The Great Math Adventure
h r9.Th [ Math Adventur

“For somereason, when I'm doing my arithmetic
homework, it ssemsmorelikea pain in the neck than a
math adventure.”

True enough!
But think about thisfor a moment...
What part of your life does not involve
mathematics...some form of counting
or measurement?
What about time...the counting and
measur ement of secondsand hours? Or
distance...the measurement of spacein
inchesand feet...or centimetersand
meters? What about music...measured
in frequencies?
Think about L ogo and thecomputer for
amoment. Everything you do on the
computer istrandated into electrical
signalsthat are counted as zer os and
ones.

Everything we have been doing so far in our Great
L ogo Adventure has been part of turtle geometry, right?
| hateto tell you this, but that’s mathematics.

Comeon...let’stake a look.

Logo Arithmetic

Remember back in thefirst Rabbit Trail where you
took a TurtleWalk. You used the multiplication symbol
then...

FD 10* 5
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What would happen if that line said...
FD10+5 or
FD 10-5 or
FD 10/5

Try these commands using variables...
MAKE “A 50
MAKE “B 100
MAKE“C:A+:B
FD:A +:B or FD 100 + 50
FD:C/:A*10

Thisone' sa bit moreinteresting.
FD 150/50* 10

That’sFD 150 divided by 50=3. 3* 10=300r FD 30.
FD:C/(A*3)

Doesthiscommand do the samething? Why? Or why
not?

When L ogo looks at a command that usesarithmetic,
it doesthe arithmetic in the standard mathematical
order...multiplication and division followed by addition
and subtraction.
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So...when Logo readsthat line, it says FD 150. This
isdivided by 50* 3 or 150. SowehaveFD 150/ 150 or FD
1. Lookslikethe parentheses changethings.

Parentheses are among the L ogo delimitersthat can
be used to change the order of operations.

“Delimiters...that’sa funny word!”

It may seem a bit strange. But when you think about
it, that’sjust what they do. Delimitersdefinethe limits of
an operation. Takealook...

Thecommandslisted below usearithmetic signstotell
theturtleto go FD 200.

FD 100 + 1000/ 10
FD 10 * (5 + 15)
FD (20 - 10) * (18 + 2)

Write down some other commandsthat will take the
turtle FD 200. M ake sureyou use parenthesesin your
examples. Then test them out.

FD

FD

FD
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Mathematical
Operations
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There'slotsof other waysyou can usearithmeticwith
Logo. Herearetheoperationsincluded with M SW L ogo.

SUM DIFFERENCE MINUS
PRODUCT QUOTIENT REMAINDER
INT ROUND SQRT
POWER EXP LOG10

LN SIN RADSIN
COS RADCOS ARCTAN
RADARCTAN

Some of these are a bit advanced. But somearevery
useful for all users.

FD SUM 5050

What doyouthink that means? You'reright...FD 100.
Forward the sum of 50 and 50 or 50 + 50. How about...

FD DIFFERENCE 300 200

Forward the differ ence between 300 and 200 or
300 - 200.

FD PRODUCT 1010
Forward the product of 10 times 10 or 10 * 10.
FD QUOTIENT 1000 10

Forward the quotient of 1000 divided by 10 or
1000/ 10.
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FD REMAINDER 1000 300

Forward theremainder of 1000 divided by 300. How
much isthat?

FD INT (121.8 - 21.1)

Forwardtheinteger of 121.8-21.1. That equals100.7.
But, sncethecommand isFD INTeger, or whole number,
the decimal isdropped.

FD ROUND (121.8 - 21.5)

Forward 121.8-21.5rounded off. Theanswer is100.3,
which roundsto 100.

All these exampleswould bemuch simpler if they just
said FD 100. After all thearithmeticisdone, they each tell
Ernestine, theturtle, to go FD 100.

So what?

Weéll, what if you want to add or multiply a bunch of
variables?

FD SUM (PRODUCT :A :X)(QUOTIENT :B:Y)

REPEAT (PRODUCT :A :B) [FD SUM :C :D RT 90]

You'’ll see some examplesof thistype of thing later on.
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The Tangram Procedures

First let’stake alook at the proceduresto draw the
Tangram Puzzle piecesyou saw earlier.

