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Introduction

This unit is based on Chapter 4 of Brian Harvey’s book, Symbolic Computing, which is
available on the web at http://www.cs.berkel ey.edu/~bh/v1-toc2.html, and the section
called “Predicates and Filters’ in the Appendix of Investigation in Algebra by Albert
Cuoco.

We have seen that in Logo, numbers are special class of words. Any command or
operation that needs words as inputs can take numbers asinputs. For example, the show

command takes aword or list as input and displays the word or list in the Recall List
Box. For example, the following instructions are all legal Logo instructions:

show “pi e

show [ appl e pi €]

show 72

Since numbers are words, 72 isvalid input for the show command.

We also saw that some commands and operations will work only with numbers as inputs.
For example,

fd 70

works OK, but

fd "seventy

reports the error:

fd doesn't |ike seventy as i nput

Finally, we also know that some operations only output numbers. For example, sum
outputs the number that is the sum of its two inputs.

Thereisapair of words that make up a special class of words, just like numbers make up
aclass. Thispair of wordsis“true and “false. Predicates are operations that output one
or the other of these words. In this unit, we will discuss predicates and we will also
discuss commands that need “true or “false as input.

Lists can also be used as input to different Logo commands. In this unit, we will also talk
about a special class of lists called instruction lists.
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Predicates are operations

In Symbolic Computing, Brian Harvey explains the difference between commands and
operations this way:

“When you invoke a command, you' re giving the computer an order. ‘Now hear this!
[Pri nt suchand such!” But when you invoke an operation, you’ re asking the computer
aquestion. [*What isthe sumof this number and that number?']

Predicates are used to answer yes-or-no type questions, like “Is this number equal to that
one?’ or “Isthisanumber?’ These probably seem like weird questionsto ask. After all,
we can look at two numbers and see if they are equal, or look at aword and tell if itisa
number. However, just as operations like sumand pr oduct become more useful as
procedures get more complicated, we will see that the same is true for predicates.

In the following section, we will look at some simple examples of predicates. Later, we

will see how these predicates can combine with variables, commands, and other
operations to do more interesting work.
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equal?, less?, greater?

There are three important predicates used to compare numbers:

equal ?

| ess?

greater?

It is common practice to end the names of predicates with a question mark.
Try out these instructions:

show equal ? 5 sum 2 3

show equal ? sum 2 2 product 2 2

show equal ? 4 12

show |l ess? 5 difference 10 7
show greater? 12 sum6 6

Sinceequal ?,1 ess? andgr eat er ? are all predicates, they all output either “true or
“fase. The show command displays the output in the Recall List Box.

The equal ? operation needs two inputs. If the inputs are equal, the equal ? operation
outputs “true. Otherwise, it outputs “false.

The less? operation needs two inputs. If the first input is less than the second input, it
outputs “true. Otherwise, it outputs “false.

The greater? operation needs two inputs. If the first input is greater than the second
input, it outputs “true. Otherwise, it outputs “false.

All three of these predicates have infix forms. We can rewrite the instructions above as:

show5 =2 + 3
show 2 + 2 =2 * 2
show 4 = 12
show 5 < 10 - 7

show 12 > 6 + 6
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not, and, or

The predicates

not
and
or

are specia because they use “true or “false as inputs as well as producing “true or “false
asoutputs. They don’'t have question marks at the end of their names because their job is
more to convert outputs from other predicates rather than answer questions like “is this
number bigger than that one?’

For example, take the predicate not , which needs one input. The input can be either
“true or “false. If theinput is*“true, then not outputs“false. If theinput is“false, then
not outputs “true.

