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Preface Thousands of home computers are collecting dust because their owners don't have the tools to make them work properly. All home appliances require tools to keep them humming along and your Tl com puter is no exception. In this book, you will find all the tools you need to make your microcomputer perform the way it should. This book grew out of a need that we noted after buying our TI-99/4A. Most manuals and books approach BASIC programming by teaching statements, commands, and program data structures. This approach can be successful, but the average person is not motivated to learn program construction this way. After spending many frustrating evenings with our User's Manuals and our BASIC programming books, we still could not write the simple programs that we had in mind when we bought the computers. But finally, we discovered a way of learning to program that really works. By looking at programs in terms of their working parts—



their subroutines—we were able to understand how to write simple programs. Soon we were designing our own games and quizzes. With the help of this book you can too. The "tools" in this Tool Kit book are brief 5- to 15-line subroutines.



Color, sound and music, graphics, animation, and computational subrou tines are the "tools" and, when combined, form the basis for a variety of educational programs and computer games. Each line of each subroutine is carefully described and explained. We will tell you what each subrou tine will do, how it can be changed, what the variables control, and hints for further experimentation. This approach makes programming easier,



less frustrating, and a lot more fun. The modular form of programming isa sound method of structured programming (and it is acknowledged so in computer science) and it works well for the average microcomputer owner.



This book will also help parents teach their children how to program. Both of us have small children and the techniques used in this book have helped our children become computer literate. Building programs out of subroutines will give you, the user, quicker and more satisfying results that the traditional approaches. Since the subroutines are mostly educa tional and recreational, they will appeal to both parents and children. In the Tool Kit books, we are sharing a valuable approach to building simple programs with the beginning computer user. Now, let's get to it and have some fun. Dave Dusthimer and Ted Buchholz
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All computers are the result of genius level engineering. Fortu nately for us "normal" people, you needn't be a genius to use one. Computers exist to serve you, the user. But since the Tl microcomputer can't think like us, we must learn to think like it does. Don't worry, it isn't hard once you understand how the Tl computer works (Fig. 1-1). You have a TI-99/4A. Right? Well now you have the Tl TOOL KIT.



Fig. 1-1. The TI-99/4A microcomputer (Courtesy Texas Instruments Incorpor ated).



WHAT MAKES THE Tl COMPUTER WORK?



At the core of every computer is itsCPU, or Central Processing Unit. The CPU controls, interprets, and executes the computer functions. The Tl's CPU is a TMS9900 microprocessor (Fig. 1-2). This microprocessor "chip" is very tiny, but it stores a great deal of information and is very powerful.



Computers can only receive information through their CPU in a



binary system. That is, computers only know two things—whether data is 12
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"on" or "off", "0" or "1", and "yes" or "no". Each of the digits (0 and 1) that are readable by the computer are known as bits. The TI-99/4A is called a 16-bit machine, because each of its characters is composed of 16 bits.



Fig. 1-2. The TMS9900 microprocessor (Courtesy Texas Instruments Incorpor ated).



We usually consider those bits that are put together to form a char



acter or group as a byte. Knowing the number of bytes available in the microcomputer is another way of knowing just how much memory or space is available for your use.



HOW MUCH MEMORY DOES THE Tl COMPUTER HAVE?



There are two types of memory in the TI-99/4A—read-only memory (ROM) and random-access memory (RAM). The ROM in the Tl hard13
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ware is programmed by the manufacturer and the CPU controls the computer operations by addressing programs located in ROM. The ROM is permanent in the computer and we, as users, cannot use the



ROM for storage. The RAM (random-access memory) is a temporary storage memory that serves as space for the user's programs. The unexpanded Tl machine (the standard Tl computer without additional memory) has 16 kilobytes of RAM memory storage available. You can expand the RAM by up to 48,000 individual memory loca tors (48,000 bytes or 48K bytes). The longer your programs, the more memory you will need. Unless you save the data in RAM (on tape or diskette), it will disappear when the computer is turned off. The stand ard 16K of memory is more than enough to handle all of the programs contained in this book.



THE BINARY SYSTEM



If the computer can only understand "0's" and "1's" in the binary system, how can you communicate with it? Fortunately, there is an operating system that interprets the binary



machine code into something more easily understood by humans. The operating system for the TI-99/4A is a BASIC interpreter, which allows us to communicate using Tl BASIC as the programming language. Princi



pally, we input data using the keyboard, but we can also use joysticks or other similar devices. Data are inputted using BASIC as a language so the machine can understand it.



HOW DO YOU WRITE PROGRAMS IN BASIC?



Programs are written with commands, statements, and a structure



that is governed by rules not so different from grammarand syntax rules in English. We're lucky because BASIC is easier to learn than foreign languages. We will introduce you to the major commands and state ments in the next chapter. WHAT ACCESSORIES ARE NEEDED TO GET THE MOST OUT OF THE TI-99/4A?



You can do a lot with just the TI-99/4A and a screen (television or monitor). However, when you write programs of some length, you will 14
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want to save yourself from constantly retyping (re-entering) the pro gram every time you use it. For this purpose, you can use the Tl Program Recorder (Fig. 1-3) to save those programs and files on tape, or you can purchase the Tl expansion unit and a disk drive, and save your programs and files on floppy disks. The disk drive will turn your Tl computer into a much more powerful machine because the drive can manage a lot of information without tapping the 16K of RAM in the TI-99/4A.



Fig. 1-3. The Texas Instruments Program Recorder (Courtesy Texas Instruments Incorporated).



An expanded version of BASIC is also available. Tl Extended BASIC is a much more powerful language and it provides features not possible on standard Tl BASIC. Extended BASIC allows you to use multiple state ment lines which use less memory and are easier to input. If you do a lot



of animation or graphics programming, you will want to consider adding Extended BASIC.



You can print out your programs or results using a printer; this will produce a "hard copy." There are many other accessories available at computer stores and through mail-order houses that will tailor the Tl15
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99/4A to your personal needs. You can add many extras to the Tl com puter as long as your supply of money holds out. But you don't have to



spend a lot of money to enjoy the machine. We used only the Tl comput er, a cassette recorder, and a television set to do all of the programs in this book.



WHAT IS THE BEST WAY TO START LEARNING HOW TO USE THE



TI-99/4A?



Familiarize yourself with the chief input device for the Tl—the key board. With the guide that came with the computer, you can learn how to input characters and use the other functioning keys. Let's review this briefly and then you can use this section as a reference for the rest of the book. You cannot hurt the computer or destroy the ROM by playing around on the keyboard. THE TI-99/4A KEYBOARD



If you have ever used a typewriter, you will be right at home with the Tl keyboard (Fig. 1-4). All of the number and letter keys are arranged just like on a regular typewriter. There are some keys, however, that are a little different. Let's review the usage of these keys. ALPHA LOCK—The TI-99/4A can display both uppercase (capi tals) and lowercase (small) letters. When you depress the ALPHA LOCK key, all of the letters will be displayed in the uppercase mode.



FCTN—The function key is in the lower right-hand corner of the keyboard. When you press the function key, you activate the symbols printed on the front of the other keys. Quotation marks, question marks, and the brackets are some examples. To display these characters, press FCTN and the appropriate key. FCTN and the P key will display quotation marks. You can also access special operations using the FCTN key. At the top of the keyboard, there is a plastic strip called the keyboard overlay which allows special keys to be identified. This two-level overlay strip looks like the diagram in Fig. 1-5. Its use is explained in detail in the General Information section of your User's Reference Guide. 16
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Fig. 1-4. The keyboard (CourtesyTexas Instruments Incorporated). RED DOT



DEL



INS



ERASE



CLEAR



BEGIN



PROCD



AID



REDO



BACK



J-



QUIT



T



GREY DOT



Fig. 1-5. The two-level strip overlay.



When you press any of the keys and the FCTN keyat the same time, you access some time-saving editing devices. DEL=FCTN+1—This deletes a character from the line you are



typing. Move the cursor to the character to be deleted and hit FCTN+1. The character disappears.



INS=FCTN+2—This permitsa character or space to be inserted in the line you are typing. Move the cursor to the desired 17
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location, hit FCTN+2 and, then, type the character you want to insert.



ERASE=FCTN+3—This erases the line you are working on. CLEAR=FCTN+4—This clears the screen of all characters.



QUIT=FCTN+=SIGN—This key takes the TI-99/4A out of Tl BASIC and returns it to the Color Bar Master screen.



BEGIN, PROCD, AID, REDO, BACK—These keys have special software applications, but they are not used in this book.



The FCTN key also activates the Cursor Control arrows on the E, S,



D,and Xkeys. You can move the cursor in the direction of the arrows by pressing the keys and FCTN at the same time.



INPUTTING PROCEDURES



If you have read your User's Manual, you already know that enter ing data is just like typing except that it is easier to make corrections on



the Tl computer. You should read your User's Manual if you haven't done so already. Here are some simple inputting rules and suggestions.



Tl >10



BASIC CALL



READY CLEAR



>20 PRINT ARE



"HELLO,



HOW



YOU?"



>30 FOR 1=1 >40 NEXT I



TO



100



1. Always number your program lines. The TI-99/4A will do it for you if you input NUMBER and hit the ENTER key. If you number your own program lines, we suggest numbering in increments of at least 10. This gives you space in which to alter or change the program. 18
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2. Get in the habit of using REM or remark statements as notes to yourself. 3. Be aware of punctuation marks. Ifyou fail to use them properly, the programs won't run. 4. Watch out for spaces. Many commands require a space before more information is entered. GOSUB and GOTO are two



examples. 5. Use the LIST command. As your programs get longer, you will need to know how to list certain segments of the program.



EDITING



Since very few of us are perfect, we are going to make inputting errors. The TI-99/4A makes it easy for us to fix mistakes. Editing Before the Line Is Entered



Using the Function key and the Cursor Controls, simply move the cursor to the mistake and type in the right character. You may have to correct other characters as well or you can use the Insert key. Now, let's make an intentional mistake and then correct it. 10 PRINT "MY Tl 1000 IS A GREAT MACHINE"



Don't press ENTER. We have to change 1000 to -99/4A.



1. Using the Function key and the left Cursor Control key (the letter S), move the cursor to the space before 1 in 1000.



19
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2. Now, type in -99/4A. Notice that we have used the space before the I in IS to make room for the extra character (space+1000 takes 5 spaces and -99/4A takes six spaces). 3. Hit the space bar and the space reappears, but the I in "IS" disappears. 4. You can now retype the rest of the line and hit ENTER.



You should now learn how to use the Insert key (Function 2). It will



let you insert characters in the middle of a line without retyping the whole line.



Editing After the Line Is Entered



If you find a mistake after you have entered a line, or if you want to make a change in an earlier line, you would use the EDIT command. Let's change the TI-99/4A back to Tl 1000. We will use our corrected line:



10 PRINT "MY TI-99/4A IS A GREAT MACHINE"



1. Input EDIT 10. Line 10 drops to the bottom of the screen and the cursor is flashing on the P in PRINT. 2. Using the Function key and the right Cursor Control key (letter D), move the cursor to the hyphen (-) just before the first 9 in 99. Hit



the spacebar. This changes the hyphen to a space. 3. Now, type over the 99/4A with 1000 and hit the spacebar again to remove the A.



4. Now, hit ENTER and the correction will be made automatically. Type in LIST and see what happens. The more you work with the TI-99/4A, the more mistakes you will make, so you will get plenty of editing practice.



THE TI-99/4A AS A CALCULATOR



Your Tl computer is by its very nature a number cruncher. It can do



addition, subtraction, multiplication, and division, as well as a variety of algebraic and trigonometric functions. The User's Manual describes in great detail how to do math with the TI-99/4A, so we will only do a quick review.



To use the Tl computer as a calculator, all you need to do is use the PRINT statement and a number sentence. For addition, just type in: 20
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PRINT 2 + 2 ENTER 4



and for subtraction, PRINT6-4ENTER 2



Easy, isn't it? Notice that as soon as you hit the ENTER key, the answer appears on the next line on the screen. Now, for multiplication, type in PRINT5*2ENTER 10



The TI-99/4A knows that it must multiply when it sees the asterisk, so you must always use the asterisk as the multiplication sign. For divi sion, always use a virgule (a slash line): PRINT 10/2 5



The TI-99/4A divides when it sees the slash line.



You can experiment with the math ability of the TI-99/4A as much as you like, but before you can perform problems that include different mathematical operations, you will need to know how the Tl computer orders problems. Here is the mathematical hierarchy of the machine.



1. All expressions within parentheses are evaluated according to hier archical rules.



2. Exponents are acted upon, in order, from left to right. 3. Prefix plus and minus are performed. 4. Multiplication and division are done. 5. Addition and subtraction are completed.



We will spend more time on mathematical operations later in Chapter 7.



VARIABLES



A variable is something that we assign a value to. We will assign values to variables in most of the programs in this book, so you will need to understand the concept.



If you say that X = 1, we are defining the variable X. If we put X = 1 in a program, every time the computer reads X, it will interpret Xas a 1. 21
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Variables can be used to help us perform mathematical operations. Our X = 1 is a numeric variable. We could use this variable in the following way:



10 LETX = 1 20 LETY = 10 * X 30 PRINT X 40 PRINT Y



We have stated two variables, X and Y, in terms of each other; ten X's equal one Y.



We can also state a variable in terms of a string. This type of variable is called, oddly enough, a string variable. If we want to represent a word with the letter X, we tell the computer to expect a string by adding a $ (dollar sign). Let's say we are designing a States and Capital game and we want a message to indicate an incorrect answer. We can say 10 LETX$ = "WRONG" 20 PRINT X$



We are telling the computer that X$ means the same thing as the word WRONG.



As we begin working with programs in Chapter 3, you will see how valuable variables can be. They can state the value of nearly anything. We will identify the variables for you as we move on. But remember that there are two types of variables—NUMBER and STRING.



Now that we understand how the computer works and how to input data, let's learn how to speak its language—Tl BASIC.



22
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Once you learn how the TI-99/4A operates and how to speak its language, learning to program will be easy. In Chapter 1, we explained how the Tl computer works; now, we are going to teach you to speak Tl BASIC. Remember that the TI-99/4A is a "dumb" machine. It can't do



anything unless you, the user, command it to act. Before you get carried away with feelings of great power, you must also remember that the Tl computer can't speak English (remember this from Chapter 1?), so you must give your commands in a language that the computer understands.



Tl BASIC



Your TI-99/4A computer speaks Tl BASIC. You can equip your Tl to



speak other languages, but this book deals only with Standard Tl BASIC. Your machine has a very limited vocabulary. It only understands about 70 commands, functions, or subprograms. In the next few pages, we will explain each command and will give you an example of how the command works. You will refer to this part of the book often, so you may want to put some notes in the margin. Now, let's learn how to talk Tl BASIC.



COMMANDS AND STATEMENTS



The following commands are fairly standard BASIC commands. They can be used with most computers that understand BASIC.



BREAK—This command tells the Tl computer to stop running a program or to take a "break" before it continues. When BREAK



is entered, you must tell it at which line in the program to break. You will use this command very little. BYE—When you enter this command, all open files are closed, all programs are erased, and you leave BASIC behind. When BYE is entered, the screen will display the first screen that it usually displays when the computer is turned on.



CLOSE—This statement simply closes a file that you opened earlier with an OPEN statement. You must always close a file before the TI-99/4A can go on to any other parts of a program. CONTINUE—If you stop a program with a BREAK command, 24
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you can use CONTINUE to begin the program again. You can also use CON instead of CONTINUE if you wish. DATA—This command allows you to store information in either string or number form. You must tell the computer to read the DATA with a READ command. Data can be stored in a



program by simply typing DATA followed by the information you want to store; i.e., DATA, INFO,INFO,INFO, and so on. DEF—This statement allows you the opportunity to define your own functions for the needs of a specific program. You must



enclose the parameters in parentheses right after the DEF statement.