TO TRIANGLE.RT :SIDE

FD :SIDE RT 135

FD :SIDE/SQRT 2 RT 90

FD :SIDE / SQRT 2 RT 135
END

TO TRIANGLE.LT :SIDE
FD:SIDELT 135

FD :SIDE/SQRT 2LT 90
FD :SIDE/SQRT 2LT 135
END

TO SQUARE.LT :SIDE

MAKE “SIDE1:SIDE/(2* SQRT 2)
REPEAT 4[ FD :SIDE1LT 90]

END

TO SQUARE.RT :SIDE

MAKE “SIDE1:SIDE/(2* SQRT 2)
REPEAT 4[ FD :SIDE1RT 90]

END

TO MED.TRI.RT :SIDE

FD2* (:SIDE/(2* SQRT 2)) RT 135
FD :SIDE/2RT 90

FD :SIDE /2 RT 135

END
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TOMED.TRI.LT :SIDE

FD2* (:SIDE/(2* SQRT 2))LT 135
FD:SIDE/2LT 90

FD:SIDE/2LT 135

END

TO SMALL.TRI.RT :SIDE

FD :SIDE/2RT 135

FD (:SIDE/SQRT 2)/2RT 90
FD (:SIDE/SQRT 2)/2RT 135
END

TO SMALL.TRILT :SIDE
FD:SIDE/2LT 135

FD (:SIDE/SQRT 2)/2LT 90
FD (:SIDE/SQRT 2)/2LT 135
END

TO PARGRAM.LT :SIDE

REPEAT 2[ FD :SIDE/(2* SQRT 2)LT 45~
FD:SIDE/2LT 135]

END

TO PARGRAM.RT :SIDE

REPEAT 2[ FD :SIDE/(2* SQRT 2) RT 45~
FD :SIDE /2 RT 135]

END
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What's a
Parallelogram
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To giveyou an idea of what you can do with tangram
shapes, try thisprocedure.

TO TANGRAM :SIDE

SETH 90 TRIANGLE.LT :SIDE
FD :SIDE SETH O
TRIANGLE.LT :SIDE

FD :SIDE SETH 270
SMALL.TRI.LT :SIDE

FD :SIDE /2 SETH 225
MED.TRI.RT :SIDE
SQUARE.LT :SIDE FD :SIDE1
PARGRAM.LT :SIDE

END

Thisprocedureusesthedifferent shape proceduresto
make one big shape. Which one?

You'll haveto run the procedureto see.

Remember, when you run the TANGRAM procedure,
you haveto typeavaluefor :SIDE...

TANGRAM 200

“Logy, there ssomething strange here? You'vegot a
rectangle that lookslikeit’sfalling over.”
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“You'reright, you know. | never thought of a
parallelogram like that,” said L ogy.

“Para-who?”

“That’sanother shape, a parallelogram. You might
call that the granddaddy of a square,” L ogy answered.

“I don’t get it? What do you mean, granddaddy?”

“Takealook at thisprocedure. I1t’scalled PARGRAM
for short.”

TO PARGRAM :SIDE
REPEAT 2[ FD :SIDE RT 45FD :SIDE / 2 RT 135]
END

“What would happen if I changed theanglesfrom RT
45 and RT 135to RT 907"

“Hey, that would bearectangle,” said Morf, jumping
up and down excitedly.

“ S0, you can say that arectangleislikethe’child’ of
a parallelogram.

“Now look at thesides. You’ve got two that arethe
length of :SIDE and two that are the length of :SIDE
divided by 2. What would happen if | took away the
"divided by 27"

“Well, let’ssee. You'd have two sets of sidesthat all
usethesamevariable. That meansthey’d all bethesame.”

“And if all theanglesare RT 90, what’sthat?”
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Fun With
Tangrams
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“Hey, that’sa square!”

“OK, then. Isit fair tosay that asquareisthechild of
arectangle?"

“Seemsthat way.”
“Right! So now we can add a new rule.”
A square hasfour equal sidesand four equal angles.

A rectangle hastwo sets of equal sidesand four equal
angles.

A parallelogram hastwo sets of equal sides and two
sets of equal angles.

Enough of thisstuff. Let’s have some morefun with
tangrams?

