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Logo is one of the most powerful programming languagesaround. In order to take
advantage of that power, you must understand Logo's central ideas: and

It is with theseideasthat our exploration of Logo programming begins.

In responseto Logo's question-mark prompt, type this instruction:

Logo will respond to this instruction by printing the number 17 and then printing
another question mark, to indicate that it' s ready for another instruction:

(Remember, the things in are the ones should type; what's in
is what the computer prints.)

This instruction doesn't do much, but it' s important to understand how it' s put
together. The word is the name of a which is a piece of a computer
program that has a particular specialized task. The procedure named , for
example, hasthe taskof printing things on your screen.

If you have previously used some other programming language, you may be accus-
tomed to the idea of dif ferent making up the repertoire of the language.
For example, BASIC hasa statement, a statement,an statement,etc.
Pascalhasan assignmentstatement,an statement,a statement,etc. Eachkind
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of statement has its own that is, its own special punctuation and organization.
Logo is very dif ferent. It doesnot havedif ferent kinds of instructions; in Logo
is done by the useof procedures. If Logo is your ®rstprogramming language,you don't
haveto worry about this. But for people with previous experience in another language,
it' sa common sourceof misunderstanding.

When you ®rst start up Logo, it ªknowsº about 200 procedures. These initial
procedures are called procedures. Your task asa Logo programmer is to add
to Logo's repertoire by de®ning new procedures of your own. You do this by putting
together procedures that alreadyexist. We'll seehow this is done later in this chapter.

The procedure , although it has a speci®ctask, doesn't alwaysdo the
same thing; it can print anything you want, not alwaysthe number 17. (You've seen
severalexamplesin Chapter 1.) This may seemlike an obvious point, but later you will
seethat the of procedures is an important part of what makesthem sopowerful.
To control this ¯exibility , we need a wayto tell a procedure exactly what we want it to
do. Therefore, each procedure can accept a particular number of An input is a
piece of infor mation. It can be a number, asin the example we're examining, but there
are many other kinds of infor mation that Logo procedures can handle. The procedure
named requires one input. Other procedures will require dif ferent numbers of
inputs; somedon't require any.

In ordinar y conversation, words such as and have pretty much the
samemeaningÐthey refer to any process,recipe, or method for carrying out sometask.
That' snot the situation when we're talking about computer programming. Eachof these
words has a speci®ctechnical meaning, and it' s very impor tant for you to keep them
straight in your head while you're reading this chapter. (Soon we'll start using more
words, such as and which also havesimilar meanings in ordinar y use
but very dif ferent meanings for us.)

An is what you type to Logo to tell it to do something. is
an example of an instruction. We're about to seesome more complicated instructions,
made up of more pieces. An instruction has to contain enough infor mation to specify

what you want Logo to do. To make an analogy with instructing human beings,
ªRead Chapter 2 of this bookº is an instruction, but ªreadº isn't one, becauseit doesn't
tell you what to read.

A is like a recipe or a technique for carrying out a certain kind of task.
is the name of a procedure just asªlemon meringue pieº is the name of a recipe.
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print sum 2 3

print
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sum Sum

print sum
sum print

sum
print print

(The recipe itself, asdistinct from its name, is a bunch of instructions, such asªPreheat
the ovento 325degrees.º) A procedure contains infor mation about how to do something,
but the procedure doesn't take action itself, just asa recipe in a book can't bake a pie by
itself. Someonehas to carry out the recipe. In the Logo world something has to
a procedure. To ªinvokeº a procedure meansto carry it out, to do what the procedure
says.Proceduresare invoked by instructions. The instruction you gavejust now invoked
the procedure named .

If an instruction is made up of namesof procedures, and if the procedures invoked
by the instruction are made up of more instructions, why doesn't the computer get
caught in a vicious circle, always®nding more detailed procedures to invoke and never
actually doing anything? This question is a lot like the one about dictionaries: When you
look up the de®nition of a word, all you ®nd is more words. How do you know what

words mean? For words in the dictionar y this tur ns out to be a very profound and
dif®cult question. For Logo programming the answeris much simpler. In the end, your
instructions and the procedures they invoke must be de®ned in terms of the primitive
procedures. Thoseprocedures are not made up of Logo instructions. They're the things
that Logo just knowshow to do in the ®rstplace.

Now tr y this instruction:

If everything isgoing according to plan, Logo didn 't print the wordsª º; it printed
the number 5. The input to wasthe expression , but Logo
the input before passingit to the procedure. This meansthat Logo invoked the
necessary procedures (in this case, ) to compute the valueof the expression(5).

In this instruction the word is also the name of a procedure. requires two
inputs. In this casewegaveit the numbers 2 and 3 asinputs. Justasthe taskof procedure

is to print something, the task of procedure is to add two numbers. It is the
result of this addition, the from , that becomesthe to .

