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2. Preface

Scientists work very hard to make computers understand what you want, but until this
is done, you need to talk to a computer in an language that it understands. Such a
language is cdled a programming language, because its words are instructions
which a computer can understand. In this context, programmers are people who
know how to write programs.

Logo isone of the easiest programming languages. It is designed in such away, that
you can learn it with much less effort than any other language.

Elicais a software devel opment system in which the base programming language is
Logo. ElicalLogo isamember of the Logo family languages and is the core of dl
Elica-based applications. The word 'Elica’ stands for Educational Logo Interface
for Creative Activities.

Elicaprograms are ordinary text filesthat contain ingtructions. And like textsin books,
these ingructions contain words and punctuation symbols. Logo has a built-in
knowledge of what to do when it meets some specia words. To make it understand
more, you need to teach it new words and how to react when you usethemin
ingructions. Y ou might correctly think, that teeching is difficult. Of courseit isbut if
you are the teacher, you define. With the power to define you will be able to do just
about anything with Logo.

This guide can be used as a short introductiona tutorid while learning how to program
with Elica. It uses easy to comprehend descriptions and is suitable for alarge range of
readers. Anyway, this guide does not cover dl ElicaLogo detals. After reading it you
will find that much of what is discussed here is common (more or less) for al Logo
implementations.

For advanced Logo usersit might be better to just quickly glance over the " The Easy
Guide" and then continue with " The Compl ete guide” where ElicaLogo will be
explained in detalls.

For those readers who are happier with scientificaly dressed guides and fed better
when they hear magic words like polymor phism, multiple inheritance, and high-
order functions, it might be better to find another guide.

OK, let's start.

"The Easy Guideto Elica5.0" 4



A 3D Turtle

Projecting A Fractal Over A Planet




3. First Stepsin Logo

3.1 Recogn|2| ng Words A Logo turtle recognizing the

When you read or write l f y word bf is a sequence of
L ogo programs, after some N other Logo words
time you will intuitively
understand what the
individua words are that
compose the programs.
But sometimes

programming languages
differ from naturd ones. That'sis why you would need to know how the Logo
recognizes your words.

Hereisashort ligt of the rules that Logo uses.

A group of any characters on one line, that are placed between single quotes * .. "
isoneword.

Otherwise, aword is a continuous group of characters framed by spaces or by
symbolslike brackets [ ], parentheses (), braces { }, semicolon ;, colon :,
double quotes ', plussgn +, and comma , that are used to structure aLogo
program and are always one-letter words.

If aminussgn - is between a space and a digit, then it isa part of the word,
containing the digit.

A continuous group of characters containing only >, = or < isaways one word
too.

3.2 Typesof things

Data types are the types of things which Logo can work with. Datatypesisa
shortcut word for types of data. Traditionaly Logo identifies two very generd types
of things words and lists Although Elica can identify these things, it has no
knowledge of how to work with them. Thisis asif you can read aforeign language
but cannot understand it.

WORDS are the most basic type of things. Y ou dready know what aword is as long
as you know how to recognize Elicawords in a program. Similar recognition is
exactly what Elica does when it analyzes your ingructions. Some words contain
letters, others contain digits that form vaid numbers

L1sTs are sequences of words. Thefirst word must be open bracket [ and the last
one must be close bracket ]. All wordsin between are cdled elements of thelig.
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Thelig [A AB ABC] containsthree words. A list that contains no dementsis
cdled an empty list and iswritten []. It is possible for one or more of the eements
of aligt to belists by themselves too. In thisthree-dement lis [EL1 [A AB
ABC] CA] theseconddementis[A AB ABC] whichisalig by itsdf. Ligsare
important for Logo, because dl ingtructions you give to Logo are written asligts.

The only things that Logo understands are words and lists.

S S
= \ A
=
J—
You can easily represent them as " "
keys and bunches of keys. Right = g w
now theturtle stares at five things:
ea
5=

an empty word, the word LOGO
(akey with theword LOGO), an
empty list (the empty ring), the list
[A AB ABC] and finally the last
list[ELI [A AB ABC] CA].

3.3 Howto say wordsand lists ?

Imagine you want to order Logo to print ahouse. A computer is not as smart as you
might think it is, S0 it cannot decide what exactly you ask for: to print the image of a
house or to print the word 'house. That's why when you write programsit is polite
and often neccessary to give hints to Logo as to how to treat ambigious words.

If you want to use aword as a standard natural language word (for example when
you want to print it), then write a double quote ** before the word. **cat, X,
""Case23 aretreated asthe words 'cat’, ‘X' and 'Case23'. If you say cat instead
of *"cat then thiswill ask Logo to useit asan action (action is a synonym of
ingtruction). Actions are described later.

Logo numbers are in fact words. That's why you can say ** before them. Apparently
when reading a number Logo knows that it cannot refer to an action, that's why it
does not redly need the quotation mark. As aresult, you can say numbers directly:
56, 31.8, -300.

Like numbers, lists are unambigious, too. When you want to say alig, you just say it
asitis, but do not forget to put it in brackets [ ... ], otherwise Logo will not
understand thet thisisalig.