Put two small trianglestogether. What shape do you
get? Canyou makeasquarefrom thetwo small triangles?
How about alarger triangle? A parallelogram?

Put the parallelogram and two small triangles
together. What shapeisthat? Can you make a square?
What about a trapezoid?

“A what?”

“A Trap-e-zoid! That'sanother shape, Morf. It’slike
a parallelogram but it only has one set of parallel sides
instead of two.”



Making Crazy
Shapes
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“That‘snotrap-e-whatever. That'sa pictureof the
pup tent we use out in the back yard!”

“Get serious, Morf. Can you makeatriangle using
five pieces of the puzzle?

You'll find lots of puzzle booksthat havetangramsin
them. But you don't really need those books, doyou? I’
bet you can think up all sortsof shapeson your own.

Why not havethe computer think up some shapesfor
you?

These might come out a bit crazy. But who cares?
That'sthe fun of having the turtle do thingsfor you.
CRAZY.SHAPESisincluded in the TANGRAM .LGO
procedure.

TO CRAZY.SHAPES :SIDE
SHAPES:SIDE

MOVE :SIDE

CRAZY.SHAPES:SIDE

END

TO SHAPES:SIDE

MAKE “SHAPE INT RANDOM 10

IF :SHAPE = 0 [TRIANGLE.RT :SIDE]
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Squares and
Square Roots
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IF :SHAPE =1[TRIANGLE.LT :SIDE]
IF :SHAPE =2[MED.TRI.RT :SIDE]
IF :SHAPE =3 [MED.TRI.LT :SIDE]

IF :SHAPE =4 [SMALL.TRI.RT :SIDE]
IF :SHAPE =5[SMALL.TRI.LT :SIDE]
IF :SHAPE = 6 [SQUARE.RT :SIDE]

IF :SHAPE =7 [SQUARE.LT :SIDE]

IF :SHAPE = 8 [PARGRAM .RT :SIDE]
IF :SHAPE = 9 [PARGRAM .LT :SIDE]
END

TO MOVE :SIDE

MAKE “MOVE INT RANDOM 5

IF :MOVE =0[SETH HEADING + 45]
IF :MOVE = 1[SETH HEADING + 90]
IF :MOVE = 2 [FD :SIDE]

IF :MOVE =3[FD :SIDE /2]

IF :MOVE =4[FD (:SIDE / SQRT 2) /2]
END

L ook back at the TRIANGL E.RT procedure. Got any
idea what the SQRT 2 means?

That number isused to figure out how long thetwo
short sidesof thetriangleare. Theleft sdeisthelongest
side, right? And we know that we have two equal sides
connected by an angle of 90 turtleturns, or 90 degr ees.

A longtimeago, some mathematician figured out that
whenyou know thelongsideof atrianglethat hastwoequal
sidesand aright angle, then the short sidesequal...

<Longside>/ SQRT 2
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There'slotsof ruleslikethisfor triangles and other
shapes. We've already figured out a bunch of them.

“But what does SQRT 2 mean?’

Actually,it standsfor thesquareroot of 2. That sounds
alot worsethanitreallyis. It doesn’'t haveanythingtodo
with the squareshape. It’spart of an arithmetic problem
that askswhat number, multiplied by itself, givesyou the
answer of 2.

What's SQRT 100? SQRT 9? SQRT 167?

Think about it for aminute. What number multiplied
by itself equals 1007?

10* 10=100

What number multiplied by itself equals 9?
3*3=9

What number multiplied by itself equals 16?
4* 4=16.

Now let’sturn the squareroot around. Squareroots
arelikesaying, “Here' stheanswer. Tell mewhat the
qguestion is...here' s 16, tell me how | got that?”

So let’slook at the question...4 multiplied by itself
equalswhat? In thelist of Logo arithmetic operations,
thereisa POWER command.

FD POWER 4 2

That’slike saying forward 4 to the power of 2, or 4-
squared, or 4 times4.
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Counting
Numbers and
Stuff
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FD POWER 10 3

Thisislikesaying forward 10-cubed or 10* 10* 10 or
10tothepower of 3. The2andthe3arecalled“ exponents.”

“What about that thing called RANDOM ?”

“Wait a bit. There'sareally great example of that
coming up.”