Don't confuse with In Logo the word ªoutputº is one of those
technical terms I mentioned before. It refers to a value that one procedure computes
and handson to another procedure that needsan input. In this example outputs the
number 5 to , but doesn't output anything to another procedure. When
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prints the 5, that' s the end of the story. There are no more procedures waiting
for inputs.

Seeif you can ®gureout what this instruction will do before you tr y it:

Here are the stepsLogo takesto evaluatethe instruction:

1. The ®rst thing in the instruction is the name of the procedure . Logo knows
that requires one input, so it continues reading the instruction line.

2. The next thing Logo ®ndsis the word . This, too, is the name of a procedure.
This tells Logo that the from will be the to .

3. Logo knows that takes two inputs, so can't be invoked until Logo ®nds
's inputs.

4. The next thing in the instruction is the number 4, so that must be the ®rst input to
. This input, too, must be evaluated. Fortunately, a number simply evaluatesto

itself, so the valueof this input is 4.

5. Logo still needsto ®nd the second input to . The next thing in the instruction
is the word . This is, again, the name of a procedure. Logo must carry out
that procedure to evaluate 's secondinput.

6. Logo knowsthat requires two inputs. It must now look for the ®rstof those
inputs. (Meanwhile, and are both ªon holdº waiting for their inputs to
be evaluated. is waiting for its single input; , which hasfound one input,
is waiting for its second.) The next thing on the line is the number 10. This number
evaluatesto itself, so the ®rstinput to is 10.

7. Logo still needsanother input for , so it continues reading the instruction.
The next thing it ®nds is the number 2. This number evaluatesto itself, so the
secondinput to hasthe value2.

8. Logo is now ready to invoke the procedure , with inputs 10 and 2. The
output from is 10 times 2, or 20.

9. This output, 20, is the valueof the secondinput to . Logo is now readyto invoke
, with inputs 4 and 20. The output from is 24.

10. The output from , 24, is the input to . Logo isnow readyto invoke ,
which prints 24. (You wereonly waiting for this moment to arise.)
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That' s a lot of talking about a pretty simple instruction! I promise not to do it
again in quite so much detail. It' s important, though, to be able to call upon your
understanding of these details to ®gure out more complicated situations later. Using
the output from one procedure asan input to another procedure is called

Some people ®nd it helpful to look at a pictorial form of this analysis. We can
represent each procedure asa kind of tank, with input hoppers on top and perhaps an
output pipe at the bottom. (This organization makessensebecausegravity will pull the
infor mation downward.) For example:

hasone input, which is representedby the hopper abovethe tank. It doesn't have
an output, so there is no pipe coming out the bottom. hastwo inputs, shown at the
top, and an output, shownat the bottom.

We can put these parts together to form a kind of ªplumb ing diagramº of the
instruction:

In that diagram the output pipesfrom one procedure areconnected to the input hoppers
of another. Every pipe must be connected to something. The inputs that are explicitly
given asnumbers in the instruction are shownwith arrowspointing into the hoppers.

You canannotate the diagram byindicating the actual infor mation that ¯ows through
eachpipe. Here' show that would look for this instruction:
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print

?
Not enoug h inputs to print

?
Not enoug h inputs to remai nde r

print sum product

plus add sum
remainder

remainder

Print sum product

print

print

remainder
print product

By the way, I've introduced the procedures , , and so casually
that you might think it' s a law of nature that every programming language must have
procedures with these names. Actually the details of Logo's repertoire of primitive
procedures are quite arbitrar y. It would be hard to avoid having a wayto add numbers,
but it might have been named or instead of . For some primitives there
are additional arbitrar y details; for noncommutative operations such as ,
for example, the rule about which input comes®rst wasan arbitrar y choice for Logo's
designers. ( Experiment with and seeif you can describe it well enough
that someoneelsecan useit without needing to experiment.) I am making a point of the
arbitrar y nature of thesedetails becausepeople who are learning to program sometimes
think they're doing badly if they don't how a primitive procedure works in
advance. But these rules aren't things you work out; they're things someone has to tell
you, like the capital of Kansas.

We've observed that Logo knows in advance how many inputs a particular procedure
needs. ( needs one; and each need two.) What if you give a
procedure the wrong number of inputs? Try this:

(That is, the word asan instruction all by itself, with no input.) You should see
something like this:

This gentle complaint from Logo tells you two things. First, it indicates the general
of thing that went wrong (not enough inputs to someprocedure). Second,it namesthe

procedure that complained ( ). In this caseit waspretty obvious which
procedure wasinvolved, sinceweonly usedone procedure. But tr y this:

In this caseLogo'smessageis helpful in pinpointing the fact that it was , not
or , that lacked an input.
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The reasonI'm beating this error messageto death is that one of the most common
mistakesmade by beginning programmers is to ignore what an error messagesays.Some
people get very upset at seeing this kind of messageand just give up without tr ying to
®gure out the problem. Other people make the opposite mistake, breezing past the
messagewithout taking advantageof the detailed help it offers. Some smart people at
M.I.T. put a lot of effort into designing Logo's error messages,sopleasepayattention to
them.

