Technology Extension

Reduced Row-Echelon Form

The program shown is written for a TI-84 Plus graphing calculator.

For other calculator models, please consult your manual.

The reduced row-echelon form (rref) of a matrix was first mentioned in Section 6.6.  In finer detail, a matrix is in reduced row-echelon form if it satisfies the following conditions: 


(1)
All null rows (zeroes for all entries) must occur at the bottom of the matrix.


(2)
The first entry of any non-zero row must be a “1.”


(3)
For any two consecutive, non-zero rows, the leading “1” in the higher row 



must be to the left of the 1 in the lower row.


(4)
Every column with a leading 1 has zeroes for all other entries in the column.

Matrices A and B are in reduced row-echelon form. What must be done to matrices C and D for them to be in rref?
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The following program has two goals: (I) To introduce how the programming [PRGM], matrix [ 2nd ] [  x-1 ] (MATRIX), and  [ 2nd ] [STAT] (LIST) features of a graphing calculator can be used in conjunction with one another; and  (II) To gain further exposure to reduced row-echelon form and parameterized solutions.  The program allows you to enter up to three rows of a matrix -- one row at a time, with any number of entries in each row (the program can easily be modified to allow matrices of any size). Note: The row-entries must be entered as a set (using braces), with commas separating each entry. Once all rows have been entered, the program displays the matrix, waits for the user to press [ENTER], then displays the reduced row-echelon form. It should be noted that the “rref” function is free-standing, that is, it can also be applied to any matrix directly on the home screen. 


As a final note, within the program the calculator actually stores the row entries in a vertical List (in columns), and the [A]T  (“A transpose”)  function is used to transpose the columns into rows within the program, resulting in the intended matrix.

PROGRAM: RRECHFRM

:Lbl G
Sets label G in place for program to branch here as needed 

:ClrHome
Clears the home screen and places cursor in upper left

:Disp “THIS PROGRAM”
Displays THIS PROGRAM 

:Disp “_ WILL FIND THE”
Displays one blank space and WILL FIND THE 

:Disp “_ _ ROW-REDUCED”
Displays two blank spaces and ROW-REDUCED 

:Disp “_ _ _ ECHELON FORM”
Displays three blank spaces and ECHELON FORM
:Disp “OF A MATRIX WITH”
Displays OF A MATRIX WITH 

:Disp “_ 3 ROWS OR LESS”
Displays one blank space and 3 ROWS OR LESS
:Pause: ClrHome
Pauses program, waits for user to press  [ENTER]

then clears the home screen

:Disp “NUMBER OF ROWS?”
Displays NUMBER OF ROWS? on the home screen

:Disp “(THREE MAX)”
Displays (THREE MAX) on the home screen

:0  I
Initializes memory location I (clears out any old values)

:Disp “NUMBER OF ROWS?”
Displays NUMBER OF ROWS? on the home screen

:Disp “(THREE ROWS MAX)”
Displays (THREE ROWS MAX) on the home screen

:Input R:ClrHome
Asks user to input R (the number of rows), then clears screen

:Disp ”_ _ _ ENTER ROW 1”
Displays three blank spaces and ENTER ROW 1 
:Input L1
Takes user values entered in braces and separated by commas, 


and stores them in L1

:I + 1  I
Increments the counter, keeping track of the row count

:Listmatr(L1, [A])
Converts the list L1 into a matrix A

:If I = R
Checks to see if the desired number of rows have been input

:Goto Z
If I = R is true, program skips to Label Z. If not, program continues

:Disp”ENTER ROW 2”
Displays ENTER ROW 2 on the home screen

:Input L2
Takes user values entered in braces and separated by commas, 


and stores them in L2

:I + 1  I
Increments the counter, keeping track of the row count

:Listmatr(L1, L2,[A])
Stores row 1 (L1) and row 2 (L2) in matrix A (building the matrix)

:If I = R
Checks to see if the desired number of rows have been input

:Goto Z
If I = R is true, program skips to Label Z. If not, program continues

:Disp ”ENTER ROW 3”
Displays ENTER ROW 3 on the home screen

:Input L3
Takes user values entered in braces and separated by commas, 


and stores them in L3

:I + 1  I
Increments the counter, keeping track of the row count

:Listmatr(L1,L2,L3,[A])
Stores row 1 (L1), row 2 (L2), row 3 (L3) in matrix A

:Lbl Z
Sets label Z in place for program to branch here as needed

:[A]T [A]
Transposes the matrix so that row entries are correct

:ClrHome
Clears the home screen and places cursor in upper left

:Disp “THE MATRIX IS:”
Displays THE MATRIX IS: on the home screen

:Disp ““
Displays a blank line (for formatting purposes)

:Disp [A]
Displays the matrix A that was input

:Pause
Allows user time to check the matrix (waits for the  command)

:Disp “ROW REDUCED”
Displays ROW REDUCED on the home screen

:Disp “ECHELON FORM:”
Displays ECHELON FORM: on the home screen

:Disp ““
Displays a blank line (for formatting purposes)

:rref([A]) [B]
Computes reduced row-echelon form and stores result in matrix B

:Disp [B]
Displays matrix B (the reduced row-echelon form of [A])

:Pause
Allows user time to check matrix (waits for [ENTER])

:Disp “NEW MATRIX (Y/N)?”
Displays NEW MATRIX (Y/N)?  on home screen

:Input M
Stores user response in memory location M

:If M=Y
Checks to see if user has responded affirmatively (Y)

:Then
If M = Y next line is executed, if not -- program skips next line

:Goto G
Sends user to Lbl G (restarting the program)

:End
Ends program
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