DELETE—This command will only work if you have a disk drive connected to your TI-99/4A. This command will delete either a file or a program which you identify. DIM—DIM lets you set the maximum size of a given array. For example, DIM(30) tells the TI-99/4A to reserve 30 elements for the array. DISPLAY—This statement reacts just like the PRINT statement. It allows you to DISPLAY an output on the screen only. We rarely use this command.



EDIT—This command allows you to correct mistakes. In the immediate mode, just type EDIT and the line number you want to change. Like this: EDIT 100



When you hit ENTER, the line will appear at the bottom of the screen. You can move the cursor using the Function key and correct the problem. When you finish correcting the line, hit ENTER again, and the corrected line will be stored in memory.



END—You guessed it. This statement stops or ends your pro gram. You will use this statement most often to divide segments of a program or use at the end of a program. However, you don't have to use END at the end of your program. The Tl computer will stop automatically after it reads the last line. FOR/TO/STEP—Loops are easily created with this statement. The NEXT statement must always be used with a FOR/TO/STEP 25
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or you will receive an error message. FOR and TO are used to state a variable. For example, 5 FOR A = 1 TO 5



STEP is used if you want the computer to "step" or cycle in increments greater than 1. If you want the computer to move in steps of 1, then you can leave the STEP portion of the command out. By using STEP and a negative number, you can create a negative step. You must include the NEXT statement so that the computer will go back and act on the next variable in the FOR/TO/STEP command. Try this: 5 FOR I = l TO 5 10 PRINT "YOUR NAME" 15 NEXT I



GOSUB—This is just one of a couple of branching commands. You must use a RETURN statement to tell the computer to return to the main body of the program. The RETURN state ment will send the computer to the line following the GOSUB statement.



GOTO—This is another branching statement. Following the GOTO statement and a SPACE, you must input the line number that you want the computer to read next. Once you use a GOTO statement, a continuous loop is made. To break the loop, another GOTO statement can be used to send the com puter to another line in the program that is outside of the loop. IF/THEN/ELSE—This is another branching statement but, this time, we are using a conditional branch. A condition described within the IF/THEN statement must occur before any branching can take place. For example: IFX= 1 THEN 100



This line tells the computer that if the variable X = 1, then the computer is to go to line 100. If X doesn't equal one, then the computer will go to the next line and continue. When the ELSE statement is added, you can branch to another line. For example:



26
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If X = 1, the computer goes to line 100; if X doesn't = 1, then the computer goes to line 200. This statement is very use ful for constructing games and quizzes, and we will use it a great deal in later chapters. INPUT—This statement halts the program and allows you to input a string or character using the keyboard. Try this: 10 PRINT "WHAT IS YOUR NAME?"



20 INPUT X$ 30 PRINT X$



TI BASIC READY >10 CALL CLEAR



>20 PRINT



"WHAT IS YOUR



NAME?"



>30



INPUT



X*



>40



PRINT



X*



LET—LET allows you to define variables in a program. You don't have to use the LET statement with the TI-99/4A, however. It



interprets LET A = 1 and A = 1 the same way.



LIST—This command tells the computer to list the program statements in order. It can only be used in the immediate mode. You may also list specific lines of the program by enter ing the line number after the command. By typing a minus sign in front of the number, the computer will list all lines up to and including the number. Let's look at how the LIST function works.



27
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LIST LIST 400 LIST -400



-This lists the entire program. -Only line 400 will appear. -All lines up to and including 400



LIST 400-



-All lines including and after 400



LIST 200-400



-Lines 200 through 400 will be



will be listed.



will be listed. listed.



NEW—This command clears any program in memory from the memory. It acts just like an eraser. Be sure to save and store any programs you want to keep before entering NEW. NEXT—This statement can only be used with a FOR/TO/STEP command. The NEXT statement tells the computer to evaluate the next value in the FOR/TO statement. As long as the value does not exceed the limits of the FOR/TO statement, the com



puter will act on the value. The NEXT statement controls the loop. If the values are within limits, the loop will continue. Once the values exceed the limits set in the FOR/TO/STEP



statement, the NEXT statement will tell the computer to leave the loop and continue with the next line of the program. NUMBER or NUM—This statement will automatically number



your program lines for you, beginning with 100 and stepping in increments of 10. This makes programming much quicker. You can tell the computer what number to begin with and how many numbers to allow between lines if you like. For example, if you want the TI-99/4A to begin with 1000 and then list by 100's, you would enter NUM 1000.100.The first number tells the computer where to begin and the second number tells it how many numbers to leave between lines.



OLD—This command will give you a prompt sequence that allows you to load a program from a storage device (cassette tape or disk drive). If you have a compatible cassette recorder, you must add CS1 after the old command to get the prompts. ON GOSUB—This is still another branching command. If a cer tain condition exists, the computer will go to the subroutine listed after GOSUB.
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INPUT X



10 ON X GOSUB 35,100,200



When value X is inputted, the computer will GOSUB line 35, 100, and 200. You must use a RETURN statement just like you do with GOSUB.



ON GOTO—This statement works just like the ON GOSUB statement except that you don't have to use the RETURN statement.



OPEN—OPEN tells a BASIC program to use files stored on memory storage devices. OPEN provides a necessary link



between the storage device and a file number in the program. OPTION BASE—This statement allows you to set the lower lim its of an array at 1 instead of 0.



PRINT—When you want to display information on the screen, the PRINT statement will do it. Words to be printed must appear in quotation marks. When words, numbers, or strings follow the PRINT statement with the variables name, you don't need to use quotation marks. RANDOMIZE—This statement along with the RND function



will produce a sequence of numbers that appear to be random. This statement can be used with a "seed" number. In this way, the computer will begin randomizing with the same number each time. If a seed number is not used, the computer will begin at a different number each time.



READ—This statement tells the computer to read information from DATA statements in order, from left to right. You must use READ and DATA statements together.



REM—The computer does nothing with this statement. It is a notekeeping device for you, the user. REM or Remark state ments are given line numbers and they identify parts of the program for user reference.



RESEQUENCE—After a program is debugged, this command will renumber the program lines. It will automatically redo GOTO and GOSUB numbers as well. You can resequence the
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entire program or just a portion of it. You tell the computer what number to assign to the first line, and the increments to use between lines, by typing two sets of numbers after the RESEQUENCE command. It will look like this: RES 100,10



This command will reorder the program. The first line number will be 100 and each following line will be ten places (values) greater. 100 110



120 ETC.



RESTORE—This statement tells the computer to go back to the beginning of a DATA statement and read the files again.



RETURN—This statement tells the computer to go back and read the line immediately following a GOSUB command. Each subroutine must end with a RETURN statement.



RUN—This is the computer's ignition key. When you command the computer to RUN, it will begin at the first line of the pro gram and will carry out each program line in sequence. SAVE—The SAVE command allows you to take a program from the computer's memory and store it on either a cassette tape or a floppy disk. If you are using a cassette recorder for memory storage, simply enter SAVE CS1 and you will get a series of prompts that will lead you through the saving process. STOP—This command is the same as END. It stops the program. FUNCTIONS



Many of these functions will only work if you give the TI-99/4A a number to work with. The functions that require such a number are followed by the notation (X). The X is the argument.



ABS(X)—This function tells the computer to give you the abso lute value of an expression. An expression is sometimes re



ferred to as the Argument. The ABS command will always give 30
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you a positive number even if the argument is negative. This command can be used to find out the absolute value of any complicated series of mathematical computations. For exam ple, input: ABS(47)



The absolute value is 47, but we know that. Now, try: ABS14*(21 * 6.1)-20 Now do you see why this command is useful? ASC(X)—Each character on the TI-99/4A has an ASCII code number. The ASC function will give you the code number for a



string variable or for a group of numbers that appear in paren theses. Here's how it works.



5 A$ = "D"



10 PRINT ASC(A$) The number 68, which is the ASCII code for the letter D, will appear on the screen. ATN(X)—This function is rather mathematical and we won't use



it in this book. Thisfunction will give you the arc tangent of any number that appears in parentheses after the ATN command.



CHR$(X)—This function is the exact opposite of the ASC func tion. The CHR$ function will change an ASCII code number into the appropriate character.



5 A$ = CHR$(68) 10 PRINT A$



This will print the letter D.



COS(X)—This function will compute the cosine of any number that you put into parentheses, following the function. For example, enter:



COS(IO)



EOF—If you use an OPEN statement to access files, you will also need to use the EOF (or END OF FILE) statement. EOF state ments can also be used for branching. When an END OF FILE 31
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condition exists, the GOTO or GOSUB commands tell the



computer what to do.



EXP(X)—This returns the exponential function or the opposite of a logarithmic function. This function raises the number 2.718281828 to the power that you input in parentheses. PRINT EXP(10)



-This will raise 2.718281828 to the tenth power.



INT(X)—This function is used when you want a whole number as an output rather than a fraction or a decimal. The INT func tion returns the largest number possible that does not exceed the number in parentheses (the Argument). For negative num bers, the next integer value will be returned. Try this: 5 A = INT(99.887) 10 PRINT A



The TI-99/4A will print 99. Try the same program only let A = INT(-99.887).



LEN(X)—This function will return the number of characters, including spaces in a string. Try this: 5 A$ = "THE Tl IS A NEAT MACHINE"



20 PRINT LEN(A$) The TI-99/4A will print 24. Note that all the spaces count as a character.



LOG(X)—This function will give you the natural logarithm of a number. To figure the log of a number, simply input: PRINT LOG(any number)



POS—This function will compare two strings and will tell you at what point a letter in one string begins occurring in another. RND—The random function tells the TI-99/4A to generate the next random number that is controlled by the RANDOMIZE statement.



SEG$(X)—This function will give you a part of a string. You can control the part of the string returned. 5 A$ = "MISSISSIPPI"



10 PRINT SEG$(A$,8,4) 32
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The 8 in line 10 tells the TI-99/4A to count 8 places. The 4 tells the Tl computer to print 4 places from the beginning point.



SGN(X)—This function will return the algebraic sign of the argument. It will tell you if the number is positive, negative, or zero. This function is useful in programs that require some mathematics.



10 PRINT SGN(82)



SIN(X)—The SIN function will return the sine of the argument.



SQR(X)—This handy function will give you the square root of any number you choose. Use the following statement to extract the square root. PRINT SQR(Any number) STR$(X)—STR$ is the opposite of the VAL function. STR$



changes a specified number (the argument) into a string. TAB(X)—This function works just like the TAB key on a typewrit er. With the PRINT statement, the TAB function tells the com



puter to begin printing a given number of places from the left side of the page. It looks like this: PRINT TAB(20); "YOUR NAME"



The argument can be any number from 1 to 32.



TAN(X)—The TAN function will give you the tangent of the argument.



VAL(X)—This function will give you the numeric value for a



string. The function ignores letters in a string and assigns numeric values of number characters only.



SUBPROGRAMS



The TI-99/4A understands several subprograms. These subprograms allow you to create sound, color, and graphics very easily. Subprograms are manufactured into the computer's memory and they allow you to call up colors, sounds, and graphic patterns. You specify what you want the computer to do by entering a series of numbers in parentheses following the subprogram. Let's look at the TI-99/4A subprograms. 33
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CALL CLEAR—This subprogram clears the screen of the moni tor. If you input this subprogram at the beginning of your pro grams, the screen will clear and the output will look better. You can also use CALL CLEAR any time that you want the screen to clear in the body of a program. CALL CHAR—This allows you to create a new character and assign an ASCII number to it. You must name the character and



tell the computer what the new character looks like. You de scribe the new character using a hexadecimal code that is represented by a 16-place string. A complete discussion of CALL CHAR can be found in Chapter 5. Here is the formula for CALL CHAR:



CALL CHAR(ANY ASCII number, "FFFFFFFFFFFFFFFF")



(NOTE: The F's can be replaced by other 16 place codes.) CALL COLOR—CALL COLOR lets you change the colors that



appear on the screen. This statement is always followed by numbers that represent a character-set number, foreground color code, and background color code. Here is the formula: CALL COLOR(CHARACTER SET,FOREGROUND, BACKGROUND) We will discuss CALL COLOR in detail in Chapter 3.



CALL CCHAR—CALL GCHAR will place a character anywhere on the screen. You must specify the row number, column number, and ASCII code for the character you want to display. The formula looks like this:



CALL GCHAR(ROW,COLUMN,ASCII CODE)



This subprogram is discussed in detail in Chapters 5 and 6. CALL HCHAR—This subprogram will allow you to put a charac ter anywhere on the screen and repeat it horizontally as many times as you wish. Here is the formula: CALL HCHAR(ROW,COLUMN,CHARACTER,NUMBER OF REPEATS)



The number of repeats is optional. If you don't tell the TI-99/4A otherwise, it will display the character at the row and column 34
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coordinates only once. We will discuss this command further in Chapters 5 and 6.



CALL JOYST—If you have joysticks, you can input data with



them. This subprogram allows you to signal the computer to receive data from the joysticks.



CALL KEY—CALL KEY allows you to transfer a character directly into the program. This subprogram accepts the input from the keyboard and it can branch the program.



CALL SCREEN—When you use CALL SCREEN, you can change the screen color to any color in the Tl palette. Here is the formula:



CALL SCREENS of color desired)



There is more discussion on this in Chapter 3. CALL SOUND—This subprogram makes sounds, tones, or noise. You need only to input the duration of the tone, the frequency of the tone, and the volume you desire. We will



discuss CALL SOUND at length in Chapter 4. Here is the formula:



CALL SOUND(DURATION,FREQ,VOLUME)



Now that we know how the TI-99/4A works and how to "speak" Tl BASIC, let's begin doing some real programming. Use this chapter as a reference. It will be useful as you begin to develop your own programs.
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Now that you have read about how the TI-99/4A works (Chapter 1), and the BASIC commands and statements it uses, it is time to begin working with some subroutines in color. The TI-99/4A is a very colorful computer, and with a little practice, you can dazzle your friends with your color computing ability.



COLOR AND THE Tl COMPUTER



Your Tl computer can display 16 different colors. Each color has been assigned a number. These numbers are stored permanently in your computer memory. Here are the codes for all 16 colors. Color Medium Red



Code No.



Color



Code No.



Transparent



1



Black Medium Green



2



Light Red



3



Dark Yellow



11



Light Green



4



Light Yellow



12



Dark Blue



5



Dark Green



13



9 10



Light Blue



6 7



Magenta Gray



14



Dark Red



Cyan



8



White



16



15



If you have ever done any programming, you have already seen two of these colors. While you input a program, the screen is cyan and when the Tl runs a program, the screen turns to light green. Now let's see how we can control the screen color.



CALL SCREEN



By using one subprogram and the color-code numbers, we can change the screen color to any of the 16 Tl colors. Here is how. The CALL SCREEN subprogram tells the TI-99/4A that we want to change the color of the screen. Now we need to tell the computer what color we want the screen to be. We do this by using a color-code number for the desired color. Input the following: 100 CALL CLEAR



110 CALL SCREEN(16) 120 GOTO 110 38



-Note that the code number must be in parentheses.
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CALL SCREEI



There are 16 paint buckets; one for each color.



In this program, line 100 clears the screen. Line 110 calls screen color 16 (white). Line 120 makes the computer loop back to line 110 so the screen will stay white until you hit FUNCTION and the number 4 key (CLEAR).



You can change the (16) in line 110 to any number between 1 and 16 and see all the possible colors. Color number 1 is transparent, so the screen will display in light green.



Tool Kit guy painting the screen (after the first program). 39
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You can also use a variable with CALL SCREEN rather than a



number. Try this: 100 CALL CLEAR no c = 2



120 CALL SCREEN(C) 130 GOTO 110



When you run this program, the TI-99/4A will display a black screen. Line 110 tells the computer that C = 2 is wanted; this is the color code for black. Now let's use a variable to display all of the Tl colors, one after another. Input the following: 100 CALL CLEAR 110 FOR C= 1 TO 16



-Clears the screen.