Try executing these instructions:

show not “true

show not 5 =7

show not greater? 21 3
show not “fal se

show not |ess? 10 6

The and predicate returns “trueif al of itsinputs are “true. Otherwise, it returns “false.
Theor predicate returns“falseif al of itsinputs are “false. Otherwise, it returns “true.
Try these:

show and “true “true

show and “true “fal se

show or “true “fal se

show or “false “fal se

show and 5 = 5 less? 4 12

show not or less? 5 3 equal? 7 8

Normally, and and or expect two inputs. However, you can use parentheses to provide
more than two inputs:

show (and 4 < 5 “true 9 > 3)
show (or 3 =3 5 > 12 “fal se)
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if, ifelse

In this section, we will talk about two commands—i f andi f el se—that use “true or
“false asinputs. Besides “true or “false, these commands need a special kind of input
called an instruction list. First we will explain what instruction lists are, and then we will
show how predicates and instruction listsare used asinputstoi f andi f el se.

In an earlier unit, we saw that alist isagroup of zero or more words enclosed in brackets.
For example, the following are lists:

[0 50]
[ You earned the highest score yet!]

[]
[fd 50 rt 90]

The last list above contains Logo instructions. A list with Logo instructionsin it is called
aninstruction list.

Thei f command needs two inputs. Asitsfirstinput,i f likesa“trueor a“fase. Asits

second input, if likesan instruction list. Thei f command looks at itsfirst input. If the
first input is“true, it tells Logo to execute al the instructions in the instruction list. If the
first input is“false, it does nothing.

Try these examples:

if 5=sum2 3 [show [2 plus 3 is 5]]

if “fal se [show [ How now brown cow?]]

if 7 >3 [fd 80 rt 90 fd 20]

if “true [pd fd 50 rt 120 fd 50 rt 120 fd 50 rt 120 pu]
if 1 >9 [print [1 is bigger than 9]]

Remember, if the first input is “false then nothing should happen.
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if, ifelse (continued)

Thei f el se commandissimilartothei f command. i f el se needs three inputs—a

“true or “false, and two instruction lists. If thefirst input is“true, i f el se tellsLogo to
execute all theinstructionsin thefirst instruction list. If thefirstinput is“fase, i f el se
tells Logo to execute all the instructions in the second instructionlist.

Try these:

ifelse 5 = sum2 3 [show [2 plus 3 is 5]] [show “hell 0]
ifelse “fal se [ show [ How now brown cow?]] [pd fd 100 pu]
ifelse 7 > 3 [fd 80 rt 90 fd 20] [show “huh?]

ifelse “true [pd fd 50 rt 120 pu][pd bk 100 It 90 pu]
ifelse 1 > 9 [print [1 is bigger]][print [1 is not bigger]]
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repeat, for

In this section, we will talk about two commands—r epeat andf or —that need
instruction lists as inputs but not “true or “false.

Likethei f command, ther epeat command needs two inputs. Likethei f command,
the second input of ther epeat command isan instruction list. Unlikethei f
command, first input to repeat is not true or false. Instead, the first input tor epeat isa
number. The number is used to tell repeat how many times the instruction list should be
executed.

Try these examples:

pd
repeat 5 [fd 80 rt 72]
repeat 3 [show “hell 0]

Remember:

Thefirstinputtoi f tellswhether or not the second input should be executed.
Thefirst input to r epeat tells how many times the second input should be executed.

Thef or command iskind of liker epeat . Itssecond input isan instruction list that is
executed over and over. However, f or provides some extrainformation. Here'sa
samplef or command with its output:

for [i 4 16 2] [show :i]
4
6
8
10
12
14
16

In this example, the f or command says, “Put 4 into the variable :i and execute the
instruction list. Add 2 to :i and execute the instruction list again. Keep going until :i is
16. When :i is 16, execute the instruction list one last time and then stop.”