What if you give a procedure too many inputs? Try this:

(The exact text of the message,by the way, may be slightly dif ferent in someversionsof
Logo.) What happened here is that Logo carried out the instruction , and then
found the extra number on the line. It would havebeen okay if we'd done something
with the 3:

It' sokayto havemore than one instruction on the sameline, aslong asthey are complete
instructions.

What's a ªcomplete instructionº? Before I can answer that question, you have to
understand that in Logo there are two kinds of procedures: commandsand operations.

An is a procedure that computesa valueand outputs it. and
are operations, for example.

A is a procedure that does output a value but instead has some
such asprinting something on the screen,moving a turtle, or making a sound. ,
then, is a command. Somecommands haveeffects that are not apparent on the outside
but instead change something inside the computer that might become impor tant later
in the program.

A complete instruction consistsof the name of a command, followed by as many
expressionsasnecessary to provide its inputs. An is something like
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or . Operations are used to construct expressions. More formally, an expression is
one of two things: either an explicitly provided valuesuch asa number, or elsethe name
of an operation, followed by asmany expressionsasnecessary to provide its inputs. For
example, the expression consistsof the operation name followed by two
expressions,the number and the number . Numbers are the only valueswe'veseen
how to provide explicitly, but that' sabout to change.

So far, our exampleshavebeen about numbers and arithmetic. Many people think that
computers just do arithmetic, but actually it' s much more interesting to use computers
with other kinds of infor mation. You've seenexamplesof text processingin Chapter 1,
but this time we're going to do it

Supposeyou want Logo to print the word . You might tr y this:

Logo interpreted the word asthe name of a procedure, just as in the examples
with earlier. The error messagemeans that there is no procedure named

in Logo's repertoire.

When Logo is evaluating instructions, it alwaysinterprets unadorned words such as
or or asnamesof procedures. In order to convince Logo to treat a

word simply asitself, you must type a quotation mark ( ) in front of it:

Here is why the quotation mark is used for this purpose in Logo: In computer science,
to something means (Another wayto saythe same
thing is that or that its value evaluation is the sameaswhat
it is evaluation.) For example, we have already seen that in Logo, numbers are
automatically quoted. (It doesn't hurt to usethe quotation mark with numbers, however.

Logo is perfectly happy to add the quote-marked numbers.)
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(People who haveprogrammed in someother languageshould note that quotation
marksare not usedin pairs in Logo. This isnot just an arbitrar y syntacticfoible; it re¯ects
the fact that a Logo is a dif ferent idea from what would be called a
in other languages. I urge you not only to program in Logo but even to think in Logo
terminology.)

What if you want to print more than one word? You can combine severalwords to
form a The easiestwayto do this is to enclose the words in squarebrackets, which
tells Logo to quote the list. That is, a list in bracketsevaluatesto the list itself:

(If squarebracketsquote a list, whatdoesit mean to evaluatea list? Well, every instruction
line you type to Logo is actually a list, which is evaluatedby invoking the procedures it
names. Most of the time you don't haveto remember that an instruction is a list, but that
fact will becomevery useful later on.)

The list in the example abovecontains three In this example eachmember
is a word. For example, the ®rst member is the word . But the members of a list
aren't required to be words; they can also be lists. The fact that a list can haveanother
list asa member makeslistsvery ¯exible asa wayof grouping infor mation. For example,
the list

contains three members. The ®rst and third members are themselveslists, while the
secondmember is the word . A list like this can be representedusing a
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This diagram hasthe name ªtreeº becauseit resemblesan upside-downtree, with a trunk
at the top and branches extending downward. Often a tree diagram is drawn with only
the labeledÐthe words that make up the smallestsublists:

Keep in mind that the square brackets in Logo serve two purposes at once: they
a listÐthat is, they show where the list begins and endsÐand they also the

list, sothat Logo'sevaluator interprets the list asrepresenting itself and not asrequesting
the invocation of procedures. The bracketssurround the list; they are not the list.
(Similarly, the quotation mark that indicates a quoted word is not part of the word.)

Words and lists are the two kinds of infor mation that Logo can process. (Numbers
are a specialcaseof words.) The name I'll usefor ªeither a word or a listº is a * A
list of words, such as , is called a or a (It' s called ª¯atº
becausethe tree diagram only has one level, not counting the ªrootº at the top.) The
name ªsentenceº is meant to suggestthat ¯at lists are often, although not always,used
to represent English sentences.A sentenceis a specialkind of list, just asa number is a
specialkind of word. We'll seeother kinds of lists later.