3.4 Howto say actions?

Saying words and ligsis asif you use only nounsin your everyday speech. Only
verbs are the means to express what you do with these things. Traditionaly Logo likes
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to see names of actions used directly (without specia marks). If you want to print 5
and 6, you only needto order print 5 6. Many actions require the things they
work with to be easy to find. That's why these things (called arguments, parameters
or inputs) are usualy written just before or after the name of the action.

When you define anew action, then  [‘actionsarelists of instructions. o house
you aso define, whether it will look Hereaturtleisfinishing ahouse. £4 50
for arguments before or after the
name, or it will look in both places.
For example, the action + expects
one argument from the left Sde and
one from the right. To use dready
defined actions you need to know
their names and where they expect their arguments to be placed. If you fall to place
them on the correct places, some actions may fail too.

It isthe right place now to explain the difference between arguments and
parameters. Y ou can think of arguments as the things, which are actudly given to an
action to use (some dso cdl them actuals), while parameters are the formd things
that an action expects (the formals). In most cases arguments and parameters match.

Some actions can work with less or more arguments. If you are not sure how many
parameters are expected, or you are sure that you provide more or less arguments,
or, last but not least, you want a better control of how Logo interprets your
indructions, then you must frame the action and al its arguments in parentheses (...).
When Logo sees an action in parentheses, it triesto force the action to use dll
arguments.

In the following example you can seethe action that iscdled First tobeusad inits
standard way to extract the first letter of aword and print c, and later it isforced to
work with two arguments (the second one is the number of |etters to get from the
heading of theword) and ... vaila.. it prints ca. The third ingtruction will printc 2,
because the number will be processed by print and Logo has no clue, that it must
beused by First.

print first "cat ; C

print (first "cat 2) ; ca

print first ""cat 2 ; C2
So, the generd rule for saying an action isto write:

arg arg ... action_name arg arg...

If you want to explicitly set which arguments are given to an action, then use
parentheses (...) inthisway:

(arg arg ... action_name arg arg...)
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Y ou've seen that doing actionsis quite a powerful activity. Everything that Logo does
isdone in the form of actions. That'swhy for clarity we will use in descriptions other,
more specific terms for different types of actions. Actions that are not supposed to
return results will be called instructions or commands. Actions that calculate and
return results will be called functions. Functions that expect arguments from both
sdes or from the left will be caled operators. Actions, which arguments contain other
actions are often referred as expressions.

Anyway, do not make efforts to learn these terms by heart, because this classfication
of different types of actionsis quite relative and is not formd at al. All you need to
know is, that instructions, commands, functions, operators, expressions (and a bunch
of other words) are dl different flavors of actions.

3.5 Howto say variables?

If Logo isyour first programming language, then it is possible, that you have not been
exposed to variables before. What are variables and why do programming languages
need them? Imagine you are respongble for writing fire escape ingtructions. When you
write it you can refer to different people as "the one who is on duty”. Y ou write this
just because you don't know who will be on duty at actud time of the fire. Of course,
you can put namesin the ingtructions, but then you must provide a separate ingtruction
st for each person who could be on duty.

Variables are like chests. You can put inside a key or a In Logo you can use a
bunch of keys - the value. In order to open the chest you need | word as aname of avaue.

another single key - the name. Now the turtle carries a key The important thing is, thet

representing the word LOGO to open a chest containing the
bunch [A AB ABC]. you can change the value

and use it by the same
name. That's why aname
and its associated value are
cdled avariable - you can
vary thevaue of a

L0gn w
E variable, but keep the
program unchanged.
Thisis one of the most important features of computer programs - you write a
program once and then run it with different sets of data

A vaidblein ElicaLogo is defined by its name, value and position. You aready
know that variables names are words and their values can be anything - words,
numbers, lists and actions.

When you want to say the name of avariable, ignoring its value, follow the rules for
words and put adouble quote ** beforeit. Thisis often needed to create avariable. If
you want thisyou can just ask Logo in avery naturd way to makeit.
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make "a 5
make ""fellow "mike
make "'LOGO [A AB ABC]

Thefirg indruction creates a variable cadled a which containsthe vdue 5. The
second one creates variable Te l low and assgnsit theword mike. Thethird one
creates LOGO and assignsit aligt. Make isone of the few actions about which Logo
has prebuilt knowledge how to handle. Later on you will find alonger description of
the action make.

Wheat about values? How to refer to avaue of avariable? Thereisa specid actionin
Logo which you can use for this purpose. If you use the action colon - beforea
word, then Logo will try to read the contents of a variable with a name the same as
the given word. Let's ask Logo to find the sum of two numbers stored in the variables
a and b. To do this you need to ask something like - a+:b.

Logo isapowerful language. Why? There are many explanations, but one of the
coolest isthat Logo can work with variables which names are not known in advance.
Congder the next example:

make :a '"'b

How will Logo interpret it? It will first find the associated value of avariable cdled a.
Thisvaue (rather than a) will be used as a name of avariable to create.

In the world of keys and chests the command make:a" b has quite
amagical interpretation. The turtle takes key 'a’ and opensits
chest (i.e. the only chest which this key can open). Then it looks
inside hoping to find another
key. It takesit and opens a P
" new chest. After thistheturtle\ J
putskey 'b' into
it and goes to sleep.

