SolveEQ Ver. 1.2 User's Manual

Introduction

Congratulations!

You have downloaded the most powerful tool in solving equations and linear or NON-LINEAR systems of equations numerically and also literally.

This program was made to help you solve equations numerically, even if those roots are complex (when the method allows it).

This program also lets you solve linear and non-linear systems of equations using the powerful functions Solve and cSolve in a friendly way (this means this program can handle non-numerical systems), or by iterative methods (only numerical systems).

There’s a version for TI-89 and TI-92+, and another for TI-92 and TI-92II. If you own a TI-92+ or TI-89 with AMS earlier than 2.01, download the recommended zip file (See the Description section in the www.ticalc.org basic math directory).
Common Terms For All Programs.

There are some things common to all programs. One is that in Dialog Boxes (represented in this manual as DB) where some data is requested, if at least one item is not inputted, the program will exit. Other is the program parameters. Here are their explanations:

· Accuracy

Depending on the application that produces your equation or system of equations, you may need a very accurate root or not. The higher the ACCURACY is, the higher the exactness of the root is, but the time and number of iterations needed to get to that root increases too.

This works the following way: Choosing 6, for example, you will work with an accuracy of   1E-6 = 0.000001

The default value for accuracy is 10, e.g. that you will get a root with at least 10 decimal digits of exactness.

· Initial Value

These programs (except MultEQ) work in an iterative basis, this is, they take a number and begin making calculus with that number to get to the exact root.

For example, sin(x) = 0 has a zero in x = 0. An INITIAL VALUE for getting the root x = 0 could be 0.5 or -0.5. 0.1 and -0.2 are GOOD INITIAL VALUES. A GOOD INITIAL VALUE is a number near the root. If you input an INITIAL VALUE like 1, you will probably get the root 1.57. This happens because the function sin(x) = 0 has multiple zeroes. If you have another equation or another set of equations, you will probably get the desired root, but you will get it with a greater number of iterations and time, unless that equation / set of equations have multiple zeroes too.

INITIAL VALUES can be real or complex. When a complex INITIAL VALUE is requested and you input just the imaginary unit i (or a multiple of it), depending on your  equation, some programs may ask you to input a complex initial value. If this happens, input a full complex number, this is a number with real part different from zero, not an pure imaginary.

· Maximum Number Of Iterations

These programs (except MultEQ) work in an iterative basis, this is they take a number and process it repeatedly to get the right root. This process can be stopped to a determined number of iterations. This number is called MAXIMUM NUMBER OF ITERATIONS, and is displayed in programs as "Max. No. of Iter.". This parameter needs to be set because if you try to get the root of a system of equations that don't have a solution, the program will get into an endless loop.

· Digits To Display

The roots and partial roots are displayed in the "DISPLAY DIGITS" FLOAT MODE, with the chosen number. Here you can choose the FLOAT 6 choosing 6, or FLOAT 10 choosing 10. The mode FLOAT is set choosing 0.

· Display Partial Roots

When making iterations, the Initial Value is processed and a new number is got. If this new number is not the root, it is a "Partial Root". For example, sin(x) = 0, with Initial Value 0.1 will produce in iteration number 1 a partial root x = -.0003346721 (these values may vary depending on the program used), the second iteration will give the value x = 1.249503E-11, and the 3rd iteration will give the root x = 0, with an accuracy of 12 (1E-12).

So, if you select DISPLAY PARTIAL ROOTS, you will see one by one the numbers processed before getting the final root. If you select no, you just will see the final root after a period of time. To go from one Partial Root to another, you need to press ENTER or ESC.

· Counter

Here you choose a number that will let you watch the process of finding the root by showing you the number of the iteration is currently being processed.

This works the following way: if you choose 10 (the default), every ten 10 iterations it will display the actual number, e.g., 10, 20, 30, ... If you select 4, every 4 iterations the number will be shown, e.g., 4, 8, 12, ...

· Display Jacobian

The programs MNewton and Broyden works with matrices. The Jacobian is a matrix of N x N, where N is the number of equations / unknowns that consists of the derivatives of all the equations over all the variables. Here you choose if you want to view the Jacobian Matrix or not. Note: Mathematically, Jacobian is the determinant of such matrix.

