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i3 10 Minutes of Code TI-BASIC

ait4: Program Basics and Displaying on Screen

I nis is the first of three "Skill Builders' in Unit 1. At the end gdﬁ%\itlves PRI SRR b
of this unit, you will use the skills you have Jearned in these . Use the Tt Basic Program Editor to create and run
Skill Builders lo create a more complex program. This is a simple program.
your first lesson in Jearning to code with T Basic. . Use the program menus o select and paste
Tl Basic is a programming language thal can be used o commands inlo a program.
‘programion the Tl caleulators. While the structure and. « Run a program.

syntax (grammar) of Tl Basic’is simplerthan other modern
languages, it provides a great starling point for lgarning the
basics of coding. Let's get started!

Turn on your T1-84 Plus CE and press the PRGM| key.
Select NEW using the arrow keys. EXEC EDIT
Select Create New by pressing [ENTER). fHiCreate New

Name your program. HORHALF Of TAUI0 REnk RADIANAITP n

Our program name will be HELLOXY . it can be any legal name”. Press [ENTER) EROGRRH
after typing the name. You are now in the Program Editor. Each line begins with ame=HELLOXY

the colon character ( © ).

*A legal name must beup (o8 characters long, start with a letter, include only
uppercase letters and numbers, with no spaces, and be unique.

B AL L U AN B eSS s . . .
eact uﬁ’lji m_ua,ﬁse'jia"fil Hhirgady:béen used then you will edit that. program-
A 1{-"‘!‘1‘&1’,"‘“;‘-4‘4« M it _‘L-""g'gig; iy £ ‘ -.é Ly 1

rathenthanicreate:ainew:anes 2

This program will display a simple message on the home screen of your calculator.

®
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i3 10 Minutes of Code TI-BAsic

Selecting a programming command from the Program Menu. peREAG FLEAT, AUTQ BARLBARATI NS =2

The [PRGM] key now contains new menus that contain the commands that are used in [PROGRAM: HELLOXY
T1 Basic. If you want to use one of the commands, you must select it from this menu M=esE

rather than type it on the screen.

1. Press the |PRGM} key

2. Choose the O menu using the arrow keys. This menu contains all of the
commands affecting Input and Output.

3. Select Disp. The word will be pasted into your program at the current cursor
position. The Disp command will display. something.on the HOME screen.

Type a greeting in double quotation marks. . ' HORITAL. FLORT, AUTO, AL RAVEAI 11PE 00 ]

This greeting is called a string, which is a group of characters that are “strung PROGRAM: HELLOXY
together”. :Disp "U R SO COOL"O

- Your string must start and end with quotalion marks. Without the quoles, the
program thinks you mean something completely different.
- Make your life easier: Press ALPHA] to turn on the alpha-lock while you

type in the string.

PR L N L ‘ﬂJ PO, W Sy .
cannotiBe-ndona ey

OeRatantireine-of. code; 1t

‘_sé, N e T AN T

‘QAW,W 5 [CEEAR)fand then press [DEL]: Thiéra is ne edpyaht

3

s

Your program is complete! Let's run it now. There is no need to ‘save’ with Tl Basic; the program is preserved as you
type it in. That's why we named the program first.

®

©2015 Texas Instruments Incorporated 2 education.li.com



<ip 10 Minutes of Code

To run the progr*lm
™ Press [quit] (2nd)MOBE]) to return to the HOME screen.

1. Press [PRGM].

Under the EXEC ('execute’}y menu, select your program.

2
3. Press [ENTER] to paste the program name on the HOME screen.
4

Press [ENTER) again to begin the run.

Your text message is displayed on the HOME screen.

You can edit your program, too:

1. Press |[PRGM|.
2 Choose the EDIT menu using the arrow keys.
3. Select your program and press ENTER].

©2015 Texas Instruments Incorporated 3

|=3EE EDIT
SN IELLOXY

NEHW

promHELLOXY
U R SO COOL
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{9 10 Minutes of Code

'Unit 1: Program Basics and Displaying on Screen.

In this second of the three Skill Builders in Unit 1 you will

TI-BAsic

Skill Builder 2: Editing programs; clearing the screen

praclice ediling a simple program and learn how to clear o
the HOME screen of your TI-84 Plus CE. We will use and
add to the same program that you started in Skill Builder 1. .

Use lhe II Basic Program Editor to add lo and edal

a simple program.
Use the program menus to select and paste

commands into a program.

» Use simple editing fealures to insert and delete
things.

» Learn how to clear the HOME screen.

Turn on your TI-84 Plus CE and press the |PRGM] key.
Select EDIT using the arrow keys.
Select the program you started earlier. We used HELLOXY in that lesson so our

screen shows that program name.

EXEC EDT NEW
FIHHELLOXY

3272010 Q*0%. 35222 17

In the Program Editor the cursor is blinking at the beginning of the first statement
wpeisthes program. Use the arrow keys to movethie CUrSOR . ciw st gy

-

.|PROBRAM: HELLOXY
‘E%GB ") R SO coolh "

o S | oy nra

b
£ X

We are going to edit this program and add more Disp statements to it.

Maove the cursor to the end of the first line of the program and press [ENTER|. A
second colon will appear. This is the second line of the program.

PROGRAM: HELLOXY
I. Press the [PRGM] key. gi:g ;U i S0 o0
2. Choose the /O menu using the arrow keys. This menu contains all of the
commands affecting Input and Output.
3. Select Disp again. The word will again be pasted into your program at the
curren! cursor position as shown in lhe figure to the right.
Teacher Tip: Editing a program is done usmg the '1rmw kays -- an1 fu(j-. The cursor

indicates the current ediling slate: a blinking block :90vcrwnte a'bhnic\in _ ndetscore is
insert; and blinking 'A’ is alpha or alpha-lotk. - v i '

In these documents calculator keys in square brackels,\surh as [lNS]..If’IdIb‘llP a2™ function
feature of a key: ln the early lessons we indicate the-full: 2™ function’ keyslroke but
eventually transition to using just the 2™ function notation.

&

©2015 Texas Instruments incorporated 1 education.ti.com



%ip 10 Minutes of Code

pe another message in quotation marks.
Remember to press (2nd) (ALPHA] to turn on ‘alpha-lock’ while you type in the
string. Note the change in the appearance of the cursor when alpha-lock is
active.

Press.[ENTER] again at the end of the second line and add more Disp statements.

You can add as many statements as you like, but it's possible that you could add
so many that the resulting text won't fit on the screen all at once.

Your program is complete. Let's run il by pressing [QU“] and selecting it from the
EXEC menu of the [PRGM] key.

Ti-BAasic

PROGRAM: HELLOXY
:Disp "U R SO COOL"

:Disp "I LUV CODIMG
: R

:Disp "WISH U WERE HERE®

U R 50 COOL
WISH U WERE HERE
1 LUY CODING

.RAN,

phmaen

o 'i_\viting your :ﬁ;?ogi'am fupi RS : R e R S L Ea
"To change the "U" in the second statemeiit to "YOU”, use the arrow keys to place
the cursor on the U, press [Ins] (@] ) so that you see a blinking underscore
cursor. Type the Y and the O characters, then press an arrow key.

.

To delete a character, press the [DEL] key on the character.

To clear an entire statement, press the key anywhere in the statlement.

This clears the line of code and leaves a blank line (a colon wilh nothing after it).
Blank lines have no effect on the running of the program; they are ignored. If you
want to delete the blank line, you can press [DEL] while the cursor is on lhe blank

line.

When you are done (or if you just want to lest what you have so far), press [quit]

and run the program.

Clearing the HOME screen

The ClrHome statement clears the HOME screen but we want this statement to

be at the top of the program.

1. While ediling your program place your cursor at the top of the program (on
the D" of the [irst Disp statement).

;2. Press (INS] and then press ENTER| to make a new, blank line above the Disp

stalemenl,

3 Press the up arrow key (o place your cursor on lhat blank line

©2015 Texas Instruments tncorporated 2

LS

PROGRAM: HELLOXY

:Disp "1 LUV CODING"

CTL COLOR EXEC
i: Input

2:Prompt

2:Disp

4:DispGrarh
S:DiszpTable
6:0utpul(

7:9atikey

EXiC1rHome
94C1lrTatle
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Q‘; 10 Minutes of Code

4. Press [PRGM] and use the right arrow key to see to the /O menu and select

the ClrHome statement.
5. Quit the editor and run-the program. You will see your text displayed on a

clean HOME screen,

o yi 8 [aF

©2015 Texas instruments Incorporated 3

PROGRAM: HELLOXY

:ClrHome

:Dise "U R SO COOL”
:Disp "WiSH U WERE HERE"
:Disp "1 LUY CODING"

@
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it 4% Program B,'a_s’léé.an_{i__.pl,sé[aytn‘gfdn"Scraa__n- 5 Skili Buildar 3: ‘Quiputtotha HOME screan
1 this third of the three Skill Builders in Unit 1 you wil "t?j‘ii?:‘“ﬁr‘g%“%“}5&?@%&%&@%@@@%&?{
practice ediling a simple program and learn how to place . Use the Tl Basic Output statement to control the

text anywhere on the HOME screen using the Output position of text displayed on the HOME screen.
statement. . Use the Pause slalement to prevent a program

from ending too soon.

Turn on your TI-84 Plus CE and press the [PRGM] key.

Select NEW using the arrow keys. F"ROGRF\M: OUTDEMO1

Press [ENTER] to create a new program and enter a name for the program. We will
use OUTDEMO1 here. Note that to type the digit “1" we have to press [ALPHA] to

turn alpha mode off.

..,)
Using Output( Statements

:Huﬁﬁﬂt’tiﬁﬁ?'Qﬁfﬁ*ﬁ:ﬁt'hﬁﬁlﬂﬁ'ﬁ?""” i

Start your program with the ClrHome statement from the [PRGM] key VO menu.

Remember to press [ENTER] al the end of the line.
Next, select the Output( statement from the same menu.

PROGRAM: OUTDEMO1
:ClrHome
:Output (R

The HOME screen is divided into an invisible grid of characters. The Outpul |
statement will place your text starting at one of these grid positions using the line
number and column number of that position. The uppef left corner is line 1,

column 1.

So, after the open parenthesis in the Output statement, type 3,5 HELLO")

Remember to close the parentheses. PROGRAM: QUTDEMO1 |
:ClrHome |

:Qutput (3,5, "HELLO™) ‘

Teacher Tip:(3, 5, "HELLO") means that the letter "H" will be dis;ﬁiayét_l-‘gl;_iii}é: :
of the HOME screen. The T1-84 Plus HOME sereen has 8 lines and 16 columns. Thecol %

calculators each have 10 lines and 26 columns due o the higher resolution of lhe Sereens.

Letl's run the program. The resull should took fike the sereen 10 the righl if you

used the same values O

©2015 Texas Instruments Incorporated 1 education.ti.com



{5; 10 Minutes of Code

Notice how '‘Done’ appears on the top line even though "HELLO" is displayed on
the third line. The Output( statement has no effect on the current cursor position.
The ClrHome slatement positions the cursor in the top left of the screen, so the

‘Done’ is then displayed on the top line.

Adding the Pause Statement
Edit your program and add the Pause statement below the Output( statement.

