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Introduction

In the last unit, we saw that Logo primitives can be combined by using the output of an
operation as the input to another operation or acommand. For example, in the instruction

show sum 4 product 3 2

the output of the operation sumis the input for the command show, and the output of the
operation pr oduct isthe second input to sum

In this unit, we will explore different ways to combine procedures that you have written
yourself. In the process, we will revisit Trace and Step, which were discussed earlier in
http://www.leonel earningsystems.com/IntroToM SWL ogo.pdf (for MSWLogo users) and
http://www.leonel earningsystems.com/IntroToBerkeleyL ogo.pdf (for Berkeley Logo
users). In MSWLogo, Trace and Step are two buttons in the interface, while Berkeley
Logo providesthet r ace and st ep commands. Aswe will see, Trace and Step are
useful tools for analyzing and debugging programs.
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Invoking a Procedure from Within a Procedure

We have seen that once you create a procedure, you can invoke it by typing it into the
Input Box (MSWLogo) or by typing it at the command prompt (Berkeley Logo) and then
pressing the Enter key.

For example, consider these two procedures:
to triangle :side
fd :side
rt 120
fd :side
rt 120
fd :side
rt 120
end
to feet.to.inches :feet

op product 12 :feet
end

The first procedure, t r i angl e, isacommand. We can invokeit directly like this:
triangle 70

The second procedure, f eet . t 0. i nches, isan operation. When weinvokeit, we
need to be sure that we pass its output to some other procedure that canuse it:

show feet.to.inches 3

We can even pass the output of f eet . t 0. i nches toourtri angl e procedure:
triangle feet.to.inches 5

Try it.

Another way to invokef eet . t 0. i nches would beto put it into another procedure.

Thef eet.to.inches procedurewould then beinvoked whenitslinein the
procedure is evaluated.
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Invoking a Procedure from Within a Procedure (continued)

For example, we could write a procedure like this:

to triangle.inches :side
fd feet.to.inches :side

rt 120
fd feet.to.inches :side
rt 120
fd feet.to.inches :side
rt 120

end
We can invoke this procedure like this:
triangle.inches 6
What happens when you try this one?
The evaluation of these proceduresis easier to seeif you traceit. If you're using
MSWLogo, pressthe Trace button. If you're using Berkeley Logo, type this at the Logo

prompt:

? trace [triangle.inches feet.to.inches]
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Invoking a Procedure from Within a Procedure (continued)

Now invoket ri angl e. i nches againlikewe did above. Y ou should see something
like this:

triangle.inches 6
( triangle.inches 6 )
( feet.to.inches 6 )
feet.to.inches outputs 72
( feet.to.inches 6 )
feet.to.inches outputs 72
( feet.to.inches 6 )
feet.to.inches outputs 72
triangl e.inches stops

The first sentence that appears after we press Enter is
( triangle.inches 6 )

This shows that Logo istrying to executet r i angl e. i nches withtheinput 6. The
next line that appearsis:

( feet.to.inches 6 )
Where did this come from? Thefirst line of thet ri angl e. i nches procedureis
fd feet.to.inches :side

so Logo knows that before ( tri angl e. i nches 6 ) can finish executing, we need
toexecute( feet.to.inches 6 ). Noticethat during execution, Logo knows that
the variable name : si de should be replaced by the number 6. Also notice that the

( feet.to.inches 6 ) linedartsalittlefarther to the right than the line aboveit.
Thisis how trace indicates that thef eet . t 0. i nches instruction was invoked by the

tri angl e. i nches ingtruction.

The next lineis:
feet.to.inches outputs 72

After f eet .t 0. i nches hasfound the product of 6 and 12, it outputs that product
(72).
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Invoking a Procedure from Within a Procedure (continued)

You can see by thetracethat f eet . t 0. i nches isinvoked three timeswith input 6
and produces the output 72 each time. We know by looking at the procedure that the
input to f d is the output of feet.to.inches, so the turtle moves forward 72 turtle steps each
timeit draws a side of the triangle.
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Composite Functions

Suppose we wanted to convert some number of yardsinto its equivaent in inches.