N~
Key '14' y FBI

Chest '?'

Except names and values, variables have positions. The position is a description of
where agiven variable exists. What are the possble pogtions for avariable? In Logo
each variable can be placed insde another variable. In other words, each variable can
contain not only avaue, but dso another variable in addition. Even more - avarigble
can contain many variables. Some people cal these variables children. Other people
prefer the word local variables. Thereisathird group - the hard programmers - that
would cal them fields, members or methods. Asit aways happensit doesn't matter
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how you cal them - Logo does not use these words. They are used by humans, and
when you tak with your friends or classmates about Logo, good communication and
discussion will only be possible, if you and your fellows use terms, which you and they
know (and like).

S0, let's go back to positions. If you want to define avariable a which isinddeb,
then you can use the name b . a. Thisingructs Logo when looking for the vaue of a,
to locate this variable ingde the variable b. Of course you can nest variables degper.
For example, d . c . b . a isthe name of variable a, whichisachild of b, thet is
nested in ¢, whichisalocd varigbleof d.

make "a.x 10

make "a.y 20

make "b :a

print b.x :b.y ; 10 20

Examine the example above carefully. It shows one basic feature of locad variables.
When Logo tekes the value of avaridble, then it takes not only the value but all
children too. The first two lines define avariable awhich has two locd variables - x
andy. When Logo creates the variable b it copiesa’s x and y to b. So from now on
there will be two variables cadled x (onein a and onein b) and two called y.

When you tak about locals, for example cat . X and dog .y, then spesking it cat’s

The big secret of all chestsisthat you can put
other chestsin them. This picture shows
chests'x' and'y" within chest'a'. R.X f?

Chest mtﬁ
=31 5

To access inner cheststhere are special
keys, which first open the external chest, and
then theinternal. Thesekeysare'ax' and'ay'.

Chest 'X"in'A’

Chest 'Y in'A’

x and dog sy will be very convenient. Indeed it is very important to use good names
for varigbles and actions. Use your fantasy and crestivity, and don't hesitate to think
over aname a bit longer, because a good name often makes things much clearer!

3.6 How to say comments?

Comments, or remarks, are away to talk to yoursdf while talking to Logo. Usudly
your comments serve as reminders for you, and thus, they are completely ignored by
Logo. So in comments you can, for example, describein few or lots of words, what
your program, a section of your program, or acomplex line of it does or should do.

Y ou can aso place acomment, where you think that your program has a bug, or
where you have something in mind, but don't know how to do it yet, or anything else,
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3.7

which isimportant to you now or later, or might be important for your friends, if you
share or exchange your programs with them.

Don't underesimate the va ue of comments!

Imagine, afriend gives you one of his programs. Then, wouldn't it be much easer for
you to read it, if there were some hints and notesin it? And wouldn't it be easier for
you to expand it, if there were some marks, where your friend had no clue how to do
it? Wouldn't it be easier for you to help your friend fixing abug, if ghe had
commented some suspected lines?

But you should redlly remove comments, which are not up to date and consistent with
the program, because they might be more confusing than no comments at al.

Y ou can write whatever you like in your comments. There are no rules to keep up
with except one - Logo must understand where your comments start and end.

There are two types of commentsin Logo - short and long. Short comments start
with theword ; (semicolon) and continue till the end of the line.

make ""a 105 ; current check number
make b :-a+l ; next check number

Long comments start with the word { (open brace) and end with theword } (closed
brace). They are called long, because they can sart in one line, and end in another.
Long comments can host other comments, short or long, so whenever you use an
open brace { you must later say closed brace }.

{ This code calculates the
average of three numbers }
make "m (:a+:b+:c)/3

Built-in words (keywords)

Teaching Logo to do something is based on the use of afew built-in words. These
arethewords that Elicais aware of and can respond to them. Elica already knows
their meaning, because that knowledge has been implemented &t Elicas birth.

)OO0 OO

- < < - “~ - - ~ - -
et ot
- =
= = = = D] =
= —_ = = = — = == = F— i

In many programming languages built-in words are called keywords. In Logo therearea
few keywords only: print, local, make ob, run, if, while, repeat, output, to, and end.
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3.7.1 Printingtexts(print)

The most common action that any Logo can do isto print one or more vaues on the
screen. The ingtruction, which asks Logo to do so, iscdled print. If you want the
system to print something you can just say pr int and then dl the thingsin arow.
The next example shows how to print the number 5, the word Five, thevadue of the
vaiable pos and the result of the action +, that needs two numerical arguments.

print 5 "five :Ipos 1+2

If you ask Logo to print something but do not say exactly what, then the system will
print an empty line. This technique is often used to format the output of your program.