You will find Pause on the [PRGM] key CTL menu. CTL is short for ‘Control’ and
the menu contains statements thal control the behavior of the program.

Run the program again and see what happens. See that the 'Done’ is now
missing?

Look closely in the top right of the screen and you'll see the ‘busy’ indicator.
That's the Pause statement at work. The program is paused at this point and the
user must press (ENTER] to continue. Then the ‘Done’ message appears at the top

of the screen., . tac] , of

:Pause

TI-BAsIC

HORHAL FLORT-NUTG: asby RADKAA HF——

PROGRAM: OUTDEMO1
:ClrHome
:Output (3,5, "HELLO")

HELLO

en.

Adding More Output( Statements to Your Program

Test lo see what happens when there's not enough room to display the message on the line.

Answer: The text wraps around to the beginning of the next line.

Add a statement at the bottom of the program so that you end the program with a clear screen.

Answer: Add another ClrHome statement after lhe Pause statement.

©2015 Texas Instruments Incorporated 2
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=

LR A

‘unlet: P_fﬁ'a'l".iﬁ_'\ﬁan!_cs";:gndf"n'lsﬁayl'hg on Screan;

Jhis Application for Unit 1 you will make use of the (5 C bR
statements learned in this unit to build one (or more) title «  Use the Tl Basic statements learhed in Unit 1 to
screen(s). build a title screen for a larger program.
Part1:

NORMAL FLOAT AUTO REALT RADXAHFFT

Use Disp statements to display a border of asterisks around the screen. Use an g i)
Output( statement to display the bottom line because Disp will scroll the whole REXAXXATERXNLRA AN TXTAKAAX
x 7
screen. Remember to clear the HOME screen first and to pause the program at » :
this point. " b
] x
x X
With the emply border showing, when the user presses [ENTER], the text from Part |7 E
2 below will appear in the middle of the screen. x x
txmxxxuxxxxxxxxxxux:xxxxﬂx

Note: T1-84 Plus users will have a different number of stars on the screen due to
the different screen dimensions.

Part 2:

Use Output( statements to display a titte, date, and author information centered
in the border. The screen to the right is not very good because the textis not : MY PROGRAM x
neatly centered. o 04,1448 )
e e : _ i o .y X MISTER ED x
| After the text is displayed the user will need to press again to continue. At [*. . 2
this point the program should clear lhe screen and then end. x x
xxxxxxxxxxtxxxxuu!xxxxx!nx

-7 P

iy

Sample Answer:

ClrHome

Disp 10 3 ok ok o R R ok R K R ROR R R R R AR R
Disp "¥ w
Disp "* i
Disp "* e
Disp "* w
Disp "* B
Disp "* i
Disp "* g
Disp "* *
Output(le)lJ"*****4***##*****#*******-t*")
Pause

Output(3,10,"MY PROGRAM")
Output(4,11,704/14/48")

Output (6,16, "MISTER ED™) (::)
Pause

©2015 Texas Instruments Incorporated 1 education.ti.com
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ClrHome

Q)

©2015 Texas Instruments Incorporated 2 education.ti.com
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diit2: Using Valables aud Expreaalons

1 the first lesson for Unit 2 you will learn about the Prompt ‘*E}bjeutm,s.-}”-," : '. o

statement to make your programs interactive, using « Use the Tl Basic Prompt statement lo assign a

variables to hold numeric values, evaluating and storing value to a variable.
Know the difference between mathematical

variables and computer variables.
. Perform calculations within Disp stalements.
« Use Output statements to produce meaningful,

results of mathematical expressions, and using Disp and .
Output statements to show the results of stored

computations.

readable results.

Real Variables
. The TI-84 Plus has 27 built-in variables that are used to store numeric values.

. The values can be real (decimal) numbers or complex numbers.
« The variable names are the letters A through Z and the letter 8 (‘theta’).
. Al variables contain a value. If a value is not assigned then the default value

is 0 (zero).
. The values remain stored even when the calculator is turned off.
. |f RAM is reset then all the values are set to 0.
. The HOME screen at the right shows some variables (on the left) and their

current vatues (on the right). Yours may differ.

L. Tl

.

The Prompt Statement '
pramU2581

« The Prompt statement is followed by one or more variable names that ask A=7n
the user to enter a value for a variable.
« |tis called 'Prompt’ because when you run the program, it displays the name 5
of the variable and a question mark. ;
‘.
f=c — - . t

Programming with Prompt

PROGRAM:U25B1

1. Slart a new program. -p
:Promet Al
2 For lirst slatement of the program use the Prompt statement found in the :Disp A2
4 |

[PRGM] /O menu.
3 Aflter the Prompt command type the name of the variable you want your

program to use. In this prograrm we will use the letter A.

! 4 Use lhe Disp staternent to display the square A’ Jlype A then lhe [a° ] key
5 Quit the editor and run the program. )
6. After the "A=?" prompl, lype any number @

©2015 Texas Instruments Incorporalted | education.ti.com
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10 Minutes of Code

I'he program displays the square of that number and ends.

Entering Multiple Values with Prompt

1.

2.
3.
4

Notice the two prompts? The Prompt statement asks for a value for each variable

Edit the program from above.
Add ,B to the Prompt statement.

Change lhe Disp statemenl so that it displays the sum A+B

Run the program again.

separately.

This is a very simple, efficient program requiring only two statements, but these

two statements are doing a lot of work!

A

PR "
St i

< N
L5

Using Output( Instead of Disp

SR TH G % L et

y (e

Recall thal you can improve the outpul of programs using Output( rather than

Disp to show the original values entered and the results properly labeled. Just pul
the calculation right in the Output statement. You try it.

Example: Output(5,7,A+B) show the value of A+B on line 5 beginning in column 7.

To the right are two screens of a running program, one showing the Prompt

section and one showing the Output section. Can you do belter?

Remember to include Pause and ClrHome statements al the right moments

in the program to keep the screen neat.

You cannol output two items with one Output statement. The message "SUM="

and the sum A+B must be oulput using separate statements. Screen position is

important!

Note: you'll find the "=" (‘equals’ sign) on the Test menu ( [2nd] [MATH] ).

©2015 Texas Instruments Incorporated

TI-BAsIC

praml2S81 !
A=713

169
- Done |
. 1

PROGRFIM: U2SB1
:Prompt R.B
:Disp AtB

eromU2SB81
A=75S
B=76
11
: .Dong

HORL FLOAT, AUTO"

pramSDPQ
A=713
B=77M

asbl RADIAN HP

education.ti.com
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Unit2; Using Vatiables and Expressions i . Skill Buildar 2: Inputting a value for a variable

in this second lesson for Unil 2 you will learn about the
different forms of the Input statement.

to a variable.
» Perform calculations wilhin Disp statements.
« Use the GRAPH screen to getinput to two
variables at once.

The Simple Input Statement
The Input statement is followed by only one variable name to ask the user to
enter a value for that variable. Unlike Prompt, Input only places a question mark
on the screen as you can see in the program example at the right.

The Improved Input Statement
This type of Input statement can display a custom message that is displayed
before waiting for a value for the variable. The structure of the Input statement
with a message is:
Input “YOUR MESSAGE HERE",V

Note: This statement:does not provide any question mark or other
punctuation, so if you want one then it must be included inside the message. > T

HORHAL, FLOAT. AUTO; REM. RAD:

Programming with Simple Input
PROGRAM: U252

1. Start a new program. e
2. For the first statement of the program use the Input statement found on the ; lngui“‘ﬁ
PRGM] /O menu. fEisp A2

3. After the Input command type the name of the variable you want your
program to use. Here we use the variable A.

4. Use the Disp statement to display the cube, A’; type the A then use Lhe
menu to get the cute, small ‘cubed’ exponent.

5. Quit the editor and run the program.

6. After the "?" type any number and press [ENTER].

7. The program displays the cube of the entered number and ends. ... Done

15

©2015 Texas Instruments Incorporaled 1 education.ti.com
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Programming with Improved Input LS
1. Edil the program you started earlier. PROGRAM: U252
5 Place the cursor on the variable after the word Input. i%igﬂfmﬁgmgp A: ".A t
3. Press [lNS];. fDisp A3
4. Type a message to display. Remember to use [A-L0CK] and quotation marks. N
5. Include a punctuation mark at the end of the message (inside the quotes).
6. Place a comma after the closing quote and before the variable.
7. Keep the Disp statement that displays A = 2
8. Quit the edilor and run the program. b
9. After the message lype any number and press [ENTER]. ENTER R: 25
10. The program displays the cube of that number and ends. 18322
n
Using Input without a Variable Running this program....

RADIAN HP-— ]

PROGRRAM: U252B

If you use the Input statement without a variable then the program will b
display the GRAPH screen with a free-floating cursor. - ;DQZ:::VX;.Y ! fopen v i
o m % s : ¥y ‘ TN

= II:"’ . N
When you press (ENTER] the program continues and the variables X and Y
contain the values that you pointed to on the GRAPH screenl

You can then use these two variables in the rest of your program.

. . . q . ) . R TR T = T
The intent of this feature is to let you input values for X and Y ‘graphically”. 3 BERTRNS r‘m"""““m‘kﬂﬁfi
E AN
Cool, eh?
e ®
s v A

_a.nd.;-)ress- ENTER .ro see lhié..

©2015 Texas Instruments Incorporated 2 education.ti.com l b
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ot 2. Using Varlable.-. and Expressiona & e e R TSl B_'uiidér' 3; Expressions and Storing.

n this thlrd lesson for Unit 2 you wilt learn abou! using : @bf{?ﬁin}'&' SO R g l

expressions and storing values in variables within « Learn about programmmg malhemahca}

programs. expressions.

- Understand order of operations.

« Realize the difference between mathematical
variables and computer prograny variables.

» Evaluate expressions.

. Store the results of expressions in variables.

Expressions
ltems such as A? and A+B are called expressions. Expressions can be found in : :
mﬂthemauca| formulas. For example the formula for the area of a triangle is PROGRAM: U25B1

:Promet A,B.H
A=< x B % H. The expression is —x BxH. :Disp 1,2x(A+B)xH
2 |

A program evaluales an expression using the current values of all variables and
gives the result as a numeric value. Expressions are evaluated using the
algebraic order of operations.

Try the program to the right which computes the area of a lrapezoid with bases [

A and B and height H. -

: You cannot use varnables such as B1 and B2. The calculator computes these as
the expressions B % 1 and B x 2 and may cause an error when used incorrectly.

You also cannot use variables with more than one letter such as AB. As stated
earlier, this means A X B. This is called implied multiplication because the

multiplicalion sign belween the variables is 'implied’ or assumed. | e m A

Mathematical Expressions and Computer Expressions
While there are many similarities in the appearance of expressions in mathematics and computer programs \here are
also important differences. The most significant difference is that in a mathematical expression the variables stand
for 'unknown’ numbers and are replaced with numbers when needed. In a computer expression the variables are
names for numbers.
in mathematics we use lormulas to state a relationship between things such as area and lenglhs. In programs we
use the expressions to do the calculations and the variables' values are used to compule a resull. When we wrile the
program we type the expression but when we run the program the expression is compuled and creales a resull o be

used laler.