We dready haveyar ds. t o. f eet , which converts yardsto feet and

f eet .t o.i nches which converts feet to inches. We can combine these two functions
together likethis:

to yards.to.inches :yards
op feet.to.inches yards.to.feet :yards
end

In “An explanation from Brian Harvey”

(http://www.leonel earningsystems.com/IntroTol ogo M SW.pdf), we saw how Logo
primitives are evaluated (primitives are procedures that come pre-made inside Logo when
you install it). In this section we will also see how Logo evaluates procedures that you

supply.

Suppose we invoke the procedure by sending Logo this message:
show yards.to.inches 2

We send Logo the message by typing it into the Input Box for MSWLogo or by typing it
at the Logo prompt for Berkeley Logo.

L ogo looks up the procedure show, which it recognizes as a primitive command that
needs one input, so Logo goes to the next item after show to get the input. The next
wordisyards. to. i nches.

Logo looks up the procedureyar ds. t 0. i nches. Logo first looksto seeif this
procedureisaprimitive. The top line of the procedure definition tells Logo that

yards. t 0. i nches needsoneinput. Theinput nameis: yar ds, so whenever we see
:yards intheyards. t 0. i nches procedure, we replace it with the input.

Now Logo knowsthatyar ds. t 0. i nches isaprocedure and needs one input, so Logo
goes to the next word in the message, which isthe number 2. To execute the procedure,

L ogo executes each instruction in the procedure, replacing : yar ds with the number 2.
Thereisonly onelinein this procedure. Replacing : yar ds with the number 2, we
have:

op feet.to.inches yards.to.feet 2
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Composite Functions (continued)

The command op needs one input. Logo moves to the next word looking for input to op.
The next word isf eet . t 0. i nches, which is an operation that needs one input. So

Logo must keep looking whilef eet . t 0. i nches and are op waiting for their inputs.
The next word after f eet . t 0. i nches isyards. t o. f eet, which also needs one

input. Finally, after yar ds. t o. f eet Logo finds a constant, the number 2, which
evaluatesto itsalf.

Now things start to happen. Using theinput 2, yar ds. t o. f eet createsthe output 6,
which Logo passestof eet . t 0. i nches. Usingtheinput 6,f eet. to. i nches
creates the output 72, which Logo passesto op. The op command passes off the 72 to
the show command, which shows the 72:

show yards.to.inches 2
72

Another way to understand the evaluation we just discussesisto traceit. If you're using
MSWLogo, press the Trace button. If you're using Berkeley Logo, type this at the Logo
prompt:

? trace [yards.to.inches yards.to.feet feet.to.inches]

Now invokeyar ds. t 0. i nches againlikewedid above. Y ou should see something
likethis:

show yards.to.inches 2

( yards.to.inches 2 )

( yards.to.feet 2 )
yards.to.feet outputs 6

( feet.to.inches 6 )
feet.to.inches outputs 72
yards.to.inches outputs 72
72

Can you see how atrace helps explain the action?

Traces can be very useful in tracking down problems when your procedures get
complicated.
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Composite Functions (continued)

When you are finished tracing, you may want to turn it off. If youare using MSWLogo,
you can turn tracing off by pressing the UnTrace button so that its label changesto Trace.
If you are using Berkeley Logo, you can use the command

? untrace [yards.to.inches yards.to.feet feet.to.inches]
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Algebraic form of Composite Functions

We can also write the composition of functions using algebraic notation.

For example, let’s start with two Logo operations:

to g :x
op difference product 3 :x 1
end
to h :y
op product :y :y
end

We can invoke these two operations in many different ways:
show g 7
show h 2
show h g 4

In algebraic notation, we would say

g(x) =3x-1

h(y) =y?

and

They?isshorthand for vy~ y. Itisread as“y squared”.

The Logo functions above could then be written in algebraic form as

a(7)
h(2)

h(g(4)).
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Solved Problems

Use the following algebraic function definitions as needed in the problems bel ow:
f(x) =2x+3
g(x) =7-x
h(x) = X + 2x
1 Problem: Write aLogo operation for each of the algebraic functions.
Solution:
The expression f(x) tells us that the function name is f and the input is x. In Logo,
input names must start with acolon (:), so thefirst line of our Logo function
definition is:
to f :x

After the equal sign, we see the expression 2x + 3. This expression means
“Multiply x by 2 and then add 3”. In Logo, thisiswritten as

sum product 2 :x 3
See “An explanation from Brian Harvey” in the document Logo

(http://www.leonel earningsystems.com/IntroToLogo MSW.pdf) if thisis not
clear.