COUNT isanother very useful Logo command. It
outputsthe number of elementsin itsinput. That input
can beaword or alist.

SHOW COUNT “LOGO
4

SHOW COUNT [LOGY AND MORF]
3

Here salinefrom aprocedurewetalk about in chapter
14. There'salotinthisexample. Butyou'reonlyinterested
in that first line...theonewith COUNT init. Let'sseeif
we could usethat lineto help make some sense out of
COUNT.

REPEAT ((COUNT :NUMS2)-1) ~
[MAKE “NUM S1 BF :NUM S1~
IF (FIRST :NUMS1) = FIRST :NUM S~
[MAKE “CARRY FIRST BF :NUM9]]

You have avariable named :NUM S2. So let’s make
:NUM S2 equal to alist of numbers.

MAKE “NUMS2 (LIST 22 11 30 567 982)
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Members, and
Things
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SHOW :NUM S2
[22 11 30 567 982]

SHOW COUNT :NUM S2
5

REPEAT (( COUNT :NUMS2) - 1) [FD 100 RT 90]

What would thiscommand draw? You should know
that...you learned about this shape back in chapter 2.

There are some other neat thingsyou can do with
wordsand lists. In the example above, you used the
COUNT of thevariable:NUM S2 to create a square. You
can also select an item from aword or list and usethat, too.

Here san example. | bet you can guesswhat thisis
goingtolook like. It also tellsyou what ITEM doesin a
L ogo procedure.

REPEAT ITEM 3 :NUM S2 [SQUARE RT 12]

TO SQUARE

REPEAT (( COUNT :NUMS2)- 1) [FD 100 RT 90]
END

What do you think ITEM 3:NUMS2is? You know
that :NUM S2isalist...[221130567982]. SowhatisI TEM
3:NUM S2?

Another Gold Star if you said 30.
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ITEM outputsthethird element of thevariable
‘NUM S2. It doesn’t matter whether thevariableisaword
or alist.

SHOW ITEM 2“CAT
A

SHOW ITEM 2 7861236
8

Get theidea?

In the :NUM S2 example, you knew what NUMBER
you wer e looking for...thethird element, 30. But what if
you didn’t know?

L ogo letsyou ask. Take a look.

TO CHECK :X

IFELSE MEMBERP :X :NUM S2~
[REPEAT ITEM 3:NUM S2~
[SQUARE RT 12]][SQUARE]

END

TO SQUARE

REPEAT (( COUNT :NUMS2)- 1) [FD 100 RT 90]
END

MAKE “NUMS2 (LIST 22 11 30 567 982)

IntheCHECK procedure, Logoasksif : X isamember
of thevariable:NUMS2. Ifitis, it runstheline...

[REPEAT ITEM 3 :NUMS2 [SQUARE RT 12]]
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If not, it just runsthe SQUARE procedure.

L ogo picks up theseinstructionsfrom the IFEL SE
command. It’slike saying if a condition istrue, then do
this... or elsedo this.

Thereareanumber of other questionsyou can ask
L ogo.

EQUALP...Aretwowordsor listsequal or identical?
For example...
IF EQUALP : X (ITEM 3:NUMS2) [REPEAT ...

EMPTYP...Isaword or list empty (“ )or ([ ])?
For example...
IFELSE EMPTYP :NUMS2 [STOP] [REPEAT ...

If :NUM S2 isan empty list STOP, elserun the
REPEAT line.

NUMBERP...Isan object a number?
For example...
IF NUMBERP (ITEM 3:NUMS2) [REPEAT...

If ITEM 3:NUM S2isanumber, then continue with
the REPEAT line. Otherwiseskip it and go on to the next
line.

WORDP
LISTP

These arelike NUM BERP only these commands ask
if the object isaword or alist.
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Logical Operations

AND

OR

NOT

264

There arethreeother primitiveswe need to look at
beforeweleave Logo arithmetic...AND, OR, NOT.

AND teststo seeif all the conditionsfollowing the
command aretrue.

MAKE “X 210
MAKE “Y 724
IF AND :X >200:Y <800 [FD 100]
The conditionsaretrue so theturtle moves forward 100.

Wher e you have mor e than two conditions, they and
the command AND must be enclosed in parentheses.