3.7.2 Creating and changing variables ( local, make, ob )

Another common action, that Logo can do, isto create variables and change ther
vaues. There are two ingructions that ask Logo to do this. When Logo executes
local, thenit createsaanew variadle ingde the currently active action. Thusit will

belocd toit. If asuch dready exigsthen it does To use local isthe same as to
nothing. In most cases when an action is completed, create an empty chest with a
dl itslocd variables are cleared. local islike preknown keyhole.

print. It usssdl thethingsthat it can find after it,
but unlikely print, loca expectsto find only
words, which it uses as names of variables.

local "x "y '"done

The other ingtruction to create variablesismake. Y ou have dready met it. Except
for creating variables it can be aso used to modify their values. To do this Logo needs
two arguments - the name of a variable and its new vaue. That's why the most
common use of thisingruction isin the form of:

make "a 1
make b :-a+10

Thereis another ingtruction to create variables - it is cdled ob and its name comes
from Geomland - a nice and powerful Geometry-oriented Logo implementation. This
ingruction works the same way asmake, except that it creates links between
variables. See the following example:

ob "a 1

ob "b :ta*:a

ob "c :b*:b

print ta b :c ; prints 1 1 1
ob "a 2

print za :b :c ; prints 2 4 16
ob "a 3

print za :b :c ; prints 3 9 81
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By the use of ob you politely ask Logo to remember the relationship between
variables. When you change only one of them, al dependents will be recaculated
automaticaly!

3.7.3 Executinginsgtructions( run)

When Logo reads your program it knows what ingtructions to run and in what order.
Anyway, there are cases, when you want to ask Logo to run instructions which are
unknown a the time of writing the program. These indructions may be generated by
your program or may be contained in an externd text file. In such cases you haveto
ask Logo to run these indructions by saying run.

run : mycommands

You cannot make a turtle to run. That's
why the command run has nothing
to do with race competitions.
Infactitisoften usedin
the meaning of 'do’

or 'execute'.

Of course, instead of a variable or expresson you can use aligt, but in thisway both
next lineswill have the same effect:

run [print :x :y]
print :x :y

Theindruction run serves another purposetoo. If instead of aligt of ingructionsiit
finds aword, then it will use thisword as a name of afile and will ook for ingructions
init.

run "‘vectors

The example above will ask Logoto find filevectors.el i, toload it, and to
learn from it as much as possible.

3.7.4 Controlling program flow (if, repeat, while)

The power of the programming languages including Logo is based on the possibility to
control the program execution flow. If you were dlowed to write programs with
ingtructions executed one by one from the top to the bottom, then you would not be
ableto easlly teach Logo to do redly cool things.

There are three built-in ingtruction which you can use to control how Logo executes a
program.
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One of them, 1 T, isused to tell Logo to execute a
lig of ingructions only if a given condition isfulfilled.

iIf :a>0 [print "positive]
. o Theif instruction
Here you say Logo to print theword positive is used to define
only if thevalue of a is grester than zero. Apparently | which way to go
i T enables you to define not only what to dowhen | before continuing

. . with the next
something istrue, but dso what to do otherwise: NSt UL OnS. -@

if -a>0
[print "positive]
[print "negative "or "zero]

To make shorter line Logo agreesto look for lists of ingructions not only in the line
where 1 T isused, but aso on the next line too. Anyway, the condition must aways
be on the same line - right after 1 F. Speaking of conditions, Logo decides whether
oneisfulfilled only by itsvaue. It itsvdueistheword true, then the condition is
fulfilled. Otherwise it is not.

The other ingtruction for program flow control is repeat. You can useto ask Logo
to repeat a sequence in indructions severd times. The following instruction:

Userepeat to repeat _
one and the same repeat 5 [print "Hello]
thing several times.

p isfunctiondly equivdent to:

= print "Hello
0 more _ .

than 5 times print "Hello
print "Hello

‘-@ print "Hello

print "Hello

Of courseif you want to repeat an action thousands of times, then it would be quite
efficient to use repeat. It is recommended not only for great number of repetitions,
but aso for unknown number of repetitions. In many cases you do not know this
number, but you can caculate it. Here the value of chars determines how many
times to repest the indructionsin the ligt.

make "1 65
repeat :chars

L

print char :i
make "1 i+l

1

Often repeat indructions are caled repeat cycles. Thereis another type cycles -
while cycles. Asyou can guess, they usetheingruction whi le.
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while :a<10

print :a
make "a ia+l Whilecycles could
1 last for much
_ o longer than a :
A while-cycleis smilar to arepest-cycle day, depending \
because it asks Logo to execute alist of on the condition.

indructions saverd times. The differenceistha
if youusewhi le, then the repetitionis
canceled only when a condition is not fulfilled.
The example above indructs Logo to print out
the current value of a until it islessthan 10.

3.7.5 Defining actions(to ... end, output )

Y ou dready know that to ask Logo to do something, you need to specify what action
to do. To teach Logo to do new things there must be away to describe new actions.
The definition of an action starts with the word to and ends with theword end.
Right after to you must say the name of the action (without ** in front) and the
parameters of the actions. Parameters that are expected to be said before the name,
should be declared before it. Parameters that are expected to be said after the name,
should be declared after it. In the lines between these declarations and the word end
you musgt include the ingtructions that make up the actions.

to greater :x [y
if :x>:y [print "yes] [print "no]
end

The definition above is about an action caled greater which expects two arguments
after its name. When you say this action to Logo, for example:

greater 5 6

then it will print no. Logo creates one locd to the action variable for each argument.
The names of these variables are taken from the firg line of the declaration. In this
case they are X and y. Notethat you must say - before each name of a parameter.
Why? Firg of dl, thisisto remind Logo that the parameters expect vaues. Secondly,
thisis the only way for Logo to digtinguish the action's name from it's parameters
names.