· Delete Equations

When you solve a system of equations, the equations are stored in a matrix variable (called EqMat). This option lets you automatically delete it just before the program exits.

· Delete Roots

When you solve a system of equations, the roots are stored in a list variable (called RLst). This option lets you automatically delete it just before the program exits.

Installing SolveEQ

Send the file corresponding to your calculator type / version with the TI-Graph Link. It’s a group file (SolveEQ.89g or SolveEQ.9xg or SolveEQ.92g). It will create a folder called SolveEQ. Don’t rename this folder, because the program won’t work.

Then, execute the file Install() in the SolveEQ folder. It will run all the programs and functions once to compile them, and then it will Archive (TI-89 and TI-92+) or Lock (TI-92’s) all the files inside this folder.

This is done for two reasons:

· For freeing up RAM (TI-89 and TI-92+)

· For faster execution of the program, because if you archive (TI-89 and TI92+) them before running them for first time, the calculator will compile them every time you launch them.

At this point, SolveEQ is ready to use. Now, You can either archive or delete the program Install().

Solving A Single Equation

You have two programs that will let you solve single equations (three, considering MultEQ). This programs are: New_Raph and Bisect.

· New_Raph

This program is actually in version 4.0. This program was the first to be created. Later the whole SolveEQ was developed.

New_Raph is a program based on the iterative method of Newton-Raphson, that can solve equations with Real and Complex solutions.

Execute the program New_Raph().

When it starts, It displays the Intro DB. Choose "Yes" in Display Help before proceed to see the Help Topics.

When you have checked all the Help, you can select "Yes" in "Never show this again". If you do that you won't see the Intro DB until you change that setting in the Input Data DB.

In the Input Data DB 1 you input the equation to be solved and its unknown and in the second, enter an estimated or approximated root of the function; if you don't have such value you must enter any number, otherwise the program will exit.

Set the parameters Accuracy, Display Partial Roots, select Max. No. of Iter., Digits to Display, Skip Showing Function and Show Intro at Beginning. These last two parameters are proper from New_Raph, and work as described below:

· Skip Showing Function?: If you choose NO, the program will show your function in "Pretty Print" before continuing, asking if the function is right. If you choose YES, the program will begin to search for a root immediately.

· Show Intro at Beginning?: This program has a very complete Help, which can be deleted to free space. With this option you can enable / disable to view an introductory dialog at the beginning of the program. The Help program is NewR_Hlp()
New_Raph will begin to look for a root for your equation with your given value. When the solution is found, "Done!" is shown, and a 2-element toolbar is displayed.

· Pressing F1 will display the root and number of iterations made. Then the program will exit.

· Pressing F2 will graph your function and when you press ENTER or ESC, the New_Raph will display the final root and the number of iterations made.

If the solution is complex and you entered a real number or the Initial Value you entered is far from the root, the program will display the Bad Guess DB. Here you need to make a choice among the following options:

· Input Data: You will be taken to the Input Data DB’s.

· Graph: It will graph your equation with the default Zoom.

· TI-Solve: Will take you to a 5-elements toolbar that will let you solve your equation with the TI’s functions Solve or cSolve with (F1 or F2) or (F3 or F4) without your Initial Value, or you could exit the program (F5). If you use Solve and the solution is complex or use cSolve with a real Initial Value, the program will tell you to use cSolve with a complex Initial Value. If you press F5, you will be able to choose from:

· Exit: Exits the program.

· New Data: Takes you to the Input Data DB’s

· New Value: Takes you to the Bad Guess DB in order you can input a new Initial Value, or take another action.

· New: There’s a request that says Input another value. If you input a number here, this new number will be considered as the Initial Value. In order the program recognize it, you must input it and choose New.

· Quit: Here you can choose from:

· Bisect

This program is based on the iterative method of Bisection, which uses the Medium Value Theorem, so this program is intended to find ONLY Real roots.

Execute the program Bisect().