Since we are writing an operation (not a command), we need the op command to
tell Logo to output the result of the sum. Below isthe entire procedure:

to f :x
op sum product 2 :x 3
end

In asimilar way, we can write the other functions as Logo procedures:
to g :x
op difference 7 :x
end
to h :x

op sum product :x :x product 2 :x
end
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Solved Problems (continued)

2.

Problem: Using apencil and paper, find:

a h(f(1))
b. 9(9(2))
Solution:

a. Tofind h(f(1)), wefirst evaluate f(1) and then use the output of that function as
theinput of h. Sincef(x) =2x + 3, f(1) = 2" 1+ 3 (remember, 2x is shorthand for
2” x),which equals2 + 3=5. Now we use the output of f asthe input to h.
Since h(x) = x% + 2x, we now have h(f(1)) =h(5) =5°+2" 5=5"5+2"5 =25+
10=35.

b. Inasimilar way, we have
9(9(2) =9(7-2)=9g(5) =7-5=2

If these solutions aren’t clear, take alook at the traces in problem 3. Come back
at look at this solution section again if you need to.

Problem: Use the procedures you wrote in problem 1 and the computer to check
your answers in problem 2.

Solution:
In 2a, we found that h(f(1)) = 35. Here’'sacommand to test it.

show h f 1
35

Here' swhat it looks like with atrace:

show h f 1

(f 1)

f outputs 5
(h5)

h out puts 35
35

Theoutput of h f 1 (35) matches our answer for h(f(1)), so our answer checks
out.
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Solved Problems (continued)

In 2b, we found that g(g(2)) = g(7—2) = g(5) =7—-5=2. Comparethisto atrace
of the corresponding L ogo operations:

show g g 2
(g92)

g outputs 5
(95)

g outputs 2
2

Our answer in both casesis 2, so this solution checks out as well.

4. Problem: In thelast unit, we wrote two operations for converting volumes of
liquid:

to quarts.to.pints :quarts
op product :quarts 2
end

to gallons.to.quarts :gallons
op product 4 :gallons
end

Write an operation called that combines these two operations to correctly convert
galonsto pints.

Solution: Thefunction gal | ons. t 0. quart s takes some number of gallons
asitsinput and outputs the equivalent amount as measured in quarts. This output
can be used as input to the operation quarts. t 0. pi nt s:

to gallons.to.pints :gallons

op quarts.to.pints gallons.to.quarts :gallons
end
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Solved Problems (continued)

5. Problem: Write acommand called house that needs one input. The procedure
draws a house using the procedurest r i angl e and squar e. Theinput tellsthe
procedure how long to make each side of the triangle and each side of the square.

Solution: We need to combinethet r i angl e and squar e proceduresinto a
bigger procedure called house. | started with the following procedures for
triangl e andsquar e:

to triangle :side
fd :side
rt 120
fd :side
rt 120
fd :side
rt 120
end

to square :side
fd :side
rt 90
fd :side
rt 90
fd :side
rt 90
fd :side
rt 90

end

Now | will try invoking the two procedures from inside a new procedure called
house:

to house :side
pd
square :side
triangle :side
end
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Solved Problems (continued)

Now that | have ahouse procedure, I'll invoke it to draw a house:
house 100

The command above produced the following picture:

FE MsWLoge Screen

Fle BEmap Set Zoom  Help

What happened? | have atriangle and square, but it doesn’t look anything like a
house.

When you have a problem like this, it is often helpful to step through execution. If
you are using MSWLogo, you can step through execution by pressing the Step

button so its label changesto UnStep. If you are using Berkeley Logo, you can
use the command:

? step [ house square triangle]
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Solved Problems (continued)

After you have set up stepping with the Step button (MSWLogo) or the st ep
command (Berkeley Logo), you can invoke the house procedure:

house 100

What happens? The step function shows you what instruction is being executed
and prompts you to continue. If you are running MSWLogo, you will seea
prompt like this:

Single Step F|

OK Cancel ‘

..............................................

The first command in my house procedure is pd, so Step shows me that
procedure. After | pressthe OK button, the pd procedure is invoked, and the next
dialog box appears:

Single Step R|

square :side

Cancel ‘

If you are using MSWL ogo, you can continue through each step of each
procedure by continuing to click OK or by pressing the Enter key whenever a
dialog box appears.