The order of the parametersis decided by you and anyone that uses your action, even
if thisisyou, must use the same order. For example, if you definegreater in many
other ways, but whatever way you choose, you should use exactly asitis.

to X greater :y
if :x>:y [print "yes] [print "no]
end
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5 greater 6

Insde an action you can do everything that you can do in Logo. For example, you can
define variables or actions. Anyway, there is one specid thing that is unique to actions.
Sometimes you may want to define an action that returns avaue that can be used in

further cdculations.

Many times it's more convinient to split the weight of
parameters. In actions that compare values you might prefer to
put the name of the action between the arguments... It isup to
you to decide when and how to do this.

Such avaueisreturned back with the indruction output. If you wish to change the
example above not to print the result of the comparison, but to return it back, then

you may change the declaration in thisway:

to :x greater :y

if :x>:y [output "yes] [output "no]
end
print 5 greater 6 ; ho
if (6 greater 1)="yes [print "really?] ; yes

Returning a vaue will make it possible to use the result of the action asit isshown in
the 1 ¥ action above.

When Logo executes output it stopsthe action immediately. This effect can be
used when you want to cancd an action earlier. In such casesyou can useoutput
without saying what value to return.
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A Mandelbrott Fractal

Built By The Bodies Of Turtles




4. ThelLogo Turtle

The turtle isthe face of Logo. From their early days Logo implementations were able
to control aturtle to draw beautiful figures. Even now many of the people who have
heard about Logo have also heard about turtle graphics.

Turtle graphics has a broad meaning - from program control of aturtleup to a
complex fractd image. But thereis one centrd figurein dl these - that's the turtle.

W, traditiondly Logo'sturtleisasmdl triangle which is under you and your
program control. Y ou tell it what you want it to do and it makesit best to do it.

The Elicaturtle comes with prebuilt knowledge of some of the most basic actions, but
if you want the turtle to draw houses and trees, then you have to teach it. Anyway,
this prebuilt knowledge is now available a startup, o if you like to use aturtle, your
first command must be:

run ""turtle

It will load afile of ingructions which will teach the your turtle of the basic actions.

4.1 Dancingturtle ( fd, bk)

The best way to understand how the turtle movesisto imagine that you are the turtle.
If you hear the command forward 10, you, most probably, will make 10 steps
forward. That's the same that the turtle will do. The only differenceisthat its Seps are
much smdler than yours, and the name of the action ‘forward' in actually shortened to

fd. Inasmilar way going backwards is done with the
; Going forward and
action bk. backward are the only
— . . ossible direction for a
The following instructions will ask the turtieto go 10 tpur“ e but ;hey 'are pretty
steps forward and then to go backward 5 steps. enought for it to do
beautiful things.

fd 10 S
bk 5 T
fd 100
On the screen you will see the trace of theturtleasa /

segment and the turtle itsdf staying in the middle.

It'slike a dance - you are the choerographer and the
turtle is the dancer.
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4.2 Turn left, turn right (It, rt)

Stepping forward and backward will soon become a
boring dance unless you figure out how to make the
turtle turn to the left and to the right. Because of this
is very important, the turtle aready knows how to do
it and it just waits for your orders. To makeit turn to
theleft or right just say 1t (it comes either from left
or from left turn) or rt (right, right turn). Of
course the turtle expect from you not only to say in
what direction to turn, but also how much to turn.
This how-much is expected asan argument to 1t
and rt and it must bein the form of degrees.

What are degrees? Degrees have been used by

Turning to the | eft doesn't
always mean to turnt to the
|eft side of the screen.

"t A5 = =

oS

ff ‘/‘-"

-
If theturtleis

headed downwards,
itsleft will be as
your right.

ancient mathematicions to measure angles. Because of these we Htill use them
nowadays to express numerically the'sze of an angle. How big is one degree?
Thereisno Smple explanation. A mathematician will say that there are 360 degreesin

acircle, but it's hard to imagine 1/360" of acircle,

When was you last time egting a dice of pizza? Do you remember how much dices
the whole pizzawas cut into? If there were 6 dices then the angle of each dice would
be 60 degrees. If there were 8 dices - each of them would be 45 degrees. Pay
atention that the angle of a dice does not depend on the size of the pizza. If you cut a
10" and a20" pizzainto 6 dices each, then dl twelve dices will have the same angle of

60 degrees.

The other way to represent the Size of one degreeisto look at aclock or awatch
with arrows. The tiniest arrow which measures seconds, turns 6 degrees to the right
each second. So, one degree is 1/6™ of aturn of the seconds arrow. Thereisno
problem if the seconds arrow is missang. The minutes arrow turns 6 degrees per
minute, thusadice of 1 minute is 6 degrees big. A dice of one hour it exactly 30
degrees. Three hours are 90 degrees. Remember this number - 90 degrees. When
we, people, say to each other turn to the left, we mean turn 90 degrees to the left.
The Logo turtleis a computer cresture and it does not behave like us. That's why you
must dways say the angle of turning even if it seems obvious for you.