-Tells the computer that C = color 1 to color 16.



120 CALL SCREEN(C)



-Displays the screen.



130 NEXT C



-Gets the next color-code number.



The first display will be transparent. It will then go to black, then medium green, and so on, until all 16 colors have been displayed. The FOR NEXT commands are very useful and are easy to use once you understand how they work. When you run the program as it is, you will notice that the screens change colors very quickly. Let's use a timer, in the form of another FOR NEXT combination, to slow the display down. Add these lines and see the difference: 125 FOR TIME = 1 TO 300 128 NEXT TIME See the difference?



RANDOM COLOR



In the last program, the colors were displayed in order from 1 through 16. With some minor changes, we can get the colors to display in a random order. Input this:



40



100 CALL CLEAR 110 RANDOMIZE



-Clears the screen.



120 C = INT(16*RND)



-Defines C as a random integer between 0 and 16. (We will use



-Tells the TI-99/4A to randomize.
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this notation over and over so



you should become familiar with 130 IF C = 0 THEN 180



it.) -Since there is no number code



0, we must give C another value in line 180.



140 CALL SCREEN(C)



-Displays the screen colors.



150 FOR I = 1 TO 300 160 NEXT I



-Lines 150 and 160 are the timer to hold the colors on the screen.



170 GOTO 100



-Tells the Tl computer to go back



180 C = 2 190 GOTO 140



-Value of C if C = 0. -Plots 2 as the screen color and



and do it all again.



restarts the loop.



Line 120 tells the Tl computer to select a random number from 0 to 16. That number then becomes the color code for line 140. If line 120



selects 0, the program branches to 180 where a new value is given to C. Since 0 is not a color-code number, we must tell the TI-99/4A what to do



when the number zero comes up. Now let's look at the other color subprogram.



CALL COLOR



The Call Color subprogram allows you to change the characters on the screen to any color you like. The formula for using Call Color is:



CALL COLOR (Character set number, foreground color, back ground color) Let's look quickly at each of these components. Character Set Number



Just as each color has a code number, so does each and every



keyboard character. All of the characters are organized into eight sets, with eight characters in each set. There are also eight special charactercode sets so that you can define and color your own characters, but we will discuss the special sets later in the book. 41
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Here are the character-set code numbers for the keyboard characters: Set1



Set 2



Code No.



Character



Code No.



Character



32



(space)



40



33



!



41



( )



«



34



42



*



+



35



#



43



36



$



44



37



%



45



38



&



46



.



47



/



39



)



-



'



Set 3



Set 4



Code No.



Character



Code No.



Character



48



0



56



8



49



1



57



9



50



2



58



:



51



3



59



>



52



4



60








55



7



63



?



Character



Code No.



Character



64



@



72



H



65



A



73



1



Set 6



Set 5



Code No.



66



B



74



J



67



C



75



K



68



D



76



L M



69



E



77



70



F



78



N



71



G



79



O



Set 7



Code No.



Character



Code No.



80



P



88



X



Q



89



Y



81



42



Set 8



Character
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R



90



Z



83



S



91



[



84



T



92



\



85



U



93



]



86



V



94



A



87



W



95



—



Now that you know the code numbers, you still have to determine which number is put in the character-set location. If you want to display and color a plus sign (+), look on the character-set chart until you find it. You will see that the ASCII number for a plus sign is 43. Since number 43 is in character set number 2, a number 2 goes into the character-set position in the Call Color subprogram. Like this: CALL COLOR(2/ Foreground Color



The second position in the Call Color subprogram defines the fore ground color of the character you want to color. The foreground color is the color of the character itself.



FOREGROUND COLOR OF CHARACTER



SCREEN LOCATION



In this case, it is the color of the plus sign (+). Let's say that we want the plus sign to be dark red. The color code for dark red is 7, so a 7 goes 43
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into the foreground color position of our CALL COLOR subprogram; like this:



CALL COLOR(2,7 Background Color



When a character is displayed, only a portion of the screen location of that character is activated.



BACKGROUND OF THE CHARACTER



BACKGROUND OF THE CHARACTER



SCREEN LOCATION



If the entire screen location was activated, the character would look



like a black square. The background of the character cannot be seen unless we color it. The background color component of the Call Color program lets you change the color of the character's background. Let's say that we want our plus sign to be dark red with a white background. We add 16, or the color code for white, to our Call Color subprogram like this:



CALLCOLOR(2,7,16)



Our line is now complete. This line statement will color the plus sign and any other character in Character Set 2 as red on a white background. Let's look at the Call Color subprogram in action. Input: 100 CALL CLEAR 44



-Clears the screen.
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HO CALLCOLOR(2,7,16) 120 PRINT "+++++"



-Colors Character Set 2 as red on



a white background.



130 GOTO 110



See how the red plus signs are displayed in little white squares. The white squares are the background of the + sign character. If you want the white squares to go away, change the background color in line 110 to light green, or a 4, like this: CALL COLOR(27,4)



You can use variables with the Call Color subprogram, just as we did with Call Screen. We can also use Call Screen and Call Color together, as you will see later. Let's look at a subroutine that you can use as a reward for a correct answer in a game or a quiz. This program uses Call Color, but uses variables instead of numbers.



Reward Subroutine 100 CALL CLEAR



-Clears the screen.



110 print *****************



-Lines 110 to 130 will each print



************ "



27 asterisks.



120 print ***************** ************"



130 print ****************
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140 PRINT "WAY TO GO,



-Prints the message.



YOU GOT IT RIGHT" 150 print ***************** * * * * * * * * * * * * *'



-Lines 150 to 170 will each print 27 asterisks.



160 print ***************** * * * * * * * * * * * * *'



170 print ***************** **************



180 FORFC = 2TO!6



-Tells the computer that the fore ground color = color code num bers 2 to 16 (transparent is left



190 FOR SET = 1 TO 8



-Tells the computer that the character set = 1 through 8, or all the alpha and numeric



200 CALLCOLOR(SET,FC,l)



-Calls the asterisks and the mes



out).



characters.



sage displaying all foreground colors, one at a time, on a trans 210 NEXT SET



parent background. -Tells the computer to get the next character set.



220 NEXTFC



-Tells the computer to get the next foreground color.



Line 180 tells the computer the values of all the foreground colors. Line 190 tells the computer to color all the characters in sets 1 through 8. You could also use a variable to change the background color. You could add



195 FORBC = 16T0 1 STEP-1 205 NEXT BC



and the foreground and background colors would change. BC will begin at 16 and go to 1 and FC will begin at 1 and go to 16. You will notice that the colors change much slower with lines 195 and 205 added; that is because we have added another FOR NEXT cycle.
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COLOR CHOICE



Now let's put together Call Color, Call Screen, and what we have learned in this chapter to create what we call the Color Choice. The basis of this program is the following subroutine.



100 CALL CLEAR



110 CALLSCREEN(16)



-Displays a white screen.



120 FOR SET = 1 TO 8



-Defines set as all characters.



130 CALLCOLOR(SET/2,16)



-Calls characters in black on



140 NEXT SET



white background.
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150 PRINT "THIS IS A WHITE SCREEN WITH BLACK LETTERS" 160 FORI = 1 TO 400 170 NEXTI



-Lines 160 and 170 are the timer



to hold the message on the screen.



Color Choice asks you to type in a color and then the program branches to the inputted color and displays the screen and the message. Here we go. Input this Color Choice program: 100 no



120 130 140 150 160 170 180 190



48



CALL CLEAR PRINT "DO YOU LIKE



BLACK, WHITE, RED, CYAN, GREEN, YEL LOW, OR BLUE?" Al$ = "BLACK" A2$ = "WHITE"



-Prints the message.



-Lines 120 to 180 define A$1 -A$7.



A3$ = "RED" A4$ = "CYAN"



A5$ = "GREEN" A6$ = "YELLOW" A7$ ="BLUE PRINT "WHAT IS YOUR FAVORITE COLOR?"



-Prints the message.



200



INPUT B$



210 220 230 240 250 260 270 1000 1010 1020 1030 1040



IF IF IF IF IF IF IF



-Gives the input prompt and allows you to type in a color. -If B$ is black go to 1000. -If B$ is white go to 2000. -If B$ is red go to 3000. -If B$ is cyan go to 4000. -If B$ is green go to 5000. -If B$ is yellow go to 6000. -If B$ is blue go to 7000.



B$ B$ B$ B$ B$ B$ B$



= = = = = = =



A1$ A2$ A3$ A4$ A5$ A6$ A7$



THEN THEN THEN THEN THEN THEN THEN



1000 2000 3000 4000 5000 6000 7000



CALL CLEAR



CALL SCREEN(2) FOR SET = 1 to 8



CALL COLOR(SET,l 6,2) NEXT SET



-Displays black.
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1050 PRINT "THIS IS A BLA



1060 1070 1080



CK SCREEN WITH WH ITE LETTERS" FOR I = 1 TO 400 NEXT I CALL CLEAR GOTO 190 CALL CLEAR



1090 2000 2010 CALLSCREEN(16) 2020 FOR SET = 1 to 8 2030 CALLCOLOR(SET,2,16) 2040 NEXT SET 2050 PRINT "THIS IS A WHI



2060 2070 2080



-Displays white.



TE SCREEN WITH BLA CK LETTERS" FOR I = 1 TO 400 NEXT I CALL CLEAR GOTO 190 CALL CLEAR



2090 3000 3010 CALL SCREEN(7) 3020 FOR SET = 1 TO 8 3030 CALL COLOR(SET,2,7) 3040 NEXT SET 3050 PRINT "THIS IS A RED



-Displays red.



SCREEN WITH BLACK LETTERS" FOR I = 1 to 400 NEXT I CALL CLEAR GOTO 190 CALL CLEAR



3060 3070 3080 3090 4000 4010 CALL SCREEN (8) 4020 FOR SET = 1 TO 8 4030 CALL COLOR(SET,7,8) 4040 NEXT SET 4050 PRINT "THIS IS A CY AN SCREEN WITH RED



-Displays cyan.



LETTERS" 4060 FOR I = 1 TO 400 49
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4070 4080 4090 5000



NEXT I CALL CLEAR GOTO 190 CALL CLEAR



5010 CALLSCREEN(13)



-Displays green.



5020 FOR SET = 1 TO 8



5030 CALLCOLOR(SET,7,13) 5040 NEXT SET



5050 PRINT "THIS IS A GRE EN SCREEN WITH CY AN LETTERS" 5060 FOR I = 1 TO 400 5070 NEXT I 5080 CALL CLEAR 5090 GOTO 190 6000 CALL CLEAR



6010 CALLSCREEN(l)



-Displays yellow.



6020 FOR SET = 1 TO 8



6030 CALL COLOR(SET,l3,11) 6040 NEXT SET 6050 PRINT "THIS IS A YEL LOW SCREEN WITH GREEN LETTERS" 6060 FOR I = 1 TO 400 6070 NEXT I



6080 CALL CLEAR 6090 GOTO 190 7000 CALL CLEAR



7010 CALL SCREEN(5) 7020 FOR SET = 1T0 8



7030 CALL COLOR(SET,l 1,5) 7040 NEXT SET 7050 PRINT "THIS IS A BLUE SCREEN WITH YEL LOW LETTERS" 7060 FOR I = 1 TO 400 7070 NEXT I 7080 CALL CLEAR 7090 GOTO 190



50



-Displays blue.-
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We have used IF/THEN statements to branch the program. The IF/THEN statements allow you to branch to another part of the program if a certain condition exists.



You can change the colors to include all 16 colors if you like, or you might want to add some fancy screen prompts at the beginning of the program.



We have discussed some simple color subroutines and shown you how to build a program using one of them. We recommend that you experiment with putting pieces of programs together to build your own program. Try one using the random-screen color subroutines. When you are ready, we will move on to Chapter 4 and talk about sound.
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Your TI-99/4A computer has a great voice. It has a musical range greater than any two musical instruments we can name. You can learn to



"play" the Tl computer with a minimum of practice. In this chapter, we will show you how to make beautiful music with your TI-99/4A and how to use sound subroutines to add some pizzazz to your future programs. Let's get started.



CALL SOUND



The CALL SOUND subprogram will tell your Tl computer that you want it to play either a tone or one of eight noises. CALL SOUND is not a standard BASIC language command. The words, CALL SOUND, trigger a preprogrammed set of instructions that the TI-99/4A understands. These instructions are manufactured into the design of the machine. That's why we call CALL SOUND a subprogram and not a command. Let's see how it works. Input the following line CALL SOUND(1000,262,1 )ENTER



You have just played a 1-second rendition of Middle C on the musical scale at Volume one. The three numeric values in parentheses tells the computer how long to play the note (Duration), which note to play (Frequency), and how loud to play the note (Volume). To help you use this subprogram, let's work with each value for a moment. 54
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If you want to think of the values as a formula or a recipe it may help you understand. CALL SOUND(DURATION,FREQUENCY,VOLUME) Duration



The first value in the parentheses tells the computer how long to hold the selected note. The TI-99/4A computer can hold a tone for as little as 0.001 second or as long as 4.25 seconds. Since the computer works and reacts quicker than we humans, the computer measures time in smaller segments. For this subprogram, we have to think in terms of milliseconds. There are 1000 milliseconds in one second. The duration



value must be stated in milliseconds. So, if you want a tone to play for 2 seconds, you should enter 2000 in the duration location. Let's look at this in table form: Desired



Time in



Playing Time



Milliseconds



Proper Duration Entry



Vi second



500



500



1 second



1,000



1000



2 seconds



2,000



2000



3 seconds



3,000



3000



4 seconds



4,000



4000



Enter the following: CALLSOUND(100,262,1)ENTER CALL SOUND(3000,262,1)ENTER CALL SOUND(4250,262,1 )ENTER Hear the difference? Now let's look at the next value in the CALL



SOUND subprogram. Frequency



The tones that you are creating are electronic variations. These vari ations or frequencies are measured in hertz. Hertz is a term used by technical people in the electronics field. The word hertz is abbreviated to Hz. The frequency range for the TI-99/4A goes from a very low pitch of 110 Hz to an extremely high pitch of 44,733 Hz. Input the following line: 55
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CALL SOUND(1000,44733,1)ENTER



Unless you have superhuman hearing you should not be able to hear this tone at all. In fact, the highest frequency we can hear is around 14,900 Hz. Now would be a good time to listen to some Tl computer tones. Input:



CALL SOUND(l000,110,1 )ENTER CALL SOUND(l000,4000,l)ENTER CALL SOUND(l000,392,1 )ENTER



-110 = the low range.



-392, = G above Middle C.



The TI-99/4A can make lovely music, but it can also make eight noises that are not at all musical. To make these noises, use the numbers



-1 through -8 as the tone frequencies. These noises are terrific for use in the games we will develop later. Let's try a noise. Input: CALL SOUND(1000,-4,1)ENTER



We think this sounds a lot like Pac Man eating his way around the screen.



You should try the other noises if you haven't already. Volume



The last value in the CALL SOUND subprogram is Volume. You guessed it. This value tells the computer how loud or soft to play the tone or noise. The volume range for the TI-99/4A runs from an input value of 0 (loudest) to 30 (softest). We advise that you set the volume on your tv monitor to a low setting when playing music at level 0 or 1. Now, let's listen to the whisper level of the Tl computer. Input: CALL SOUND(1000,262,30)ENTER



If you can't hear this note, turn up your tv volume. This is really a whisper. Until now, we have been using the CALL SOUND subprogram in the immediate mode, which is fine for listening to one tone at a time. When CALL SOUND is used as a program statement, a lot of program ming excitement begins.
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CALL SOUND IN A PROGRAM



To begin, let's look at a little program that allows you to call up any sound by just inputting two values. We call this program the Sound Encyclopedia. Input the following lines:



j



j



j



i



5



REM SOUND ENCYCLO



-Names the program.