When the program starts, it will display the Input Data DB 1. Here it asks you for the equation you want to solve and the variable to be solved.

After you input your equation, the Input Data DB 2 is displayed. Here you choose the values a and b between the root is located. You also must set the Accuracy, Max. No. of Iter, Digits to Display and whether to Display Partial Roots or not. The last option of this DB asks you if you want to set de default values for the previous parameters. Choose yes to go to set these values, and later you will be taken again to this DB. Due to the definition of the method, the equation (taken to a function form) must have different signs for a and b. If this is not the case, you will be prompted to input different values for a and b. If the values are appropriated, the process of finding the root will begin.

When the root is found, it is displayed together with the number of iterations made. But, if it isn’t found, an Error DB is displayed telling you to increase Max. No. of Iter. and letting you to go to the Input Data DB or exit the program.

This program is very simple, due to the easiness of this method.

Solving Systems Of Equations

You have three programs that will let you solve linear and NON-LINEAR systems of equations. These programs are: Broyden, MNewton and MultEQ.

· Broyden / MNewton

These are iterative program that will solve any system of equations that have at least one solution.

The first one is based on Broyden’s Method for solving systems of equations. Due to its nature, this method is slow, as in convergence as in the process itself. So, this program takes more time to get a zero with the same conditions as MNewton needs. Also, it needs relative good Initial Values. If  you give values that are far from the root, the program may find the exact root, but in a great number of iterations, or could not find it; but, in most cases, it will reach a zero set for your equations.

The second one is based on Newton’s Method for solving systems of equations. The algorithm of this method is the fastest to this days, so it will find a root for system even if the Initial Values are far form the root (if at least one solution exists).

The explanation of these programs are made in the same chapter because the GUI is the same for both. The difference is internal, due to the difference in the algorithms, so this section will explain both programs.

Execute the program Broyden() / MNewton().

When the program begins, it displays the Input Basic Data DB, where it asks you the number of equations / unknowns you want to solve. It also lets you go to set the default values for this program. Then you must set the parameters shown in the Input Basic Data DB. These parameters are: Accuracy, Max. No. of Iter, Digits to Display, and whether to Display Partial Roots, Display Jacobian, Delete Equations or not.

When you press ENTER, you will be prompted to input the equations one by one. Then, it will ask for each of the variables involucrated with their respective initial values. Then it will begin to look for the roots, but first showing you the Jacobian Matrix if this was your choice.

If the solutions are found, Broyden / MNewton displays them one by one, and then shows you the number of iterations made.

If a solution is not found, it will show a DB titled "Error" that says: "A solution for your system could not be found".

This happens for one of these three reasons:

1) The root of the system is complex, and you entered Real Initial Values.

2) The system don't have a solution

3) The Initial Values are far from the root, so the program needs a higher value for Max. No of Iter.

The DB asks you: "Input Data Again". The options for answering are:

· Yes: You are taken to the "Input Basic Data" DB, and then you must input new initial values for each variable.

· No: The program exits doing nothing.

· IV Only: The program will prompt you only for new Initial Values for each variable.

If you think the system has a solution, increase Max No of Iter choosing Yes. If you think the system has a complex solution, you can choose IV Only, or Yes.

· MultEQ

This is the innovative system of equations and equations solver that uses the TI's functions Solve and cSolve in a very friendly way. You don't need to type in the uneasy command line anymore. This program makes that work for you. And also you won't see a long expression full of "and's" and "or's" with all the zeroes. This program has the option of displaying the roots in a table. See the section RootsMat for further information.

Execute the program MultEQ().
When the program loads, it displays the Input Basic Data DB. Here the requests you the # Eq. (the number of equations). As this program works with the TI’s functions Solve and cSolve, the number of unknowns can be greater or equal to the number of equations, so it can work with literal systems of equations, but remember that a literal system of equations will take much more time to get a root that a numerical system.

Set the parameters: Digits To Display, Delete Equations, Delete Roots, With Init. Values, and Result As.

