We
want 1o acoept cither “0 or 1o stop PLAY the leters A,
B, and € only. (VALID wiil be iniciatired 10 | A B C |}
W also Wani 10 prevent an MICmp! 19 rereve 3 ring from
an empry peg. IF an error is made, we will cause an alasm
10 be sounded. (See the listing Tor definitions of the wilities.)

Inthis precedure, note thal the vatue of X, X, is lhe name
of a peg, cither A, B, or C. One might expect that the value
of :X would be denoted < :X, but this denotes the value of
X', The primitive THING must be used. THING :X s
the list named by 13

in order 10 discuss GETRING and SETRING, we neod

s
columns numbered 010 31 from ief o right, ard 24 rows
numbered 0 10 23 from top to bouom. We can place the

fings on the display by lecating them relative 10 their

n;{ sitnply gyessing the names of the
aymg,m confinue untik ‘o s pressod. The purrle
and sal

P cin
tﬁ’:g mmm! Fings on peg B, Tme procedure SOLVE was
developed in the previons section. Procedures SETUD
PLAY, and SOLVE will depend on workhorse mmdmu

ETRING and sElmM.. The requiremcnts far 1N
ITIALIZE will become apparent as we make choices about
representation.
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pepstands, Let ABASE, BHASE, and CHASE name the

coordinates for jhe conters of the pesstands, Ressonable
i choioes e tABASE = [721] = [ 2521 ), and
{ 16 11 ). Suppose & Fing is lhc top one on a -
e has as s columin coordinate the same
u)lmnnmotdl e as the peg, and its row coondinate is equal
10 1he 10w courdingis of the base minus as many rings a5
are on the peg, I we wse TOP, COL, and ROW (o contain
{he number of the 1wp ring and its column and row coor-
dinates respectively, we are led 1oz 2
Tiles and colors for the rings will be chosen as Follows:
The shapes for the tilcs are amgnm 30 hal ring k appeass
10 be k + 2 tiles wide, bur it is acally 3 + 20k/2) tites
wide, The accompanying figure shows the number and shape
of all the required tiles, which we will have 1o make using
MAKECHAR.
Ring Tiles Color  Tites wide
N304 Red 3
2 a2 Omnge 5
2 Yellow &
i &I Lime bl
S lad145,146  Olive 1
6 ISLIS)ISA Sky 9
7 160,161,162 ue 5 £
8 168,160,170 Purple t
hArins appears when the right number of Lites of the right
shape and color are displayed. A ring i ernsed by displa;
Do RS QT ot e T e e
JORDY ;P BASE will return the wor -' : . ida i
or CBASE. Note how TBF (BUTFIRST) and SE yed Frois the center énd and erased from the outside in,
(SENTENCE) e used 10 change e valise of =P (which
will equal A, B, o1 C). By passing the name of U peg, we
can change its vilue, This would not be the case if we passed
he value of the peg 1o the procedurs. (Computer scientists
wall this pussing paramsiers * by referense’ ruther than by
value.”}
W aire left with the problem of actually displaying the
5.
e 96 and be black. The pogs will use
tiles 104 and FOS, and be white. Tile 104 is square, and tile
105 is rounded at the top. Recall thas the number of rings
& 1N, and the division in LOGO is integer division. -
We are almost ready fo play with the pusle, 1N-
ITIALIZE (see listing) defines colors for the Liles, and
assigns valucs 10 N, YALID, ABASE, BIASE and CBASE.
Rim Mo, Calor Color  Part  No. Rea'd ¥
T 112 — Red -11d B"F“ Sh s 105 White
k| 178 — Yellow — 04 White ~Peg - 16
1 RO :;% N B i
7 el 9 Yellow — Ring3 = 3 3 Regd
fing Mo. Colar  Na, ? Lime ing4 - 5
2 120 - Orange — 122 14 Olle — Rings = 3
4 136 = Lime - 138 153 Sky - Rlagh — 7
(3 152 =Sky . = 161 Blue - Ring7 — 7
4 168 ~ Purple =170 162 Purpls — Ring8 — 9
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Before anything will happen, though, the ties must be defin-
od sing MAKECHAR. (Sce figures.) Then, ENJOY! Recall
that to manipulnte the rings, vou just necd 1o press the let-
ter of the peg from which you want 10 take, or to which
you want 1o add a ring_ Use the procedure H vou

arget.
After you have had some fun with the pueele, you might
etz faur peg variation, To implement a four peg
. do the Tallowing:
Clnngc INITIALIZE to include:

MAKE “VALID [ ABC D]
MAKE "ABASE [ 8 10 ]
MM:E, UBHASE [ 24 10 ]
MAKT “DBASE [ 24 23 ]

In SETUP, add:
MAKE "D [ ]
STAND "D

The puzzle should then contain four pegs: A, B, C, and
D, Itcan bemanipulated just like the three peg pusle. The
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automatlc solution will still use just three pezs, But as a wor-
thy challenge, you might try 1o write a better version of
SOLYE which takes advantage of the fact that there are
two auxiliary pegs instead of just one. The puzzie should
Lake fewer moves 1o solve, How many less than In — |
moves are reguized if there are n rings and four pegs? |
would be Interested i any of your sesults. Then can five
pegs be fit on the screen. .

But if you are looking for & Ins;nchn]\mw.ﬂrm;l want
10 experiment with a simpler puzzle, note that the numiber
of rings i set in INITTALIZE and can be changed, Try this:
Enter INITIALIZE, and then MAKE *'N § {or some other
integer). IF you now enter SETUP, 0 puzzle with § rings
will be displayed. Enter PLAY, and you can manipulatc
this puzzle wntil ou press iow enier SETUF again, and
then SOLVE 4 ““A ““C B, This will cause four rings to
e moved sutomatically to peg C. Then enter PLAY and
you can complete the puzzle by yoursell. With LOGO, the
‘prozedurcs ars your own to do-with or modify 25 you please.
Use your imagination, make up other puzzles, or just go
ahead and play with this section’s puzzle as is. =
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