MAKE “Z 555
IF (AND :X >200:Y < 800 :Z >500) [FD 100]
The conditions aretrue so theturtle moves forward 100.

Where AND testsif all conditionsaretrue, OR teststo
seeif any of theconditionsaretrue. If you havemorethan
two conditionsto test, use parentheses as shown below.

IF OR :X >200:Z >1000 [FD 100]
IF (OR :X >200:Y < 800 :Z >1000) [FD 100]

Because at least one of the conditionsistrue, theturtle
moves forward 100.

Iftheconditionsarefalse, NOT outputsTrue. Inother
words...

IF NOT :Z > 1000 [FD 100]
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SinceZ isnot greater than 1000, theturtle movesforward
100.

Math Challenges

M ath Challengesmay sound abit like homework, but
theseproblemsarefun...and abit of achallengeto seewhat
you’ve learned so far.

Thisisa Mandala. Peoplein Indiabelievethisisa
symbol of the endless universe.

The proceduresto createthisdrawing areon the next
page. Takesometimetofigureout howtheywork. They're
an interesting exercisein turtle geometry.
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TO MANDALA :RADIUS:CENTER
CIRC

SQUARE

IF :RADIUS < 10 [STOP]
MANDALA :RADIUS :CENTER
END

TO SQUARE

SETH 225 FD :RADIUS SETH 0

MAKE " SIDE SQRT (2* (:RADIUS* :RADIUS))
PD REPEAT 4[FD :SIDE RT 90]

MAKE "RADIUS:SIDE /2

END

TO CIRC

PU SETPOS:CENTER
SETX XCOR - :RADIUS
PD CIRCLER :RADIUS
PU SETPOS:CENTER
END

TO CIRCLER :RADIUS

LOCAL "STEP

MAKE "STEP 2* :RADIUS* 3.1416/ 36
REPEAT 36 [RT 5FD :STEP RT 5]

END

OK...now that you’ve got the M andala procedure all
figured out, try the samething using triangles instead of
squares.
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Her e sanother one...

Draw atriangleonthecomputer...any typeof triangle
will do.

Now draw acirclearoundthat trianglesothat theedge
of the circletouchesthethree pointsof thetriangle.

Thisisgoingto get a bit complicated. Just
remember...thewholeidea behind Logoisto break a
problem down intoitssimplest parts. Start with what you
know. Determinewhat you don’t know. Then go find it.

What do you know?

You know that thethreepointsof thetrianglear egoing
tobeontheedge...thecircumference...of thecircle. Ifyou
canfind apoint that isthesamedistancefrom each of those
points, then you havethe center of thecircle, right?

To makethings easier to understand, let’slabel the
pointson thecircle. We'll call them A, B, and C.

We haveto find point D...a point insidethe triangle
that isthe same distance from A asit isfrom B and C.

267



The Great Math Adventure

If point D isthe samedistancefrom A, B, and C, then
point D must bethecenter of thecircleand thethreelines,
AD, BD, and CD areeach aradiusof thecircleweare
supposed to draw.

Now...how can we provethat.

Draw theline EF so that it is perpendicular to the
middle of line AB.

B

E F
C

A

Perpendicular meansthat theline EF isat right anglesto
line AB.

What can you learn from this drawing now?
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You havetwo triangles...ADE and BDE...that share
onesideand havetwoshort sidesthat areequal. Therefore,
thesides AD and BD must be equal.

OK....if we can find the point on line EF that makes
thesetwolinesequal tolineCD, wehavefound themiddle
of the circlewe want to draw.

Let'sdoit.

Thefirst step isto create a random triangle...
something like we have already drawn.

TO RANDOM.TRI

MAKE “POINTA POS

FD 100 RT 120 - RANDOM 30

MAKE “POINTB POS

MAKE “DIST 250 - RANDOM 100 FD :DIST
MAKE “POINTC POS HOME

END

Thisprocedure startsfrom HOME...POINT A with
coordinates0,0. TheturtlegoesFD 100 and turnsright a
random angle...somewher e between 120 and 90.

ThisisPOINTB...coordinates 100,0.

Theturtlethen goesFD between 150 and 250 and sets
POINTC. Then theturtle goes Home.