Now, letstry asmdl example:

fd 50
It 90
fd 50
It 90
fd 50
It 90
fd 50
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If you were aturtle and follow grictly these ingtructions, you should draw a square.
Y ou go 50 stegps forward, turn to the left, again walk 50 steps, turn to the left, go 50
steps, turn to the left, and make the find 50 steps.

Now let's make stairsto the right:

repeat 10

[ fd 10
rt 90
fd 10
It 90

4.3 Morethingsto do ( home, pu, pd, pd?)

Except for these four actions - ¥d, bk, 1t and rt, the

. . . . When a turtle wants
turtle also knows how to jump directly to aspecid position, | ., go homeit just
cdled home. It is (usudly) in the center of the screen. The shrinks under its

name of the action ishome. When you say this magic shell. The Logo turtle
word the turtle jumps to its home and turns itself upward > trrnae“ i”ne?ht; ook for
(i.e. it faces the upper side of the screen). center of

the screen.

Y ou've dready noticed that as the turtle moves on the
screen it leaves traces, S0 you can track its path.
Sometimes, when you draw something, it is so complex that it cannot be drawn as
one path. For this purpose you woule like to ask the turtle to stop leaving traces
behind. That's easy, because turtle traces are not because of its dirty feet, but because
it carries a pen. At startup the turtle puts the pen down, so that when it moves, the
pen draws. To ask the turtle to pick the pen up, use theingtruction pu (pen up).
From now one the turtle will move without leaving traces.

When you want to start to draw again, you should use the opposite ingtruction - pd
(pen down). At any moment you can check whether the pen isup or down. If you
ask the turtle pd? it will respond with theword "*true or "false.

it pd?
[ print ""Pen i1s down®" ]
[ print ""Pen i1s up” ]

4.4 Under cover ( hide, show, shown?)

When painter draws a pictures he stands close to it. But when the painting is done, he
withdraws 0 that to dlow othersto enjoy it. It isthe same with the turtle. Y ou control
it and draw a beautiful figure, but the turtle is il there, on itslast pogtion. Of course,
you can tell it to hide and to go away it is easy - pick up the pen and go forward far
enough beyond the edge of the screen.
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Anyway, there is a better way to do this. Say hide and the turtle will put oniits
invisble hat. It will be there, it will not change its pogtion at dl, but it will beinvishble.

Now you can ask the turtle to dance and you will not know whereiit is, but if the pen
isdown, it will draw traces. As aside effect usng a hidden turtle draws figures faster.

When you want to show back the turtle use the ingtruction show. Asit isthe case
with pu, pd and pd?, you can ask the turtle to say whether it is hidden or not with
the question shown?.
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5. Logo and L anguages

If you have worked with other Logo implementations then you may wonder where are
theword and list processing functions. The core of Elica does not understand what to
do if you ask it to work with lists. Fortunately, you can teach Logo so thet it can learn
this

Elica comes with dready built Logo lessons. One of them is used to teach Logo dl the
actions that are expected from any Logo to be able to do. In order to teach Logo
how to become a complete Logo, you must say:

run "logo

Thiswill ask Logo to load filelogo.€li and learn from it what it can. Actudly, thereis
no need to do this, because Logo will do thisfor you autométically.

One of the most important features of Logo isthat you can ask it to process words
and list. Apparently natural language sentences are often represented aslist of words.
Thus language processing is done by Logo in term of word and list processing.

5.1 What isthis? ( number?, word?, list?)

To write a program that proceses statements you often need to check the type of
vaues hidden in different variables. Y ou can ask Logo to do this by executing the
falowing actions number?, word?, and 1 1 st? which return ether true (if the
type of their argument matches their names) or fal se.

print number? 5 ; true
print word? "K12 ; true
print list? "mice ; Talse

print list? [m 1 c €] ; true

It isagood practice when you create your own data type query fuctions, to name
them after the type they check for. And, of course, include a question mark at the
end.
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5.2 | need to construct ( word, list, se, set, fput, Iput)

The core of language processing is the The key word opens a chest that contains an

creation of new words and lists. For action for creating new keys.

each of these types Logo has one or

more functions that create vaues. All fh fﬂ fh
these functions can accept many ~ ~ ~
arguments. Thefunction word isusd

to concatenate severa words in one %.E
word. List isused to create alist % - g
which eements are the values of the s

aguments. A gmilar functionisse. Its

name comes from sentence. Like
list, se createsalig, but dl arguments that are lists are ‘unpacked' and their
elements become elements of the resulting list.

print word "area 51 ; areabl

print list [a b] [c [d]] ; [[a b] [c [d]]
print (list [a] "b [c]) ; [[al b [c]]
print se [a b] [c [d]] ; [a b c [d]]

Chests se and list contain actions that are used to create new bunchesin two different
ways. While se merges bunchesinto a new one, list nests bunchesinto a new one.

se
\ N
-
e ea =] m
=

list
—_—

There are two other functions - Fput and I put. They are used to construct anew
list where the new element is gppended a the beginning or at the end of agiven lig.

print fput "x [a b] ; [x a b]
print fput [x] [a b] ; [[x] a b]
print Ilput "x [a b] ; [a b X]
print Iput [x] [a b] ; [a b [x]11

"The Easy Guideto Elica5.0" 25



5.3 I don't want it all. | need just a bit of it. ( first, last, bf, bl, item)

Congtructing words and lists is aone-way process. To have the full power
logo.el i teachesElicanot only how to build vaues, but also how to decompose
them and to extract specific parts.