If you only put a variable name and two numbers into the first input list, then f or
assumes that you want to add 1 to the variable each time. Try this:

pd for [i 90 360] [fd 30 rt :i show :i]
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Solved Problems

1 Problem: Write the following predicates:

a. bi g? number outputs true if the number is more than 10, otherwise false
b. neg? number outputs true if the number is negative, otherwise false
c. even? number outputstrueif the number is even, otherwise false

Solution:

Predicates are operations, so the procedure needs to figure out what the output
should be and use the out put command to report its output.

a. For this example, we just need to check to seeif the input is greater than 10.

to big? :n
output :n > 10
end

b. A number isnegativeif it isless than zero.

to neg? :n
output :n <0
end

c. Thisprocedure requires aspecia primitive operation caled r emai nder .
Ther emai nder procedure gives you the remainder that’s left when you
divide one number by another. For example, try these:

remai nder 16 3
renmni nder 12 4

How canr emai nder help ushere? Check out these examples:
remai nder 6 2
remai nder 29 2

remani nder 44 2
remai nder 3 2
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Solved Problems (continued)

Do you see a pattern? When an even number is divided by 2, the remainder is
zero. When an odd number is divided by 2, the remainder is1. Why?

Here'sour even? procedure:

to even? :n
out put (remainder :n 2) =0
end

The parentheses here are important. Try the procedure without the
parentheses to see what happens. If you don’'t include them, then Logo thinks
that2 = Oisthesecondinputtor emai nder. Since2 = 0 evaluatesto
“false, Logo will try to executer ermmai nder with “false as the second input.

Logo will send you a message telling you that r emai nder doesn't like
“false as an input and the procedure won'’t work.

If you don’t want to worry about parentheses, you can use the prefix form of
the predicate that checks for equality:

to even? :n
out put equal ? renmainder :n 2 0

end
2. Problem: Usenot, and, or or asrequired to create the following predicates:
a | ess. or. equal ? numberl number2 isnumberl £number2?
b. bi g. and. even? number is number > 10 and even?
C. odd. or. neg? number is number negative or odd?
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Solved Problems (continued)

Solution:
a. Thiscould be written with or , equal ? and | ess? asfollows:

to less.or.equal? :nl1 :n2
op or equal? :nl :n2 less? :nl :n2
end

This predicate hastwo inputs, : N1 and: n2. The inputs are compared
twice—once with the equal ? predicate and once with the| ess? predicate.
Theor predicate combines the two results. Here's adetailed look at the
evaluation of an instruction that uses| ess. or. equal ?:

show | ess.or.equal? 4 5

1. Logo seesthe command show which needs one input. So Logo looks for
the next word over to get the input for show.

2. Thenext word over isl ess. or. equal ?. Thisisan operation which
requires two inputs. Logo collects the two inputs, 4 and 5, and then evaluates
thel ess. or. equal ? procedure.

3. Thetop line of the procedure tells us that less.or.equal? has two inputs, :nl1
and :n2. Logo assigns the number 4 to :nl1 and the number 5to :n2. From
now on, whenever we see :nl in the procedure, Logo replacesit with 4.
Whenever we see :n2 in the procedure, Logo replacesit with 5.

4. The next line in the procedure starts with the op command. This command
tells Logo that the procedure is an operation and will output whatever comes
next.

5. After theword op istheword or . Logo knowsthat or is an operation that
needs two inputs, each with the value “true or “false.

6. Thefirst word after or isequal ?. Sinceor needsa“true or “fase asits
first input, we know that equal ? must output a“true or a“false. Otherwise,
Logo will send us an error message. Logo knowsthat equal ? needs two
inputs. Since :nlisreplaced by 4 and :n2 is replaced by 5, the two inputs that
Logo gathersare 4 and 5. Since 4 and 5 are not equal, the predicate equal ?
outputs “false, which is the first input to or .

7. The next word Logo seesis| ess?. Likeequal?, theword| ess? is
followed by :nl and :n2. So, likeequal ?, the inputsto less? are 4 and 5.
Since4islessthan 5,1 ess? output “true, which becomes the second input to
or.