The next step isto draw the perpendicular line.

TO RT.ANGLE
SETPOS:POINTA

FD 100/ 2 RT 90
MAKE “POINTE POS
FD 200 PU HOME PD
END
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B

E F
C

A

Now we have a drawing something like this, but without
the dotted lines.

What doweneed to know now to completeour circle?
We need to find the point D on line EF that isthe same
distancefrom B asit isfrom C. Wealready know that AD
and BD aregoingtobeequal...and that each isgoingto be
aradiusof our circle. Soif we can makeoneequal toline
DC, the other isautomatically equal to DC.

Thefirstthingweneed for that isadistanceprocedure.

TODIST :X1:Y1:X2:Y2
OPDIST1:X1-:X2:Y1-:Y2
END

TO DIST1:DX :DY
OP INT SQRT (:DX * :DX) + (:DY * :DY)
END

The DIST procedure measuresthe distance between
two sets of coordinates. M SW L ogo measur esthat
differencevery precisely. Sotokeep thingssimpleand easy
tocompar e, theoutputisaninteger...awholenumber. (It's
alot easier tocomparewholenumbersthanitistocompare
long decimals.)
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Now let’sput the DI STance proceduretowork. We'll
useit to calculate two distances...the distance between B
and D...and thedistance between C and D. When these
arethe same, we'll draw our circle.

TO CHECK.DIST

MAKE “BD DIST FIRST :POINTB LAST :POINTB
FIRST :POINTD LAST :POINTD

MAKE “CD DIST INT FIRST :POINTC
INT LAST :POINTC FIRST :POINTD
LAST :POINTD

SHOW :BD SHOW :CD

TEST :BD =:CD

IFTRUE [HT CIRCLE :POINTD :BD]

IFFALSE [FD 1 MAKE "POINTD POS
CHECK.DIST]

END

Here smorenew commands...FIRST and LAST. You
already know that :POINTB isalist of two coor dinates.
So FIRST :POINTB must bethefirst coordinate. And if
that’strue, then LAST :POINTB must bethelast element
in thelist or they-coordinate. You’'ll learn more about
characters,numbers,words,lists, FIRST,LAST,and other
good stuff in chapter 11.

Now let’srun through the CHECK .DIST procedure.
Thefirst two lines calculatethe distancesBD and CD. So
that you can see how these distances change, the distances
are printed in the Command Box.

Then Logo teststhetwo numbers. If :BD =:CD is
true...theyareequal...Logodrawsacirclewith :POINTD
asthecenter and aradiusof :BD. If thetwo distancesare
not equal, theturtle moves FD 1 and checksthe distances
again.
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TO CIRCLE :CENTER :RADIUS
LOCAL "AMT

MAKE "AMT :RADIUS* PI /180
PU SETPOS:CENTER

SETX XCOR - :RADIUSSETH OPD
REPEAT 360 [FD :AMT RT 1]

PU SETPOS:CENTER PD

END

TO PI
OP 3.14159
END

Toput thewholethingtogether, here'sa
placeto start.

TO START

RANDOM .TRI
SETPOS:POINTA

FD 50 RT 90

MAKE " POINTD POS
CHECK.DIST

END

Takeyour timewith thisprocedure. Comeback toit
when you'reready. Thisisagood stepping stoneto some
of the other proceduresyou’ll seein therest of thisbook.
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Numbers and Number Systems
| know what numbersare. But what'sa number
system?

There€'sabig, big difference between numbersand
number systems. Numbersmakeup thearithmetic tables
you memorizein school..2+2=4,4+4=8,8+8=16,and
so on. Number systems, on the other hand, let you move
far beyond the arithmetic tablesto where mathematics
becomes a language all its own.

L ook at it thisway.

Thereare26lettersintheEnglish language. Theseare
used to makewor dsand sentences. But wordsalonedon't
make a language. You haveto have away to string those
wordstogether sothey make senseto the person you're
trying to talk to.

L etter sand wor dsaren't worth much unlessyou know
what they mean and how they fit together. More
importantly, theseletter sand wor dshavetomean thesame
thingtotheper son or peopleyou'retalkingto. Ifthey mean
onethingto you and something else to other people, that
gets pretty confusing.