When solving an equation or system of equations with the functions Solve or cSolve, you can give an initial value and that function works iteratively to reach a root. Choosing YES in With Init. Values enables the using of initial values. The Result As lets you choose between  MATRIX and  EXPRESSION. Choosing MATRIX the roots are displayed as a table (See the section RootsMat for further information). If you select EXPRESSION, the program will display the expression that Solve and cSolve returns with "and's" and "or's" in a whole line.

Then, the program asks you for the equations one by one and later prompts for the unknowns or the unknowns and the initial values, depending on your choice in With Init. Values

 is set to YES, if the system has more than one solution, the nearest to the Initial Values will be returned, otherwise all of them will be returned. If the system has more than one solution, is easier to see the roots in a table. If you chose to see the answer as an EXPRESSION, you can use the option number 4 in the Systems menu in the main program SolveEQ: RootsMat. See the explanation of this option later.
With Init. Values

. If 
Once the program has such information, it asks for the Answer Mode in a DB with that title. It ask for using Real or Complex algorithms (this is, use Solve or cSolve) and the way of search: Auto, Exact or Approx.

Once you press ENTER, the program begin using Solve or cSolve depending on your last choice, to find a root. If a root is found, it will display the message: "The solutions are" and then it will display the matrix of roots or the expression with the roots. If a root cannot be found, and:

· You are using the Real Mode, it will display the message: "The solution may be complex" and the program will ask you to Go to:

· Use Cmplx: This option will let you use cSolve if you think the solution could be complex.

· Input Data: This option will take you to the Input Basic Data DB 2.

· Quit: Exits the program doing nothing.

· You are using the complex mode, it will display the message "Could not find a solution for your system". Two things can cause this:

· The system don't have a solution (it's incompatible)

· The solution has a big level of complexity. Try re-writing the system (simplified) or use Initial Values or MNewton / Broyden.

NOTE: Remember that you can solve a maximum of 255 simultaneous equations with Solve and cSolve.

The main program: SolveEQ

SolveEQ is a simple-to-use toolbar-based GUI that lets you launch all the programs easily, separated in types: Systems (F1) and Single (F2). It also displays information About (F3) the Author and the Program; it has a brief help (F4) for each program (more than a help, this is a description of each program); you can also set the defaults of all programs from here without launching all the programs one by one (F5), you can delete (F6) the variables in the folder SolveEQ (RLst, EqMat, RtExpr, RootsMat or all of them at the same time). For last, pressing F7 you exit the main program SolveEQ.

Notes

These five programs share the same equations matrix. This variable is EqMat (See the Variables Section for further details). If this variable exist, this means that a system of equations or an equation exists.

If this is the case, the programs for systems of equations will display, when they are launched, a DB titled "Equations Found", informing of that, and will ask if you are going to work with such system or equation in a DropDown list. The options are:

1) YES: Choose this if you want to work with the existing system of equations / equation.

2) VIEW: Choose this if you want to view the equation(s) first. You can check the equation number 1, the number 2, and so on, or check all the equations, one by one. After you finish, viewing the equations, choose "Done" to go back the Equations Found DB.

3) MODIFY: Choose this if you want to modify one or more equations.

4) NO: Choose this to delete the EqMat variable and start with a new system of equations / equation.

· The programs for solving single equations will put the equation in the Input Data DB, if only one equation is found, but if multiple equations are found:

· Bisect will ask you to use Broyden, MNewton, MultEQ or to erase those equations

· New_Raph will ask you if you want to use this system or not. If you want to use it, it will change to MNewton. If you want to delete it, it will erase EqMat and begin normally.

Note that MultEQ can solve one equation, but MNewton and Broyden cannot..

SolveEQ don’t have programs for solving ONLY linear systems of equations because there are a lot in www.ticalc.org and MultEQ, Broyden and MNewton can solve them too. If you consider SolveEQ should have one (Gauss or any other), please contact the author.

Other programs and Functions in SolveEQ

Functions:

· Makexpr(): Creates a Boolean expression from a variables vector and a vector or matrix of values.

· NormVec(): Returns the maximum element of a vector in absolute value.
Programs:

· Booleanr(): Separates expressions containing “and’s” or “or’s” in lists.