Teacher Tip: G)ne of the more confusing slaten‘lents ina'prograrm. forbeginners is x+1>x.

It's prelly clear in the synlax ‘of TI-Basic Lhat; 15 bemg added to lhe: variable x and then

being stored in variable X, 50 the x on the léfuand: the % on the rlqht represenl. different

values. This statemenl is known as a ‘counter’ because. each time itis processed (na loop)

il increases x by 1. Bulin other languages 5uch as B A $.1.C and Lua.(and many more) the

stalement appears as x=x+1 which is clearly a false assertion in-a mathematical sense but ,

is perfectly good in @ program! @

©2015 Texas Instruments Incorporated 1 educationti.com
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Storing Values in Variables: The Assignment Statement
The S operator is used to store (assign)y the result of an expression into a
variable.
Pressing the key always displays the symbot > .
After pressing Eﬁ_ﬁ_ﬁl the HOME screen displays the result of the expression
and the variable G now contains the value 5. In front of the arrow must be a
value or an expression that produces a value. This is called the assignment
statement because it assigns a value to a variable. The symbol after the arrow
must be a variable.

Programming with Assignment Statements
Let's write a program thal asks you to enter two numbers, stores their sum,
difference, product, and quotient in four variables and then displays the results.

Start a new program. Our program name is SDPQ.

Prompt for two variables A and B.

Store the four expressions in four other variables S, D, P, and Q.
Display S, D, P and Q.

Run the program.

&n B on 1D =

Enter a value for A and another value for B.

b Be sure to use numbers for which you can confirm that the calculatlons were
peﬁormedt@'ﬁ‘é‘b Iy This is known as 'lestifg’ the program. = - ; il

iy

PramSDPQ
A=717
B=78
s 25
v <
136
2.125
Done

Ti-BAsIC

PROGRAM: SDPQ
:Promet A.B
:RA+B»S

:A-B>D

cAxBoP

:AsB->Q

:Disp S.D0.P.Q

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

Note: T) Basic's assignment statement is unique in that the expression comes first, then the ‘store’ operalor, then the
variable. This makes it easy to read from left to right. In most other languages the order is the opposile, such as
S=A+B. This is backwards because the computer evaluates lhe expression on the right first and then stores the

result in the variable on the left.

Making Improvements
You can improve the program using Output( rather than Disp to show the original
values entered and the four resulls properly labeled. You lry it!

To the right is a snippet of code and a screen of the partially compleled program
running. There's slill some work to do here so we'll leave it to you to complete the

program.
Remember to include a Pause slatement at the end of the Output stalements to

prevent the 'Done’ message from spoiling the display.

©2015 Texas Instruments Incorporated 2

PROGRAM: SDPQ !
:Promet A.B i
:A+B25 !
1A-B2D

tAxB>P

RsB20

:ClrHome

QutpPut(2.2."A=")

:Qutput (2,.4.H0)0
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Remember that the T1-84 Ptus and the TI-84 Plus. CICE have different HOME
APH screen sizes) so ptan accordingly.

\ screen sizes (as well as different GR
line and 8 lines, while Ti-8 Plus

The T1-84 Plus HOME has 16 characlers per

C/CE HOME has 26 characlers per line and 10 lines.

TI-BASIC

thy
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Unit 2: Using Variables and Expressiuns

In this Application for Unll 2 you will write programs to

Ti-Basic

Application 2: Computing a Formula

evaluate some mathematical formulas. . Use lhe Tl Basic statements Iearned in Unn 2to

write a program that evaluates a formula.

The Pythagorean Theorem
In a right triangle with legs A and B and hypotenuse C,
Ar¥Br=CY

Write a program that asks the user to enter the lengths of the legs then computes
the length of the hypotenuse and nicely displays all three values.

Note: You first have to solve the formula above for C.

Heron’s Formula
Heron’s Formula determines the area of any triangle using only the lengths of
the three sides of the triangle, A, B, and C. It is usually stated in two parts:

S =(A+ B+ C)/2 is the ‘'semi-perimeter’ (half the perimeter) of the triangle

A= JS*(S—A)(S—B)(S— C) is the area of the triangle

Write a program that asks the user to enterthe lengths of the three sides of a
triangle and then computes the area and displays (Outputs) the sides and the
area on a pretty screen.

Note: It's possible for the user to enter three numbers that cannot be the sides of
any triangle. What will happen when the user enlers /nval/d values?

“‘?1‘- e AT ; f 3 U' YA SR e SR S T
ngpa,gﬂgﬂyr F _Lg, o };ﬂ : k)

¢ r,a’*ﬁﬁahglé (ﬂ]\él‘% 0

The Quadratic Formula
If a quadratic equation is of the form Ax? + Bx + C =0 then the roots of the

equation are found by...
First, determining the discriminant:

D=B?—-4A4AC
And then the two rools are:

Rl=(—B+~vD)/24)

R2=(—B-D)/(24)
Wiite a program that asks the user to enter the lhree coeliicients of the quadralic
equation, A, B, and C and nicely displays the coefficients and the two roots of the

equation.

©2015 Texas Instruments Incorporated |

PROGRAM: PYTHRG

:ClrHome
:Dise "THIS PROGRAM COMPUT
ES"

:Disp "THE HYPOTENUSE"
:Disp "ENTER THE LEGS..
:Promet A.B

PROGRAM : HERON

:ClrHome
:Disp "THIS PROGRAM COMPUT
ES"

:Disp "HERON'S FORMULR"
:Disp "ENTER THE SIDES..."

:Promet A,B.C

PRCOGRAM: QUAD
:ClrHome
:Disp "THIS PROGRAM COMPUT

ES THE"

:Disp "QUADRATIC FORMULA"
:Disp "ENTER THE COEFFICIE
NTS..."

:Prompt A.B.C
B -

D

education.li.com
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TI-BAsiC

Note: You cannot use R1and R2 as variables! Use something else
Whal roufd pc:subfy_ go wrong with this progmm?

SR

The Pythagorean Theorem
Answer:

prgmPYTHAG

ClrHome

Disp "THIS PROGRAM COMPUTES"
Disp "THE HYPOTENUSE"

Disp "ENTER THE LEGS..."

Prompt A,.B

VJ(A#+B2)—C

ClrHome
Output(3,5,"A=")
Output(3,8,"A)
Output(4,5,"B=")
Output(4,8,B)
Output(6,5," HYPOTENUSE ="
’ ‘!tpul(6,16,C)

Ause R B G
CirHome

©2015 Texas Instruments Incorporated
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Heron's Formula
Answer:
prgmHERON
CirHome

P T

S P e
{5

t‘:i"on nyill

f“\‘ié-a'.:, .
The Quadratic Formula
Answer:

prgmQUAD
ClrHome

Disp "THIS PROGRAM COMPUTES"  Disp "THIS PROGRAM COMPUTES
Disp "HERON'S FORMULA" THE"

Disp "ENTER THE SIDES..."

Prompt A,B,C
(A+B+C)2—-S
V(S(S-A)(S-B)(S-C))—D

CirHome
Output(3,5,"A="
Output(3,8,A)
Output(4,5,"B="
Output(4,8,B)

_ Output(5,5,"C=")

Outpu&(ﬁ.S,é) o
Output(7,5,"AREA=")
Output(7,11,D)

Pause

CirHome

Disp "QUADRATIC FORMULA"

Disp "ENTER THE COEFFICIENTS..."
Prompt A,B,C

B24AC—D

(-B+V(D))/(2A)—R

(-B-V(D))/(2A)~S

ClrHome
Qutput(3,5,"A=")
Output(3,8,A)
Output(4,5,"B="
Outpul(.8,B)
qulpul(5,5."C= 'l)
Qutput(5,8,C)
Output(7,5,"RO0T1=")
Qutput(7,12,R)
Output(8,5,"RO0OT2="
Outpul(8,12,5)

Pause

ClrHome

education.ti.com



‘{f} 10 Minutes of Code _ TI-BASIC

[Unlf3: Conditional Statements. - .~ Skitf Bullder : Conditions and th [f.. Statemmant

In this first lesson for Unit 3 you will learn about conditions ﬁrﬁ:iﬁé SN
and the introduction to the If statements avaitable in Tl « Learn about conditions.

Basic. « Use lhe 'simple’ If... statement lo conditionally
process another statement.

If...Then statements are used to process a block of statements only when a condition is true or false. Before visiting the
If... Then collection of statements, let's get an idea of just what a condition is.

[ A‘:‘

Conditions and the[TEST] Menu LOGIC
Conditions are expressions that evaluate to 'true’ or ‘false’. Such expressions are 202
either true or false; they cannot be both or neither. The relational operators and 3;
the logical operalors are both found on the [TEST] menu ((2nd) [MATH)).The TEST 22
menu contains the relational operators. The LOGIC menu contains the logical -
operators. The = sign is used to form a condition, not an assignment. '

Examples of some conditions:

3>5  XY>0 X=5 or Y=5 JEST s !

X+4>X  B*-4AC=0 X/2=int(X/2) 2:or ;
3:

XoY  X>0and Y>0  not(X>0) il !

©2015 Texas Instruments Incorporated 1 education.ticom
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‘\pditions on the HOME Screen
"You can enter conditions rigint on the HOME screenlo see how

compuled.

Observe that 1 stands for true and 0 stands for false:

they are

TL-BASIC

35

nET=X
.......................................... 0
Xr1oX

Note: when you usé a variable in a condition the calculator evaluates it using the |

current value stored in the variable.

Programming with the ‘Simple’ If... Statement
Try this program:
:Prompt A
:If A>0 [if is in the CTL menu. *>’ isin the [TeST] menu]

_ .Disp “AlIS POSITIVE”
e 7o el v L T o 3
P <A 1STNOT POSITIVE”

ool

pramIFSTMT
A=75
A is positive

f1 is not Positive

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

M ,-.';;;' Pt q‘&" e .vT

e —

Run the program several times entering both positive and non-positive numbers

and observe the oulput. What can you learmn?

When the condition A>0 is true, the statement that follows If is execuled, otherwise it is simply skipped.

But the

statement that displays A 1S NOT POSITIVE" is always executed, which is not correct! See the screen at the right.

we'll fix this soon.
This 'simple’ If... is @ concise way of skipping one statement based on

Editing the If... Statement

Let's correct the program above by adding another If...
1. Place the cursor on the second Disp.
2 Pressiand press [ENTER] to insert a blank line
3. On that blank line add if A<O.

Quit and

run the program several times using both positive and negative numbers

a condition (when itis FALSE).

PROGRAM: IFSTMT
:Prompt A

:1f ADO

:Disp “A is positive”

:1f ACO

:Disp "A is not positive”

and 0, too!

jes your program work correclly in all cases? I, not, lry to fix the problem.

©2015 Texas Instruments Incorporated
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Unit 3: Conditional Statements 'Skill Builder 2: If...Then...End and
in this second lesson for Unit 3 you wilklearn about a @E@i@&r y ot
much better conditional structure and compound « Examine lhe If...Then...End structure.
conditions. « Make compound conditions with the logical
operators.
»  Write a program using the If... Then...End structure
that examines the regions of the coordinate plane.