My high school U.S. history teacher wasvery fussyabout what he considered the proper
way to color in outline maps. He would make us do them over if we used colors or
shading techniques he didn 't like. We humored him becausehe wasa very good teacher
in other ways;for example, he gaveus original historical documents to read instead of
boring textbooks.

I hope you will humor me when I tell you that there is a right wayand a wrong way
to talk about procedures. If I were teaching you in person, I'd be very understanding
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about mistakesin your but I'd hit you over the head (gently, of course) if you
weresloppyabout your

Here is an example of the wrong way: ª addsup two numbers.º It' snot that this
description isn't true but that it' s inadequate. It leavesout too much.

Here is an example of the right way: ª is an operation. It has two inputs. Both
inputs must be numbers. The output from is a number, the result of adding the two
inputs.º

Here are the ingredients in the right way:

1. Command or operation?

2. How many inputs?

3. What of datum must each input be?

4. If the procedure is an operation, what is its If a command, what is its

Another example: ªThe command has one input. The input can be any
datum. The effect of is to print the input datum on the screen.º

Logo provides several primitive operations for taking data apart and putting data
together. Words come apart into suchasletters or digits or punctuation marks.
(A character isnot a third kind of datum. It' sjust aword that happensto be one character
long.) Lists come apart into whateverdata are the of the list. A sentence,which
is a list of words,comesapart into words.

is an operation that takesone input. The input can be anynonempty datum.
(In a moment you'll seewhat an empty datum is.) The output from is the ®rst
member of the input if the input is a list, or the ®rstcharacter if the input is a word. Try
theseexamples:

isalsoan operation that takesone input. The input canbe anynonempty
datum. The output from is a list containing all but the ®rst member of the
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print butfir st "Hell o

print butfir st [How are you?]

print butfir st "A

print butfir st [Hell o]

print " print []

first butfirst

butfirst

first butfirst

[Hello] "Hello

first butfirst

last butlast

bf butfirst Pr
print first

input if the input is a list, or a word containing all but the ®rst character of the input if
it' sa word:

Notice that the of a list can be a word, but the of any datum is
alwaysanother datum of the sametype. Also notice what happens when you take the

of a datum with only one thing in it:

In each caseLogo printed a blank line. In the ®rst casethat blank line represents an
empty word, a word with no charactersin it. The secondblank line representsan empty
list, a list with no members. You can indicate the empty word in an instruction by using
a quotation mark with a space(or the RETURN key to end the instruction) after it. To
indicate an empty list, usebracketswith nothing inside them:

Do you understand why it doesn't make senseto usethe empty word or the empty list as
input to or ? Try it and seewhat happens.

You should also notice that the list is not the sameasthe word .
They look the samewhen you print them, but they act dif ferently when you take their

or .

There are also primitive operations and . I'm sure you'll have no
trouble guessingwhat they do. Try them out, then practice describing them properly.

This is probably a good place to mention that there are for someLogo
primitive procedures. For example, is an abbreviation for . is an
abbreviation for . There isn't any abbreviation for .
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item

First last butfirst butlast item

Sentence

sentence

sentence

sentence
sentence

sentence
Sentence

?
s
?
Day

?
hello goodb ye
?
this is a test
?
this is one too
?
list of words

?
[list 1a] [list 1b] [list 2a] [list 2b]
?
flat list [not flat] [list ]

print item 3 "Yest er day

print item 2 [Good Day Sunshi ne]

print senten ce "hell o "goodby e

print senten ce [this is] [a test]

print senten ce "this [is one too]

print senten ce [] [list of words]

print senten ce [[lis t 1a] [list 1b]] [[list 2a] [list 2b]]

print senten ce [flat list] [[not flat] [list ]]

If you want to extract a piece of a word or list that isn't at the beginning or end, you
can use the more general operation with two inputs: a positive integer to indicate
which member to select,and a word or list. For example:

, , , , and are taking-apart operations, or
Logo alsoprovides putting-together operations, or

is a constructor. It takes two inputs, which can be any data at all. Its
output is alwaysa list.

Describing the output from is a little tricky becausethe sameprocedure
serves two dif ferent purposes. The ®rst purpose is the one suggestedby its name:
constructing sentences. If you use only words and sentences(¯at lists) as inputs, then
the output from is a sentenceconcatenating (stringing together) the words
contained in the inputs. Here are someexamples:

On the other hand, can also be used to append two lists (¯at or not). With
lists asinputs, the output from is a list in which the of the ®rst input
and the of the secondinput are concatenated:

In the secondexample the output is a list with four members:two wordsand two lists.