When | stepped through the house command with Berkeley Logo, | saw a
prompt like this:

[ square :side] >>>

For some reason, the pd command wasn’t included in the stepping. However, all
the other instructions are included. Berkeley Logo users can step through the
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Solved Problems (continued)

house procedure by pressing the Enter key every time a new prompt appears.
What went wrong?

Y ou probably noticed that when the turtle was finished drawing the square, it was
back at the bottom left corner of the square pointing straight up. The next thing it
did wasto draw atriangle. It went forward 100 along the left side of the square,
then turned right 120 into the square, went forward 100, turned right 120, then
went forward 100 to complete the triangle. At this point, the turtle was at the
bottom left corner of the original square. Finally, the turtle turned 120 to face
straight up.

If this explanation is not clear to you, try rereading it as you step through the
execution again.

How can we fix this problem? There’s more than one way to doit. Try to think
of your own way before you read any further.

One of the solutions that might have occurred to you is to make the triangle turn
left instead of right. We can create aleft-turning triangle called t ri angl el :

to trianglel :side
fd :side
It 120
fd :side
[t 120
fd :side
It 120
end
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Solved Problems (continued)

With aleft-turning triangle, house 100 would draw this:

P MSWLloge Screen

Fe Bmap Set Zoom el

%

We still have aproblem. We don’t want the house lying on its side. We want it
standing up. Another way to say thisis: we want the house to be rotated 90

Todothis,wesimplyaddart 90 command to house before we do any

degreesto theright.
drawing:
to house :side
rt 90
pd
square :side
trianglel :side
end

Copyright © 2004 Leone Learning Systems, Inc.

18 http://www.leonelearningsystems.com



Solved Problems (continued)

Now our house 100 drawsthis:

P MSWLloge Screen
Be Bimap GSet Zoom  Help

|4

Another possible solution is shown in the Supplementary Problems section.
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Supplementary Problems

Use the following algebraic function definitions as needed in the problems bel ow:

f(x) =3x—-1
g(x) =x +2
h(x) = X

1 Problem: Write a Logo operation for each of the algebraic functions.
Solution:

to f :x
op difference product 3 :x 1
end

to g :x
op sum:x 2
end

to h :x

op product :x :X
end

2. Problem: Using pencil and paper find:

a. f(9(2))
b. g(f(2))
c. h(g(3))

Solution:
a f(g(2)=f2+2=f(4)=3"4-1=12-1=11

b. g(f(2) =g(3" 2-1)=g(6-1)=g(5)=5+2=7
c. h(g(3))=h(3+2)=h(5)=5°=5"5=25
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Supplementary Problems (continued)

3. Problem: Use the procedures from problem 1 and the computer to check your
answersin problem 2.

Solution:
Test for f(g(2)) = 11

show f g 2

(9g2)

g outputs 4
(f 4)

f outputs 11
11

9(f(2)) =7

show g f 2
(f 2)

f outputs 5
(95)

g outputs 7
7

h(g(3)) = h(3+2) = h(5) = 5*=5" 5= 25

show h g 3

(93)

g outputs 5
(h5)

h out puts 25
25
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Supplementary Problems (continued)

4. Problem: Here are procedures for converting different measures of information:

to kil obytes.to.bytes : kil obytes
op product 1024 : kil obytes
end

to bytes.to.bits :bytes
op product 8 :bytes
end

Use these two procedures to write a new procedure called
ki | obyt es. to. bi t s that converts kilobytes into bits.

Solution:
to kilobytes.to.bits : kil obytes

op bytes.to.bits kil obytes.to.bytes : kil obytes
end
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Supplementary Problems (continued)

5. Problem: We saw above in the Solved Problems section that there was a problem

with the following combination of procedures:

to triangle :side
fd :side

end

rt 120

fd :side

rt 120

fd :side

rt 120

to square :side

fd :side
rt 90
fd :side
rt 90
fd :side
rt 90
fd :side
rt 90
end
to house :side
pd
square :side
triangle :side
end

Come up with another way to fix this problem besides the solution in the Solved

Problems section.

Solution: Leave square and triangle as they are, and change house to this:

to house

end
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square

:side

:side

fd :side

rt 30

triangle :side

23
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