NOPH T aura L RADZAN MP S
The If...Then...End structure RHALIPLORTAUTE; REALZRADSAIEN Il

T1 Basic has a unique If...Then structure that makes use of the End keyword to PF%OGRFM: IFTHEN |
control the statements that form the block of code that will be processed when the L I?p%e and Y>@ '
ondition i ) ks i is: : Then

condition is l.rL.Je It looks like this Dren “FIRST QUADRANT™

If <condition> :Dise "X IS POSITIVE"

Then Disp "Y IS POSITIVE"

:End
<true block: do these statements when the <condition> is true |

End . —— ]
Note:
If is followed by some <condition>.
Then is immediately below If, set on a line by itself.
There are one or more statements in the <true block>.

4 End.jadicates the end of the Then block and thestatements below, End wil e T

End is not the end of the program! It is the End of the If..;Then...End structure. =) S

NORAAL FLCAT AUTO REAL RADIAN HP

TEST [HelchiH

Compound Conditions
Compound conditions involve more than one relational expression. The logical

operalors and, or, xor and not( are found on the [TEST] LOGIC menu. These 2‘322‘:]
operators allow you to build compound conditions. i :‘)g;_'(
Examples:

« X>0andY>0 is true when both X and Y are positive

« X>0or¥Y>0 is true when either X or Y is positive (or both)

« not(X>0 and Y>0)is true when either X or Y is not positive
it means the same as X<=0 or Y<=0

e X>0xorY>0 is true when either X or Y is positive but not both
it means the same as... X>0 or Y>0 and not(X>0 and Y>0)

xor stands for ‘exclusive or’ and is true when either partis true bul not both parls.
You cannot ‘string together’ the relational operators: 2<A<3 is interpreted to mean "A is between 2 and 3" and
muslt be coded as 2<A and A<3. The logical operators have an order of operations jusl like the arithmetic

operators +, -, *, and /.

A<0 or A<5 and A>2 means A can be negalive or between 2 and 5.
and is processed before or (similar lo ‘multiplication belore addition’).

©2015 Texas Instruments Incorporated 1 education.ticom
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Programming with If...Then...End Statements

Try the IFTHEN program to the right.

Note: Input has no variable. This is a special feature of TI-Basic. Recall from
Unit 2 that the GRAPH screen will appear so thal you can move the cursor
anywhere and press to set values for X and Y.

‘and’ is on the [TEST/LOGIC menu.

Then is on a line by itself right below If

End is the bottom of the ‘true’ block (the set of statements that are executed
when the condition is true). It is not the end of the program.

Complete the Program

A graph has several named regions: Quadrants |, I, 1, and IV and the
positive and negative x and y axes. Let's write a program that allows the user
to select a point on the GRAPH screen and then the program will tell where
the point lies using those names.

We'll start you off-with a feWIf statemiéiits-and-you-can finish the rest:
“Input nl:]"ﬁt"_:'{e, no vafiable! = 1 s
Disp X,Y
If X>0 and Y>0
Then
Disp "FIRST QUADRANT”
End
If X=0 and Y>0
Then
Disp "POSITIVE Y-AXIS"
End
If X<0 and Y>0
Then
Disp "SECOND QUADRANT"
End

You should have eight If structures (for the four quadrants and the four half-
axes).

©2015 Texas Instruments Incorporated 2
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NORHALIFLEATINUTO REAL RALTANIAP 1

PROGRAM : IFTHEN
: Input

:1f XO0 and YO0

:Then

. Disp "FIRST QUADRANT* |
: Disp "X LIS POSITIVE" |
: Dizp "Y IS POSITIVE" |
:End !

tDisp “FINI'® \

Running the program cause this
screen to appear...

...and pressing enter at thal

nosition causes this:
promiHICH |
POSITIVE Y-RXIS

e ieen, ONE,

education.ti.com
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Sample Answer:
Input [Notice, no variable]
Disp X,V

If X>0 and Y>0

Then

Disp "FIRST QUADRANT"
End

If X=0 and Y>0

Then

Disp "POSITIVE Y-AXIS"
End

If X<0 and Y>0

Then

Disp "SECOND QUADRANT"
End

If X<6 and Y=0

Then
Disp "NEGATIVE X-AXIS™
JEnd e

&3?Jﬁﬁﬂ“F¥wdhﬂtrﬂnufﬁﬁh; dqan@npgeut e e

it

If X<0 and Y<0O

Then

Disp "THIRD QUADRANT"
End

If X=0 and Y<@

Then

Disp "NEGATIVE Y-AXIS"
End

If X>8 and Y<@

Then

Disp "FOURTH QUADRANT"
End

©2015 Texas Instruments Incorporated 3 education.ti.com
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git 3: Conditlonat Statamants 7 8Kill Bulldar 3¢ (R Than...Elaa..End; Diviatbility:

.1\ this third lesson for Unit 3 you will learm about another 0r]r:ﬂ:"’(f1‘:\‘\.'355"r Ry aney, & ng:\m%@?h HERA
form of the If statement in T1 Basic and the value of -« See the structure of the if...Then...Else...End
understanding numeric algorithms. statement.
. Learn the lest for ‘whole-ness’ (is a value an
integer?).

« Whatis an Algorithm?

e i

fGroili A prograniSierCialiSIt
Y ) oo e \;, LTIy L

About If...Then...Else...End
f"j;l'n the previous activity you lea;sne_ti*abo’t_‘i;;”iﬁé If... Then...End.statement. There ajge timeg whenwellpeed to take W0, po. .
! different courses of-action depending on a'condition. The structure of this new if .,'.,Then.,.L!..:,-}Is.e_.._.E_qg_.__snatemgp'{"ié -
similar: -
If <condition>
Then
<True block>
Else
<False block>
End
Note:
Then, Else, and End are on line by themselves.
The <True block> is the sef of slatements that will be executed when the <condition> is true.

The <False block> is the set of statements that will be executed when the <condition> is nol true.
Therefore, one or the other of these two blocks will be executed.

Programming with 1£...Then...Else...End

We'll wrile a program to lell whether or not an entered number is a perfect PROGRAM : SQUARE
\ L. ) 2 : ClrHome
square. A ‘perfect square 1S the square of an inleger, such as 25 (57). The . Input "ENTER R NUMBER:".N
method used here is 1o take the square root of the number and lest lo see if itis , ,
. i L 9 : 1 SN)=snt (FN))

an integer. The program listing is at the right. : Then
:Dize “IT IS A PERFECT SQU
ARE. "
:Elze
:Disp "1T IS NOT A PERFECT

1%

©2015 Texas Instruments Incorporated 1 education.ti.com
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HORHAL: FLOAT: AUTG REAL RADIAN HP - - "

Note:
Use the [ ] key on the keypad for the square rool symbol. PROGRAM : SQUARE
If, Then, Else, and End are alf on the [PRGM} CTL menu. L If FON=int (F(N))
The int( ) function is on the -MATH NUM menu. The function returns an integer, :Then ,
i ; . ) “ ‘Dise 1T IS A PERFECT SQU
s0, for example, int(6.56) > 6  in(9.999) > 9 int(-2.01) > -3 ARE.
iElse
:Dizp “IT IS NOT R PERFECT
Try your own int( ) examples on the HOME screen. Remember to close SQUARE. "
tEnd

parentheses for the int( ) function and the square root function. You'll only use
UPPERCASE letters in your Disp statements on the calculator. You can enter
lowercase letters through TI-Connect CE.

Algorithms

,".}fl‘l'ilt #

bl

REAN ',‘i

Techniques such as that used in this exercise are known as ‘algorithms’. An algorithm is a procedure or formula for
solving a problem.

A recipe for baking a cake is an algorithm. If you follow the recipe you will have cake. All mathematical formulas, such
as the formula of a triangle (A=B*H/2) are algorithms: they give you a method to delermine a new value based on
existing values. Algorithms such at the ‘perfect square’ technique above are important problem-solving tools. Learning
common computer algorithms such as this will make your programming experience very rewarding.

Idere’s @ hox cake recipe.. e ua o A v S e I
Prepare cake balter per directions on box. Y ” a ,-1“ - AR sy
2 Bake as directed on package—Iwo cake layers. o

3. Coolin pans 10 minutes.

4. Remove from oven to wire racks.

5. Let cool completely.

6. Beat pudding mixes and milk with whisk 2 minutes.

7

8

9.

1

—_
.

Immediately spread over tops of cakes.
Slack cake layers.
Frost with whipped cream.

0. Enjoy!

As in a program, the baker follows the steps from beginning lo end. At the end there’s a delicious cake to enjoy. When
a computer follows the steps in a program (the algorithm) the desired result is achieved. And, in fact, there’s a branch
of computer science lhat deals with PROVING that an algorithm will give the desired result. It's similar to proving
mathematics theorems

e;' "Ip ‘Here's: an example of a computer algorithim:

a number to the nearesl whole number use:
:nl(A+0 5)

keeps the number lower than the next higher integer. Then lhe int( ) functton Irunrsal sithe
number at the decimal point, leaving just the-integer part. '
Here's an-example: o .

suppose A=3.4 A+0.5=3.9 int(3.9) =3 (rounds down) e QVO]

©2015 Texas Instruments Incorporated 2 education.ti.com
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Uni€3; Canditional Statements. e : el Application: The Zodlac:
In this application for Unit 3 you will be developing a a@ﬁ&%’s’%“ﬁﬁ, oo ik {

program thal can lell the user in what sign of the zodiac an Work with date conversions.
entered date lies. « Use If statemenls 1o determine the sign of the

zodiac for a given date.
e Work with String variables.

The Zodiac
In astronomy and astrology the zodiac is a division of the sky into 12 equal regions. The regions are named by the
constellations that are approximately within these regions. The Babylonians developed this division around 1,000-500
B.C. They began their calendar year with the vernal equinox (the first day of Spring), hence the first sign of the zodiac
is Aries and covers the period from March 21 to April 20.

Nesliee ) § G 16 ISR
FLOAT AUTO RI
The Program
In this lesson we'll write a program that lets a user enter a month and a day and EEET_'Z‘O(‘)'IRC
then the program displays the sign of the zodiac for that date. This program FESYE?
- I
utilizes many If...Then statements. .....Dane,
AL
4 Lomg N ! e - -
The user will enter the month number and day number according to our I = U d d
calendar, and the program will convert the date into the Babylonian format |

(March =1, April = 2, ... , January = 11, February = 12). The tests for each sign
can be complex. For example:

If (M=1 and D>20) or (M=2 and D<21)

To simplify the programming we'll develop a single numeric value (a code) to
represent the dates. This code makes it easier to write lhe If statements rather
than have to deal with more complex expressions involving ands and ors.

N v s 5 3>
martictl | [

¥i

"' 3

Pseudocode
When developing a large program it is often helpful to start with a plain-English outline of the program. This is called
‘pseudocode’ because il is not wrilten using a specific programming language. The oulline is written in a way thal

makes it easy to convert to a programming language later on.

Here's an outline (pseudocode) of the zodiac program:
PROGRAM: ZODIAC
Enter the Month user enters a number from 1 to 12

Enter the Day user enters a number from 1 1o 31 @

©2015 Texas Instruments Incorporated 1 education.ti.com
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(The zodiac signs begin with Aries so we make March the first month and January and February are months 11
and 12.)