Using a word asinput to is equivalent to using a list with that word asits
single member. is the only primitive operation that treats words the sameas
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first butfirst
hello [hello]

list
sentence

Word
word

sum
product

( print word word last "awful first butfirst "computer
first [go to the store, please.] )

?
[this is] [a test]
?
this [is one too]
?
[] [list of words]

?
hello goodby e
?
nowhere
?
word doesn' t like [is a test] as input

~

print list [this is] [a test]

print list "this [is one too]

print list [] [list of words]

print word "hell o "goodb ye

print word "now "here

print word "this [is a test]

single-wordlists; you've seenfrom the earlier examplesthat and treat
the word and the list dif ferently.

Another constructor for lists is . Its inputs can be any data; its output is a list
whosemembersare the inputsÐnot the membersof the inputs, asfor .

is an operation that takestwo inputs. Both inputs must be words. (They may
be the empty word.) The output from is a word formed by concatenating the
charactersin the input words:

Selectorsand constructors can be composed,in the samewaywecomposed and
earlier. Seeif you can work out what this example will do before you tr y it with

the computer:*

* The tilde ( ) at the end of the ®rstline is the notation usedby BerkeleyLogo to indicate that
this and the following line should be understood asa single, long instruction line. It' s somewhat
analogousto the waya hyphen (-) is usedin English text when a single word must be split between
two lines. Berkeley Logo will also continue an instruction to the next line if a line ends inside
parenthesesor brackets,so another wayto indicate a long instruction line is to enclosethe entire
instruction in parentheses,like this:

Other Logo dialects haveother rules for line continuation . (In somedialects everything you type
is automatically taken as one big line, so you don't have to think about this.) In the book, I'll
indent continuation lines, as above, to make it quite clear that they are meant to be part of the
sameinstruction asthe line above. But Logo doesn't pay attention to the indentation .
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print word word last "awfu l first butfi rst "comp ut er ~
first [go to the store, please .]

print word

word word

word last

last awful

last l
word

word first

first butfirst

butfirst computer

butfirst omputer first

first o
word

word lo
word

word first

first [go to the store, please.]

first go
word

word logo print

print logo

Here is how I'd analyzeit.

The input to is the output from .

The ®rst input to is the output from .

The ®rst input to (the second) is the output from .

The input to is the quoted word .

The output from is the word , which becomes the ®rst input to the second
.

The secondinput to the second is the output from .

The input to is the output from .

The input to is the quoted word .

The output from is the word , which becomesthe input to .

The output from is the word , which becomesthe secondinput to the second
.

The output from the second is the word , which becomesthe ®rstinput to the
®rst .

The secondinput to (the ®rst) is the output from (the second) .

The input to is the sentence .

The output from is the word , which becomesthe second input to the ®rst
.

The output from is the word , which becomesthe input to .

Finally, prints the word .

And here is the plumbing diagram:
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print word sum 2 3 produ ct 2 3

print sum word 2 3 produ ct 2 3

print senten ce sum 2 3 word 2 3

print butla st "trick y
print butla st [trick y]
print se bl "farm bl bl bl "outpu t
print first butfir st "hell o
print first butfir st [abc def ghi]
( print word bl "hard word bl bl first [very hard]

last first [extre mely hard] )

?
56
?
29
?
5 23

If you made it through that, you should ®nd it easyto predict what theseinstructions
will do:

Remember that numbers are words,soyou can combine arithmetic operations with
theseword and list operations:

is an operation that takes one input. The input can be any datum. The
output from isa number, indicating the length of the input. If the input isa word,
the output is the number of charactersin the word. If the input is a list, the output is the
number of members in the list.
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Print Show

hi print

first

first first

show

Print Show

?
5
?
1
?
0
?
0
?
57
?
12

?
aardv ar k
?
aardv ar k

?
aardv ar k
?
a

print count "hello

print count [hello ]

print count "

print count []

print word count "hell o count "good by e

print sum count "hello count "goodb ye

print [aardv ar k]

print "aardv ar k

print first [aardv ar k]

print first "aardv ar k

Becauselists are often used to represent English sentencesin conversational programs
like the procedure of Chapter 1, prints only the members of a list, without
enclosing brackets. This behavior could be confusing if a list contains only one member:

There is no visible dif ference betweena word and a one-word list. But the two valuesare
actually quite dif ferent, aswecan seeif weusethem asinputs to :

The of a sentenceis its ®rstword, even if it hasonly one word, but the of
a word is its ®rst letter.

To help distinguish words from lists, Logo has another printing command called
that displaysbracketsaround lists:



print
show

Order of Evaluation

before
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show [aardva rk ]

show "aardva rk

show sentenc e [this is] [an example ]

show list [this is] [an example ]

?
[aard va rk ]
?
aardv ar k
?
[this is an exampl e]
?
[[thi s is] [an example ]]

print first butfir st butfi rst [prin t the third word]

butfi rs t [print the third word]

butfi rs t [the third word]

first [thir d word]

print "thir d

Use if your program wants to carry on a conversation with the user in English.
Use if you are using lists to represent somestructure other than a sentence.