When using numbers, we use the 10 digitsfrom zero
t09...0,1,2,3,4,5,6,7,8 and 9. Just likelettersare
combined to make words, digits are combined to make
numbers. But the numbersdon't mean anything unless
you know how and why they fit together.

What does 1,487,653 mean? Thisiswhereour number
system comesin -- the decimal number system. Decimal
meansthat it isbased on the number 10...or asthe
mathematicians say, it isbase 10. In the decimal number
system, we learn to usetens, hundreds, thousands, ten
thousands, and so on. So weread that number asone
million, four hundred eight-seven thousand, six hundred
fifty-three.
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Bits and Bytes
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Ever hear of abyte? Sureyou have. You'veseethe
abbreviationsKB and MB alot, I’'m sure. They stand for
Kilo-Byte or onethousand bytes, and M ega-Byte or one
Million Bytes. Computer memory isorganized in bytes.

A byteis 8 bits. Sowhat’sa bit?

A bit isone piece of memory, either a zero or a one.
Either the power to the memory unit isOn for one, or Off
for zero.

These(O'sand 1'sarecalled “ machinelanguage.” It's
thelanguagecomputer susetocommunicate. Takealook...

1+1=10

Tothecomputer, thisaddition problem iscorrect. Its
number system only usesthe two digits, 0 and 1.

When you add nine plusone, you haveto go from the
one'sto theten’scolumn, right? Thereason isthat there
iIsno single character in the decimal number system to
represent ten. Soyou writea zero and add a one.

10*1=10

10* 10=100

10* 100 = 1,000
10* 1,000 = 10,000

What doesthistell you about

10?

Thissameidea appliestothebinary system. You only
have a zero and aone. Thereisno two.

So when you multiply the binary numbers...

10*1=10 two * one = two.

10* 10=100 two * two = four.

10* 100 = 1000 two * four = sixteen.

10* 1,000 = 10000 two * sixteen = thirty-two.
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Yes, thisisall very confusing. So here’sa procedure
that convertsnumber sfrom onenumber systemtoanother.
It’scalled CONVERT.LGO. Torun it, type something
like...

SHOW CONVERT 12102

In other words, convert 12 from base 10 to base 2.
What do you get?

TO CONVERT :N :FRBASE :TOBASE

OP DEC.TO.ANYBASE ~
ANYBASE.TO.DEC :N :FRBASE 1:TOBASE
END

TO ANYBASE.TO.DEC :N :BASE :POWER
IF EMPTYP :N [OP 0]

OP (:POWER * C.TO.NLAST :N) + ~
ANYBASE.TO.DEC BL :N :BASE ~

POWER * :BASE
END

TOC.TON:N

IF NUMBERP :N [OP :N]

OP (ASCII :N) - 55

END

TO DEC.TO.ANYBASE :N :BASE
IF :N < :BASE [OP N.TO.C :N]
OP WORD DEC.TO.ANYBASE ~

INT QUOTIENT :N :BASE :BASE N.TO.C ~
REMAINDER :N :BASE

END
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TO DIVISORP :A :B
OP 0=REMAINDER :B :A
END

TON.TO.C:N
IF:N<10[OP:N]
OPCHARS55+:N
END

Two setsof procedureswer etacked ontotheend...two
convert numbersfrom base 10 to base 16 and two convert
numbersfrom base 10 to binary numbers (base 2) and
back.

TO HEXTODEC :N
OP CONVERT :N 16 10
END

TO DECTOHEX :N
OP CONVERT :N 1016
END

TO BINTODEC :N
OP CONVERT :N 210
END

TO DECTOBIN :N

OP CONVERT :N 102
END
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Two othersthat might be useful are...

TO OCTTODEC :N
OP CONVERT :N 810
END

TO DECTOOCT :N
OP CONVERT :N 108
END

Why add octal numbers? Because computersuse
binary, octal, and hexadecimal numbers.

Remember...a"bit” of memory isatiny circuit that
iISOFF or ON, representing zero or one.

Early desktop computers used 8-bit circuitry. Eight
bits equals one byte. Even though today’s computer use
32-bit technology, we measure memory and storage
Kilobytes and M egabytes.

Octal numbersareBase 8, usingthedigitsOto 7. The
digits8and 9 don’t exist. So you havethissituation...