PEDIA



10 CALL CLEAR 20 INPUT "NOTE": N 30 INPUT "VOLUME": V



-Clears the screen.



-Gives a screen prompt and allows you to enter a frequency. -Gives a prompt and allows you to enter a volume.



40 CALLSOUND(500,N,V)



-Tells the computer to play the frequency and volume input in lines 20 and 30 for V2 second.



50 GOTO 20



-Loops back to line 20 so that you can input more frequencies and volume levels.



RUN



NOTE: Since this is a continuous loop program you will have to hit the Clear key (the FUNCTION and 4 keys) to stop the program.
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This little program points out a neat feature of CALL SOUND. You can define each value as a variable just as we did in lines 20 and 30. This makes programming much easier. We have still stated all three values for CALL SOUND, but we used the letters N and V instead of numbers.



CALLING MORE THAN ONE SOUND



The CALL SOUND subprogram allows us to call more than one sound at a time. In fact, you can call up to three tones and one noise at a time. Here's how we do it. Input:



CALL SOUND (1000,262,1,330,1,392,1)



All the tones will be of the same duration, and the computer will play 262,330,392 at a volume setting of "1". Once we set the duration, we can



enter frequency and volume settings for three tones. The volume values can be varied.



Here is the formula for entering more than one sound. For 2 sounds, input CALLSOUND(Dur,Freq,Vol,Freq,Vol) For 3 sounds, input



CALLSOUND(Dur,Freq,Vol,Freq,Vol,Freq,Vol) Finally, for 3 sounds plus 1 noise, input



CALLSOUND(Dur,Freq,Vol,Freq,Vol,Freq,Vol,-Freq,Vol) This terrific feature allows you to quickly program notes and musical chords so that you can play real music with the Tl computer. Let's play some music.



MUSIC SUBROUTINES



Let's begin our music lesson with a scale. This scale is not exactly musically correct, but it is an easy way of approximating a scale if you want a scale-like sound effect for a game or quiz. Input the following program:
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10 TONE = 226



-Defines the first frequency for



20 FOR SCALE = 1 TO 8



-Tells the computer that it will play 8 tones. -Tells the computer to play the



line 30.



30 CALLSOUND(2500,TON E,l)



tone for 2V2 seconds at level 1.



40 TONE = TONE + 18



-Beginning at 226, the computer will play every eighteenth fre



50 NEXT SCALE RUN



-Moves to next note.



quency.



The TI-99/4A will automatically play 8 notes, 18 frequencies apart, for a duration of 2V2 seconds, at a volume level of 1.



As we will soon see, a loop will help us later on. Let's put a continu ous loop in this program. Input this: 60 GOTO 10



This will make the approximate scale play forever unless you hit CLEAR. Let's try a real scale now.



i



^ C SCALE
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Type the following prograrr CALL CLEAR 10 T = 1000



5



-States the duration variable for future CALL SOUND lines 100160.



20 V = 1



-States the volume level variable for lines 100-160.



30 40 50 60 70 80



C = 262 D = 294 E = 330 F = 349 G = 392 A = 440 B = 494



90 100 110 120'



CALL SOUND (T,C,V) CALL SOUND (T,D,V) CALL SOUND (T,E,V) 130' CALL SOUND (T,F,V) 140>CALL SOUND (T,G,V) 150i CALL SOUND (T,A,V) 160i CALL SOUND (T,B,V)



-Lines 30 through 90 state the frequency variables for lines 100600.



-Lines 100 through 160 call and play each tone in the C scale.



This little program will play the C scale one tone at a time. After all seven notes have been played, the program will stop. How would you get the scale to play again and again? If you said "Add a GOTO state ment at the end of the program," you guessed right. Add: 170 GOTO 100



and the scale will play over and over again. You can tell the computer to play any musical scale using this sub routine as an example. All you need to do is change the order of the notes played in lines 100through 160 and, in some cases, the frequencies of the notes. To play the G scale, you must change the order of the CALL SOUND statements to:



100 CALLSOUND(T,G,V) 110 CALLSOUND(TAV)
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120 130 140 150



CALL CALL CALL CALL



SOUND(T,B,V) SOUND(T,C,V) SOUND(T,D,V) SOUND(T;E,V)



160 CALL SOUND(T,F,V)



-This note will actually be Fsharp.



You will also need to change the frequencies of all the notes above G in the C scale (i.e., C, D, E, and F). Here are the new frequency variables: C D E F G A



=523 =587 =659 =740 = 392



=440 B =494



These variables and the new CALL SOUND order will give you the G Major scale. The value of F is actually FSharp, which is the seventh note on the scale. You can put the two scales together if you like. Just define all of the necessary frequencies and be sure you note the difference in high and low notes. For example, call Middle C "C" and High C "H.C." Try combining these two scales and experiment with a variety of note combinations. After you are finished experimenting, read on and we will show you how to add harmony to your TI-99/4A computer.



PLAYING CHORDS ON THE TI-99/4A



As we told you before, you can generate more than one tone in a single CALL SOUND statement. Remember you must state the Duration first, then the Frequency, and then the Volume for each tone that you want—up to a total of three. Here is the formula: D = DURATION



F = FREQUENCY V = VOLUME



CALLSOUNDfD^V^V^V)
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THE Tl COMPUTER PLAYS CHORDS



In the next subroutine, we are going to make the Tl computer sound like an organ. Enter the following program. 5 10



CALL CLEAR S = 1500



20 30 40 50 60 70 80 90 100



V = 1 C = 262. D = 294 E = 330 F = 349 G = 392 A = 440 B = 494 Fl =370



-States Duration variable—1.5 second. -States Volume level at 1.



-Lines 30 through 90 state the frequency values of notes C through B.



-States the value of FSharp below Middle C.



110 Gl =208



-States the value of G Sharp below Middle C.



120 Al =466



-Value of A Sharp above Middle



130 140 150 160 170



-Value of D above High C. -Value of High C Sharp. -Value of Eabove High C. -Value of D Sharp above High C. -Value of F Sharp above High C. -Plays C Chord.



C.



HD = 587 CI =554 HE = 659 Dl =622 F2 = 740



200 CALL SOUND(S,C,V,E,V, G,V) 300 CALLSOUNDfSAV/l, V,A,V) 62



-Plays D Chord.
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400 CALLSOUND(S,E,V,Gl,



-Plays EChord.



V,B,V)



500 CALL SOU ND(S,F,V,A1,



-Plays FChord.



V,HD,V)



600 CALLSOUND(S,G,V,B,V, -Plays G Chord. D,V)



700 CALLSOUND(S,A,V,Cl,



-Plays A Chord.



V,HE,V)



800 CALLSOUND(S,B,V,Dl, V,F2,V)



-Plays BChord.



RUN



This program will playa lovely selection of chords. Save this program for later use, because we are going to use it several times in this chapter. How can we add to this program to make it even more interesting? What if we play the notes or chords in a set order instead of letting the computer have all the fun? Then, we can play the TI-99/4A just like a musical instrument.



THE Tl ORGAN



Using our chord program, let's make some useful changes. We are going to tell the computer that we will input the chord that we want to play. This is one way to do it. 171



INPUT A$



172 IF A$ - "C" THEN 200



173 IFA$ = "D"THEN300 174 175 176 177 178



IF A$ IF A$ IF A$ IFA$ IFA$



= = = = =



"E" THEN 400 "F" THEN 500 "G" THEN 600 "A" THEN 700 "B"THEN800



-This tells the computer to give us a prompt and allow us to make a key selection. -If we input C on the keyboard, the computer will go to line 200 and play the tones listed there. -If we input D, the computer will play the tones in line 300. -Get the idea?
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With these commands, we have told the computer that we will



input a note but, as the program is now, the Tl computer will play the note we select and, then, every note thereafter until the program ends. We need to get the computer to play just one note and allow usto then select another. We can easily get the job done with a few well-placed GOTO statements. Input the following statements: 230 GOTO 171 330 GOTO 171



430 530 630 730 830



GOTO GOTO GOTO GOTO GOTO



171 171 171 171 171



With these statements in place,the computer will play the chord we tell it to play and will then go back to allow us to pick another chord.



A FEW HINTS ABOUT PLAYING THE Tl ORGAN



You must always press ENTER after the letter key. Since the chords play for a second and a half, you can play without interruption with just a little practice. As soon as you hear the chord, input your next desired chord. The TI-99/4A thinks pretty fast and it will accept the input as soon as the preceding chord begins to play.



This program can be altered to play only one note at a time like a piano. If you want to play the piano, simply delete the note values that 64
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you don't want, and change the CALL SOUND lines so that only one note per line is stated.



Later in this chapter, we will show you how to use the Tl computer's musical ability, in combination with the color subroutines that we



worked with in Chapter 3. But right now, let's program the TI-99/4A to play some simple songs all by itself. THE Tl SONG BOOK



By playing one note at a time in the proper order, you can get your Tl computer to play any song that you are willing to program. If we were



to use the normal CALL SOUND subprograms that we have used up to now, we would need to enter a CALL SOUND statement for every note in a song. Even a short song would require a very long and a very dull program. The TI-99/4A computer has a better way.
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SOUND SUBROUTINES USING DATA FILES



The DATA statement and the READ statement can often be used to



savea lot of inputting time. Values can be assigned to variables bytelling the computer to read from a DATA list. However, the DATA statement does not tell the computer to do anything but read the values in the list. When we use the READ command and a DATA file, we must keep



some things in mind. The computer begins with the first value in a data list and continues through until there is no more data or until the com puter finds a value that tells it to stop. So, be sure you input the correct data and be sure that the notes are in the right order, because if you don't, the Tl computer will play some sour notes.



Let's use the READ command and DATA files to make some beauti



ful music with the TI-99/4A computer. Input the following: 10 CALL CLEAR 20 READ F



-This is the READ command. It



tells the computer to read the 30 IFF = 999 THEN 60



files for the values of F. -999 is the last item in the file. If



you don't use a terminal item, the Tl computer will print an error statement after it plays the last note.



40 CALL SOUND (500^/1)



-Calls the notes.



50 GOTO 20



-Forms a loop so the computer can read the next value.
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60 PRINT "I AM FINISHED NOW" 70 GOTO 70



-Holds "I AM FINISHED NOW"



80 DATA 262,262,392,392,



endless loop. -Lines 80 through 160 are the fre



-When item 999 is read, this line



will print.



on the screen by creating an



440



90 DATA 440,392,349,349, 330



quencies, listed in order, to play the song. The computer just keeps reading until it comes to



100 DATA 330,294,294,262,



the last file 999.



392



110 DATA 392,349,349,330, 330



120 DATA 294,392,392,349, 349



130 DATA 330,330,294,262, 262



140 DATA 392,392,440,440, 392



150 DATA 349,349,330,330, 294



160 DATA 294,262,999



When you run this beauty, you will hear an electronic rendition of Twinkle, Twinkle, Little Star. Save this program because we will show you some graphic subroutines to use with this song—later in Chapter 6. Here are the note sequences of some other favorites that you can try.



Mary Had a Little Lamb EDCDEEE



DDD



EGG



EDCDEEEEDDEDC



Are You Sleeping GABGGABGBCD BCD DEDCBGDEDCBGGDG G D G



We will use the DATA and READ statements more in later chapters. But, for now, remember that these commands are great time savers.



67



The Tool Kit Series: TI-99/4A Edition ARCADE SOUNDS



Earlier in this chapter, we mentioned the noise capability of the Tl computer. All of the programs in this chapter are useful and can be applied to other programs, but the arcade noises will be particularly useful. Type in the following: 5



CALL CLEAR



10 CALL SOUND (500,-2,2) 20 CALL SOUND (500-1,2) 30 GOTO 10



Sounds like a police siren doesn't it? This sound can be used effectively in a variety of chase games.



Need a burglar alarm or warning tone for a game? Try this: 5



CALL CLEAR



10 CALL SOUND (100-3,2) 20 CALL SOUND (100,-2,1) 30 CALL SOUND (100,-1,1) 40 GOTO 10



You can change the duration and volume values to change the effect. If you are going to develop any type of space game, you must have a rocket blast-off effect. Here is a nice rocket blast subroutine. 5



CALL CLEAR 10 FOR WARN =-3 TO-1



STEP 1 68



-Lines 10 and 20 sound the warn-



ing buzzer.
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20 CALL SOUND (1000, WARN,2) 30 NEXT WARN



40 FOR BLAST =-7 TO-5 STEP1



-Lines 40 to 70 cause the Blast Off.



50 CALL SOUND( 1000, BLAST,0) 60 NEXT BLAST



70 CALL SOUND(2000,-1,1



If you want to make a PAC MAN munching noise, all you have to do is add this line to your program: 10 CALLSOUND(1000,-4,2) How about some musical reinforcement for a correct answer in a quiz.
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Try this: 5



CALL CLEAR



10 20 30 40 50 60



T = 250



70 80 90 100 no 120



CALL SOUND(T,C,V) CALLSOUND(T,D,V) CALLSOUND(T,E,V) CALL SOUND(T,D,V) CALLSOUND(T,E,V) CALLSOUND(T,C,V)



V = 1



C D B E



= = = =



262 294 247 330



And if you enter an answer incorrectly, your Tl computer will tell you with a sound like the following: 10 T = 250 20 V = 1 30 40 50 60



C = 262 D = 294 B = 247 Dl =311



70 CALL SOUND(T,C,V) 70
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80 90 100 110 120 130 140 150 160



CALLSOUND(T,C,V) CALLSOUND(T,C,V) CALLSOUND(T,Dl,V) CALLSOUND(T,D,V) CALLSOUND(T,D,V) CALLSOUND(T,C,V) CALL SOUND(T,C,V) CALLSOUND(T,B,V) CALL SOUND(T,C,V)



The more you work with the Tl computer's "voice," the more inter esting touches you can add to your programs. Keep experimenting.



PUTTING COLOR AND SOUND TOGETHER



We covered color in Chapter 3 and, now, we have covered sound. This is a good time to combine what we have learned into one program. Let's take the chord organ program and add some color to it. 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170



S = 1500 V = 1 C = 262 D = 294 E = 330 F = 349 G = 392 A = 440 B = 494 Fl =370 Gl =208 Al =466 HD = 587 CI =554 HE = 659 Dl =622 F2 = 740



171 172 173 174



INPUT A$ IF A$ = "C ' THEN 200 IF A$ = "D' 1 THEN 300 IF A$ = "E" THEN 400



-Value of chord duration.



-Volume.



-Lines 30 through 170 are the frequency values for all the notes.



-Allows us to input a chord. -Lines 172 through 175 branch to the correct line depending on which chord we select.
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175 IFA$ = "F" THEN 500 176 IFA$ = "G" THEN 600 177 IF A$ = "A" THEN 700



178 IF A$ = "B" THEN 800 190 CALL CLEAR



200 CALLSOUND(S,C,V,E,V, G,V) 210 CALLSCREEN(15) 220 CALL CLEAR 230 GOTO 171



300 CALLSOUND(S,D,V,Fl, V,A,V) 310 CALL SCREEN(2) 320 CALL CLEAR 330 GOTO 171



400 CALLSOUND(S,E,V,Gl, V,B,V) 410 CALL SCREEN(3) 420 CALL CLEAR 430 GOTO 171



500 CALL SOUND(S,F,V,A1, V,HD,V) 510 CALL SCREEN(5) 520 CALL CLEAR 530 GOTO 171



600 CALLSOUND(S,G,V,B,V, D,V) 610 CALL SCREEN(7) 620 CALL CLEAR 630 GOTO 171



700 CALLSOUND(S,A,V,Cl, V,HE,V)



710 CALLSCREEN(ll) 720 CALL CLEAR 730 GOTO 171



800 CALLSOUND^B/^Dl, V,F2,V) 810 CALLSCREEN(14) 820 CALL CLEAR 830 GOTO 171 72



-Calls the C chord. -Colors the screen white.