You may hear people saysomething like this: ªLogo evaluatesfrom right to left.º What
they mean is that in an instruction suchas

Logo ®rstevaluates

and next evaluates

and then

and ®nally

In other words, the procedures named toward the right end of the instruction line must
be invoked Logo can know the appropriate input valuesfor the procedures farther
to the left.

This right-to-left idea can be a useful way of helping you understand evaluation
in Logo. But you should realize that it' s not quite true. It only works out that way



+

print 2+3

print sum 2 3

SpecialForms of Evaluation

word sum

first butfirst
print

2+3* 4 2+( 3* 4)
2* 3+4 ( 2* 3) +4

®nish

starts
part of

in®x arithmetic pre®xarithmetic
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if the instruction line contains only one instruction and each procedure used in that
instruction takes only one input. If you look back at one of the examples in which
two-input procedures suchas or are used,you'll seethat Logo really doesread
the instruction line from left to right. And if there are two instructions on the sameline,
the one on the left is evaluated®rst.

The reasonfor the seemingright-to-left evaluation is that Logo can't evaluating
a procedure invocation until it hascollected and evaluatedthe inputs to the procedure.
But Logo evaluating an instruction line by looking at the ®rstword on the line. In
the example just above,the evaluation of and is the evaluation
of .

So far, the evaluation processhasbeen very unifor m. Logo looks at the ®rstword of an
instruction and interprets that word asthe name of a procedure. Logo knowshow many
inputs each procedure requires. It then evaluatesasmany expressionsasnecessary to
assignvaluesto those inputs. The expressionsare evaluatedthe sameway: Logo looks at
the ®rstword. . . and soon.

Although this evaluation processis perfectly general, Logo also provides a couple
of special forms of evaluation to make certain things easier to type. (The computer
scienceterminology for such a special caseis a ªkludge.º The letter ªuº in this word is
pronounced asin ªrude,º not asin ªsludge.º)

One special caseis that Logo provides aswell as the
we'veusedso far. That is, you can say

instead of

When you usein®x operations, the usual rules of precedenceapply: multiplication s
and divisions are done before additions and subtractions unless you use parentheses.
In other words, (the asterisk represents multiplication) means , while

means . You should take note that this issueof precedencedoesn't arise
when pre®x operations are used.

For example, look at theseexpressions:



f x

30 Chapter2 Procedures

Writing Your Own Procedures

2+3* 4

Sum product word list sentence print

( f x)

print sum 2 3 4

print ( sum 2 3 4)

show ( list "one )

show ( list )

sum 2 produ ct 3 4
produ ct sum 2 3 4
sum produ ct 2 3 4
produ ct 2 sum 3 4

?
5
You don't say what to do with 4
?
9
?
[one]
?
[]

print word ( word ( last "awful ) ( first butfir st "comp ute r ) ) ~
( first [go to the store , pleas e. ] )

to hello

Each of these indicates precisely what order of operations is desired. The ®rst, for
example, is equivalent to . Try converting the others to in®x form. Which ones
require parentheses?

The second special form of evaluation is that certain primitive procedures can be
givenextra inputs, or fewer inputs than usual,byusing parenthesesaround the procedure
name and all its inputs. Here are someexamples:

, , , , , and can be used with any number of
inputs.

By the way, it is alwayspermitted to enclose a procedure name and its inputs (the
correct number of them!) in parentheses,even when it' s not necessary, to make the
instruction more readable. One of the earlier illustrations, for example, might be easier
to read in this form:

Notice that Logo'splacement of parenthesesis dif ferent from the function notation used
in algebra. In algebra you say ( ). In Logo you would expressthe sameidea as .

With thesetools, you are ready to begin writing new procedures. Type this:



doesnot evaluate

immediate

To

Hello to
to hello

to to

hello

end
hello

teachit how
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to hello

print "Hello
print [This is Logo speakin g. ]
print [What' s new?]
end

hello

print Hello

?
>

>
>
>
>
?