7+1=10

Hexadecimal number sareeven moreconfusing. They
areBase 16. Sincewe can only writeten digits, we add
lettersfor ten to 15. So you have...

9+1=A or ten.
A+1=B or eleven.
B+4=F or fifteen.
9+7=10 or sixteen.
10+ B =15 or twenty-one.
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Computer
Words
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It wouldimpossibletotalk toacomputer if itsmemory
wasjust a jumble of on and off circuits. So we organize
thecircuitsinto 16-bit “words.”

00000000 00000001
00000000 00000001 +
00000000 00000010

00000000 00001111 =15
00000000 11111111 = 255
11111111 11111111 = 65,535

Imagine what it would belikeif you had to program
in machine language using only zer os and ones?

Think for aminute! Thecomputer doesn’t think. But
if certain combinations of circuits are on, the computer
does certain things.

SO-0-0...it seemsthat the computer must use some
kind of codetotrandatetheon and off circuitsinto binary
numbers...then into instructions.

Each microprocessor ...theintegrated circuit that
controlsthecomputer ...usesaspecial set of instructionsto
translate0'sand 1'sinto actionson the screen. Computer
languages such as L ogo trandate your commandsinto
instructionsthat the instruction set of the computer can
under stand.

Mrtle, therobot, hasawholebook on how thisworks.
So we'll keep this explanation short. Just remember that
it all hasto do with special codes.

| don’t know about you...but thisseemslike a pretty
good example of numbers being used as a language.




More Math
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COOKIE.LGO is asimple gamethat adds some fun
to mathematics. It'sagreat test to see who can makethe
most money selling cookies.

Thefull procedurewasinstalled when you installed
MSW Logo. Only afew of the subproceduresarelisted
here. You’'ll need tolook at thewholethingto understand
what’s going on.

Right now, let’sjust focuson that strangethingin the
Cost procedures...

OUTPUT 1.E-2* (19 + RANDOM 7)
What’sthat?

TO COST.OF.BOX

PR2

MAKE “BOXSIZE ((5* (1 + RANDOM 5)) + 10)
MAKE “BOXCOST (:BOXSIZE * :COST)

(PR [THE COST OF A BOX OF] :BOXSIZE :COOKIE
[COOKIESIS$] :BOXCOST)

PR []
END

TO COSTA
OUTPUT 1.E-2* (19+ RANDOM 7)
END

TO COSTB
OUTPUT LE-2* (12 + RANDOM 8)
END

TO COSTC

OUTPUT 1.E-2* (9+ RANDOM 7)
END
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Engineering
Notation
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TO GAME

CLEARTEXT

(PR [In one hour you sell] :AMOUNT)

(PR :COOKIE [cookies.])

NEXT

(PR [The] :COOKIE [ cookies cost you $] CAMOUNT *
:COST))

NEXT

(PR [Your grosssaleswere $] (:SALE.PRICE *
:AMOUNT))

PR]

PR [Thisishow much money you took in.]

NEXT

SETCURSOR [0 17]

(PR [Your net profit for thisturn was $] ~
(GSALE.PRICE - :COST) * :AMOUNT))

PR2

MAKE "PROFIT (:PROFIT + (:SALE.PRICE - ~
:COST) * :AMOUNT))

(PR [Your profit for thegameis $] :PROFIT)

NEXT

END

Engineering notation isstrange. But it’snot all that
complicated. It'sreally pretty easy.

Timeto experiment.

Trying playing
around with some
engineering
numbers.

SHOW 1.E+2*9
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SHOW 1E-5*9
SHOW 1E +14* 128
What kind of answer isthat...1.28e+16?

If you play around with engineering notation, you’ll
discover how it works. Try addinglotsof numbersto 1.E.
Subtract a bunch also. What happens?

You'll find it’sshorthand for writing very big or very
small numbers. And soon you’ll beabletoread them just
like you read other numbers.

1.28e+16 is 128 with 14 zeros...sixteen placesto the
right of the decimal point.

What’sSHOW 1.E-14* 128?

M athematics doesn’t have to be dull, meaningless
stuff. It can befun. It can even get exciting!

There' slots more about math adventures coming
up...Logo adventures, too!
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