-Loops back. -The rest of the program is a repeat of lines 200-230. Each group plays a different chord with a different color.



Sound Subroutines



With the addition of some CALL SCREEN commands, we have



added a splash of color to our electronic organ. Each time a chord is played, the screen will flash in the color shown in lines 210,310,410,510, 610, 710, and 810. You can add more color and more effects using the Call Color subprogram discussed earlier. In this chapter we have talked about a lot of ways to use sound in



your Tl programs. We encourage you to experiment and find even more sound subroutines to use.
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 =.6)TH EN 640 460 IF J < .6 THEN 680 470 DATA 11,3,12,6,15,9,14,



-Displays score. -Calculates the score.



-Lines 440 to 460 branch to the



appropriate prompt.



-Data.



4,10,11,13,12,15,16,11, 12,13,5,7,14,99 480 END 490 PRINT "WAY TO GO"



500 510 520



530 540



550 560 570 580 590 600 610 620 630 640



-100% condition.



CALL CHAR(96,"FFFFFFF FFFFFFFFF") CALL VCHAR(7,11,96,12) CALL HCHAR(18,12,96, 10) CALL VCHAR(7,21,96,11) CALLHCHAR(7,12,96,9) CALL HCHAR(9,14,96) CALL HCHAR(9,18,96) CALL HCHAR(12,16,96) CALLHCHAR(15,14,96,5) CALL HCHAR(14,14,96) CALL HCHAR(14,18,96)



-Lines 500 to 600 display the smil ing face.



FOR I = 1 TO 1000



-Holds smiling face on the screen.



NEXT I GOTO 480



PRINT "GOOD WORK, PRACTICE MAKES PER FECT"



-Prompt for score of 60% or bet ter.
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650 FOR 1 = 1 TO 500 660 NEXT 1 670 GOTO 480



680 PRINT "NOT SO HOT,



-Prompt for score of less than



TRY AGAIN" 690 FOR 1 = 1 TO 500



60%



700 NEXTI



710 GOTO 480



•



• •



r^-n



Suggested Program Changes



You can add sound, color, and more graphics to the scoring prompts. We have used a smiling face to encourage you to be creative. Try adding a frowning face after line 680. Use the Random Color subrou tine from Chapter 3 to reinforce a good score. Or, add a little sound. You can change the program to suit yourself. Increase or decrease



the level of difficulty of the problems by changing the numbers in the DATA statement. Or, add more numbers in the DATA statement to



make the quiz last as long as you like. Or, try changing the scoring. Maybe you can develop your own point system. Change the operation to use addition, division, and subtraction problems. The READ and DATA statements are pretty powerful statements and



we will use them again with our States and Capitals quiz that is given later on.
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This riddle game is fun and it tests your ability to understand frac tions. The computer asks you to figure out clues to the riddle by using your knowledge of fractions. Then, you have to use your imagination to answer the riddle! For example: MIDDLE 1/2 OF MATE = AT FIRST 1/2 OF RUNNER = RUN



If you cannot answer the riddle, key in anything and the program will give you a hint. You must answer the question correctly with the hint. The computer will keep asking you forever, using the hint, until you finally get the riddle—just like your friends do when they tell you a riddle! Try it! TOO CALL CLEAR



-Clears the screen.



110 READA$



-Tells the Tl computer to read A$ from DATA.



120 IF A$ = "END" THEN



-When all DATA is read stop.



350



130 READ B$,C$,D$,E$,F$, G$,H$,I$,J$,K$ 140 READL$,M$,N$



-Reads from DATA.



150 PRINT"SOLVETHISR'i



-Beginning screen prompt.



DDLE"



160 PRINT



170 PRINT A$;B$;C$;D$;E$; F$;G$;H$;I$;J$;



-Prints clues.



180 INPUT X$



-Allows you to type in answer to



190 IF X$ = K$ THEN 260 200 PRINT "HERE IS A HINT,



-Correct guess condition.



the riddle.



-Hint prompt.



TRY AGAIN" 210 PRINT



220 PRINT L$;M$;N$



-Prints the hints.



230 INPUT Y$ 240 IF Y$ = K$ THEN 260



-Allows for another guess.



250 GOTO 200



-Loops back to 200ifsecond guess



-Correct second answer condi tion.



isn't correct.
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260 PRINT "YOU ARE RIGHT.



-Correct guess prompt.



THE ANSWER WAS"; K$ 270 280 290 300



FORT = 1 TO 1000 NEXTT



GOTO 250



DATA FIRST 1/2 OF WH



ATEVER, MIDDLE 3/5 OF CHASE, FIRST 1/2 OF



-Lines 300 to 340 are the DATA



from which the clues, hints, and



the answer are printed.



FIVEFOLD 310 DATALAST1/20FBUC



KEYES, MIDDLE 3/5 OF HANDY, LAST 5/7 OF ARRESTS 320 DATA LAST 1/3 OF BE



AGON, MIDDLE 1/9 OF CRABAPPLE, FIRST 5/9 OF WATERFALL 330 DATA LAST 3/7 OF GRA



BBED, THE MISSISSIPPI RIVER, MIDDLE 3/5 OF OTHER 340 DATA FIRST 11/13 OF



MISSISSIPPIAN, LAST 5/6 OF DRIVER 350 END



-Ends the program.



Add color, sound and more elaborate graphics if you like.



This program is persistent about asking for the answer. It won't stop trying. If you would rather have the answer to the riddle appear after you fail to answer correctly using the hint, here is how to do it: 250 PRINT "WRONG AGAIN. THE ANSWER IS"; K$ 255 GOTO 350



We recommend that you use your own riddles in the DATA state ments as turning the riddles into the "fraction code" is half the fun. The



other half is trying them out on your friends. The following riddles are corny, but maybe they will bring to mind some of your favorites. What kind of bridge makes people most anxious? ANSWER: A suspension bridge.
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What does a pet canary say on Halloween? ANSWER: Twick or Tweet.



What do you get when you cross a centipede with a parrot? ANSWER: A walkie-talkie.



Remember that in DATA statements, you can only fill four lines before you must add another line number.



COLORED PENS



The following program received more attention from the kids in our neighborhood than any other in the book. It is called COLORED PENS. There is no score to keep, just plain artistic fun. By using different



keys, you can draw in four different colors. The color and direction keys are listed in the next section so that you can get familiar with them. Color and Direction Codes 1. RED



W = Up A = Left



S = Right Z = Down 2. BLUE



R = Up D = Left



F = Right V = Down



3. GREEN



Y = Up G = Left



H = Right B = Down 4. YELLOW



I =Up
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J = Left



K = Right M = Down 5. ERASE



P = Up L = Left



; = Right . = Down



The Erasefunction will take away anything you don't like, one square at a time. The space bar will clear the entire screen. A Word About the Program



Look at lines 4030 through 4060. These lines are the backbone of the program. Line 4030 tells the computer that if the W key is not pressed, to go on to line 4070 and check for the Z key, and so on, through all the possible keys. If W is pressed, or if A = W, then lines 4040 through 4060 will be executed.



The computer will accept a key and will then run through all the lines, like 4030, until it finds the right key and, then, will execute those lines, like 4040 through 4060. These lines plot the PEN in the correct direction and in the proper color. Now let's input it and have some fun. 100 no 120 130 4000



CALL CLEAR GOSUB 12000 C = 16 R = 22 OLDR = R



4010 OLDC = C



-Defines Old R as equal to R so that the drawing will continue. -Defines Old C as equal to C for the same reason.



4020



CALL KEY(OASTATUS)



-Activates the keyboard so we



4030



IFAOASQ" W")



can direct the pen. -RED up.



THEN 4070 4040 CHAR = 96



4050 CALL COLOR(9,7,7) 4060 R = R-SGN(R-1) 4070 IFAOASC("Z") THEN 5010



150



-RED down.



Educational Game Programs 4080 CHAR = 96



4090 CALL COLOR(9,7,7) 5000 R = R+SGN(22-R) 5010 IFAOASC("A")



-RED left.



THEN 5050 5020 CHAR = 96



5030 CALL COLOR(9,7,7) 5040 C = C-SGN(C-2) 5050 IFAOASC("S")



-RED right.



THEN 5090 5060 CHAR = 96



5070 CALL COLOR(9,7,7) 5080 C= C+SGN(31-C) 5090 IFAOASC("R")



-BLUE up.



THEN 6030 6000 CHAR = 104



6010 CALL COLOR(l 0,5,5) 6020 R = R-SGN(R-1) 6030 IFAOASC("V")



-BLUE down.



THEN 6070 6040 CHAR = 104



6050 CALL COLOR(l0,5,5) 6060 R = R+SGN(22-R) 6070 IFAOASC("D")



-BLUE Left.



THEN 7010 6080 CHAR = 104



6090 CALLCOLOR(10,5,5) 7000 C = C-SGN(C-2) 7010 IFAOASC("F")



-BLUE right.



THEN 7050



7020 CHAR = 104



7030 CALLCOLOR(10,5,5) 7040 C = C+SGN(31-C) 7050 IFAOASC("Y")



-GREEN up.



THEN 7090



7060 CHAR = 112



7070 CALLCOLOR(ll,13,13) 7080 R = R-SGN(R-1) 7090 IFAOASQ"B")



-BLUE down.
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8000 8010 8020 8030 8040 8050 8060



8070 8080 8090



CHAR = 112



CALL COLOR(l 1,13,13) R = R+SGN(22-R) IFAOASC("G")



CALLCOLOR(ll,13,13) C = C-SGN(C-2) IFAO ASCf'H")



-GREEN right.



THEN 9010 CHAR = 112



9000 9010



CALL COLOR(l 1,13,13) C= C+SGN(31-C) -YELLOW up. IFAO ASC('T')



9020



THEN 9050 CHAR= 120



9030 9040 9050 9060 9070 9080 9090



CALL COLOR(l 2,11, 11) R= R-SGN(R-l) IFAO ASC("M")



10020 10030



CALL COLOR(l 2,11, 11) R = R+SGN(22-R) IFAOASCfJ")



-YELLOW right.



2,11,



11) C=C+SGN(31-C) IF A O ASCfP") THEN 10110



-YELLOW left.



2,11,



11) C = C-SGN(C-2) IFAO ASC("K")



THEN 10070 10040 CHAR= 120 10050 CALL COLOR(l 10060 10070



-YELLOW down



THEN 9090 CHAR= 120



THEN 10030 10000 CHAR= 120 10010 CALL COLOR(l
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-GREEN left.



THEN 8070 CHAR = 112



-Erase up.
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10090 CALLCOLOR(13,15, 15) 10100 R= R-SGN(R-l) 10110 IFAOASQ".")



-ERASE down.



THEN 10150



10120 CHAR= 128



10130 CALLCOLOR(13,15, 15) 10140 R= R+SGN(22-R) 10150 IFAO ASQ"L")



-ERASE left.



THEN 10190 10160 CHAR= 128



10170 CALLCOLOR(13,15, 15) 10180 C= C-SGN(C-2) 10190 IFAOASQ"}")



-ERASE right.



THEN 10230



10200 CHAR= 128



10210 CALLCOLOR(13,15, 15) 10220 C= C+SGN(31-C) 10230 IFAOASQ" ")



-Clears screen.



THEN 10250 10240 CALL CLEAR



10250 IF(R=OLDR)* (C=OLDC)THEN



-Branches plot the square.



10270



10260 CALL GCHAR(R,C,A) 10270 CALL VCHAR(R,C, CHAR)



-Plots the first square. -Plots the squares after the first one and creates the pen's stroke.



10280 GOTO 4000



12000 CALLSCREEN(15) 12010 CALL CHAR(96,"FFFFF



-Colors the screen white. -Lines 12000 to 12050 define the



12020 CALL CHAR(104,"FFFF



same character with different



FFFFFFFFFFFF") 12030 CALLCHAR(112,"FFFF FFFFFFFFFFFF") 12040 CALLCHAR(120,"FFFF



values so we can call different



colors using the same character.
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FFFFFFFFFFFF") 12050 CALLCHAR(128,"FFFF FFFFFFFFFFFF") 12070 PRINT "LEARN TO DRAW" 12080 PRINT 12090 PRINT "WITH THE Tl COMPUTER" 12100 FORI = 1 TO 1000 12110 NEXT I 12120 CALL CLEAR 12130 PRINT "JUST PRESS THE KEYS FOR" 12140 PRINT 12150 PRINT "THE RIGHT COLOR AND" 12160 PRINT 12170 PRINT "DIRECTION" 12180 FORI = 1 TO 1000 12190 NEXT I 12200 CALL CLEAR



-Lines 12070 to 12550 display the beginning screen prompts.



12210 PRINT "(4 spaces) W" 12220 PRINT "A (2 spaces) RED (2 spaces) S" 12230 PRINT " (4 spaces) Z"



-The number of spaces with in parentheses in lines 12210 through 12390 are to be entered



12240 PRINT



12250 PRINT " (5 spaces) R" 12260 PRINT "D (2 spaces) BLUE (2 spaces) F" 12270 PRINT "(5 spaces) V" 12280 PRINT



12290 PRINT "(5 spaces) Y" 12300 PRINT "G (2 spaces) GREEN (2 spaces) H" 12310 PRINT " (5 spaces) B" 12320 PRINT



12330 PRINT " (6 spaces) I" 12340 PRINT "J (2 spaces) YELLOW (2 spaces) K" 12350 PRINT " (6 spaces) M" 154



with the SPACEBAR. Do not type



in "(4 spaces)," "(2 spaces)/' etc.
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12370 PRINT "(5 spa ces) P" 12380 PRINT "L (2 spaces) ERASE (2 spaces);" 12390 PRINT " (5 spaces)." 12400 FORI = 1 TO 2000 12410 NEXT I 12420 PRINT "COPY THE KEY CODES ON PAPER" 12430 PRINT 12440 PRINT "UNTIL YOU GET USED TO THEM." 12450 PRINT 12460 PRINT "THEY ARE IN THE BOOK." 12470 FORI = 1 TO 1000 12480 NEXT I 12490 CALL CLEAR 12500 PRINT "PRESS ANY OF THE CODE KEYS" 12510 PRINT 12520 PRINT "TO BEGIN" 12530 FORI = 1 TO800 12540 NEXT I 12550 CALL CLEAR



12560 RETURN



-Returns to main body of the program.



You might want to experiment with different characters or brushes. Try designing a thinner brush or maybe a diamond-shaped image. Just redefine the character in lines 12010 through 12050.



STATES AND CAPITALS



This is our centerpiece educational game because it provides such a useful program structure for learning the states and capitals as well as for many other educational games. 155
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You are asked to name the capitals of all the 50 states and are then scored and evaluated at the end of the game. Color and sound will both greet you in this game in the scoring subroutines, as well as when you enter an incorrect or correct response.



The structure of the overall program is similar to that used in Arith metic Tester and Multiplication Tables. It uses a powerful BASIC tool— arrays. With the DIM statement in this program, you are allowed to dimension the data in two ways—one for states and one for capitals. Because we use Arrays, DATA statements, and the Randomize Com mand, we are able to answer questions that are asked randomly. 100 CALL CLEAR no FOR 1 = 1 TO 24 120 PRINT "***** STATES



-Lines 110 to 130 plot and scroll the beginning screen prompt.



AND CAPITALS *****" 130 NEXTI 140 GOSUB310 150 FOR 1 = 1 TO 65



-Number of times that DATA is to



-Clears the screen.



-Branches to 310. be read.



160 READ R,C,CH,N 170 CALL HCHAR(R,C,CH,N) 180 NEXTI
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-Reads from DATA.