Subtract 2 from the Month.

If the Month is less than 1 then add 12 to the Month.

Creale a one-number Code for the date (combine Month and Day into one number, the Code, whose first one or two
digits are the month and whose:last two digits are the day). We accomplish this by multiplying the month by 100 and
add the day. For example: July 4 is Babylonian Month 5, Day 4 so the Code is 100*5+4 = 504.
& ey Wﬁ‘mﬁ':—"‘-ﬁﬂfﬂ S r e M LG ; ¥
TipsWheniwe }ﬁ\ﬁ? tanUmban by
: _.p&\?’é\fg ,&-‘5];%59 S *@:}j’!*y"r e

heniwhentaddngieiia/AgIe
F ST eL TS Ul
L] 3 I APUETIIIT

. H Cils A Ry, P

add the Day and then store the result in the Code variable.

Multiply the Month by 100 and

LAY TSN i) TSR] ANt S LT N RO
% SRS RN = S
A0 YRy

s 1 = '

MU,

Store “Invalid” in a String” variable. This variable will be used later to display
the sign or the word Invalid. See *Strings below.
Now check to see in which zodiac sign the Gode belongs: =

PROGRAR: 20DTRC

::--I}' C212% mnd: CS2200 it |t

) if Code >=121 and Cod6<£220  this represents the days from March 21.to Then il i
April 20 EﬁEIES"abtri e r
then :
store “Aries” in the string variable Note the quotation marks! l_____ - ]
end

Write one of these slruclures for each of the twelve signs of lhe zodiac.

After the 12 If structures the string variable will contain either “INVALID" or one of the signs, so...

Display the string variable.

Here are the dates for each sign:

Avries: March 21-April 20

Taurus: April 21—May 21

Gemini: May 22—June 21

Cancer: June 22—July 22

Leo: July 23—Augusl 22

Virgo: Augusl 23—September 23

Libra: Seplember 24— October 23

Scorpio: October 24— November 22

Sagiltarius: November 23—December 21

Capricorn. December 22—January 20
) AUATIUS. Junmary 21—February 19

Pisnes: [ einuary 20—March 20 C;D

©2015 Texas nstruments Incorporated 2 education.ti.com
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*Strings
This program stores a siring of characters such as "INVALID" in a String variable.

The TI-84 has 10 skring variables for you to use. To access these variable names 2:
. . 3

press the (VARS] key and selecl the String... menu. Be sure to use only one string 4:Strd

variable for all the signs of the zodiac.

Your Task
Write the program ZODIAC that meets the above specifications. The program
should produce something like what is displayed here.

Caution: Pisces takes a special condition!

Extension:
The program does not check to see if the month and day entered are legal dates. Add If statements after the input
section to make sure that the values entered are 'legal’.

Tip: Remember, some months have 30 days, some have 31, and one has only 29. Also, there is no month 13 or

o W sar-i + dda&ee.whal happens.if.you-enter.i4 for the month. L ppmn SAR$E v pe S R UL P
2
Sample Answer (without the ‘extension’): ()J J
PROGRAM: ZODIAC If C>623 and C<723

©2015 Texas Instruments Incorporated 3 education.ti.com
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Input "MONTH "M
Input "DAY "D

M-2—M
If M<A
Then
M+12—M
End

100M+D—C
"INVALID"—Str1

If C=121 and C<220

Then
"ARIES"—Str1
End
If C=221 and C<£321
Then
“TAURUS"—SIr1
End
s ‘,-;‘,.-,I,f 0232_2.ar£.gf_421 N
(.'rhen Nt ] )
' GEMINI"—St 5
End
If C=422 and C=s522
Then
"CANCER"—Str1
End
If C2523 and C<622
Then
"LEQ"—Str1
End

©2015 Texas Instruments incorporated

{3 LA

TI-BASIC

Then
"VIRGO"— S
End
If C2724 and C<823
Ther
*LIBRA"—Str1
End
If C>824 and Cs922
Then
"SCORPIO"—Str1
End
If C=923 and C<1021
Then
"SAGITTARIUS"—Str1
End
If C21022 and C£1120
Then
"CAPRICORN"—Str1
End
If (C21121 and C<1219)
Then

- "AQUARIUS" =81 S Ty -
End ol

If (G21219 and Cs1229) or (C2101 and C<120)
Then

"PISCES"—Str1

End

Disp Sir1

@
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Unitq: ~ # : : © . Skill Builder 1; Loops and the For{...) lsop

In this first lesson for Unit 4 you will learn about the loop 5 E \3,%? : TSI
concepl and the structure and use of the For(...) loop. . Understand loops.
= Use the For{(...) loop to generate a list of values.

Loops
A loop is a method of repeatlng a set of statements. All programming Ianguages .
have at least one looping structure. The-loop: structurehiass Way of‘going F.~.(PROGRAM: INF Lk xR
backwards in a program lo a previous spot. TI-Basic has three different types of :g:‘;épn%gemj:mny AMD Bgy»
loops. An infinite loop never ends. OEE;“ |

= _r
To ‘break’ (slop) a running program, press [ON]. You'll see the options ‘Quit’ and |
‘Goto’. ‘Quit' returns you to the HOME screen and ‘Goto’ takes you into the

Program Editor to the spot where the program stopped. . - —
An infinite loop. Why?

The Three Tl-Basic Loops are: 1,0 COLOR EXEC !
For( )... End {#ﬁn
While <condition is true> ... End 3:Else
Repeat <until condition is true> ... End gzﬁ:ie
6:Rereat.
This resl of this lesson deals only with the For( ) loop. a;p;‘ise
MLBL
HORHAL FLOAT AUTD REAL ARDZAN.HP ' ry
The For{ ... ) Loop PROGRAM: COUNT10
Structure: For(variable, starting value, ending value) ig?giﬂﬁl’m)
loop body fEnd
End

Example: For(A,1,10)
Disp A < loop body
End

©2015 Texas Instruments Incorporated 1 education.ti.com
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Note: A
The For{ ) statement requires a variable (the loop controt variabie), a starting :";
value and an ending value, separated by commas. The starting and ending values 5
can be variables. The loop body can be as many statements as needed but f”
should not change the loop control variable. The loop will run from your starting 8
value to your ending value with a standard increment of 1. 13|
AU, ...~

HERHAK FLOAT AUTOIAEAL RARIANIHF

For Loop With Increments Other Than 1
There is an optional fourth argument for the For( ) statement: the increment. The PROGRAM: COUNT10
. . . . . . =FDI"(F1.1-10.3]
increment is the value by which the loop control variable increases with each :Disp A

iteration of the loop. The default value is 1.

EEnd E
!

oere . For(A,1,10,3) starts with A=1, t’hen aqﬁ.ﬁ_:}_t’o A each time the loop ralpealg. The
! loop stops when A is-.greater_'ftﬁ?h 10 Pl incremént canbe a negalité number.
B i RO }) AN

s

For(B,10,0,-1) counts down from 10 to O.

Programming with For(...)
Lel's write a program that displays a table of numbers and their squares. PFégGE‘ﬂH:SQUHRES
: rHome

The user can enter the lower and upper bounds of the range of numbers. : Input “LOMER?".L
The tricky part is to Display the pairs of numbers on the same line! We can do : FI:"F-’L(*E ll{’lf)’ER'-’"-U
:For(A.L.

:Dise {(R.AY)

this using lists.
s End

Note:
L and U are used to represent Lower and Upper. The For( ) statement uses the

values of L and U. The list brackets are on the parentheses keys. Press
7ud) (1) and [2nd) (1] for the brackets.

Teacher Tip :list is & convenient method to display:more than one valtieon -
AL o, - & ."_-f__.'.

fline oh-iﬁé{i{[@MEiﬁi‘c'r'Eén‘:' !

P i -y
BDis
oWl h ol

Run the program and enler a lower and an upper bound for the table.

If the lists go by too quickly hen consider adding a Pause statement after the Disp statement and belore the End

Stalemenl. (D
education.ti.com io
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Challenge:
Use an If ... Then... End structure to Pause every 5

previous unit.

TI-BAsIC

s

pairs of numbers. Recall the divisibility technique from the .~

©2015 Texas Instruments Incorporated
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gaitditoops’ sk Buildar 2; Ttie Whila,. End (0p:

In this second lesson for Unit 4 you will learn about the Oi}]ectl 53 %ﬂ'éﬁﬁﬁﬁﬁ&rﬁﬁgﬁﬁﬁ‘&%ﬁ, -
White...End loop. We'll compare it 1o the For... loop and « Learn the structure of the While...End loop.
even show why it is more powerful and versalile than the -« Compare it to the For...End loop.

For... loop. «  See haw it is used to ensure valid input values.

The While... End Loop

. 0 . . . . . A F 1 iR :
The While...End loop will contintie looping as long as its <condition> is True. It NORHAL FLOATIAUTT RESLIARDIR P = 1)

PROGRAM: HIILE

looks like this:
. - 109K
While <condition> :{dhile K310
2 tDise K
loop body> tEnd
End

An ‘infinite’ loop! Why?
HORMAL FLOAT AUTD REAL RADZAN HP ”

Notes
The <condition> is a logical expression such as x>0, (
The <loop body> is any set of stalements, including other loops and If structures. 3?,‘: le K10

PROGRAM: MHILE

It is processed whenever the <condition> is True. faiigkk
_.The keyword End is used o indicate the bottom of the <loop body>. At the End EEpd =
. - PIRNE] PEer— 10 0 FRUEE ERR RN PRI e =1 =]
1 statement the program loops back to the While statement and tests the . - ;

<condition> again.

‘Initialize’ the While’s condition: establish a value so thal the condition is properly
established as True or False. If the inilial condition is False the loop is completely
skipped. If the condition is True then the loop body is processed. The 02K atthe
top of this program sets the initial condition to False. Without it there's no way of
knowing what will happen because any value could have been stored in the
variable K before the program runs.

Somewhere in the <loop body> there should be a statement that will have an
effect on the <condition> so that the loop will eventually end and statements after
lhe loop will be processed. Usually this statement is near the bottom of lhe <loop
body>. K+1-> K ensures that eventually K will be greater than 10.

:-:."jmporlant-lo siress lh_;jt’tmﬂWhih loop mighl; nottbe

é’gh;iﬁé discuss the Repeat loop whichis always ProGEs

ibtle: bul important distinction.

Thereare three components to building & successful While loop: Iml'nhz
‘change: RIS
- Initialize a variable.

» ' Test a condition based on that yariabl_e.

« Change'the variable so that eventually the condition becomes false 50»1.1'15‘!: i

will terminate. 3 Fab .
5

©2015 Texas instruments Incorporated 1 education.ti.com
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Checking for Valid Input with While...End HARALLCLRE SIITS RO R e e T

We'll write a section of a program (a ‘code segment’) that makes sure that the PEIBNL IV

ENTER A POSITIVE NUMBER-3

user enters a posilive number, tells her when that entry is invalid ang to enter HOT POSITIVE
, ; e ENTER A POSITIVE NUMBER-8&
another value in ils place. NOT POSITIVE
ENTER R POSITIVE NUMBER®
. . . o NOT POSITIVE
The output of the code segment is shown to-the right with some non-positive ENTER A POSITIVE NUMBERS3
numbers entered to see the effect. I NP ...