· BoolMat(): Creates the matrix RootsMat.

· Graphing(): Used to graph functions in New_Raph.

· Install(): Installation program made to facilitate the archiving of the program SolveEQ.

List Files and other variables in the folder SolveEQ

The List files in the folder SolveEQ, except drops, are used to store the default values of the parameters used in the programs. These files are: Bise_Dat, Broy_Dat, Mnew_Dat, Mult_Dat and NewR_Dat. The file drops is used to produce some lists in the programs (used in DropDowns in all the programs). Don’t delete this files, or you can make the programs don’t work.

Other files are (not always present):

· RLst: This is a list file which contains the solution of a system of equations solved using Broyden or MNewton.

· EqMat: This is a Matrix file that programs use to store the equation(s) and variable(s).

· RtEpr: This is an Expr file which contains the roots of a system of equations or equation solved using MultEQ with the option Result As set to Expression.

· RootsMat: This is a matrix variable that contains the roots of a system solved using MultEQ with the option Result As set to Matrix. The variables are located in the first row, and each group of values that makes zero all the equations simultaneously are located in different rows.

· Switch(: This is a STR file used when switching from one program to another. If the programs are broken during this switching, this file won’t be deleted and you will need to delete it manually in order the programs work properly. When you select Delete All in the main program SolveEQ (F6, 5), this variable is deleted, but as this variable is not always used, it doesn’t appear independently in the Delete Menu.

Version History

14-04-01  -  This User’s Manual was finished (Spanish)

09-04-01  -  Released SolveEQ Ver. 1.2 (English and Spanish for TI-89 and TI-92+)

??-04-01  -  Fixed a bug in MultEQ when using initial values.

· SolveEQ GUI was improved.

· MultEQ GUI was improved. Its code was re-simplified.

??-03-01  -  Program codes were optimized and simplified where possible.

??-02-01  -  Released SolveEQ Ver 1.1

· Programs were “integrated”. This is one program may call other program(s) and all use the variable EqMat to store the equation(s).

??-12-00  -  Fixed some bugs in MultEQ: It had problems when solving only one equation.

??-11-00  -  Released MultEQ and SolveEQ Ver. 1.0.

· Added the options Input Data, Graph, TI-Solve, New and Quit to New_Raph
· New_Raph Help was separated in an independent program

??-10-00  -  Released Broyden, MNewton, Bisect Ver. 1.0

22-07-00  -  Released New_Raph Ver. 3.0

· Fixed a bug: The program always found the exact root of the function, disregarding the accuracy you inputted.

· Fixed a bug: The program used to iterate one time unnecessarily.

· The function to be solved is now inputted in the Input DB (in version 2.0 you had to type it in a separated screen).

· Added the "Skip showing function?" option.

· Added the graphing of function when done.

· In prior versions, the "Max. No. of Iter." was odd (11,21,31,...). Now it is even (10,20,30,...)

· Compatible with AMS 2.04 (There was an incompatibility with this AMS version, because TI changed the EXPR() function, as I could notice)

31-05-00  -  Released New_Raph Ver. 2.0

· Added the Help

· A problem with complex solutions was fixed

· The function to solve is now typed during the program (in version 1.0 you had to type it in the Y=Editor as Y1(x))

· This is the first web-published version.

24-05-00  -  Released New_Raph Ver. 1.0

About the Author

I am an Electronics Engineering student from UNEXPO (http://www.bqto.unexpo.edu.ve/) in Venezuela.

I just want to hear comments from you, the users. Bad or Good ? Like or not ? Need a program which uses an specific method / algorithm ? That’s what I want to hear.

You can contact me in:

· elvishen@yahoo.com
· elvish@cantv.net
· eeha0120@hotmail.com
Thanks

Thanks to the users who have commented / suggested features in my programs. (If a program or suggestion is not added to the program or is not commented in this help, please wait until the next SolveEQ update.)

Thanks to www.ticalc.org for what it is.

Thanks to Rusty Wagner for his VTI.

Thanks to my classmates for testing and helping me find out bugs and errors.
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