-Graphics subprogram that the DATA will fill.
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200 DATA 5,4,102,1,5,5,101, 1,6,4,101,1,6,5,96,4,6, 9,98,2,6,11,100,3,5,30, 100,1 210 DATA 6,29,101,1,6,30,96, 1,7,4,101,1,7,5,96,13 220 DATA 7,4,101,1,7,5,96, 13,7,18,98,2,7,20,96,1,7, 21,102,1,7,29,101,1,7,30, 96,1 230 DATA 8,4,101,1,8,5,96, 17,8,22,98,2,8,27,100,1,8, 28,98,1,8,29,96,1,8,30, 102,1 240 DATA 9,3,102,1,9,4,96, 21,9,25,100,1,9,26,98,1,9, 27,96,3 250 DATA 10,3,101,1,10,4,96, 26,10,29,102,1,11,3,96, 26,12,3,96,26,13,3,96,25 260 DATA 13,28,102,1,14,3, 101,1,14,4,96,24,14,28, 102,1,15,3,101,1,15,4,96,



-Lines 200 to 300 are the row and



column characters and repeat numbers, which plot the map.



24



270 DATA 16,3,96,24,16,27, 102,1,15,5,101,1,17,6,96, 21,18,6,96,18,19,8,96,18 280 DATA 20,10,101,1,20,11, 96,15,21,11,101,1,21,12, 96,1,21,13,97,1,21,14,96, 4



290 DATA 21,18,97,3,21,25, 96,1,21,26,102,1,22,14, 96,3,22,17,102,1,22,25, 101,1 300 DATA 22,25,96,1,23,14, 101,1,23,15,96,1,23,16, 102,1,23,26,97,1
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310 320



330 340 350 360



370



CALL CHAR(96,"0000000 000000000") CALLCHAR(97,"FFFFFFF F00000000") CALL CHAR(98,'0000000 0FFFFFFFF") CALLCHAR(99,"FF00000 000000000") CALL CHAR(100/000000 00000000FF") CALLCHAR(101,"0F0F0F 0F0F0F0F0F") CALLCHAR(102,"F0F0F0 F0F0F0F0F0") CALL SCREEN(5) CALL COLOR(9,7,7)



380 390 400 FOR SET = 3 TO 8 410 CALL COLOR(SET,l 6,5) 420 NEXT SET 430 RETURN 440 CALL CLEAR 450 Q = 0 460 N = 0 470 RANDOMIZE 480 DIM A$(50), B$(50) 490 FOR Z = 1 TO 50 500 READ A$(Z), B$(Z) 510 NEXTZ 520 Z = INT(RND*50)



-Lines 310 to 370 define the char



acters used to plot the map.



-Calls screen blue.



-Colors the map red. -Lines 400 to 420 color all num bers and letters white.



-Initial value of Q. -Initial value of N.



-Dimensions the array. Lines 480 to 510 read a state and capital at random.



+5



530 IFZ = 0 THEN 520 540 IF Q = 20 THEN 630 550 Q = Q + 1 560 PRINT "WHAT IS THE



-Random number generator. -The 20 is the number of ques tions in the quiz.



CAPITAL OF (1 Space)"; A$(Z) 570 PRINT



580 INPUT X$ 590 PRINT
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-Allows input.
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IFX$ = B$(Z) THEN 820 IFX$OB$(Z)THEN



-Correct guess condition. -Incorrect guess condition.



870



620 GOTO 520 630 GOTO 640 640 PRINT N; "QUESTIONS



RIGHT OUT OF (1 Space)"; Q



-Lines 640 to 680 display, com pute, and branch, depending on score.



650 J= N/Q 660 IF J > = 0.9 THEN 900



670



IF (J = 0.7)



THEN 960 680 IF J < 0.7 THEN 1020 690 DATA ALABAMA,MON



TGOMERY,NEWYORK, ALBANY,NEVADA,CAR SON CITY,OHIO,COL UMBUS 700 DATA IOWA,DES MOIN



ES,SOUTH CAROLINA, COLUMBIA,OREGON, SALEM,TEXAS,AUSTIN 710 DATA KENTUCKY,FRAN KFORT,NEW JERSEY,TR ENTON,MASSACHUSE TTS,BOSTON,ARIZONA ,PHOENIX 720 DATATENNESSEE,NA SHVILLE,WYOMING,CH EYENNE,MINNESOTA, ST.PAUL,MARYLAND, ANNAPOLIS 730 DATA NEW MEXICO,SA



NTA FE,NORTH CAROL INA,RALEIGH,CONNEC TICUT,HARTFORD,ILLIN OIS,SPRINGFIELD 740 DATA MAINE,AUG
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USTA,MICHIGAN,LAN SING,GEORGIA,ATLA NTA,ALASKA,JUNEAU, MONTANA,HELENA 750 DATA ARKANSAS,LIT TLE ROCK,CAUFORNIA, SACRAMENTO,COLOR ADO,DENVER,DELAW ARE,DOVER 760 DATA FLORIDAJALLA HASSEE,HAWAII,HON OLULU,IDAHO,BOISE, INDIANA,INDIANAPO LIS



770 DATA KANSASJOPEKA ,LOUISIANA,BATON RO UGE,MISSISSIPPI,JACK SON,MISSOURI,JEFFER SON CITY



780 DATA UTAH,SALT LAKE CITY,NEBRASKA,LINC OLN,NEW HAMPSHIRE, CONCORD,NORTH DA KOTA,BISMARCK 790 DATA OKLAHOMA,OK LAHOMACITY,PENN SYLVANIA,HARRISB URG,RHODE ISLAND, PROVIDENCE 800 DATA SOUTH DA



KOTA,PIERRE,VERMO NT,MONTPELIER,VIRG INIA,RICHMOND,WAS HINGTON,OLYMPIA 810 DATA WEST VIRGINIA, CHARLESTON,WISC ONSIN,MADISON 820 PRINT "CORRECT"



160



-Lines 820 to 850 are the correct answer prompt.



Educational Game Programs 830 CALL S OUND(500,262, 840



0) CALL SOUND(500,292, 0)



850 N = N + 1 860 GOTO 610 870 PRINT ' WRONG, THE



ANSWER IS"; B$(Z) 880



920 930 940 950 960 970 980



answer prompt.



CALLSOUND(500,-1, 0)



890 GOTO 620 900 PRINT' 'YOU KNOW 910



-Lines 870 to 890 are the wrong



YOUR STATES" PRINT PRINT ' ANDCAPI TALS" FORI == 1 TO 500 NEXTI END PRINT' 'OK, BUT YOU COULC)" PRINT PRINT' 'USE MORE STUDY' FORI == 1 TO 500 NEXTI



990 000 010 END 020 PRINT- YOU NEED MORE STUDY" 030 FORI == 1 TO 500 040 NEXTI 050 END



-Lines 900 to 950 are the 100% to



90% score prompt.



-Lines 960 to 990 are the 89% to



70% score prompt.



-The 69% or below score prompt.



Suggested Changes to the "States and Capitals" Program



We have included color and sound subroutines in this game. You should improve on them for yourself. There are a number of ways to adapt this game.
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1. Change the DATA for the states and capitals. Either more DATA or less DATA will also change the game. 2. Change the scoring levels.



This is the last educational game that we will use as an illustration. We hope that you now have lots of ideas to use for games and quizzes. Some of the different ideas that we would like to suggest are:



Countries and Capitals Continents and Countries



Inventors and Objects Historical Events and Dates



Mythological Characters Currency and Countries Biblical Names



Diseases and Their Meanings Music and Musicians



Chemical Elements and Symbols Countries and Leaders



Words and Their Opposites Numbers and Their Spelling Roman Numerals and Numbers Works of Art and Artists
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In the next chapter on traditional games, we will expand our knowl edge of BASIC programming while continuing to have fun.



163



Traditional Game Programs



165
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For our purposes, Traditional Games are games that have been



played for years with dice, cards, paper and pencil, or gameboards. In this chapter, we will look at four such games and will change them so that they can be played with your Tl computer. Using these games as models, you should be able to create or adapt other traditional games for the TI-99/4A. Let's begin with a very easy game. One of the oldest and simplest traditional computer games is the Guessing Game. In the Guessing Game, you can guess colors, sounds, numbers, or just about anything else you want to try. Regardless of what is guessed, the program will be about the same. The computer picks a number, color, or whatever, by using the Randomize command and the Random function. Then, you try and guess the computer's choice by using either Input statements or CALL KEY. The computer checks to see if you guessed correctly or incorrectly and lets you know the outcome. "^TRANSPARENT



DARK BLUE



LIGHT BLUE



I



DARK RED CYAN



MEDIUM BED



'Sir 1 MAGENTA GRAY , WHITE



Let's look at a Color Guessing game. 100 CALL CLEAR



110 RANDOMIZE



120 X = INT(16*RND) 130 TRYS = 0 140 IFX = 0THEN120



150 INPUT "PICK A COLOR USING THE Tl COLOR CODE NUMBERS": Y 160 PRINT 170 TRYS = TRYS + 1



180 PRINT "THAT WAS TRY NUMBER 190 IF XOY THEN 280 200 CALL CLEAR 166



"; TRYS
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210 CALL SCREEN(X) 220 PRINT "YOU GUESSED IT CORRECTLY"



230 PRINT "IT ONLY TOOK YOU"; T; "TRIES" 240 250 260 270



FOR I = 1 TO 500 NEXTT CALL CLEAR GOTO 100



280 PRINT "NOPE, YOU GUESSED WRONG." 290 INPUT "TRY AGAIN"; Y 300 GOTO 160



This game is simple, but it has all the components of a playable guessing game. The computer picks a random color in line 120. Line 140 will send the TI-99/4A back for another number if it picks 0. (Zero is not a color code so the computer must get another number.) Lines 130 and 170 keep track of the number of tries that it takes you to guess the color. Line 150 allows you to input a color code and make a guess. Line 190



checks your guess with the color that the Tl computer picked. If your guess (Y) equals the computer's selected color (X), lines 200through 260 will be executed. If Ydoesn't equal X, then those lines are skipped and lines 280 through 300 are executed. You can change the game to use sounds or numbers. Line 120 will need to be changed. For example, if you want to guess a number from 1 to 100, which the Tl computer has selected, change line 120 to read X = INT(100*RND). You will also want to add two lines to tell you if your guess is greater than or less than the computer's number. Those lines would look like this: IFYXTHEN



The line numbers that follow THEN should send the program to lines that tell you how your guess compares with the computer's number. Try a number guessing game on your own.



TIC-TAC-TOE



Let's try another old favorite, TIC-TAC-TOE. Instead of paper and pencil, you can play on the display screen. Enter the program and, then, we will show you how to play. Here we go. 167
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100 CALL CLEAR 110 PRINT "LET'S PLAY TICTAC-TOE" 120 PRINT



-Clears the screen.



-Lines 110 to 156 display begin ning screen prompts.



130 PRINT "PRESS THE KEY SHOWN IN" 140 PRINT



150 PRINT "EACH BOX" 155 PRINT 156 PRINT "PRESS P FOR A NEW GAME" 160 FORI= 1 TO 1000 170 NEXTI 180 CALL CLEAR 190 GOSUB1230



-Lines 160 and 170 hold the screen



prompts on the screen.



-Branches to 1230 which displays the board.



200 REM INPUTS ZEROS



210 CALL KEY(OASTATUS) 220 IFAOASC("Q") THEN 270



230 240 250 260 270



CALL HCHAR(3,5,33,3) CALL VCHAR(4,5,33,2) CALL HCHAR(6,5,33/3) CALL VCHAR(4,7,33,2) IFAOASC("W") THEN 320



168



280 CALL HCHAR(3,16,33,3)



-Lines 200 to 1200 display the X's and O's depending on the key that is pressed. If key pressed = Q then lines 230 to 260 will plot an O in block 1. If Q is not pressed, the computer goes to 270. This is the playing loop. The computer cycles through until a key is pressed and, then, dis plays either an X or an O in the correct block.
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290 300 310 320



CALLVCHAR(4,16,33,2) CALL HCHAR(6,16,33,3) CALL VCHAR(4,18,33,2) IFAO ASCf'E") THEN 370



330 340 350 360 370



CALL HCHAR(3,26,33,3) CALL VCHAR(4,26,33,2) CALL HCHAR(6,26,33,3) CALL VCHAR(4,28,33,2) IFAOASQ"A") THEN 420



380 390 400 410 420



CALL HCHAR(10,5,33,3) CALL VCHAR(11,5,33,2) CALL HCHAR(13,5,33,3) CALL VCHAR(11,7,33,2) IFAO ASC("S") THEN 470



430 440 450 460 470



CALLHCHAR(10,16,33,2) CALL VCHAR(11,16,33,2) CALLHCHAR(13,16,33,3) CALL VCHAR(11,18,33,2) IFAOASC("D") THEN 520



480 490 500 510 520



CALL HCHAR(10,26,33,3) CALL VCHAR(11,26,33,2) CALL HCHAR(13,26,33,3) CALL VCHAR(11,28,33,2) IFAO ASC("Z") THEN 570



530 540 550 560 570



CALL HCHAR(18,5,33,3) CALLVCHAR(19,5,33,2) CALL HCHAR(21,5,33,3) CALL VCHAR(19,7,33,2) IFAO ASC("X") THEN 620



580 590 600 610 620



CALL HCHAR(18,16,33,3) CALL VCHAR(19,16,33,2) CALL HCHAR(21,16,33,3) CALL VCHAR(19,18,33,2) IFAO ASC("C") THEN 670
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630 CALLHCHAR(18,26,33,3) 640 CALL VCHAR(19,26,33,2) 650 CALL HCHAR(21,26,33, 3) 660 CALL VCHAR(19,28,33, 2) 670 IF AO ASQ'R") THEN 730



680 690 700 710 720 730



CALL HCHAR(3,5,33) CALL HCHAR(5,5,33) CALL HCHAR(3,7,33) CALL HCHAR(5,7,33) CALL HCHAR(4,6,33) IF AO ASC("T") THEN 790



740 750 760 770 780 790



CALL HCHAR(3,16,33) CALL HCHAR(5,16,33) CALL HCHAR(3,18,33) CALL HCHAR(5,18,33) CALL HCHAR(4,17,33) IFAOASC("Y") THEN 850



800 810 820 830 840 850



CALL HCHAR(3,26,33) CALL HCHAR(5,26,33) CALL HCHAR(3,28,33) CALL HCHAR(5,28,33) CALL HCHAR(4,27,33) IFAOASCf'F") THEN 910



860 870 880 890 900 910



CALL HCHAR(11,5,33) CALLHCHAR(13,5,33) CALL HCHAR(11,7,33) CALLHCHAR(13,7,33) CALLHCHAR(12,6,33) IFAOASC("G") THEN 970



920 930 940 950 170



CALL CALL CALL CALL



HCHAR(11,16,33) HCHAR(13,16,33) HCHAR(11,18,33) HCHAR(13,18,33)



-BeginsX's.
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960 970



CALL HCHAR(12,17,33) IFAOASC("H") THEN 1030



980 990 1000 1010 1020 1030



CALL HCHAR(11,26,33) CALL HCHAR(13,26,33) CALL HCHAR(11,28,33) CALL HCHAR(13,28,33) .CALL HCHAR(12,27,33) IF A ASC("V) THEN 1090



1040 1050 1060 1070 1080 1090



CALLHCHAR(19,5,33) CALL HCHAR(21,5,33) CALLHCHAR(19,7,33) CALL HCHAR(21,7,33) CALL HCHAR(20,6,33) IFAO ASC("B") THEN 1150



1100 1110 1120 1130 1140 1150



CALL HCHAR(19,16,33) CALL HCHAR(21,16,33) CALL HCHAR(19,18,33) CALL HCHAR(20,17,33) CALL HCHAR(21,18,33) IFAO ASC("N")TH EN 1210



1160 1170 1180 1190 1200 1210



CALL HCHAR(19,26,33) CALL HCHAR(21,26,33) CALL HCHAR(19,28,33) CALL HCHAR(21,28,33) CALL HCHAR(20,27,33) IFAO ASC("P")TH



EN 210 1220 GOTO 180



-Clears the board for a new game if P is pressed.