8. Giventheinputs“false and “true, or outputs“true. Thisistheinput that
op needed, so now the procedure can output “true, which is shown by show.
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Solved Problems (continued)

Anequivaent function could be written with not and gr eat er ? like this:

to less.or.equal? :nl :n2
op not greater? :nl :n2
end

Again, if we invoke this procedure with inputs 4 and 5, the predicate
gr eat er ? outputs “false, and the predicate not takes the input “false and
outputs “true.

What would happen with both proceduresif the inputs were 5 and 4 instead of
4 and 5? What if the inputs were 4 and 4?

Both ways of writing the procedure are correct. In general, when you have a
choice between equivalent functions, you should pick the one that’s clearest to
you. That way, when you go back to look at your code at alater date, you'll
have a better chance of understanding what you wrote.

b. Since we have aready written the predicatesbi g? and even?, we can just
and them together:

to big.and.even? :n
op and big? :n even? :n
end

When does this predicate output “true? Only whenthe input is both big
(greater than 10) and even. Here are examples:

show bi g. and. even? 3
fal se

show bi g. and. even? 4
fal se

show bi g. and. even? 15
fal se

show bi g. and. even? 12
true

Copyright © 2004 Leone Learning Systems, Inc. 11 http://www.leonelearningsystems.com


http://www.leonelearningsystems.com

Solved Problems (continued)

c. This predicate outputs “true when the input is odd or when the input is
negative. Otherwise, it outputs “false.

Remember how we used r emai nder inwriting the even? procedure to tell

us if something was divisible by 2? The remainder of an even number divided
by 2iszero. Inthisexample, we can use the fact that the remainder of an odd

number divided by 2is 1.

to odd.or.neg? :n
op or equal? 1 remainder :n 2 less? :n O
end

We could write an equivalent function by combining predicates we wrote
earlier:

to odd.or.neg? :n
op or not even? :n neg? :n
end
Do you see why these functions are equivalent? If not, think how Logo would
evaluate these functions for particular inputs.
3. Problem: Write aLogo function for the following algebraic equation:
f(n)=3n-2n+7
Write another procedure called ver i f yf that teststo seeif f(n) = 10 for different

valuesof n. The procedure should be a command that shows a different message
depending on whether or not f(n) = 10.
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Solved Problems (continued)
Solution:
Thefirst function f isakind of function we' ve done before:
tof :n
output 3 * :n-2* :n+7
end
Y ou might have noticed that an equivalent function is:
tof :n
ouput :n + 7

end

Wecanusethei f el se commandinveri fyf totake different actions
depending on whether or not the output of f is10:

to verifyf :n
ifelse equal ? 10 f :n [

show se :n [is a root of 3n — 2n + 7 = 10]
11

]

end

show se :n [is not a root of 3n — 2n + 7 = 10]

The operation se isaspecid operation that takes words and lists as input and puts
them together into one list which is the output of the operation. Here are
examples:

show se "hello "there

[hell o there]

show se [ny heading is] heading
[my heading is 0]

show se [ny pen color is] pencol or
[my pen color is 0 0 O]

We say a number is aroot of anequationif it makes the equation true.
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Solved Problems (continued)

4, Problem: User epeat torewritethe following procedure:

to square :n
fd:n

ret 90

fd :n

rt 90

fd :n

rt 90

fd:n

rt 90

end

Solution:

The part of the code that' sbeing repeatedisfd : n rt 90, sothat swhat goes
into the ingtructionlist. The number of timesweseefd :n rt 90is4,s0
that' sthefirst input tor epeat :

to square :n

repeat 4 [fd :n rt 90]
end
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Solved Problems (continued)

5. Problem: Usef or to display humbers from O to 100 by fives.
Solution:
for [n O 100 5] [show :n]
Here's an explanation of theitemsinthelist[n 0 100 5]:

n Name of variable used ininstruction list

0 First value given to n

100 Lastvauegiventon

5 Amount added to n each time instruction list is executed

So Logo executes
show 0O

show 5

show 10
show 100

The“...” means“and so on” until we get up to show 100.
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