Theaction First asksLogo to extract the firs dements of avaue. If thevdueisa
word, then the result isaword of itsfird letters. If thevaueisalis then the result
contains the firs dements of the list or the st.

When extracting first eements, the default behaviour of Logo isto extract only the
very firgt one. If you want to extract more elements, you can force first to do so
by smply adding one more argument containing the number of dementsto extract.

print first "mint ;
print (first "mint 2) ;> omi
print first [a b f] ;
print (First [a b ] 2) ;
make "myset first :-myset

To make things symetrica, Logo knows not only how to extract the first eements, but
how to extract the last dements with the function last.

print last "mint o
print (last [a b ] 2) ; [b Tl

When applied to bunches of keysfir st, last, bf and bl are used to take out the
first or the last key and use either it or the rest of the bunch.

For convinience Logo aso knows how to extract a part of aword or alist when you
define what part to ignore. There are two functionsfor this b¥ and b1 that stand for
butfirst and butlast. What b ¥ doesisjust to find dl dements except the first one or
more ones. Smilanily, b 1 returns al the e ements except the last ones.

print bf "mint ; Int
print (bl "mint 3) ;om
print (bf [a b f] 2) ; [F]
print bl [a b f] ; [a b]

"The Easy Guideto Elica5.0" 26



All functions for extractions described so far refer to dements with podition rlative
the the begining or the end of something. In some cases you will need to refer to a
specific position - 4™, 10™, i™. Y ou can extract there elements by awise use of
first and b, but Logo provides another useful function. Itis 1 tem and expects
two arguments - the index of the element you want to extract, and the vaue from
which you want to extract this element.

print item 3 [screen] ;r
print i1tem 4 "clock ; C

5.4 Other actions (count, ascii, char, wait )

There are some other functionsin Logo that do not fall in any of the groups so far. In
this section you will find their short decriptions.

The size of aword (or alist) in terms of number of |etters (or eements) is calculated
by count. Thisfunction cannot be used with sets.

print count "book ; 4
print count [b [o o] K] ; 3

Converson from letters to numbers and back is required when you work with the
ASCII representation of |etters. Conversions are handled by two function: asci i
returns the ASCII code of aletter, and char returnsthe letter with given ASCII
code.

print ascii "B ; 66
print char 65 ;A

Delaysin program execution can be acomplished with wa i t, which expects one
argument - the number of seconds to wait.

wait 10 ; will pause for 10 seconds
wait 0.5 ; will pause for half a second
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6. Logo and Mathematics

Computers were initidly made for helping people cdculate quickly and precisely. This
requirements influenced most programming languages including Logo. Thus you can
use Logo to write programs that calculate something using some of the mathematica
operators and functions.

6.1 Mathematical operators

The mathematical operators are implemented in Logo as actions, which expect two
arguments - one from the left and one from the right.

6.1.1 Arithmetic operators(+,-,*,/,™)

Thefirg thing that Logo learns after executing run  **1ogo, isanumber of very
important operators, which it can use to build mathematica expressons. The operator
+ isused to add numbers, - isto subtract, * isto multiply, / isto divide, and findly,
M isfor cdculating powers. The following examples demonstrate how you can use

these operators:
print 2 + 4 ; 6
print 2 - 4 ; -2
print 2 * 4 ; 8
print 2 / 4 ; 0.5
print 2 N 4 ; 16
print 273 + 3*4 ; 20

6.1.2 Integer arithmetic operators (idiv, imod)

There are only two integer arithmetic operatorsin Logo - idiv and imod. Thefirg
oneis usad to find how much times a number can fit' into another number. The
second one caculates the remainder. The effect of integer arithmetic operators can be
easily demongrated with a couple of examples:

print 10 idiv 3.14 ;3
print 10 imod 3.14 ; 0.58
print 3*3.14 + 0.58 ; 10

0.58
314 314 314 {
< >
10
Both idivand imod do not suffer the limitation of other programming languages which
require all their argumentsto be integer numbers.
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The ingructions above caculate that 3.14 fits 3 timesin 10, but thereis aremainder,
whichis 0.58.

6.2 Mathematical functions

The mathematica functionsin Logo give you the full power to make complex
cdculaions. All math functions are implemented as actions, just like math operators.
Of course, dl functions expect argument only from the right.

Some of the actions represent mathematical cal culations which you have dready
Sudied in school. Others may be new for you. If you find unknown for you function,
please consult a mathematica source about detalls.

6.2.1 Sign functions ( abs, neg, sign )

The sgn functionsin Logo are used when you need to examing or change the Sgn of a
number. If you say the function abs, then Logo will remove the Sgn of
avaue and convert it ito a pogtive number.