1230 CALL CHAR(33,"FFFFFF FFFFFFFFFF")



-Defines character 33 as a solid



1240 REM PLOTS THE BOARD



-Lines 1240 to 1320 plot the play ing board.



block.



1250 CALL VCHAR(1,2,33,24) 1260 CALL HCHAR(1,2,33,31) 1270 CALL VCHAR(1,12,33, 24) 171
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1280 CALL VCHAR(1,22,33, 24) 1290 CALL VCHAR(1,32,33, 23) 1300 CALLHCHAR(24,1,33, 31) 1310 CALL HCHAR(8,2,33,31) 1320 CALL HCHAR(16,2,33, 31) 1330 REM PLOTS X PROMPTS 1340 CALL HCHAR(7,3,88) 1350 CALLHCHAR(7,4,61) 1360 CALL HCHAR(7,5,82)



-Lines 1340 to 1600 display the (X= ) prompts on the playing board.



1370 CALL HCHAR(7,13,88) 1380 CALL HCHAR(7,14,61) 1390 CALL HCHAR(7,15,84) 1400 CALL HCHAR(7,23,88) 1410 CALL HCHAR(7,24,61) 1420 CALL HCHAR(7,25,89) 1430 CALLHCHAR(15,3,88) 1440 CALLHCHAR(15,4,61) 1450 CALLHCHAR(15,5,70) 1460 CALL HCHAR(15,13,88) 1470 CALL HCHAR(15,14,61) 1480 CALL HCHAR(15,15,71) 1490 CALL HCHAR(15,23,88) 1500 CALL HCHAR(15,24,61) 1510 CALL HCHAR(15,25,72) 1520 CALL HCHAR(23,3,88) 1530 CALLHCHAR(23,4,61) 1540 CALL HCHAR(23,5,86) 1550 CALL HCHAR(23,13,88) 1560 CALL HCHAR(23,14,61) 1570 CALL HCHAR(23,15,66) 1580 CALL HCHAR(23,23,88) 1590 CALL HCHAR(23,24,61) 1600 CALL HCHAR(23,25,78) 1610 REM PLOTS THE O PRO MPTS 1620 1630



172



CALL HCHAR(7,9,79) CALLHCHAR(7,10,61)



-Lines 1610 to 1880 display the (0=—) prompts on the playing board.
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1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870 1880



CALL HCHAR(7,11,81) CALL HCHAR(7,19,79) CALLHCHAR(7,20,61) CALLHCHAR(7,21,87) CALL HCHAR(7,28,79) CALLHCHAR(7,29,61) CALL HCHAR(7,30,69) CALLHCHAR(15,9,79) CALL HCHAR(15,10,61) CALL HCHAR(15,11,65) CALL HCHAR(15,19,79) CALL HCHAR(15,20,61) CALL HCHAR(15,21,83) CALL HCHAR(15,28,79) CALL HCHAR(15,29,61) CALL HCHAR(15,30,68) CALL HCHAR(23,9,79) CALL HCHAR(23,10,61) CALL HCHAR(23,11,90) CALL HCHAR(23,19,79) CALLHCHAR(23,20,61) CALL HCHAR(23,21,88) CALL HCHAR(23,28,79) CALLHCHAR(23,29,61) CALL HCHAR(23,30,67)



1890 RETURN



-Returns to line 200 and play can begin.



The blocks on the playing field are numbered from one to nine



beginning with the top left block and moving to the right. There are prompts in each block to tell you which keys to press. When someone wins, press the letter P and you can play again. Our kids think this version is more fun than the "old way." It also helps the little ones recognize the letters of the alphabet.



TED AND DAVE'S CASINO



How about a little gambling for you older folks. We call this next game "TED AND DAVE'S CASINO." At your command, the TI computer rolls the dice. You begin with $10.00. If you roll a seven or eleven, you 173
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< PRESS ENTER TO ROLL TWO DICE



win $2.00. If you roll a twelve or less than four, you lose $2.00. If any other number comes up, the house takes $1.00 for the roll. You can raise the stakes, if you like, by changing lines 1290,1400, and 1470. You can



also change which numbers win and lose by changing the sums of DL and DR in lines 1010 to 1030. Enter the program, read our line descrip tions, and then experiment. 100 CALL CLEAR 110 M= 10



-Clears the screen.



120 GOSUB1100 130 RANDOMIZE 140 CALL CLEAR



-Branches to line 1100.



150 PRINT "(12 spaces) WEL



-Lines 150 to 500 display the be ginning screen prompts.



COME" 160 PRINT



170 PRINT "(14 spaces) TO" 180 PRINT



190 PRINT "(8 spaces) TED AND DAVE'S" 200 PRINT



210 PRINT "(12 spaces) CAS INO"



220 FORI = 1 TO 1000 230 NEXT I 174



-Gives you $10.00 to begin with. -Tl computer randomizes for dice rolls.
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250 PRINT "THIS IS A DICE GAME" 260 PRINT 270 PRINT "PRESS ENTER TO ROLL THE DICE" 280 PRINT 290 PRINT "YOU BEGIN Wl TH $10.00" 300 PRINT 310 PRINT"IFYOUROLLA7 OR 11" 320 PRINT



330 PRINT "YOU WIN $2" 340 PRINT



350 PRINT "IF YOU ROLL LE SSTHAN4" 360 PRINT 370 PRINT "OR A 12 YOU



LOSE $2" 380 PRINT



390 PRINT "IF YOU ROLL ANY OTHER NUMBER" 400 PRINT 410 PRINT "THE HOUSE TA



KES$1" 420 PRINT



430 440 450 460



PRINT "FOR THE ROLL" FOR 1 = 1 TO 2500 NEXTI CALL CLEAR



470 PRINT "(5 spaces) TRY YOUR LUCK"



480 FOR Q = 1 TO 500 490 NEXTQ 500 CALL CLEAR 510 READF



520 IF F = 999 THEN 590



-Lines 510 to 570 play the begin ning song.



530 CALL SOUND(350,F,0) 540 GOTO 510 175
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550 DATA 262,330,330,392, 392



DATA 523,523,659,659, 523,523,392,392,330 570 DATA 330,999 560



580 CALL CLEAR 590 PRINT "TO ROLL TWO DICE600 INPUT "PRESS ENTER":



-Lines 590 and 600 give prompt to roll dice and allow input from enter key.



KY$ 610



620 630 640 650 660 670 680 690 700 710 720 730



CALL HCHAR(7,12,111, 21) CALLHCHAR(13,12,111, 21) CALL VCHAR(9,10,111,3) CALLVCHAR(8,11,111) CALL VCHAR(12,11,111) CALL VCHAR(9,20,110) CALL VCHAR(11,20,109) CALLVCHAR(10,19,108) CALL VCHAR(10,21,107) CALLVCHAR(9,16,110) CALLVCHAR(11,16,109) CALLVCHAR(10,15,108) CALLVCHAR(10,17,107)



table.



-Lines 660 to 690 display lines that frame the die dots on the right die.



-Lines 700 to 730 display lines that frame the die dots on the left



die.



740 GOSUB1050



-Branches to 1050.



750 IFDROl THEN 770



-Lines 750 to 860 condition and



760 CALL VCHAR(10,20,101)



display the numbers on the right



770 780 790 800 810 820 830 840 850 860 870 880



die.



IF DRO 2 THEN 790



CALL VCHAR(10,20,102) IF DRO 3 THEN 810



CALL VCHAR(10,20,103) IF DRO 4 THEN 830



CALL VCHAR(10,20,104) IF DRO 5 THEN 850



CALL VCHAR(10,20,105) IF DRO 6 THEN 870



CALLVCHAR(10,20,106) IFDLOl THEN 890



CALLVCHAR(10,16,101)



890 IF DLO 2 THEN 910
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-Lines 610 to 650 display the dice



-Lines 870 to 980 condition and



display the numbers on the left die.



Traditional Game Programs



900 CALLVCHAR(10,16,102) 910 IF DLO 3 THEN 930



920 CALLVCHAR(10,16,103) 930 IF DLO 4 THEN 950



940 CALLVCHAR(10,16,104) 950 IF DL 5 THEN 970



960 CALLVCHAR(10,16,105) 970 IF DLO 6 THEN 990



980 CALLVCHAR(10,16,106) 990 FOR HOLD = 1 TO 10 00 1000 NEXT HOLD



1010 IF(DL+DR=7) + (DL+ DR=11) THEN 1340 1020 IF(DL+DR4THEN170 160 IFZ 4 THEN 410



-Top border. -If row > 4, the program branches



400 IF ROW < 6 THEN 320



-If row < 6, the program branches



410 CALL KEY(0,L,ST) 420 IF(L65)*(L75)



-Activates the keyboard. -Lines 420 and 430 define the key



-Right border. -Left border.



to line 410.



to line 320.



THEN 470 430 IF L 65 THEN 460



440 COL = COL - SGN(CO L-2)



condition.



-Lines 440 to 460 move the car left



and right.



450 GOTO 470



460 COL = COL + SGN(30 -COL) 470 CALL GCHAR(ROW,CO U) 480 490 500 510



IFCOL=LBTHEN600 IF COL = TB THEN 560 IF ROW = TB THEN 560 IF L = POT THEN 600



520 CALL HCHAR(ROW, CO L,A) 530 FORI = 1 TO 25 540 NEXTI 194



-Lines 480 and 490 are the crash conditions.



-Score condition.



-Crash condition. -Plots the car.



Arcade-Type Game Programs 550 560 570 580 590



GOTO S = S + FORI = NEXTI GOTO



340 50 1 TO 100



-Computes the score.



520



600 CALL SOUND(500 -7,1)



-Crash sound.



610 FOR 1 = 4 TO 40 STEP 4 615 NEXTI 620 PRINT "YOU CRASHED"



-Crash prompt.



630 PRINTS; "SCORE"



-Prints the score.



635 FORA= 1 TO 1000 640 NEXT A 650 GOTO 100



660 CALL CHAR(96,"5A7E5A 18185A7E5A") 670 CALL CHAR(97/'3C7EFF FFFF733C18") 680 CALL CHAR (100;"0F0F0 F0F0F0F0F") 690 CALL COLOR(l 0,2,1)



-Lines 660 to 680 are the charac ters defined.



700 FOR SET = 3 TO 8



710 CALL COLOR(SET,l 5,5) 720 NEXT SET 730 RETURN



If you want to change the level of difficulty, increase the value of 25 in line 240 for more potholes and decrease the value for fewer holes. Now let's use the same design to create an entirely different game.



ASTEROID SHOWER



In this game, you are in a flying saucer. The saucer will move from the top of the screen to the bottom by itself, but you control the left and right directional movements with the letter A and K keys. Your mission is to hit as many asteroids as you can, but be careful. If you land to the right of column 16, the blackhole gets you and you lose all your points. Now, let's input the Asteroid Shower. 100 CALL CLEAR 110 RANDOMIZE 120 S = 0



-Clears the screen. -Randomizes. -Initial score.
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130 ASTEROIDS = 104 140 GOSUB510



150 CALL SCREEN(5) 160 PRINT "(5 spaces) ASTER OID SHOWER" 170 FOR 1 = 1 TO 19 180 PRINT 190 NEXTI



-Asteroid character variable. -Branches to line 510.



-Colors the screen dark blue.



-Lines 160 to 200 display the screen prompts.



200 PRINT "(4 spaces) A = L (15 spaces) K = R" 210 FOR 1 = 1 TO 50



-Controls the number of aster-



220 X = INT(RND*30) + 2



-Lines 220 and 230 are the row



230 Y = INT(RND*16) + 6 240 CALL GCHAR(Y,X,L)



and column variables for plot ting the asteroids. -Lines 240 to 270 display the aster



oids.



250 IF L = ASTEROIDS THEN 220



oids.



260 CALL HCHAR(Y,X,ASTER OIDS) 270 280 290 300



NEXTI SAUCER = 96 ROW = 5 COL= 18



310 CALL HCHAR(ROW,COL ,32) 196



-Saucer variable. -Initial row value. -Initial column value.



-Covers the trail of the saucer.



Arcade-Type Game Programs 320 ROW = ROW + 1 330 IF ROW < 2 THEN 350 340 IF ROW > 22 THEN 290



-Keeps the saucer moving down.



350 IF(COL=16)*(ROW=21)



-Blackhole condition.



-Takes the saucer back to the top.



THEN 590



360 CALL KEY(0,L,ST) 370 IF(L65)*(L75)



-Activates the keyboard.



THEN 420 380 IF L 65 THEN 410



390 COL = COL - SGN(C OL-2)



-Column values. Lines 370 to 390



are the key conditions.



400 GOTO 420



410 COL= COL + SGN(30COL) 420 CALL GCHAR(ROW,CO IX)



-Column values.



430 IF L = ASTEROIDS THEN 480



-Score condition.



440 CALL HCHAR(ROW,COL ,SAUCER)



-Lines 440 to 460 plot the saucer,



450 FOR I = 1 TO 25 460 NEXTI 470 GOTO 310



480 CALLSOUND(500,-5,0)



-Calls sound when asteroid is hit.



490 S = S + 10



500 GOTO 440



510 CALLCHAR(96,"00183C FFFF180000") 520 CALL CHAR (104,"995A3 CFFFF3C5A99") 530 CALL COLOR(l0,11,5) 540 CALL COLOR(9,2,5) 550 FOR I = 3 TO 8



560 CALL COLOR(l,l 6,5)



-Defines the saucer character.



-Defines asteroid character. -Colors the saucer black.



-Colors the escort ships black. -Lines 550 to 570 color all the characters in Sets 3 to 8 white.



570 NEXTI 580 RETURN 590 CALL CLEAR



600 CALL SCREEN(2) 610 CALLSOUND(500,-2,0)



-Colors the screen black.



620 PRINT "THE BLACKHO LE GOT YOU"



-Blackhole prompt.



-Blackhole sound.
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630 PRINTS; "SCORE"



-Prints the score.



640 FOR I = 1 TO 1000 650 NEXTI



660 GOTO 100



-Returns to allow you to play again.



RAT TRAP



The last game in this chapter is called Rat Trap. You are trapped in a maze. You can use the cursor arrows to move up (E), down (X), right (D), and left (S). If you hit a maze wall, the computer will deduct 10 points from your score. Zero is a perfect score. Here is the program: 100 CALL CLEAR 110 M = 97



-Clears the screen. -Defines the maze variable.



120 CALLCHAR(97,"FFFFFFF FFFFFFFFF") 130 CALLCHAR(130,"18183 C5A18242424") 140 CALLSCREEN(16)



-Defines the maze character.



150 FOR SET = 1 TO 8



-Lines 150 to 170 color all the let



160 CALLCOLOR(SET,2,16)



-Defines the man character. -Colors the screen white.



ters and numerals black or white.



170 NEXT SET



180 PRINT "(2 spaces) THIS IS -Lines 180 to 410 print the begin THE RAT TRAP."
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ning screen prompts.



Arcade-Type Game Programs 190 PRINT



200 PRINT "YOU MUST GET THROUGH THE" 210 PRINT 220 PRINT "TRAP WITHOUT HITTING THE" 230 PRINT 240 PRINT "WALLS." 250 PRINT 260 PRINT 270 PRINT "IF YOU HIT A



WALL, 1WILL" 280 PRINT



290 PRINT "DEDUCT 10 POI NTS FROM YOUR" 300 PRINT 310 PRINT "SCORE." 320 PRINT 330 PRINT 340 PRINT "USE THE CURS OR ARROWS" 350 PRINT 360 PRINT "TO MOVE YOUR MAN." 370 PRINT



380 PRINT "(9 spaces) HERE WE GO" 390 PRINT 400 PRINT



410 PRINT "(11 spaces) GO 420 430 440 450 460 470



ODLUCK!" FOR 1 = 1 TO 2000 NEXTI SCORE = 0 CALL CLEAR FOR 1 = 1 TO 200 RANDOMIZE



-Holds the screen prompts on the screen.