See if you can write this without peeking al the néxt page! S

Note: TI-84 Plus users may have o use a shorter message as the screen is not
as wide.

HORHAL- FLOAT ALTO REAL RADIAN. HP n

PROGRAM:VALID

i Input "ENTER R POSITIVE N
UMBER" . M

|

We start with an Input statement with a message to get a value from the user...

HORHAL FLEAT AUTD EERL RADIAM NP

Then begin the While loop, checking to-see if the value entered is n'e-g_glwé.l If it is7

then we’'ll Display an-error message. - PROGRF!H VALID
s InPUL "ENTEF! A POSITIVE N!
UMBER” . N |
The loop body will be entered only when N is negative, otherwise lthe entire Joop E;hl 1o N<o |
body is skipped. :Disp "NOT POSITIVE"

E T

N5

RORMAL FLEAT AUTO REAL RADIAW HP il

Finally, use the Input statement again at the bottom of the <loop body> to request

another value from the user and then End the <loop body>. PROGRAM: VAL ID
:Input "ENTER A POSITIVE N

UMBER™.N
This code segment will ask for a value from the user and make sure that the entry =Hh11 N<o
5 e N<
is a posilive number. Below this code segment will be more stalements to process |:Disp "NOT POSITIVE"
the number enlered. :Inpub "ENTER A POSITIVE N

UMBER" . N
:End

Mg T R < 15 - A< X A A A LTINS SR T
Teacher Tip: This.gives an opportunity to- change the valieofifNeiis O L

©2015 Texas Instruments Incorporated 2 education.ti.com
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B s_k'm'_aui_ld_ai'f'a;'r_ha"nepaat...End' locp:

jtd: Laops

% 4 : il S Aftas : k= .--..,.-.-. ST I T e e T . e T T VTS AR B
In this third lesson for Unit 4 you will learn about the E@fiﬁqtjvgs-:"-"--l;- BRALE ) ',-;f;‘:‘_:'-‘g',;{‘f{ f',_-‘ e, ﬁ‘ﬁ:i r@fﬁl"“{%’fﬁ
Repeat...End loop. we'll compare it to the For... loop and . Learn the structure and logic of the Repeat...End

even show why it is more powerful. loop.
. Compareittothe While...End loop.

« Seehow Repeat...Endis used in programming the

Fibonacci sequence.

SN

The Repeat... End Loop

The Repeat...End loop will continue looping as long as its <condition> is False. RO FLIRT

RUTDREALIRADZANIHE

it

This is the exact opposite if the While loop behavior and that's not the only P!;OGRﬂﬂtREPEHT
10

difference! it looks like this, which looks pretty much the same as the While :Reﬂeat A>10

structure: :DisP A

-, tAr1+A

e Repeat <condition> :End
""’?‘-”“‘VWrm—- "~ <loop body> ) ) |
- Sl e End 2 - gty £5, SRR ; i

The programs on the right have the same output. What are the differences? (e SN S LU |

e . . . NORH&LF MRuanL.'Itl’
The <condition> is a logical expression such as X>0. : LORT;AURD RELARDTAETEST

The <loop body> is any set of stalements, including other loops and If structures. PROGRAM : WHILE

e . . 10
Ilis processed once and then continues until the <condition> is true so it :3h‘.§le K<10
behaves more like this: :Disp K
1 K+1K
Repeat :End

<loop body>
until <condition> is true End

But there's no 'until’ keyword in T1 Basic. It's implied. Even if the <condition> is
true to slart wilh, the loop body is still processed once because the condition is
lested al the botlom of the loop.

In 3 While loop il's a greatidea to ‘initialize’ the variable(s) that your loop relies
upon. In a Repeat loop this will happen inside Ihe loop body so initializing is not

necessary.

As with While, somewhere in the <loop body> there should be a statement that
will have an effect on the <condition> so thal the loop will eventually end and
statements after the loop can he processed. Usually this statemenl is near the

) bottom of the <ioop body>.

@

©2015 Texas Instruments Incorporated 1 education.ti.com
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. S NOAMAL. FLOAT ALTO ROLAN H
Programming the Fibonacci Sequence A A L e [}

Let's write a program that displays the Fibonacci sequence up 1o a certain value. ;;:'5" R R
You can research the Fibonacci sequence if you've never heard of il. ' 1
1
2
The output of the program is shown to the right. Can you write this program 3
without peeking below? 2 '
Loy ars digpeosgemipmesiiongranan Done |

We start with a Prompt statement to get an upper bound value from the user. The LA OGS G oy
first two Fibonacci numbers are 1 and 1 so we'll store those values in the PROGRAM: F IBONRCC

variables A and B. These variables are going to be used to calculate the rest of 2’1’23'“’" B

the Fibonacci numbers (up to N). 148 ,

Then we begin the Repeat loop using the condition A>N, meaning ‘until A is N s e At 1]

greater than N'. In the loop we first display the current iwo numbers. PROGRAM: F IBONACC

:Promet N !
:19R ‘
138 !
:Rereat A>N !
R A iDise R.B I

RO

Finally, we calculate the next two Fibonacci numbers and End the loop. S R R It |
PROGRAM: F IBONRACC i
These last two loop statements show that A+B is being stored in both A and B §§";3’“’°‘ N |
and it appears that A and B are getting the same value. This is not the case! Try :é;geat HSH |
it with 1 and 1. The first statement stores 1+1 in A, making A 2. The second :Dise A.B

statement slores 2+1 in B making it 3. Try it yourself - ‘play computer’! g:g;g

:End

3 |

Run the program with several different input values. Does it behave as planned?

Try changing the Repeat condition to B>N. What is the effect? How can we modify the program to display the ‘correct’
sel of numbers, stopping when exaclly the largest Fibonacci number less than N has been displayed?

i\

©2015 Texas Instruments Incorporated 2 education.li.com
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pit4:Laops s _A'bpllcation:'Waming'udll_ces__'
This Application (WARNING NOTICES) makes use of loops T L T R St B oA
to enter as many values as needed and, as an exiension, . Learn about Counter and Accumulator stalements
checks for valid values entered and uses If statements to e Use aloopin a program to get an undetermined
display an appropriate message. amount of data.

« Use a ‘flag’ value to terminate a loop.

Nested Structures
s Nesting is the programming technique of placing one control
statement inside another. The term is derived from the idea of

placing one cardboard box inside another in order to save prgmSQUARE
space. Prompt A
« IU's important to put one complete structure completely inside a If A<®
block of another in order to avoid errors. Then
« The program listing at the right shows an If structure inside the Disp "A is negative!”
Else block of another If structure. Notice the multiple uses of Else
the End statement; the computer knows which End belongs V(A)-25
with which If. - SETTEE : < If s=int(S)
« The indenting is for instructional purposes only. You cannot Then
indent lines in Ti-Basic. pisp "A is a perfect square. i
» The program first tests to see il A<0. Ifit is, the program Else
displays “Ais negative!” and nothing else. But when A is not Disp “"A is not a perfect
negative then the underlined square root calculation, another If square.”
statement, and the Disp statement are all executed. End
« The programmer places Ifs inside loops and loops inside Ifs to pisp "Its square root is",S
accomplish more complex tasks as the program requires. End

Summary of the three loops:
For(var, start, end) While condition is lrue Repeat until condition is lrue

End End End
For{ is used when ‘counting’ or processing an arithmetic sequence of values (iteration).

While is used when you might be able to skip the loop body completely.
Repeat is used when you are cedain that you want Ihe loop body to run at least once.

L
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About End
The keyword End is used for all the multi-line control structures:

if ... if... For(...) While ... Repeat ...
Then Then

Else
End End End End End

NORHAL FLCAT 4UTD\asbL

1 RADTAN HP® =

And this is why the — CTL menu is arranged the way itis: -

4 418 1,0 COLOR EXEC

P

2: Then

7: End comes after the first six CTL menu items because it ‘ends’ each of those 3: Els?

. :Fo ,

programming control structures. 5: Nh: le |
6: Repeat |

7:End |

A:Pause |

the Ends are connected to their control structures. 94Lbl

End statements can appear many times in a program, and the computer knows how

Unit 4 Application: Program “Warning Notices”

Most schools send out regular progress reports based on a student's current average. An average of 60% or
higher is considered passing, but if the average is below 70% then the student is ﬁﬁﬂ}siderm '_iln dangerl' or -

A . = - =g oy L { o L Tl pAedaadil iy, ur.li. oL
‘marginal’. e LR

iy Wty
T G
an it

Lel's wrile a program thal lets the user enter some test grades, determines the average, then Oulpuls the number
of grades entered, the average of the grades, and an appropriate warning message to the user. The warning
messages can be: “Passing”, “Marginal”, and “Failing".

We can use two methods to enter an unknown number of grades:

«  Method 1: ask for the total number of grades first and use a For loop to enter the scores.
. Method 2: ask for scores but use a ‘flag’ value such as -999 to indicate thal there are no more grades.
This method will use a While loop or a Repeat loop.

In both methods we will have to keep a running total of the grades. In Method 2 we also have to count the grades
so that we can divide the total by that count.,

Your program should display the number of grades entered, the average of the grades and the appropriate
warning message:

If the average is below 60: “Failing”
. 60 to 70: "Marginal”

. above 70: "Passing”

D

©2015 Texas Instruments Incorporated 2 cducation.ti.com
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Tcac pml' ;X&'ﬁa&*@ w0 RHA ’!‘3’53 'K'J %

af" ?:5“

‘ta ia ab Sl tlag Vi
A \f-s\ LSS A S
b °‘{;£" [v 1:“5 : : :11 o i " :'_x H-L‘ !" '.::9.5:‘

Counters and Accumulators

A statement such as C+1->C is called a counter pecause it adds 1 to th

A statement such as T+N=->T is called an accumulator becaus

TI-BASIC

e variable C each lime itis executed.

e it keeps a running total of the values of the

variable N. The value of N is added to the variable T and then that sum is stored back into the variable T. At the
end of a loop T will contain the total of the N values.

Here’s an example thal uses a Counter and an Accumulator and a ‘flag’ value lo keep track

program:

0—C

0—G

0—-T

Prompt G

While G#-999

C+1-C
(TG 2
{Prompt G
‘End

Disp "Total =",T

Disp "Count =",C

The While loop above continues counting and accumulating the G’s as long as 999 is nol entered. When -999 is

‘add 1 to the Count -
dd the Grade to the Total 1~ A

Notes
lnlt-lallze variables; (-‘.x'.mas
G is for Grade G="3

. G=7-999
C is for Count Total =
T is for Total .
gel first Grade Count
as long as it is not -999 it

ask for another Grade

entered the loop stops and the results are displayed.

l‘l.!ﬂ!‘ ALTO:REALARADIAN;HE

ofthe G'sina

Extension

As part of your input routine check to make sure that the value entered is a legilimate grade
and take appropriate action when the entered value is not legitimate.