Negisa bidirectional gate

between positive and nega- . .
tive, while abs allows going The other functionisneg and it negates a number -

only to positive. ifitis pOStlve, after q)p'ylngtheailon the result will
be negative, and vice versa. Actudly, negating a
vaue is the same as subtracting it from O.

e print abs 20 ; 20
print abs -15 ; 15
print neg 10 ; -10

——.
% - % print neg -7 ; 7
-absr egF Both abs and neg return the same numbers, but

eventudly with changed Sgns. In order to see what
- the 9gn of avdueis, you may ask the function

sign.Itwill return -1 if avdueisnegaive, +1 if it
ispostive, and O if it is zero.

print sign -3 ; -1
print sign 0 ; O
print sign 4 ; 1

—

6.2.2 Exponential functions (sgrt, exp, logn)

Exponentid fnctions ded with powers of numbers. There are three functions which
Logo learnsfrom logo . el 1 file Sqrt isused to caculate squares of numbers,
exp isused to raise e to agiven power (eisan important mathematica constant
which isgpproximately 2 . 718 - amore precisevaueiscaculae by exp 1). The
third functionis logn and it is the reverse function for exp.
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print sqrt 3 9

print exp 1 ; 2.71828182845905

print logn 10

6.2.3 Rounding functions ( trunc, round )

2.30258509299405

It is often needed to caculate an integer result, but the computer gives a non-integer
one. In such cases you may congder asking Logo to modify the number in away
defined by you. The easest way isjust to ask to truncate a number, leaving out its
fractiond part. Thisis accomplished by the function trunc. The other way isto
define exactly how precise number you need. For such cases you may use round.

print trunc 3.2 ; 3
print trunc -4.8 i
print round 319.425 0O ; 319
print round 319.425 2 ; 319.43

print round 319.425 -1 ; 320

6.2.4 Trigonometric functions( sin, cos, tan, cotan )

All four trigonometric functions sin, cos, tan, cotan - are supported by Logo.
They expect exactly one argument from the right which must be avaue in degrees

(not in radians or any other unit).

print ""sin(30)=" sin 30
print ""cos(30)=" cos 30
print ""tan(30)=" tan 30

print ""cotan(30)=" cotan 30

6.2.5 Random function

Except for the funcitions decribed above, there is one unique. For many smulations
you would like to have random numbers. There is such afunction in Logo which
returns arandom number whenever you cdl it. Thisfunction is

A group of five turtles randomly distributed within the
range fromOto 1.

0.09 0.29 0.56 0.70 0.83

possible range.

print random
print random
print random 100
print random 100

random and can be used with
or without an argument. If there
ISno argument random returns
arandom number from O to 1. If
there is argument then the result
isarandom number from O to
that argument. In both cases

the random number can be equd to the 0, but is dways less than the upper limit of the

0.346296521136537
0.175248484592885
98.8024020334706
60.4138494469225
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True Or False

Both Of Them Are Projections Of Reality




7. Logo and L ogics

The rdation of Logo to Logicsis expressed in the ability to write programs containing
compound logica expressons. These expressions are different from al other
expressions because they can be evaduated ether astrue (vaid) or fase (invdid).

7.1 Operatorsfor comparing ( =, <, >, <=, >=, <>)

When you ask Logo to compare two vaues, you say what action to use in order to
compare. There are 6 different ways to compare and there is an operator for each of
them. Y ou can use the operators to find whether two vaues are equa (=) or not
equa (<>), or whether avaueisless (<), greater (>), less-or-equd (<=) or grester-
or-equa (>=) to another vaue.

Vaues can be numbers, words and lists as shown beow:

print 4 = 5 ; False
print 41 > 12 ; true
print "mouse < "mice ; False
print [h a t s] >= [c a t s] ; true
print [h a t s] <> [c a t s] ; true

Numbers are compared as numbers. Words are compared aphabeticaly (in the way
they are ordered in adictionary) but capita |etters dways comefirg, thusA...Z
section is before a...z. Lists are compared in a more complex way. When you ask
Logo to compare two ligts, it start to compare their elements one by one. When it
reaches apair of dementsthat are not equd, their relation defines the comparing of
both ligts. If one ligt is shorter than another and dl its dements are the same as those
of another one, than the shorter list issmadler.

In al cases when you compare incomparable values, for example you ask whether 5
isequa to[1 2 3], Logowill return Fall se asareault. Otherwise it will
compare the values and return either true or false.

7.2 Logical operators ( and, or, not)

Logicd operators are those that deal with the logica values true and false,
rather than those that are not illogicd. The operator and returns the word true
only if itsboth arguments are true. The operator or returnsthe word true when
a least one of itstwo argumentsis true. Thethird operator not returns Fal se if
itsonly algument istrue, othewiseit returns true.

A good place to use logical operators is when you want to form a complex condition
iniforwhile.

iT (b<:a) and (:a<10)
[ print :a """ is between 5 and 10~ ]
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if (b<=:a) or (:a>=10)
[ print a """ 1s not between 5 and 10" ]

if not (5<:a)
[ print a """ is less or equal to 57 ]

Logical world of Logo helps people write and enjoy
illogical programs. The left table here shows
theresult of and, the right
one - the result

When using logica operators pay attention on the fact that Logo will not understand if
you sy it:

print a > b and :c

Well, it will understand this but most likdly it will not be what you possibly meant. So
you must dearly say to Logo what exactly you mean:

print (ta > :tb) and (:a > :c )
print (za > :tb) and :c
print :a > (:a and :c)
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