-Scoring variable. -Sets the number of maze blocks.



-Computer randomizes the screen location.



480 X = INT(RND*30) +2 490 Y = INT(RND*20) +2 500 CALL GCHAR(Y,X,L)



-Column variable for maze.



-Row variable for maze.



-Lines 500 and 510 plot the maze. 199
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510



CALL HCHAR(Y,X,M)



520 NEXTI 530 CMAN = 16 540 RMAN = 24 550 OLDCMAN = CMAN 560 OLDRMAN = RMAN 570 CALL KEY(0,A,STATUS) 580 IFAO ASCf'E") THEN 600



-Initial column value for the man. -Initial row value for the man. -Lines 550 and 560 state the value



of the next display of the man. -Lines 570 to 650 allow us to move the man.



RMAN = RMAN-SGN(R MAN-1) 600 IFAO ASCf'X") THEN 590



620 610 RMAN = RMAN + SGN 620



(22-RMAN) IFAO ASCf'D")



THEN 640 630 CMAN = CMAN + SGN 640



(31-CMAN) IFAO ASC("S") THEN



660 650 CMAN = CMAN - SGN 660



(CMAN-2) IF(RMAN = OLDRMAN) * (CMAN = OLDCMAN) THEN 710



670



CALL GCHAR(RMAN,CM AN,A)



680 IFA = MTHEN730 690 IF RMAN = 1 THEN 770



700 710



720 730 735 740 750 760 770 200



CALLVCHAR(OLDRMA N,OLDCMAN,32) CALL VCHAR(RMAN,CM AN,130)



-Plots the first man. -Hit condition.



-Repeat or return condition.



-Lines 700 and 710 plot the man.



GOTO 550



-Loops back to line 550.



CALL SOU ND(200-7,0)



-Sound for hit condition.



SCORE = SCORE-10 FOR I = 1 TO 800 NEXTI GOTO 550



PRINT SCORE; "SCORE"



-Lines 740 and 750 are the timer.



-Prints the score.



Arcade-Type Game Programs 780 IF SCORE = 0 THEN 870 790 IF SCORE = -10 THEN 910 800 IF SCORE = -20 THEN



-Lines 780 to 980 define the score



conditions and prompts, and print the prompts.



910 810 IF SCORE = -30 THEN



960 820 IF SCORE = -40 THEN 960



830 IF SCORE = -50 THEN 960 840 FOR 1 = 1 TO 400 850 NEXTI 860 GOTO 450



870 PRINT "EXCELLENT" 880 FOR 1 = 1 TO 400 890 NEXTI 900 GOTO 450 910 PRINT "NOT BAD" 920 PRINT "BUT YOU CAN DO BETTER" 930 FOR 1 = 1 TO 400 940 NEXT 1 950 GOTO 450



960 PRINT "CHECK YOUR EY ESIGHT AND TRY AGA IN"



970 FOR 1 = 1 TO 400 980 NEXTI



990 GOTO 450



-Loops back for another try.



When you run this game, the beginning prompts will appear and, then, 200 maze blocks will be displayed. You can increase or decrease the difficulty level of the Rat Trap by increasing or decreasing the number 200 in line 460.



When you press the cursor arrows, the little man will begin to move. It will take you a little practice, but you should be able to move through the maze without hitting any walls. You can add your own touches to this game. You might want to hide treasures in the maze and score points for finding them. Or, you 201
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could add a monster or two to chase you. Remember, keep your addi tions simple at first.



After working with the programs in this chapter, you should be able to build your own games. Work with them and have fun.
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APPENDIX A



Color Codes Color Codes Color



Code No.



Color



Code No.



Transparent



1



Medium Red



Black



.2



Light Red



10



Medium Green



3



Dark Yellow



11



Light Green



4



Light Yellow



12



Dark Blue



5



Dark Green



13



Light Blue



6



14



Dark Red



7



Magenta Gray



15



Cyan



8



White



16



9
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APPENDIX B



Character Codes Standard Character Codes Set 2



Setl



Code No.



Character



Code No.



Character



32



(space)



40



(



33



!



41



)



34



"



42



*



35



#



43



+



36



$



44



37



%



45



38



&



46



39



/



-



/



47



Set 3



Set 4



Code No.



Character



Code No.



Character



48



0



56



8



49



1



57



9



50



2



58



51



3



59



52



4



60








55



7



63



2



/
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Standard Character Codes (Cont'd) Set 5



Set 6



Code No.



Character



Code No.



Character



64



@



72



H



65



A



73



1



66



B



74



J



67



C



75



K



68



D



76



L



69



E



77



M



70



F



78



N



71



G



79



O



Code No.



Character



Code No.



Character



80



P



88



X



Set 7
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Set 8



81



Q



89



Y



82



R



90



Z



83



S



91



[



84



T



92



\



85



U



93



86



V



94



87



w



95



] A —



Unassigned Character Codes Set 9



Set 10



Set 11



Set 12



120



96



104



112



97



105



113



121



98



106



114



122



99



107



115



123



100



108



116



124



101



109



117



125



102



110



118



126



103



111



119



127



Set 13



Set 14



Set 15



Set 16



128



136



144 144



152



129



137



145 145



153



130



138 138



146 146



154



131



139 139



147 147



155



132



140 140



148



156



133



141 141



149 149



157



134



142 142



150 150



158



135



143



151



159
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APPENDIX C



Frequencies Note Frequencies Frequency



Note



110



A



117 123



A#.B B



131



C(lowC)



139 147



Cft.D D



156 165 175



D#.E e F



185 196 208



F#.G G GO



220



A(below middle C)



233 247



A#.B B



262



C(middle C)



277 294



C#.D D



311 330 349



D#.E E F



370 392



F#.G G



415



G#.A



440



A(above middle C)



466 494



Aff.B B



523



C(highC)



554 587



C#.D D



622 659



D#.E E 209



Note Frequencies (Cont'd) Frequency



210



Note



698



F



740



F#.G



784



G



831



G#.A



880



A (above high C)



932



A#.B



988



B



1047



C



1109



C#.D



1175



D



1245



D#.E



1319



E



1397



F



1480



F#.G



1568



G



1661



G#.A



1760



A



Index



Arithmetic tester program, 140-143 ASC, 31 ABS, 30-31 Accessories, 14-16



Alpha Lock Key, 16



ASCII code, 31, 78-79, 88-89



Asteroid shower program, 195-198



Animation, 104-123



horizontal, 106-109 in one screen location, 104 subroutines, 104-123 blackbird, 117-118 gunfighter, 119-121 Jumping Jack, 104-111



Mars landing, 121-123 Rocket ship, 116 shooting, 118-119 Tl Man, 111-113 vertical, 109-111 Arcade



game programs, 188-202 asteroid shower, 195-198



B



Bar graph program, 91-92 BASIC, 14, 24-35



commands and statements, 24-30 functions, 30-33



subprograms, 33-35 Binary system, 14 Bit, 13



Blackbird program, 92-93 animation program, 117-118 BREAK, 24 BYE, 24



Byte, 13



pot hole derby, 191-195 rat trap, 198-202 saucer blaster, 188-191 sounds, 68-70 alarm, 68



munching noise, 69 musical, 69-70



C scale program, 60-61 Calculating problems



police siren, 68 rocket blast, 68-69



answers to, 136-138 current ratio, 135



""wrong answer" sound, 70



exchange rates, 133
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Index



Calculating—cont. problems feet, inches, and centimeters, 131 kilometers and miles, 129



loan analysis, 136 parking lot, 128 temperature conversion, 133 subroutines, 126-138 dollars and Deutschmarks, 132



DEF, 25 DEL, 17 DELETE, 25



DIM, 25 DISPLAY, 25



Drawing, 92-94 blackbird, 92-93 house, 94 pine tree, 93



gallons and liters, 128-129 inches and centimeters, 130-131 investing, 133-134



loan analysis, 135-136 parking lot, 126-128



pounds, ounces, and kilograms, 130 profit, 134-135 temperature conversion, 131-132 CALL, 33-35, 38, 41-45, 54-58, 79-82



Casino program, 173-179



EDIT, 20, 25



Editing, 17-20 Educational game programs, 140-162 arithmetic tester, 140-143



colored pens, 149-155 multiplication tables, 144-146



CHAR, 34, 82-89



riddle fractions, 147-149



Character



states and capitals, 155-162



codes, 41-43, 204-206 positions, 82 set numbers, 41-43



Chord program, 61-63



END, 25 EOF, 31-32 ERASE, 18 EXP, 32



CHR$, 31 CLEAR, 18, 34, 79 CLOSE, 24



COLOR, 34



Color, 38-51



choice program, 47-51



FCTN Keys, 16-17 FOR/TO/STEP, 25-26



codes, 203



Frequencies, 207-208



guessing game, 166-167



Functions, 30-33



subroutines, 38-51, 71-73, 95-97 CALL COLOR, 41-45



Game programs



CALL SCREEN, 38-40



color choice, 47-51 little cabin in the woods, 95-97 random color, 40-41 reward subroutine, 45-46



using sound, 71-73 Colored pens program, 149-155



Combined graphics subroutine, 87-89 Commands, 24-30 CONTINUE, 24-25 CPU, 12



arithmetic tester, 140-143 asteroid shower, 195-198 casino program, 173-179



color guessing, 166-167 colored pens, 149-155 hangman, 179-185 multiplication tables, 144-146 pot hole derby, 191-195 rat trap, 198-202 riddle fractions, 147-149 saucer blaster, 188-191



states and capitals, 155-162 Tic-tac-toe, 167-173 GCHAR, 34 GOSUB, 26 GOTO, 26



DATA, 25, 66-67
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Graphic(s), 76-102



Index



Graphic(s) pattern program, 97-98 subroutines, 76-102



bar graph, 91-92 blackbird, 92-93 diamond border, 87-89



LEN, 32 LET, 27 LIST, 27



Little cabin in the woods program, 95-97



graphic patter, 97-98 house, 94 little cabin in the woods, 95-97 numbers and symbols, 98-102 pine tree, 93 screen filler, 90-91



smiling face, 76-77 Tic-tac-toe board, 89-90 using PRINT, 76



Gunfighter program, 119-121



M



Mars landing program, 121-123 Mathematical operators, 127 Memory, 13-15 Multiplication tables, 144-146 Music subroutines, 58-65, 70, 95-97 arcade sound, 70 chords, 61-63 little cabin in the woods, 95-97 scales, 58-61 Tl organ, 63-65



Hang man program, 179-185 HCHAR, 34, 79-81



Hexadecimal code, 83-85 Horizontal animation, 106-109 House program, 94



N



NEW, 28 NEXT, 28



Note frequencies, 207-208 I



IF/THEN/ELSE, 26-27,115 INPUT, 27



NUM, 28



Number graphics, 98-102 Numbers and symbols program, 98-102



Inputting procedures, 18-19 INS, 17 INT, 32



OLD, 28 ON GOSUB, 28 ON GOTO, 29 OPEN, 29 OPTION BASE, 29 JOYST, 35



Jumping Jack program, 104-111



Pine tree program, 93



Pot hole derby program, 191-195 KEY, 35,113-115



Key unit variables, 114 Keyboard, 16-18 character codes, 41-43



PRINT, 20-21,29 used in calculations, 126-127



used in graphics, 76 Priority of mathmatical operations, 127
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Index Sound—cont. subroutines



musical chords, 61-63 musical scales, 58-61 Tl Organ, 63-65



QUIT, 18



using color, 71-73 using data files, 66-67 RAM, 13-15



SQR, 33



Random color, 40-41 RANDOMIZE, 29



Statements, 24-30



Rat trap program, 198-202



Status variables, 115



States and capitals program, 155-162



READ, 29



STOP, 30



REM, 29



Strings, 22



RETURN, 30



Subprograms, 33-35



Return variables, 114 RESEQUENCE, 29-30 RESTORE, 30 Reward subroutine, 45-46



Riddle fractions program, 147-149 Rocket ship program, 116 ROM, 13-14 RND, 32 RUN, 30



TAB, 33 Tl



BASIC, 14, 24-35



commands and statements, 24-30 functions, 30-33



subprograms, 33-35 Man program, 111-113 organ program, 63-65



songbook, 65 Saucer blaster program, 188-191 SAVE, 30 SCREEN, 35, 38 Screen



filler program, 90-91 locations, 77-78



positions, 82 SEG$, 32-33 SGN, 33



Tic-Tac-Toe



board, 89-90



game, 166-173 Traditional game programs, 166-185 casino, 173-179



color guessing, 166-167 hang man, 179-185 Tic-tac-toe, 167-173



Shooting program, 118-119 Smiling face program, 76-77 SOUND, 35



VAL, 33



Sound, 54-73 subroutines, 54-73, 95-97 arcade sounds, 68-70



Variables, 21-22



CALL SOUND, 54-58



little cabin in the woods, 95-97



key unit, 114 return,114



status, 115 VCHAR, 81-82



Vertical animation, 109-111
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facial - It Works Body Wraps 

Don't wear your age on your face! Tighten, tone, and firm to give your face a lift in as little as 45 minutes. This cream-infused, deep hydration mask soothes skin ...
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How is G-One Unique? How it Works Why G-One? 

It's economical to use â€” costs less than leading brands. 1/4 cup does the work of 1 to 2 cups of conventional brands. 3. It's nonpolluting â€” an earth-friendly ...
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How IMPRINT Works Step 1 

A typical loudspeaker frequency response will have several peaks and dips at various frequencies. ... fit to the response. These control points allow IMPRINT to form a near-perfect model of the .... The impulse response is much better ...by the ...
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4A User's Guide - TI-99 Ressources 

Nov 20, 1982 - We provide advice (and warnings) that you would expect to hear ... 1-2 shows you how to connect a 300- to 75-ohm converter to your rf ..... Since a fundamental unit of ...... gramsâ€”even those in Command Cartridgesâ€”cost less than $1
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stretch mark - It Works Body Wraps 

a gentle massage until cream is completely absorbed. 1. STRETCH MARK. MOISTURIZING BODY CREAM. INGREDIENTS. Water (Aqua), Glycerin, Urea, Aloe ...
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How the Amazon warehouse works - aejjr 

Aejjrsite.free.fr Magazine Good Morning 3 septembre 2017 https://www.youtube.com/watch?v=hLysRA-JE4o. Chonday.com. How the Amazon warehouse works.
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Ports and Maritime Works 

26.10.3 Design of an attached fendering system 26/13. 26.10.4 The ... The requirements for sea transport are: (1) an adequate area of water of .... bulk carriers of up to 60 000 DWT. .... Mooring dolphin. Figure 26.9 Jetty berth. Figure 26.10 RoRo be
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4A 

follow explanation of just how the Line-by-Line Assembler op erates, working through ...... For ex ample, all instructions which use two operands in the operand.
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4A 

show how assembly language statements, the assembler, and the computer are ..... If you plan to v/rite programs to enhance the power of Basic, you will not ...
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4A 

with lightning reactions, as this game needs some skill to play. 1500+ can be considered a respectable score. 100 REM. 110 REM. EVRSION. 120 REM.
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The Ethernets: Evolution from 10 to 10,000 Mbps â€“ How it all Works! 

As long as we don't need to share a network (like with a repeater or ... Pros: â€“ aggregate throughput = 200mbps. â€“ no collision efficiency penalty. â€“ no need ... Thus the collision domain is the maximum delay within the box, infact, the medium 
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The Ethernets: Evolution from 10 to 10,000 Mbps â€“ How it all Works! 

100Mbps Legacy Device. â€¢ Device A sends FLPs out, while Device B sends out Fast. Ethernet IDLE. â€¢ Device A â€œparallel detectsâ€� the IDLE and links with Device ...
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