?
Hello
This is Logo speak in g.
What' s new?

end print

end
print

hello end

* Why can't we simply think of as the name of a procedure, just as is? This is a
minor point, but one that you can use to test your understanding of what's going on while you
are de®ning a procedure. When you seethe greater-than prompt, Logo the lines
you type. It simply remembers those lines aspart of the procedure you're de®ning. If werea
procedure, it wouldn't be evaluated right away, just as those instructions aren't evaluated
right away. It, too, would be remembered aspart of the de®nition of . Instead, typing
hasan effect: It ends the procedure de®nition and retur ns to the question-mark prompt
that allowsinteractive evaluation.

is a command, but it' s a very specialone. It' s the only one that doesnot evaluateits
inputs. Remember earlier when wesaid

and Logo complained that it didn 't know how to ? Well, doesn't make that
kind of complaint. Instead it prepares to have you . (That' s why

is called !) What you should seeon the screenis something like this:

Instead of a question mark, Logo has printed a greater-than symbol as the prompt.
This special prompt warns you that whatever instructions you type won't be carried out
immediately, asusual. Instead Logo remembers what you type aspart of the procedure
named . Continue like this:

The word isn't the name of a procedure. It' s a special signal to Logo that you're
®nishedde®ning the procedure .*

Now you can tr y out your new procedure:



+

po "hello

po
po

to po
hello

to

end

pops
pots

hello
print butfirst

Last
Last

?
to hello
print "Hell o
print [This is Logo speaki ng. ]
print [What 's new?]
end
?

does

title line.
instruction lines.

endline.

just like
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You can alsoexamine the procedure itself by askingLogo to print it out. The command
(for Print Out) takesone input, a word or a list. The input is either the name of a

procedure (if a word) or a list of namesof procedures. The effect of is to print out
the de®nition(s) of the procedure(s) named by the input. Here is an example:

Unlike , but like all other Logo procedures, evaluateits input. That' s why the
word must be quoted in this example.

In a procedure de®nition the line starting is called the The lines
containing instructions are, naturally, called We won't have many
occasionsto talk about the line containing only the word , but just in case,we'll call
it the

The command (for Print Out ProcedureS)takesno inputs. Its effect is to print
out the de®nitions of all the procedures you've de®ned. The command (for Print
Out TitleS) also takesno inputs and prints out only the title lines of all the procedures
you've de®ned.

Some writers and teachersreserve the word ªprocedureº to refer only to ones you
write yourself, such as . They usethe word ªprimitiveº asa noun, to mean things
like and . They saythings like ªLogo instructions are made up of
procedures and primitives.º This is a big mistake. The procedures you write are
the procedures Logo happens to know about in the ®rst place. It' s just that somebody
elsewrote the primitive procedures. But you useyour own procedures in exactlythe same
waythat you use primitive procedures: you type the name of the procedure and Logo
evaluatesthat name by invoking the procedure. It' s okay to sayª is a primitiveº as
an abbreviation for ª is a primitive procedure,º as long as you know what you're
talking about.

Try de®ning more procedures. You'll ®nd that you don't have quite enough tools
yet to make your procedures very interesting; the main problem is that yours don't take
inputs, so they do exactly the same thing every time you use them. We'll solve that
problem in the next chapter.



edit

edit

to to

to

to

print item [john paul george ringo] 2

Editing Your Procedures

Syntaxand Semantics

editor,

syntax

semantics,
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Asyou may remember from earlier experiences,Logo includes an a program that
allowsyou to makecorrections to aprocedure you've de®ned. You can alsousethe editor
to write procedure de®nitions in the ®rstplace. The editor works slightly dif ferently in
each version of Logo, so you should consult the manuals for your own computer (or
Appendix A, for BerkeleyLogo) to reviewthe details.

By the way, when you're learning about the command, don't forget that it
can accept a list of procedure namesasinput, not only a single word. By listing several
procedures in the input to , you can have them all visible at once while you're
editing, and you can copy instructions from one to another. This is a powerful capability
of the Logo editor, which beginners often neglect.

Once you've gotten familiar with the Logo editor, you'll probably ®nd yourself
wanting to useit all the time, and you'll rarely chooseto de®nea procedure by invoking

directly. (Don 't get confused about that last sentence;of course you type when
you're using the editor, but you don't type it asa command to the Logo interpreter in
responseto a question mark prompt.) The editor makesit much easierto correct typing
mistakes. Nevertheless,if you need to de®nea short procedure in the middle of doing
something else, you may occasionally ®nd it simpler to use rather than wait for an
editor to start up.

Except for the special caseof , all Logo instructions follow the samerules about the
meaning of punctuation and about which subexpressionprovides an input to which
procedure call. These are called rules. The rules pay no attention to what any
particular procedure means, or what inputs might or might not be sensible for that
procedure; those aspectsof a program are called its which is a fancy word for
ªmeaning.º You might say that Logo's plumber, the part of Logo that hooks up the
plumbing diagrams, doesn't know anything about semantics. So, for example, if you
make a mistake like

and get a Logo error message,you might feel that it' s obvious what you meantÐand it
would be, to another personÐand soLogo should have®gured it out and done the right
thing. But computers aren't assmart aspeople, and soyou can rely only on Logo'ssyntax
rules,not on the semanticsof your program, to help Logo make senseof what you write.
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word sum

sum 24 es

print word sum 2 4 "es?
6es

print sum word 2 4 "es

before

semantic
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To illustrate the dif ference between syntaxand semantics,we'll start by examining
the following Logo instruction:

Here' sits plumbing diagram:

The connections in a plumbing diagram depend only on the numbers of inputs
and outputs for each procedure used. Logo ªconnects the plumbingº invoking
any of the procedures named in the instruction. The plumbing is connected regardless
of whether the speci®edinputs actually make senseto the procedures in question. For
example, supposewemake a slight change to the instruction given just now:

The only change is that and have been interchanged. Since these are both
two-input operations, the shapeof the plumbing diagram is unchanged.