(between 0 and 100)

©2015 Texas Instruments lncorpor
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Sample Answer (indenting is for instructional purposes only):

prgmWARNINGZ

ClrHome

0-A

0-C

0T

Input "ENTER A GRADE:",A

While A#999
If A<B or A>100
Then
Disp "OUT OF RANGE!"
Stop
Else
C+1-C
T+A-T
End
Input "ANOTHER? (OR -999):",A
End
T/C-M

.1;@;CJrHome ¢ .y
Output(1,1, "NUMBER oF GRADES ")

output(2,1," "TOTAL OF GRADES:")
Output (4,1, "AVERAGE:")
Output(1,19,C)
Output(2,19,T)
Output(4,10,M)
I+ M<60
Then
Output (5,9, "FAILING")
Else
If M<70
Then
Output (5,9, "MARGINAL™)
Else
Output (5,9, "PASSING")
End
End
Pause
ClrHome

©2015 Texas Instruments Incorporated

When testing a program try extreme cases such as entering
-999 as the first score and entering negative values
anywhere. If the program generates an error message then
the programmer has nol taken all scenarios into account.
The program listing above will fail when -999 is entered as
the first value because it will attempt to divide 0 by 0 which
is undefined. The calculation of the average, M, should be
wrapped in a test to make sure at least one grade has been
entered. Below is a possible fix:

If C>0

Then
T/IC—M

Else
Disp “NO GRADES ENTERED!"
Stop

End

The Stop statement is used in this program to terminate a
program immediately. This can be added anywhere in a

- program so lhat,exeg:yngms interrupted and the home

screen ‘Done’ message appears 3 ’ S o X

Q@
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At 8 Graghics:

.. this first lesson for Unit 5 you will learn about some of "61{]0.5“\;65 R S Vb
Drawing commands that draw shapes on the Graph « Use the [draw} menu to get a drawing command.

screen. « Learn the syntax of some of the drawing
commands.

. Learn the difference between commands that use
paint coordinates and pixel coordinates.

HOAHALFLOAtIAUTAIREAL FADIAM (119

The [DRAW]} Menu

1. From the HOME screen press [DRAW] ((2nd} [PRGM]) c1 POINTS STO BACKGROUND
2. Select Line( 2: Li;gr(-»aw
3. Complete the command with 0,0,3,4) so that the complete command stales’ 3:Horizontal
. 4:Vertical

Llne(0,0,E_,:l) 5: Tansent(
4. Press [ENTER) to see a line drawn from the origin to the point (3, 4) on the f; g;’:gz(

GRAPH screen. a:0rawlnv

L -

Most drawing commands such as Line, Circle, and Pt-On use the WINDOW Neirclel

coordinates as the frame of reference.

. 5 NORMALLFLOAT AUTA RERL RADTAM NP
Drawing in Programs ; - : I

There are many TI-Basic programming tools that affecl the appearance of the PROGRAM s DRAW
. :ClrDraw
GRAPH screen. Here we examine a few of them: FnOf f
« ChDraw to clear any drawn objects [DRAW] :PlotsOff '
L . o .y T e Line(0.0.3.4) -
. FnOff to turn functions' off{VARS YVARS Oh/Qff ' itidiies - BN et 5 o] YV

« PlotsOff to turn stat plots off s :
Use the [DRAW] menu to select an object to draw. See the example to the right.

Color Options (T1-84 C and TI-84 CE only) R A B A A oa |

The Line( command has an optional fifth argument which determines the color to  [PROGRAM: DRANW

be used. To select a color press [PRGM] COLOR or [VARS] COLOR and select gigg:aw
your color. The name of lhe color is inserted into your program bul simply [’_iz:'—zgfg 3. 4. MRGENTA)
represents a number (BLUE=10, RED=11, BLACK=12, elc.). See lhe example to :

: 8
the righl. Many drawing commands have a color option. On the TI-84 Plus the ;
fourth argument can be a 1 ora 0: 1 to draw the line in black, 0 to draw it in white.

Help! Hﬂ_ﬂl‘jlﬁl. F.LIIM- aqtn RER_LHIOHNINP

Help wilh any command in the calculator is available by pressing the [+) key while i (;Bfﬁ:mim 1
Circle

highlighting the command on any menu. To the right is the help screen for the
Circle( command. It shows the number and order of the entries. X.Y are the (X.¥.radius

] . ) . . [.color#, linestyle#l)
coordinates of the center of the circle, then the radius. The loptional] entries are
the color name or number and the line style (1 to 4). You can complete the
command right on lhis screen and then press the [TRACL] key to 'PASTE' the 3

command inlo your prograrm. MSTEN ESC

©2015 Texas Instruments Incorporated 1 education.ti.com
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Can you draw this?
Can you duplicate the drawing at the right in a program?
Hint 1: it's only two commands but the window and the numbers are important!
Hint 2: (X, Y) is the center of the circle and radius is the distance from the center

lo the circle. (color# and linestyle# are optionaly

Tlp you can set the GRAPH window in a program. While editing a program press
and choose a setling or-assign values for each window edge by assigning
values to the variables found on [VARS] Window... such as:

-20->Xmin

Circle Art
Complete the Circle statement in the program below to produce the piclure to the

right.

NERHAL FAOAT AUTO REAL RACIRHI HE ”

PROGRAM: CIRCLES
i Fnof.f :
tPlotsOff i
:CLrDraw :
1ZStandard ;
.ZSquarer |
LFORCY s $510) |
xf:.lrg:_lg_f . |
i

tEnd.

o LT .
Cx RENS - ) e e 5 s et
C R ' e e grgns

Note: ZStandard and ZSquare are found on the [ZOOM) menu. o, %

NORMAL FLERT AUTO REAS RADIAN NF “

Copying one program to another:
1. Start a new program.
In the Editor press [RCL] ((2ad] [STO®)).

2.
3. Press and arrow to EXEC. _
4. Select the program you want lo copy. See the screen to the right where we ]

are in the process of copying prgmCIRCLES into prgmCOPY.
5. Press to paste the code into the new program.

PROGRAM : COPY |

Red PromCIRCLES

)

®2015 Texas Instruments Incorporated 2 education.li.com
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yts: Graphics ) ‘SKIll Builder 2: Points and Pixels:

DERREOER T,

v i i ;- iy T B 2 ; = Aoy | Xt i 25
R ) = i L ot " GEGE= A s
In this second lesson for Unit 5 you wil learn about plotting  zObjechives:i . itk N hf‘},‘?ﬁ% ﬁ

points and the difference between the P1-On and PxI-On « Use the point and pixel plotting slatements.

commands. » Develop formulas to utilize graphics in programs.

Point Command
See the [DRAW} POINTS menu.
Pt-On(x,y) plots a point according to the graph WINDOW settings. It means ‘turm
the poinl on’. Pt-On{2,1) plots the pointin the first quadrant in the screen to the
right. Pt-On(x,y,style,color) has optional arguments: style (1 to 4) and color. See

the syntax help by pressing (+] while on the command in lhe [DRAW] menu, , _ }éﬁ
Pt-On(100,100) will plot a point even if it's oul of the current viewing window. g L. ) ﬁf‘i}%’;‘%

Pixel Command
Px]-On{ uses the screen's pixels and ignores the WINDOW setlings. Px1-On(2,3) plots the tiny pixel in the upper left

corner of the same screen at row 2, column 3. 1t is hard to see! The coordinates are not in the usual (x,y) order:
lhey're 'backwards' because they refer to (rowd#, columnit). Px1-On(x,y,color) has only an optional color argument.
There are also corresponding —Off{, _Change(, and -Test commands that we'll not deal with here.

—

PBYE 5 IALEE et § Thtly L Mg v s Janiiy

Pixels

Depending on-your-T1 84 Plus family calculator, your screen has a set number of _

] pixel columns and rows: TI-84 Plus: 96 columns x 64 rows and T1-84 Plus C/CE: o
265 columns x 165 rows. Rows are horizontal (across) and columns are vertical
(up and down). Split screen settings affecl the number of rows and/or columns
depending on the selling. The T1-84 Plus graph screen does not use rightmost
column or bottom row for graphing so that there are an odd number of poinls on I ; —
the graph area. This ensures thal there is a ‘center’ (origin) point. The upper lefl This T1-84 Plus graph screen has
pixel is (0,0). Px}-On(0,0) turns on the pixel at column 0, row 0. The rows and

columns are numbered starting with zero, not one.

lorger pixels so they are easier to
see. This screen shows the result of
Pxi-On(15,30). That’s row 15,
column 30 of the screen. The
. bottom right pixel is (63,95).

ol

R ABER TR T
ipecauseiiho o

it =3 Vs fente:
e,

32d

o,
e

screen grid wheniusing;the.0 i
Text( statement fhat draws textonfl
positioning the text.and nol points.

The —Test staternents are used as-condilions!ir e
. o .l '_' 4 "'__',1' L - )
pixel is ‘on”. Pt-Test(0,0) will be true when l_]“_e'._p_o]'np(o,ﬂ) iz on. Note that a pont can be ‘on’

and white so it does nol appear on the"screent’ 1.
: g/
On a T1-84 Plus pixels and points are lhe same size. On the Ti-84 Plus C/CE poinls are Lfé
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Programming with Points

. Remempber to press [ON] to ‘break’ the program.

Let's write a program that randomly fills the GRAPH screen with POINTS. This
program will have an infinite loop so press [ON] to ‘break’ out of the program,

We'll need an algorithm (formula) to get a random point on the current GRAPH
screen within the window ranges:

rand is found on the PROB menu and generates a random number
between 0 and 1. rand*(Xmax-Xmin) generates a random number between 0 and
Xmax-Xmin so we'll add Xmin.

rand*(Xmax-Xmin)+Xmin generates a random number between Xmin and Xmax.
...and we write a similar formula for the Y-coordinate.

And this is why mathematics is so important to programming!

Note:

AxesOff is on the [FORMAT] screen.

FnoOff is on the Y-VARS On/Off... menu.

PlotsOff is on the [STAT PLOT] menu.

CIDraw is on the [DRAW]menu.

While 1 creates an infinite loop since True is represenled as 1 in the calculator,
The random values are stored in A and B for plolting.

STy
AR

'Thls program Works the same on any TI- 84 P!us Famlly dew‘ce'

Enhancing prgmFILLPTS with Color

On the T1-84 C/CE you can add random COLOR to the Pt-On( statement. The
lowest color number is 10 and the highest is 24.

Write a statement that generates a random integer from 10 to 24 using randint( )
and add thal as the third argument to the Pt-On( statement.

Add the following stalement before Pt-On(A,B). Change Pt-On(A,B) to Pt-
On(A,B,C).

<your color generator> > C

Note: There are wo oplional arguments to Pt-On: style and color. Style can be
from 1 to 4 and color can be from 10 to 24. So if the third argument is a value from
1to 9 then it's a style. If it's between 10 and 24 it’s a color. Other values cause an

Crror.

‘a:‘"fi Ssx .";!‘.'._ P
. ¥ty

Answer: FAndint(10;24) Yol

©2015 Texas Instruments Incorporated 2
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R Y 1 ¥ous \,Y"t_‘.-.'-:‘:"r'-' '
%V?&,ﬁw ;E‘iehmﬂwag l!ﬁﬁ& ."t“} .;::- : { £

PROGRAM: FILLPTS

:AxesOf f

tFnOff

!Plotalff

:ClrDraw

:lhile 1 i
: pande{(X¥nax—Xmin)+Xmin2A i
:randx(Ymax=Ymin)+¥Ynin2B
:PL-On(A.B) f
sEnd |

84s.

Multi-colored points

education.ti.com
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[n(t5: Graptilcs

.+ this third. lesson for Unit 5 you will learn about drawing

lines, text and color enhancements. « Use the line, functio
»
.

skifl Buildar 3¢ Linas,

TI-BAsIC

ext and Colors'

i

n, an

d text drawing statements.

Use cotors in graphics statements.
Develop formulas to utilize graphics in programs.

Drawing Lines and Curves
Line(X,Y,W,Z) draws a segment between points (X,Y) and
HELP for the optional features.
Vertical A draws the vertical line X=A.

Horizontal B draws the horizontal line Y=B.
DrawF X3+X draws lhe function. This is different than graphing the function.

(W,Z). See CATALOG

KORHAL FLRAT. AUTD ALAL RADIAH MRS Ty
PROGRAM: USSH !
ENOFT

:PloksOff

:ClrDraw

:2Standard

+ ZSquare

: L.tne(l?."- S -3k, GREEN)
:Vertical -8.RED
tHorizontal S, DARKGRAY

See the examples to the right. Note the optional colors found on the [PRGM] COLOR

menu. Color is not available on the T1-84 Plus.

Tip: to draw part of a function divide the function by the interval desired:

DrawF sin(X)/(X20 and X=n)H

draws the blue curve seen here (Why?):

il

kT AN iy L
2 ﬁ) 1 ,ﬂ@' ! O
jethe S4dr. .
T AT APRAE I NG B Yo o, P ) e
andj  pixelsithat:the: funclion:d _
v VRIS ARSI S P e © e A
faseianyidauminclionaliovil nolibe fediinih I
Notiea/hallieiine () Statement only draws a/ing !
G Y A P T T e LN YO B S R A L i s
Qr@&’.c;gmfJ]eLe;l,m;),g;}gg}m;’.e_dge_tp_'e_dge‘of the séreen: This is a teachal q
fpr g J»;.'* -'_.-: "’:_:.f.’:'?:‘.i‘;""f.:”;'.l_t oo s "_'I i T o ), -.“ .‘ i "—"’ e ""-'-I “‘T'_: h.':’.
.-rf:"rnl@}g'sf habhas‘sstbdentsprogram a complete.ling.rather than a seg[’n‘ehl:

Text Drawing
The Text( drawing statement is unigue because it uses pixel values rather than

window (point) values for positioning the text. There is also a separale TextColor(

staterment that sels the color of the next text drawn.

©2015 Texas Instruments Incorporated
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ety )

e, PR
BB AR

:Drawf X2¥X, ORANGE
This program...

...does this:

oy
sl e

S,
P tets

e T,

T

METHTH Iouew el SR T e

3

A

e
L)

-

jpebras

1

o v

:Vertical
3t Tangent
:DrawfF
: Shade(
:Drawlnv
:Cireled

L;D
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Text(50,100,”HELLO") displays HELLO in the same spot on the screen
reqardless of the WINDOW seltings. Row 50, cotlumn- 100 of the pixels represents
the upper left corner of the text to be drawn.

:'-ijt'-‘m’“i e %N: /'..’.'f'i--a’,'_.‘ IR\ {

Note: Remember your screen’s pixel dimensions: TI-84 Plus: 96 columns x 64
rows and T1-84 Plus C/CE: 265 columns x 165 rows.

Programming with Line( and Algebra NORHAL ELCAT AUTD REAL RADIAN L1P n

This programming aclivity ‘enhances’ the Line( statement. PROGRAM: LINE -’

The Line( statement only draws a segment between two points. We'd like to see ;;ngwf |

a line through the two points and extend all the way across the screen regardless :ZDecimal |

. . . . :AxesOn !

of which two points are selecled. This activity makes use of Algebra concepts, so  |.c1rpraw |

be prepared! : Input '
: AR

iYsB |

1. Start a new program. We will call it LINE. : InPut e .

2. Add the usual graph setup statements to the beginning of the program.
3. Use two Input statements without variables to get the coordinates of two
points on the screen. Input determines the values of X and Y so we need to

stbre the first two va[ues in other.variables, A and B, so that we'can get the A i Myen - mther vasiiie
second set of coordinates into X and Y. = = TN N
4. Calculate and store the sfope of the line. (Y B)/(X-A)>M

5. Now we need the two points al the left and right sides of the screen for the
line statemen!. The x-coordinates of lhese points are Xmin and Xmax.

6. We need to compute the y-coordinates.

7. The equalion of the line is y = M*(x - A}+B (point-siope form).

Your Task...
1. Substitute Xmin and Xmax (the names not the values!) into the equation for x
and store the results in the two variables Q and R representing the y-
coordinates.

M
i

2. Use the Line( slalement to draw a line belween the left and right side of the :Line(Xmin, @, Xmax,R)

screen.

Extensions
1. Add aloop in this program to allow you lo draw many lines without having lo
re-run the program which erases the screen.
2. This program fails when the line is vertical. Why? Incorporate an If... structure
lo handie (his special case
Teacher Tip: Because the slope of the line is undefined. The program lries to:dividg:by

Zero, causing an error. @
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\)gmmmmg Points to Pixels

'lmaqme this: you use the Pt- On( statement lo draw a point (A,B) on the graph
screen. You now would like to label the point with some text. Where do you draw

the lext?
Write two formulas (one for C and on
to pixel coordinates for the Text( stat

e for D) that convert WINDOW coordinates
ement. This table (T1-84 CICE values) may

help:

WINDOW pixel
Xmin 0
Xmax 264

A ?
Ymax 0
Ymin 164

B ?

Note: remember that in the Text( command the first argument is the ROW

number WhICh con es onds io rhe Y-

oordinate or the

I"

TI-BAsIC

Complete the ? so that the point
is labelled P:

_NMHF!L FLOAT AUTE A+ELIRADIANIHE "

PROGRAM: POINT
Hir& 108

75D
1PE-0n(R.B)
:Text(C,D."P")

HORMAL: FLOAT ALTD REAL Eﬁﬁ!l‘lﬂ H?

- |PROGRAM : PLABEL
: Input
:¥2A: Y-8
:PL-0nCA, B)

264/()(max-—/(m1n)‘((n -Xmin)~2 i

1 164,CYmin-Ymax) «(B-Ymax)> F,—
(.
.Text(round(C.OJ.r‘ound(D.G
l. “P"

rddi’nd() is n'eccss.ary because the command only allows whole
range. Let sludents discover this!
For a T1-84 Plus use 95 instead of 264 ¢ and 63 instead of 164,

ob

©2015 Texas Instruments Incorporated 3 educalion.ti.com
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Unit 5: Graphics : Vi 3 -7 Application: Making a Point Bounce

In this application for Unit 5 we'll build graphics-based : SO L T

programs. e Leamn how to detect which device the program is
running on.

» Making a point bounce around the screen.

Program “Pong”
In the original video game ‘Pong’ a pixel bounced around on the screen. The
players controlled ‘paddles’ as in ping-pong to keep the ball in play. This program
will produce the 'bouncing ball’. A point will move in an oblique line across the
screen and when it hits a boundary it will change direction to look like it's
bouncing off the edge.

The first problem to consider is the screen size, since the TI-84 Plus has a
‘differént séréen size than (H&*TB4“C/CE. The followifiy code ségment wilkdetect
thé screen size: s :

0->Xmin
12>4X also on the Window... menu
if Xmax>95 then
<jt'sa C or CE>
Else
<it's an 84 Plus>
End

Al this point we now know the device and we set up variables in the Then and e sarme program ruﬁning o
the Else blocks to use in the rest of the program: M for the width and N for the two different calculators.

height.
For the C or CE: 264>M and 165> N
For the 84 Plus : 94->M and 63>N

Initialize Variables
We also set up lhe y-range to be nice values, too:
92> Ymin
12> AY

We'll start the point {A,B) at a random location, but not too close to the edge of the screen
randInt(16,M-10)2>A o
randInt(10,N-10)2>B ' 67

~

We also set up lwo variables to represent the movement. These will be added to lhe point's coordinates lo move the

©2015 Texas Instruments Incorporated 1 education.ti.com
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_point o @ new position:
change in A

randInt(2,5)>0D
randInt(2,5)>E change in B
A7 B AT IO TR
S

il T T Ty SIS R Ik oy
Eﬁi.tiagéhfé?iﬂip%’iﬁﬁﬁ%ﬂ‘iﬁnﬁdﬁlﬁﬁ el val sy

Getting Started
We're ready to start the action. we'll use an infinite loop...
While 1
Pt-On(A,B,2) style 2 is a large square dot

<The reslt of the program=

End

Tip: It’s a good idea to put the End in at the same time to keep lrack of them.

Making it Move
In the loop and after Pt-On( add the 'change’ variables to the point's

coordinates:

A+DDA
B+E-B
- This changes e/poifit's coordinates i »x il - vl
" If you run the program now you will see the point go off in'some direction and.
quickly go right off the screen as in the image to the right.
Bouncing
To get lhe point to detect the edges of the screen we add If statements... HORHATELOAT) AUT0 RERE BARARI IS
If A>M or A<O A R i
[ b
Then ‘ i
= L)
i .;a’"‘
<this happens when the point is off the right or left side of the screen> ' 0;?
Y '
Y
End Wﬂ
Two things need to happen inside the Then: Do you get this?
+ Move the point back on the screen A-E2A
+ Change the direction to the opposite direction -EE
Write a similar If stalement lo handle the y-coordinate B and it's
‘change' variable E.
Extensions
2

Don't leave a trail...
" The Pt-Off slatement will hide a point. Add a Pt-Off stalement to your program so Lhal {he trail ol points is not
displayed, only the moving poinl. Caulion: don’t turn off the same point you turned on. Turn off the previous poinl
w code needs to go in the right place in lhe program.

{you'll need two more variables). The ne
educalion.ti.com
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Lose the infinite loop...
getKey ((PRGM] 1/O menu) will get a value representing a key without pausing the program like Prompt and Input.
has the value 105 (row 10, column 5 on the keypad).
Here's a skeleton of what needs to be done:
8>K
While K¢105

ZYour program here>

getKey>K
End

Your task is to decide where in the program these statements belong so that when you press [ENTER| the program
ends,

How About This...

When you press (what getKey value is that?) the program starts over with a clear screen and new random
values and when you press [ENTER] the program ends.

DegmiEie. Tk S o 4 sl oy ke R Nk i o B I YTE

1157 e

&,
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< mple Answer:
. smPONG
FnOoff
PlotsOff
AxesOff
ClrDraw
8->Xmin
1->AX
If Xmax>95
Then
264-M
165->N
Else
94-M
63-N
End
@->Ymin
1-AY

randInt(10,M-10)-A
randInt(106,N-10)-B
randInt(2,5)-D

,l;)dInt‘(”Z ,5)-E i

While 1
Pt-On(A,B,2)
A+D-A
B+E-B
If A>M or A<@
Then

A-D-A
-D-D
End
If B>N or B<O
Then
B-E~B
~E~E
End
End

50
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