The plumbing connections are syntactically®ne,soLogo can work out which expression
providesthe input to which procedure call. However, when Logo getsaround to invoking
the procedure with inputs and , an error messagewill result becausethe
secondinput isn't a number. This is a error.
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SUM

es2

?

print word sum 2 "es
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es word
sum

print
word word print

word sum sum
word sum

word
sum

word

not enough inputs

you don't say what to do with
too much inside ( ) 's

Bycontrast, the following instruction showsa error, in which Logo is unable
to ®gureout a plumbing diagram in which all the piecesconnect up.

The question mark in the diagram indicates a missing input. In this example, the pro-
grammer intended the word to be the secondinput to ; from the programmer's
point of view, it is a number, the desired second input to , that' s ªreallyº missing.
But Logo doesn't know about the programmer' s intentions, and Logo's plumber follows
unifor m rules in deciding which input goeswith which procedure call.

The rule is that Logo startsby looking for an input to . The ®rstthing it ®nds
is , so the output from is hooked up to the input for . Now Logo is
looking for two inputs to . The next thing it ®ndsis , sothe output from is
hooked up to the ®rst input for . Now Logo is looking for two inputs to , and
the syntaxrules saythat Logo must ®nd those two inputs before it can continue with the
still-pending taskof ®nding a secondinput for . Logo'splumber isn't smart enough
to say, ªHey, here's a non-number as input to , and I happen to remember that we
still need another input for , so that must be what the programmer meant.º

There are really only two kinds of plumbing errors. In the one shownhere, too few
expressionsare included in the instruction, so that the message
results. The other error is that too many expressionsappear inside the instruction.
This mayresult in the message something, or, if the
extra expressionsare within parentheses,by .

Parenthesescan be used in a Logo instruction for three reasons: for readability, to
show the precedence of in®x operators, or to include a nonstandard number of inputs
for certain primitives. In all three cases,the syntax rule is that everything inside the
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print ( word "a "b "c )

print word ( "a "b "c ) ; ( wrong )

parenthesesmust form one single complete expression. In plumbing diagram terms,
this meansthat the stuff inside the parenthesesmust correspond to a subdiagram with
no inputs and with exactly one output (unless an entire instruction is parenthesized, in
which casethe diagram will haveno outputs):

The dotted rectangle indicates the subdiagram corresponding to the expression inside
the parentheses.That rectanglehasno inputs; there are three inputs the rectangle,
but in each casethe source of the input and the recipient of the input are both inside.
There isno recipient inside the rectangle that needsasourcefrom outside. The rectangle
hasone output; the entire expressionwithin the rectangle provides the input to .

The mathematical function notation ( ) used in algebra often tempts beginning
Logo programmers to write the aboveexample as

but by thinking about the plumbing diagram we can see that that would not put one
single expressioninside the parentheses:

The part of the instruction inside the parenthesesis tr ying to provide three outputs,
not just one. This violates the rules. Also, since the word isn't inside the
parentheses,that procedure follows its ordinar y rules and expectsonly two inputs.
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john2 "paul george 2 ringo0 "stu

baz3x 1 2 foo3x foo3x 4 5 6 ( foo3x 7) 8
baz3x 1 [2 foo3x foo3x 4 5 6 ( foo3x 7) ] 8
if2 test3 [a b] [c d] [e f] [g h]
if2 try0 [foo3x 8 9]

To emphasizethe point that the plumbing diagram dependsonly on the number of inputs
expected by each procedure, and not on the purpose or meaning of the procedure, we
can draw plumbing diagramsfor nonsenseinstructions using unknown procedures. The
rule of this game is that each procedure name includes a number indicating how many
inputs it accepts. For example, is a procedure that requires two inputs. If a
procedure can accept extra inputs when used with parentheses,we put an after the
number; ordinarily takesthree inputs, but can be given any number of inputs by
using parenthesesaround the subexpressionthat invokesit.

We don't haveto know what any of theseprocedures do. The only infor mation weneed
is that some words in the instruction are quoted, while others are namesof procedures
that take a known number of inputs. This is a syntacticallycorrect instruction because
eachprocedure hasbeen given exactlyasmany inputs asit requires.

Try these:




