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ABSTRACT

There is provided a matrix calculation apparatus. The apparatus includes: a
matrix calculation formula display controller configured to display a matrix calculation
formula on a display unit, wherein the matrix calculation formula comprises a first
matrix; a matrix display controller contigured to display a second matrix on the display
unit; a submatrix receiver configured to input the second matrix into a certain element
of the first matrix as a submatrix of the {irst matrix in response to a user operation; and
a matrix size change display controller configured to change a size of the first matrix in
accordance with a size of the second matrix and the certain element of the first matrix

into which the second matrix is input and then display the matrix calculation formula.
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MATRIX CALCULATION APPARATUS, MATRIX CALCULATION
METHOD, AND COMPUTER READABLE MEDIUM HAVING MATRIX

CALCULATION PROCESS PROGRAM STORED THEREON

BACKGROUND
1. Technical Field

[0001]

The present disclosure relates to a matrix calculation apparatus, a matrix
calculation method, and a computer readable medium having a matrix calculation
process program stored thereon.

2. Description of the Related Art

[0002]

Recently, scientific calculators which can display various calculation formulae
in a mathematics textbook in the prescribed forms as they are (hereinafter also refer to
mathematical formula natural display) have been widespread. A matrix calculation
function has been also built in such a scientific calculator which can make mathematical
formula natural display.

[0003]

In a scientific calculator according to the related art, assume that a result of
multiplying matrices A and B has been displayed as a matrix of solutions with a matrix
calculation formula of the matrices A and B. When a desired one of matrix elements
of the displayed solutions is specified in this state, matrix elements in the matrix
calculation formula used for calculating the matrix element of the specified solution are

identified and displayed. In this manner, there has been conceived a matrix calculation
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apparatus by which a user can easily learn the combination of a plurality of matrix
elements calculated among matrices in the process of calculation of a product of the
matrices (for example, see JP-A-05-012215).

[0004]

In addition, in learning of calculation of large matrices having a large number
of elements in each column and each row, there is a technique in which partial matrices
(submatrices) the matrices are divided into are replaced by unique matrix symbols
(submatrix symbols) so that the large matrices can be simplified equivalently for the
sake of efficient calculation thereof.

[0005]

The matrix calculation function is built in the related-art scientific calculator
etc. However, it is not possible to use the related-art scientific calculator to learn a
procedure of efficient calculation with a simplified matrix calculation formula which is,
for example, generated in combination of submatrices into which large matrices are

divided.

SUMMARY

[0006]

One of the illustrative aspects of some embodiments is to provide a matrix
calculation apparatus, a matrix calculation method and a computer readable medium
having a matrix calculation process program stored thereon, which are capable of
learning a procedure of efficient calculation using submatrices.

[0007]

According to one or more illustrative aspects, there is provided a matrix

calculation apparatus. The apparatus comprises: a processor which is configured to:
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display a matrix calculation formula on a display unit, wherein the matrix calculation
formula comprises a first matrix; display a second matrix on the display unit; input the
second matrix into a certain element of the first matrix as a submatrix of the first matrix
in response to a user operation received by an input device; and change a size of the first
matrix in accordance with a size of the second matrix and the certain element of the first
matrix into which the second matrix is input and then display the matrix calculation
formula comprising the first matrix whose size is changed on the display unit, wherein
the first matrix comprises a left matrix including a plurality of columns and a right
matrix including a plurality of rows, and the matrix calculation formula is represented
by multiplication of the left matrix and the right matrix, and

wherein, when the second matrix is input into a certain element of one of the
left and right matrices in response to the user operation, the processor is configured to
change sizes of both the left and right matrices in accordance with the size of the second
matrix and the certain element of the one of the left and right matrices into which the
second matrix is input, and then display the matrix calculation formula on the display
unit.

[0008]

According to one or more illustrative aspects, there is provided a matrix
calculation apparatus. The apparatus comprises: a processor which is configured to:
display a matrix calculation formula on a display unit, wherein the matrix calculation
formula comprises a first matrix; display a second matrix on the display unit; input the
second matrix into a certain element of the first matrix as a submatrix of the first matrix
in response to a user operation received by an input device; change a size of the first
matrix in accordance with a size of the second matrix and the certain element of the first

matrix into which the second matrix is input; and display the matrix calculation formula
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comprising the first matrix whose size is changed on the display unit, wherein the first
matrix comprises a left matrix including a plurality of columns and a right matrix
including a plurality of rows, and the matrix calculation formula is represented by
multiplication of the left matrix and the right matrix, and wherein the processor is
further configured to: when the second matrix is input into a certain element of one of
the left and right matrices as a submatrix thereof, identify and display on the display
unit a partition position of the submatrix of the one of the left and right matrices; and
identify and display on the display unit a partition position of the other of the left and
right matrices in accordance with the partition position of the submatrix and definition
of matrix multiplication.

[0009]

According to one or more illustrative aspects, there is provided a matrix
calculation method. The method comprises: displaying a matrix calculation formula on
a display unit, wherein the matrix calculation formula comprises a first matrix;
displaying a second matrix on the display unit; inputting the second matrix into a certain
element of the first matrix as a submatrix of the first matrix in response to a user
operation received by an input device of the computer; and changing a size of the first
matrix in accordance with a size of the second matrix and the certain element of the first
matrix into which the second matrix is input and then displaying the matrix calculation
formula comprising the first matrix whose size is changed on the display unit, wherein
the first matrix comprises a left matrix including a plurality of columns and a right
matrix including a plurality of rows, and the matrix calculation formula is represented
by multiplication of the left matrix and the right matrix, and wherein the matrix
calculation method further comprises, when the second matrix is input into a certain

element of one of the left and right matrices in response to the user operation, changing
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sizes of both the left and right matrices in accordance with the size of the second matrix
and the certain element of the one of the left and right matrices into which the second
matrix is input, and then displaying the matrix calculation formula on the display unit.

[0010]

According to one or more illustrative aspects, there is provided a matrix
calculation method. The method comprises: displaying a matrix calculation formula on
a display unit of the computer, wherein the matrix calculation formula comprises a first
matrix; displaying a second matrix on the display unit; inputting the second matrix into
a certain element of the first matrix as a submatrix of the first matrix in response to a
user operation received by an input device of the computer; changing a size of the first
matrix in accordance with a size of the second matrix and the certain element of the first
matrix into which the second matrix is input; and displaying the matrix calculation
formula comprising the first matrix whose size is changed on the display unit, wherein
the first matrix comprises a left matrix including a plurality of columns and a right
matrix including a plurality of rows, and the matrix calculation formula is represented
by multiplication of the left matrix and the right matrix, and wherein the method further
comprises: when the second matrix is input into a certain element of one of the left and
right matrices as a submatrix thereof, identifying and displaying on the display unit a
partition position of the submatrix of the one of the left and right matrices;
andidentifying and displaying on the display unit a partition position of the other of the
left and right matrices in accordance with the partition position of the submatrix and
definition of matrix multiplication.

[0011]

According to one or more illustrative aspects, there is provided a non-transitory

computer-readable medium storing a matrix calculation process program for causing a
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computer to perform predetermined operations. The predetermined operation comprises:
displaying a matrix calculation formula on a display unit of the computer, wherein the
matrix calculation formula comprises a first matrix; displaying a second matrix on the
display unit; inputting the second matrix into a certain element of the first matrix as a
submatrix of the first matrix in response to a user operation received by an input device
of the computer; and changing a size of the first matrix in accordance with a size of the
second matrix and the certain element of the first matrix into which the second matrix is
input and then displaying the matrix calculation formula comprising the first matrix
whose size is changed on the display unit, wherein the first matrix comprises a left
matrix including a plurality of columns and a right matrix including a plurality of rows,
and the matrix calculation formula is represented by multiplication of the left matrix and
the right matrix, and wherein the program controls the computer to perform a further
operation of, when the second matrix is input into a certain element of one of the left
and right matrices in response to the user operation, changing sizes of both the left and
right matrices in accordance with the size of the second matrix and the certain element
of the one of the left and right matrices into which the second matrix is input, and then
displaying the matrix calculation formula on the display unit.

[0012]

According to one or more illustrative aspects of the present invention, there is
provided a non-transitory computer-readable medium storing a matrix calculation process
program for causing a computer to perform predetermined operations. The predetermined
operation comprises: displaying a matrix calculation formula on a display unit, wherein
the matrix calculation formula comprises a first matrix; displaying a second matrix on
the display unit; inputting the second matrix into a certain element of the first matrix as

a submatrix of the first matrix in response to a user operation received by an input
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device of the computer; changing a size of the first matrix in accordance with a size of
the second matrix and the certain element of the first matrix into which the second
matrix is input; and displaying the matrix calculation formula comprising the first
matrix whose size is changed on the display unit, wherein the first matrix comprises a
left matrix including a plurality of columns and a right matrix including a plurality of
rows, and the matrix calculation formula is represented by multiplication of the left
matrix and the right matrix, and wherein the program controls the computer to perform
further operations comprising: when the second matrix is input into a certain element of
one of the left and right matrices as a submatrix thereof, identifying and displaying on
the display unit a partition position of the submatrix of the one of the left and right
matrices; and identifying and displaying on the display unit a partition position of the
other of the left and right matrices in accordance with the partition position of the
submatrix and definition of matrix multiplication.

[0013]

Other aspects and advantages of embodiments will be apparent from the

following description, the drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a front view showing the external configuration of a graph scientific
calculator 10 according to an embodiment;
Fig. 2 is a block diagram showing the configuration of an electronic circuit of
the graph scientific calculator 10;
Fig. 3 is a view showing a specific example of identification color data stored
in a matrix-size corresponding identification color data region 12b of the graph

scientific calculator 10;
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Fig. 4 is a front view showing the external configuration of a tablet PC 10T
according to another embodiment of the matrix calculation apparatus;

Fig. 5A is a flow chart showing a matrix calculation process performed by the
graph scientific calculator 10;

Fig. 5B is a flow chart showing the matrix calculation process performed by
the graph scientific calculator 10;

Figs. 6A and 6B are views showing input and display operations of a matrix
calculation formula in accordance with the matrix calculation process of the graph
scientific calculator 10;

Figs. 7A to 7D are views showing display operation of a process for dividing a
matrix calculation formula A:B of multiplication of matrices with 4 rows and 4 columns
into submatrices and calculating the matrix calculation formula in accordance with a
matrix calculation process of the graph scientific calculator 10;

Figs. 8A to 8C are views showing display operation of the process for dividing
a matrix calculation formula A-B of multiplication of matrices with 4 rows and 4
columns into submatrices and calculating the matrix calculation formula in accordance
with the matrix calculation process of the graph scientific calculator 10; and

Figs. 9A to 9C are views showing operation of identifying and displaying
various matrix calculation formulae in accordance with a matrix calculation process of

the graph scientific calculator 10.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0014]
Exemplary embodiments of the present invention will be described below with

reference to the drawings.
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Fig. 1 is a front view showing the external configuration of a graph scientific
calculator 10 according to an embodiment of a matrix calculation apparatus.

[0015]

This matrix calculation apparatus may be configured as a portable apparatus
exclusively used for calculation (the graph scientific calculator 10) which will be
described later, or configured as a touch panel type PDA (Person Digital Assistants), a
PC (Personal Computer), a cell phone, an electronic book, a portable game machine or
the like provided with a matrix calculation function.

[0016]

A casing of the graph scientific calculator 10 has a size large enough to be held
by a user with one hand. A key receiver 16 is provided in a lower half region of the
front surface of the casing. Numeric keys, operation keys, symbol keys, and various
function keys are provided in the key receiver 16. A touch panel type color display unit
17 is provided in an upper half region of the front surface of the casing.

[0017]

Fig. 2 is a block diagram showing the configuration of an electronic circuit of
the graph scientific calculator 10.

A CPU 11 serving as a computer is provided in the electronic circuit of the
graph scientific calculator 10. The CPU 11 controls operations of respective elements
of the circuit using a memory 12 as a working area in accordance with a calculator
control program stored in advance in the memory 12, or a calculator control program
read from an external storage medium 13 such as a memory card into the memory 12
through a recording medium reader 14 or a calculator control program read from a Web
server (an education server in this embodiment) 20 on a communication network N into

the memory 12 through a communicator 15.
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[0018]

The calculator control program stored in the memory 12 includes a matrix
calculation process program 12p for learning a procedure of efficient calculation of
matrices using submatrices which the matrices are divided into, as well as a calculation
program for performing various calculation processes, a graph drawing process, a table
process, etc. and a communication program for making communication with various
external electronic apparatuses through the communicator 15.

[0019]

The calculator control program is started up in accordance with a key input
signal generated from the key receiver 16 in response to an operation of a user, or in
accordance with a touch input signal issued from the touch panel type color display unit
17 in response to an operation of the user, or in accordance with a communication
signal received from the outside through the communicator 15.

[0020]

A matrix element inputting data region 12a, a matrix-size corresponding
identification color data region 12b, a matrix data region 12¢, a matrix calculation
formula data region 12d, a matrix symbol/matrix element substitution data region 12e, a
display data region 12f, a work area 12g, etc. are allocated as storage areas for various
works in the memory 12.

[0021]

Fundamental matrix calculation formulae of various matrix calculation forms
(a matrix calculation formula A-B of the product of matrices with 2 rows and 2 columns
in the embodiment) in which numerical value input positions (matrix positions) (all,
a21, al2, a22, bl1, b21, bl2 and b22 in the embodiment) of respective elements

constituting the matrices are depicted, for example, as shown in Fig. 6A, are stored in

10
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the matrix element inputting data region 12a.

[0022]

Fig. 3 is a view showing a specific example of identification color data stored
in the matrix-size corresponding identification color data region 12b of the graph
scientific calculator 10.

[0023]

The matrix-size corresponding identification color data (12b) define
identification colors for displaying identification marks Mmn to matrices with m rows
and n columns (including matrices replaced by matrix symbols) displayed on the
display unit 17 in a matrix calculation process, respectively. The identification marks
Mmn have shapes and colors corresponding to the matrix sizes (mxn). For example,
the identification marks Mmn are defined as an identification mark M12 (aqua blue) for
a matrix with one row and two columns, an identification mark M13 (green) for a
matrix with one row and three columns, an identification mark M21 (red) for a matrix
with two rows and one column, an identification mark M22 (yellow green) for a matrix
with two rows and two columns, an identification mark M23 (yellow) for a matrix with
two rows and three columns, an identification mark M31 (rose pink) for a matrix with
three rows and one column, an identification mark M32 (light green) for a matrix with
three rows and two columns, etc.

[0024]

In the matrix data region 12c, matrix data of desired matrices inputted by a user,
matrices inputted based on learning materials, etc. are stored as matrix data which will
be the bases of calculation objects.

[0025]

Based on one of the fundamental matrix calculation formulae stored in the

11
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matrix element inputting data region 12a, a matrix calculation formula may be
generated by a user who inputs desired numerical values into matrix elements of each
matrix constituting the fundamental matrix calculation formula or a matrix calculation
formula may be generated by incorporating desired matrices stored in the matrix data
region 12¢ as submatrices. The matrix calculation formula generated thus is stored in
the matrix calculation formula data region 12d.

[0026]

As for the matrix calculation formula stored in the matrix calculation formula
data region 12d, the submatrix symbols of the submatrices incorporated into matrices
constituting the calculation formula are stored in association with matrix elements
constituting the submatrices in the matrix symbol/matrix element substitution data
region 12e. Incidentally, the submatrix symbol of the submatrices are added as unique
matrix symbols respectively, for example, in alphabetical order or may be generated by
adding suffixes corresponding to matrix positions inside the matrices to the matrix
symbols of the matrices to which the submatrices belong.

[0027]

The display data region 12f has a color bit map data storage region
corresponding to a display screen region of the touch panel type color display unit 17.
Display screen data generated in accordance with any program in execution is stored in
the storage region.

[0028]

Configuration is made in this manner so that the memory 12, the recording
medium reader 14, the communicator 15, the key receiver 16 and the touch panel type
color display unit 17 are connected to the CPU 11.

[0029]

12
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The graph scientific calculator 10 has a function in which desired matrices
which are inputted by a user and displayed are incorporated as submatrices into matrix
element positions of matrices constituting a fundamental matrix calculation formula
read from the matrix element inputting data region 12a so as to generate a desired
matrix calculation formula, and the generated matrix calculation formula is displayed; a
function in which matrix elements contained in each submatrix in the generated matrix
calculation formula are replaced by a submatrix symbol of the submatrix, and a matrix
calculation formula generated thus is displayed; a function in which when each
submatrix is replaced by its corresponding submatrix symbol, each identity matrix is
replaced by an identity matrix symbol “I”, each zero matrix is replaced by a zero matrix
symbol “0”, and a matrix calculation formula generated thus is displayed; a function in
which calculation is executed on the generated matrix calculation formula in which each
submatrix has been replaced by its corresponding submatrix symbol, the identity matrix
symbol “I” or the zero matrix symbol “0”; a function in which after the calculation of
the matrix calculation formula is executed, each submatrix symbol constituting a result
of the calculation is converted into original matrix elements which have not been
replaced by the submatrix symbol yet, and a matrix calculation formula generated thus
is displayed; and a function in which an identification mark Mmn having a shape and a
color corresponding to a matrix size (mxn) of each matrix (including each matrix
replaced by its corresponding matrix symbol) displayed in accordance with the series of
matrix calculation processes is added to the matrix, and a matrix calculation formula
generated thus is displayed.

[0030]

In the graph scientific calculator 10 configured thus, the CPU 11 controls

operation of each element of the circuit in accordance with commands described in the

13



11 Nov 2019

2014201685

calculator control program (12p). Due to the cooperation between the software and the
hardware, the graph scientific calculator 10 operates to implement the function of
generating, calculating and displaying a matrix calculation formula using submatrices as
will be described in the following operation description.

[0031]

Incidentally, description has been made in the case where the embodiment of
the matrix calculation apparatus is implemented by the graph scientific calculator 10.
However, it is a matter of course that the embodiment of the matrix calculation
apparatus may be implemented, for example, by a tablet PC 10T as shown in Fig. 4, as
long as inputting and display operation in accordance with respective processes of the
matrix calculation process program 12p can be performed on the touch panel type color
display unit 17.

[0032]

Fig. 4 is a front view showing the external configuration of the tablet PC 10T
according to another embodiment of the matrix calculation apparatus.

[0033]

The tablet PC 10T in Fig. 4 shows display operation corresponding to a matrix
calculation process when a matrix C with three rows and two columns inputted by a
user is dragged and dropped to be inputted as a submatrix into element input positions
all and a2l of a matrix A of a fundamental matrix calculation formula A-B, which is
selectively read from the matrix element inputting data region 12a and displayed on the
touch panel type color display unit 17.

[0034]

Next, operation of the graph scientific calculator 10 which is configured as

described above and provided with the function of generating, calculating and

14
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displaying a matrix calculation formula using submatrices will be described.

[0035]

Fig. 5A is a flow chart showing a matrix calculation process performed by the
graph scientific calculator 10.

[0036]

Fig. 5B is a flow chart showing the matrix calculation process performed by
the graph scientific calculator 10.

[0037]

Figs. 6A and 6B are views showing input and display operations of a matrix
calculation formula in accordance with the matrix calculation process of the graph
scientific calculator 10

[0038]

In order to calculate the product of matrices, for example, the matrix C with
three rows and two columns inputted by keys or handwriting (character recognition) is
displayed on the touch panel type color display unit 17 as shown in Fig. 6A (Steps S1
(Yes) and S2). Then, data of the inputted matrix C are stored in the matrix data region
12¢ and an identification mark M32 (light green) for three rows and two columns is
added to the matrix C and displayed (Step S3).

[0039]

For example, a fundamental matrix calculation formula A-B for calculating the
product of square matrices has been selectively read from fundamental matrix
calculation formulae of a plurality of kinds of matrix calculation forms stored in the
matrix element inputting data region 12a. In the state where the fundamental matrix
calculation formula A-B is displayed, the inputted matrix C specified by a pen P and

dragged and dropped as shown by an arrow a is inputted as a submatrix into element

15
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input positions (range) all and a21 in a matrix A of the fundamental matrix calculation
formula A-B (Step S4 (Yes)).

[0040]

Then, submatrix symbol “C” is inputted and displayed as a submatrix in the
element input positions (range) all and a21 in the matrix A of the fundamental matrix
calculation formula A-B as shown in Fig. 6B (Step S5), and the matrix A is displayed so
that the size thereof is expanded as a matrix with three rows and three columns in
accordance with the size (three rows and two columns) of the inputted submatrix C and
the element input positions (range) all and a21 (Step S6).

[0041]

A column partition line d1 for partitioning the inputted submatrix C with three
rows and two columns is added to the expanded matrix A with three rows and three
columns so as to identify and display the submatrix C (Step S7).

[0042]

When it is determined that the matrix A in which the submatrix C has been
inputted and the column partition line d1 has been displayed has a multiplication
relation with another matrix B (Step S8 (Yes)), the matrix B which is an object to be
multiplied is displayed so that the size thereof is expanded as a matrix with three rows
and three columns which can be multiplied by the matrix A (Step S9).

[0043]

Then, it is determined whether the submatrix C has been inputted to the left
matrix A or has been inputted to the right matrix B in the matrix calculation formula
A-B having the multiplication relation (Step S10a or S10b). Here, when it is
determined that the submatrix C has been inputted to the left matrix A (Step 10a (Yes)),

it is determined whether any column or row partition line dn has been added or not

16
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(Step S11a).

[0044]

When it is determined that the column partition line d1 for partitioning the
inputted submatrix C has been added to the left matrix A (Step 11a (Yes)), a row
partition line d2 for partitioning the right matrix B into a submatrix corresponding to up
to the second row and a submatrix corresponding to the third row is added to the right
matrix B based on the definition of the product of matrices in which the number of
columns of the left matrix and the number of rows of the right matrix must be equal to
each other, so that the submatrices can be identified and displayed (Step S12a). The
matrix calculation formula A-B generated thus is stored in the matrix calculation
formula data region 12d.

[0045]

Then, matrix elements (1, 4, 2, 5, 3, 6) of the submatrix C is registered into the
matrix symbol/matrix element substitution data region 12e¢ in association with the
submatrix symbol “C” of the submatrix C inside the partitioned matrix A partitioned in
response to the submatrix inputted thereto. On this occasion, the submatrix is set and
registered as a matrix symbol (zero matrix symbol) “0” when the submatrix is a zero
matrix, and the submatrix is set and registered as a matrix symbol (identity matrix
symbol) “I” when the submatrix is an identity matrix (Step S13).

[0046]

In the matrix calculation formula A-B, an identification mark M31 (rose pink)
for a matrix with three rows and one column is added to a submatrix corresponding to
the rightmost column of the partitioned matrix A partitioned by the column partition
line d1, and the submatrix added to the identification mark M31 is displayed. An

identification mark M23 (yellow) for a matrix with two rows and three columns is

17
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added to a submatrix corresponding to the upper two rows of the partitioned matrix B
partitioned by the row partition line d2, and the submatrix added to the identification
mark M23 is displayed. An identification mark M13 (green) for a matrix with one row
and three columns is added to a submatrix corresponding to the lowest row of the
partitioned matrix B partitioned by the row partition line d2, and the submatrix added to
the identification mark M13 is displayed (Step S3).

[0047]

Then, desired matrix data are inputted as a submatrix into each element input
position (range) specified in the matrix calculation formula A-B in the same manner as
described above. Thus, a desired matrix calculation formula A-B simplified in
combination with the submatrices inputted thus is generated and displayed.

[0048]

Figs. 7A to 7D are views showing display operation in a process of dividing a
matrix calculation formula A:B of multiplication of matrices with 4 rows and 4 columns
into submatrices and calculating the matrix calculation formula A-B in accordance with
a matrix calculation process of the graph scientific calculator 10.

[0049]

Figs. 8A to 8C are views showing display operation in the process of dividing
the matrix calculation formula A-B of multiplication of matrices with 4 rows and 4
columns into submatrices and calculating the matrix calculation formula A-B in
accordance with the matrix calculation process of the graph scientific calculator 10.

[0050]

When the matrix calculation formula A:B of multiplication of matrices with
four rows and four columns is given as a question, for example, as shown in Fig. 7A, a

user (learner) recognizes the fact that a submatrix with two rows and two columns in the

18
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upper right section of each of the matrix A and the matrix B is an identity matrix and
the fact that a submatrix with two rows and two columns in the lower left section of
each of the matrix A and the matrix B is a zero matrix. The user learns a procedure of
efficient calculation using submatrices as follows.

[0051]

First, of the matrix calculation formula A-B of multiplication of matrices with
four rows and four columns shown in Fig. 7A, submatrices C, D and E except the
identity matrix in the upper right section of each matrix and the zero matrix in the lower
left section of the same are inputted and displayed as a matrix C, a matrix D and a
matrix E on the touch panel type color display unit 17 as shown in Fig. 7B (Steps S1
(Yes) and S2). Then, the inputted data of the matrix C, the matrix D and the matrix E
are stored in the matrix data region 12¢ and displayed so that an identification mark
M22 (yellow green) for a matrix with two rows and two columns is added to each of the
matrices C, D and E (Step S3).

[0052]

In order to calculate the matrix calculation formula A-B of multiplication of
matrices with four rows and four columns given as the question (see Fig. 7A), a
fundamental matrix calculation formula A-B of the product of square matrices is
selectively read from fundamental matrix calculation formulae of matrix calculation
forms stored in the matrix element inputting data region 12a as shown in Fig. 7B. In the
state where the fundamental matrix calculation formula A-B has been displayed, the
inputted matrix C is first specified by the pen P and dragged and dropped as shown by
an arrow b so that the inputted matrix C is inputted as a submatrix into an element input
position all in the matrix A of the fundamental matrix calculation formula A-B (Step

S4 (Yes)).
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[0053]

Then, submatrix symbol “C” is inputted as a submatrix in the element input
position all of the matrix A of the fundamental matrix calculation formula A-B and
displayed as shown in Fig. 7C (Step S5). In accordance with the size (two rows and
two columns) of the inputted submatrix C and the element input position all, the matrix
A is displayed so that the size thereof is expanded to a matrix with three rows and three
columns (Step S6).

[0054]

A column partition line d1 and a row partition line d2 for partitioning the
inputted submatrix C with two rows and two columns are added to the expanded matrix
A with three rows and three columns so that the submatrix C is identified and displayed
(Step S7).

[0055]

When it is determined that the matrix A in which the submatrix C has been
inputted and the column partition line d1 and the row partition line d2 have been
displayed has a multiplication relation with the other matrix B (Step S8 (Yes)), the
matrix B serving as an object to be multiplied is displayed so that the size thereof is
expanded to a matrix with three rows and three columns which can be multiplied by the
matrix A (Step S9).

[0056]

Then, it is determined whether the submatrix C has been inputted to the left
matrix A or has been inputted to the right matrix B in the matrix calculation formula
A-B having the multiplication relation (Step 10a or 10b). When it is determined that
the submatrix C has been inputted to the left matrix A (Step 10a (Yes)), it is determined

whether any column or row partition line dn has been added or not (Step 11a).
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[0057]

When it is determined that the column partition line d1 and the row partition
line d2 for partitioning the inputted submatrix C have been added to the left matrix A
(Step 11a (Yes)), a row partition line d3 and a column partition line d4 for partitioning
the right matrix B into a submatrix corresponding to the second row and the second
column are added to the right matrix B based on the definition of the product of
matrices in which the number of columns in the left matrix must be equal to the number
of rows in the right matrix, so that the submatrices can be identified and displayed (Step
S12a). The matrix calculation formula A-B generated thus is stored in the matrix
calculation formula data region 12d.

[0058]

Then, matrix elements (2, 1, 4, 3) of the submatrix C associated with the
submatrix symbol “C” of the submatrix C in the partitioned matrix A partitioned in
response to the submatrix C inputted thereto is registered into the matrix symbol/matrix
element substitution data region 12e (Step S13).

[0059]

Successively, in the same manner as described above, the matrix E which has
been inputted based on the question is specified by the pen P and dragged and dropped
as shown by an arrow ¢ so as to be inputted as a submatrix into an element input
position a22 in the matrix A of the matrix calculation formula A-B to which the
submatrix C has been inputted (Step 4 (Yes)).

[0060]

Then, as shown in Fig. 7D, the submatrix symbol “E” is inputted and displayed
in the element input position a22 in the matrix A of the matrix calculation formula A-B

to which the submatrix E has been inputted (Step S5) and the matrix A is displayed so
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that the size thereof is further expanded to a matrix with four rows and four columns in
accordance with the size (2 rows and 2 columns) of the inputted submatrix E and the
element input position a22 (Step S6).

[0061]

The column partition line d1 and the row partition line d2 for partitioning the
inputted submatrix E with two rows and two columns are extended directly in the
expanded matrix A with four rows and four columns, which is an object to be calculated,
so that the submatrix E can be identified and displayed (Step S7).

[0062]

When it is determined that the matrix A in which the submatrix E has been
inputted and the column partition line d1 and the row partition line d2 have been
extended and displayed has a multiplication relation with the other matrix B (Step S8
(Yes)), the matrix B which is an object to be multiplied is displayed so that the size
thereof is also expanded to a matrix to be calculated, that is, a matrix with four rows and
four columns which can be multiplied by the matrix A (Step S9).

[0063]

Here, when the size of the matrix B has been expanded to a matrix to be
calculated, that is, a matrix with four rows and four columns which can be multiplied by
the matrix A, the row partition line d3 and the column partition line d4 are also
extended and displayed according to the expansion of the size of the matrix B.

[0064]

Then, it is determined whether the submatrix E has been inputted to the left
matrix A or has been inputted to the right matrix B in the matrix calculation formula
A-B having the multiplication relation (Step 10a or S10b). When it is determined that

the submatrix E has been inputted to the left matrix A (Step 10a (Yes)), it is determined
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whether any column or row partition line dn has been added or not (Step S11a).

[0065]

When it is determined that the column partition line d1 and the row partition
line d2 for partitioning the submatrix E inputted this time are not added to the left
matrix A this time but were added when the submatrix C was inputted (Step S11a (No)),
matrix elements (2, 1, 1, 0) of the submatrix E are registered in the matrix
symbol/matrix element substitution data region 12¢ in association with the submatrix
symbol “E” of the submatrix E of the partitioned matrix A to which the submatrix E has
been inputted this time (Step S13).

[0066]

Successively, in the same manner as described above, the matrix D which has
been inputted based on the aforementioned question is specified by the pen P and
dragged and dropped so as to be inputted as a submatrix to an element input position
(range) b11 in the right matrix B of the matrix calculation formula A-B (Step S4 (Yes)).

[0067]

Then, the submatrix symbol “D” is inputted as a submatrix to the element input
position (range) b1l in the right matrix B of the matrix calculation formula A-B and
displayed (see Fig. 8A) (Step S5). The matrix B is displayed so that the size thereof is
expanded to a matrix with four rows and four columns in accordance with the size (2
rows and 2 columns) of the inputted submatrix D and the element input position b11
(Step S6).

[0068]

When the submatrices C and E are inputted to the matrix A, an expansion

process is not actually performed here since the matrix B is also expanded.

[0069]
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The row partition line d3 and the column partition line d4 for partitioning the
inputted submatrix D with two rows and two columns are displayed as they are in the
expanded matrix B with four rows and four columns so as to identify the submatrix D
(Step S7).

[0070]

When it is determined that the matrix B in which the submatrix D has been
inputted this time and the row partition line d3 and the column partition line d4 have
been displayed has a multiplication relation with the other matrix A (Step S8 (Yes)), the
other matrix A serving as an object to be multiplied is displayed so that the size thereof
is expanded to a matrix to be calculated, that is, a matrix with four rows and four
columns, which can be multiplied by the matrix B (Step S9).

[0071]

When the submatrices C and E are inputted to the matrix A which is an object
to be calculated, an expansion process is not actually performed here since the matrix
size of the matrix B is expanded to a matrix with four rows and four columns.

[0072]

Then, it is determined whether the submatrix D has been inputted to the left
matrix A or has been inputted to the right matrix B in the matrix calculation formula
A-B having the multiplication relation (Step S10a or S10b). When it is determined
that the submatrix D has been inputted to the right matrix B (Step S10b (Yes)), it is
determined whether any row or column partition line dn has been added or not (Step
S11b).

[0073]

Since it is determined that the row partition line d3 and the column partition

line d4 for partitioning the submatrix D inputted this time are not added to the right
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matrix B this time but were added when the submatrix C was inputted to the left matrix
A (Step S11b (No)), matrix elements (1, 1, 3, 2) of the submatrix D are registered in the
matrix symbol/matrix element substitution data region 12¢ in association with the
submatrix symbol “D” of the submatrix D of the partitioned matrix B partitioned in
response to the submatrix D inputted thereto this time (Step S13).

[0074]

Successively, when the matrix E is dragged and dropped so as to be inputted as
a submatrix to an element input position (range) b22 of the right matrix B, which is an
object to be multiplied, in the same manner as described above, the submatrix symbol
“E” inputted this time is displayed in the element input position (range) b22 of the right
matrix B in accordance with the same process as described above (Steps S4 to S10b
(Yes)) as shown in Fig. 8A.

[0075]

The matrix elements (2, 1, 1, 0) of the submatrix E are registered into the
matrix symbol/matrix element substitution data region 12¢ in association with the
submatrix symbol “E” of the submatrix E in the partitioned matrix B partitioned in
response to the submatrix E inputted thereto this time (Step S13).

[0076]

As shown in Fig. 8A, for example, the submatrix symbol “I” of the identity
matrix and the submatrix symbol “0” of the zero matrix are selected from a function
menu in accordance with the positions of the identity matrix and the zero matrix
recognized by the user (learner) in the matrix calculation formula A-B of the question
(see Fig. 7A). Thus, the submatrix symbol “I” of the identity matrix is inputted to and
displayed in each of an element input position al2 of the left matrix A and an element

input position bl12 of the right matrix B, and the submatrix symbol “0” of the zero
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matrix is inputted to and displayed in each of an element input position a21 of the left
matrix A and an element input position b21 of the right matrix B.

[0077]

In this manner, as for the matrix calculation formula A-B (see Fig. 7A) with
matrices of four rows and four columns given as the question, the user (learner) can
replace the submatrices C, D and E constituting the matrix calculation formula A-B by
the submatrix symbols “C”, “D” and “E” corresponding to the submatrices respectively,
and replace each identity matrix and each zero matrix by the identity matrix symbol “T”
and the zero submatrix symbol “0” so that the calculation formula A-B can be displayed
as a matrix calculation formula A-B simplified using the submatrices.

[0078]

When an instruction to execute matrix calculation is issued in response to
operation on an “EXE” key of the key receiver 16 (Step S25 (Yes)), multiplication of
the simplified matrix calculation formula A-B is executed as it is and a multiplication
result X thereof is displayed as shown in Fig. 8B (Step S26).

[0079]

In the multiplication result X of the simplified matrix calculation formula A-B,
when each of the submatrix symbols “C”, “D” and “E” corresponding to constituent
elements x11 to x22 of the multiplication result is double-touched by the pen P or
double-specified by a cursor sequentially (Step S17 (Yes)), it is determined that the
specified submatrix symbol “C”, “D” or “E” has not been displayed using its matrix
elements yet (Step S18 (No)).

[0080]

Then, each of the submatrix symbols “C”, “D” and “E” corresponding to the

constituent elements x11 to x22 of the multiplication result X of the matrix calculation
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formula A-B is replaced by its corresponding matrix elements registered in the matrix
symbol/matrix element substitution data region 12e¢ in the step S13, and the matrix
elements are displayed as shown in Fig. 8C (Step S24).

[0081]

In this manner, the user (learner) can learn a procedure of efficient calculation
using submatrices when the matrices are calculated.

[0082]

When each of the submatrices C and D of the left partitioned matrix A and the
submatrices C and E of the right partitioned matrix B is double-touched by the pen P or
double-specified by the cursor sequentially in the state in which the constituent
elements x11 to x22 of the matrix calculation formula A-B have been replaced by their
corresponding matrix elements and the matrix elements are displayed as shown in Fig.
8C (Step S17 (Yes), it is determined in the same manner as described above that the
submatrix C, D or E has been displayed using its matrix elements (Step S18 (Yes)).

[0083]

When it is then determined that each of the specified submatrices C, D and E of
the matrix calculation formula A-B is neither the identity matrix (Step S19 (No)) nor the
zero matrix (Step S21 (No)), the submatrix C, D or E is replaced by the submatrix
symbol “C”, “D” or “E” registered in the matrix symbol/matrix element substitution
data region 12¢ in association with the specified submatrix C, D or E, and the submatrix
symbol “C”, “D” or “E” is displayed as shown in Fig. 8B (Step S23).

[0084]

When it is determined in the same manner as described above that the
submatrix specified in the matrix calculation formula A-B has been displayed using its

matrix elements (Step S18 (Yes)) and it is determined that the specified submatrix is an
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identity matrix (Step S19 (Yes)), the matrix element is replaced by the submatrix
symbol (identity symbol) “I”, and the submatrix symbol “I” is displayed (Step S20).

[0085]

In addition, when it is determined that the submatrix specified in the matrix
calculation formula A-B is a zero matrix (Step S21 (Yes)), matrix elements of the
submatrix are replaced by the submatrix symbol (zero matrix symbol) “0” and the
submatrix symbol “0” is displayed (Step S22).

[0086]

In this manner, the user (learner) may replace each submatrix of the generated
matrix calculation formula A-B (see Fig. 8C) by a submatrix symbol corresponding to
the submatrix and replace each identity matrix and each zero matrix by the identity
matrix symbol “I” and the zero matrix symbol “0” respectively so that the original
simplified matrix calculation formula A-B (see Fig. 8B) restored thus can be displayed.

[0087]

In addition, when the regions of the submatrices C and 0 in the left partitioned
matrix A are single-touched by the pen P or single-specified by the cursor in the matrix
calculation formula A:-B partitioned by the submatrices as shown in Fig. 8A (Step S14
(Yes)), it is determined that the specified partitioned matrix A is one of the matrices to
be multiplied by each other (Step S15 (Yes)) and the regions of the submatrices D and 1
of the partitioned matrix B which correspond to the specified regions of the submatrices
C and 0 of the partitioned matrix A when the matrices A and B are combined for
multiplication are identified and displayed in the same display color (for example,
yellow) as the regions of the submatrices C and 0 (Step S16).

[0088]

Further, when the regions of the submatrices I and E in the left partitioned

28



11 Nov 2019

2014201685

matrix A are single-touched by the pen P or specified by the cursor (Step S14 (Yes)), it
is determined in the same manner as described above that the specified partitioned
matrix A is one of the matrices to be multiplied by each other (Step S15 (Yes)) and the
regions of the submatrices 0 and E of the partitioned matrix B which correspond to the
specified regions of the submatrices I and E of the partitioned matrix A when the
matrices A and B are combined for multiplication are identified and displayed in the
same display color (for example, blue) as the regions of the submatrices I and E (Step
S16).

[0089]

In this manner, the user (learner) can easily and clearly learn how to combine
each submatrix of one partitioned matrix A with each submatrix of the other partitioned
matrix B in a generated matrix calculation formula A:-B to perform multiplication.

[0090]

Figs. 9A to 9C are views showing operation of identifying and displaying
various matrix calculation formulae in accordance with a matrix calculation process of
the graph scientific calculator 10.

[0091]

When a matrix A with two rows and one column, a matrix B with one row and
two columns and a matrix C with two rows and two columns are inputted in accordance
with inputting of a matrix calculation formula or calculated and displayed, for example,
as shown in Figs. 9A to 9C (Steps S1 and S2), an identification mark M21 (red) which
is vertically long correspondingly to a matrix with two rows and one column is added to
the matrix A so as to identify and display the matrix A, an identification mark M12
(aqua blue) which is horizontally long correspondingly to a matrix with one row and

two columns is added to the matrix B so as to identify and display the matrix B, and an
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identification mark M22 (yellow green) which is square correspondingly to a matrix
with two rows and two columns is added to the matrix C so as to identify and display
the matrix C, based on the matrix-size corresponding identification color data (12b)
(Step S3).

[0092]

Therefore, according to the function of generating, calculating and displaying a
matrix calculation formula using submatrices, which is performed by the graph
scientific calculator 10 having the aforementioned configuration, a fundamental matrix
calculation formula of a desired matrix calculation form in which positions of elements
constituting matrices are depicted can be displayed. In addition, when the position of
each of elements of the fundamental matrix calculation formula is specified and each of
matrices to be calculated is inputted as a submatrix of the fundamental matrix
calculation formula in the state in which the matrices to be calculated have been
displayed, the inputted submatrix is written as its submatrix symbol in the position of
the element so that a simplified matrix calculation formula can be generated and
displayed. On this occasion, data of matrix elements constituting each submatrix are
registered into the matrix symbol/matrix element substitution data region 12e¢ in
association with the submatrix symbol of the submatrix. When calculation of a
generated matrix calculation formula in which the submatrix symbols have been
incorporated is executed, the matrix calculation is executed using the submatrix
symbols as they are. After that, each submatrix symbol can be replaced by the registered
data of matrix elements constituting the submatrix corresponding thereto, so as to
perform the calculation.

[0093]

Therefore, when matrices are calculated, it is possible to learn a procedure of

30



11 Nov 2019

2014201685

efficient calculation using submatrices.

[0094]

In addition, according to the function of generating, calculating and displaying
a matrix calculation formula using submatrices, which is performed by the graph
scientific calculator 10 having the aforementioned configuration, matrix symbols and
corresponding matrices in the matrix calculation formula displayed on the touch panel
type color display unit 17 are displayed so that an identification mark Mmn whose color
and shape corresponds to the matrix size (m rows and n columns) of each matrix is
added to the matrix and the matrix symbol thereof. Accordingly, even in a matrix
calculation formula generated by combination of submatrix symbols, the matrix size of
each submatrix serving as matrix elements in the matrix calculation formula can be
recognized at a glance.

[0095]

In addition, according to the function of generating, calculating and displaying
a matrix calculation formula using submatrices, which is performed by the graph
scientific calculator 10 having the aforementioned configuration, when the position of
each matrix element contained in the fundamental matrix calculation formula is
specified and each of the matrices to be calculated is inputted as a submatrix, the matrix
size of the fundamental matrix calculation formula is changed in accordance with the
matrix size of the inputted matrix to be calculated. Accordingly, even in a matrix
calculation formula generated by combination of submatrix symbols, it is possible to
accurately know the matrix size of the matrix calculation formula.

[0096]

In addition, according to the function of generating, calculating and displaying

a matrix calculation formula using submatrices, which is performed by the graph
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scientific calculator 10 having the aforementioned configuration, when the matrix to be
calculated is inputted as a submatrix in the position of matrix elements of one of
matrices to be multiplied by each other in the case where the fundamental matrix
calculation formula of the desired matrix calculation form is a fundamental matrix
calculation formula of a form for calculating the product of matrices, the submatrix is
displayed to be partitioned by partition lines in the one of the inputted matrices. In
accordance with this, the other matrix of the product is displayed so that partition lines
are also added to the position of matrix elements of the other matrix of the product
based on the definition of the product of matrices that the number of columns in the left
matrix and the number of rows in the right matrix must be equal to each other.
Accordingly, it is possible to correctly, easily and simply generate and learn a matrix
calculation formula of matrix multiplication using submatrices.

[0097]

Incidentally, the methods of the respective processes performed by the graph
scientific calculator 10 described in the embodiment, that is, the respective methods of
the matrix calculation process shown in the flow chart of Fig. 5A, the matrix calculation
process shown in the flow chart of Fig. 5B, etc. may be stored and distributed as
programs which can be executed by a computer in the external recording medium 13
such as a memory card (a ROM card, a RAM card, etc.), a magnetic disk (a floppy disk,
a hard disk, etc.), an optical disk (a CD-ROM, a DVD, etc.), or a semiconductor
memory. The computer of an electronic apparatus provided with the touch panel type
color display unit 17 reads a program stored in the external storage device 13 into the
storage device 12 and operation of the computer is controlled by the read program so
that the computer can implement the function of generating, calculating and displaying

a matrix calculation formula using submatrices as described in the embodiment and
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execute the same processes by the aforementioned methods.

[0098]

In addition, data of the program for implementing the methods may be
transmitted in a form of program codes on the network N.  When the program data are
imported by the communicator 15 into the computer of the electronic apparatus
provided with the touch panel type color display unit 17 connected to the network N,
the aforementioned function of generating, calculating and displaying a matrix
calculation formula using submatrices can be implemented.

[0099]

While the present invention has been shown and described with reference to
certain exemplary embodiments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. It is aimed,
therefore, to cover in the appended claim all such changes and modifications as fall

within the true spirit and scope of the present invention.
[0100]

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.
[0101]

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is

used in an inclusive sense, i.e. to specify the presence of the stated features but not to
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preclude the presence or addition of further features in various embodiments of the

invention.
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WHAT IS CLAIMED IS:

1. A matrix calculation apparatus comprising:

a processor which is configured to:

display a matrix calculation formula on a display unit, wherein the matrix
calculation formula comprises a first matrix;

display a second matrix on the display unit;

input the second matrix into a certain element of the first matrix as a submatrix
of the first matrix in response to a user operation received by an input device; and

change a size of the first matrix in accordance with a size of the second matrix
and the certain element of the first matrix into which the second matrix is input and then
display the matrix calculation formula comprising the first matrix whose size is changed
on the display unit,

wherein the first matrix comprises a left matrix including a plurality of
columns and a right matrix including a plurality of rows, and the matrix calculation
formula is represented by multiplication of the left matrix and the right matrix, and

wherein, when the second matrix is input into a certain element of one of the
left and right matrices in response to the user operation, the processor is configured to
change sizes of both the left and right matrices in accordance with the size of the second
matrix and the certain element of the one of the left and right matrices into which the
second matrix is input, and then display the matrix calculation formula on the display

unit.

2. The apparatus according to claim 1, wherein the processor is further
configured to identify and display the second matrix on the display unit in accordance

with the size of the second matrix.
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3. The apparatus according to claim 1, further comprising:

an input unit comprising a key input unit or a touch panel; and

the display unit,

wherein the processor is configured to input the second matrix in response to

the user operation which is inputted to the input unit.

4. The apparatus according to any one of claims 1 to 3, wherein the processor is
further configured to:

identify and display on the display unit a partition position of the submatrix of
the one of the left and right matrices; and

identify and display on the display unit a partition position of the other of the
left and right matrices in accordance with the partition position of the submatrix and

definition of matrix multiplication.

5. A matrix calculation apparatus comprising:

a processor which is configured to:

display a matrix calculation formula on a display unit, wherein the matrix
calculation formula comprises a first matrix;

display a second matrix on the display unit;

input the second matrix into a certain element of the first matrix as a submatrix
of the first matrix in response to a user operation received by an input device;

change a size of the first matrix in accordance with a size of the second matrix
and the certain element of the first matrix into which the second matrix is input; and

display the matrix calculation formula comprising the first matrix whose size is
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changed on the display unit,

wherein the first matrix comprises a left matrix including a plurality of
columns and a right matrix including a plurality of rows, and the matrix calculation
formula is represented by multiplication of the left matrix and the right matrix, and

wherein the processor is further configured to:

when the second matrix is input into a certain element of one of the left and
right matrices as a submatrix thereof, identify and display on the display unit a partition
position of the submatrix of the one of the left and right matrices; and

identify and display on the display unit a partition position of the other of the
left and right matrices in accordance with the partition position of the submatrix and

definition of matrix multiplication.

6. A computer-implemented matrix calculation method comprising:

displaying a matrix calculation formula on a display unit, wherein the matrix
calculation formula comprises a first matrix;

displaying a second matrix on the display unit;

inputting the second matrix into a certain element of the first matrix as a
submatrix of the first matrix in response to a user operation received by an input device
of the computer; and

changing a size of the first matrix in accordance with a size of the second
matrix and the certain element of the first matrix into which the second matrix is input
and then displaying the matrix calculation formula comprising the first matrix whose
size is changed on the display unit,

wherein the first matrix comprises a left matrix including a plurality of

columns and a right matrix including a plurality of rows, and the matrix calculation
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formula is represented by multiplication of the left matrix and the right matrix, and
wherein the matrix calculation method further comprises, when the second
matrix is input into a certain element of one of the left and right matrices in response to
the user operation, changing sizes of both the left and right matrices in accordance with
the size of the second matrix and the certain element of the one of the left and right
matrices into which the second matrix is input, and then displaying the matrix

calculation formula on the display unit.

7. A non-transitory computer-readable storage medium having a matrix
calculation process program stored therecon for controlling a computer to perform
operations comprising:

displaying a matrix calculation formula on a display unit of the computer,
wherein the matrix calculation formula comprises a first matrix;

displaying a second matrix on the display unit;

inputting the second matrix into a certain element of the first matrix as a
submatrix of the first matrix in response to a user operation received by an input device
of the computer; and

changing a size of the first matrix in accordance with a size of the second
matrix and the certain element of the first matrix into which the second matrix is input
and then displaying the matrix calculation formula comprising the first matrix whose
size is changed on the display unit,

wherein the first matrix comprises a left matrix including a plurality of
columns and a right matrix including a plurality of rows, and the matrix calculation
formula is represented by multiplication of the left matrix and the right matrix, and

wherein the program controls the computer to perform a further operation of,
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when the second matrix is input into a certain element of one of the left and right
matrices in response to the user operation, changing sizes of both the left and right
matrices in accordance with the size of the second matrix and the certain element of the
one of the left and right matrices into which the second matrix is input, and then

displaying the matrix calculation formula on the display unit.

8. A computer-implemented matrix calculation method comprising:

displaying a matrix calculation formula on a display unit of the computer,
wherein the matrix calculation formula comprises a first matrix;

displaying a second matrix on the display unit;

inputting the second matrix into a certain element of the first matrix as a
submatrix of the first matrix in response to a user operation received by an input device
of the computer;

changing a size of the first matrix in accordance with a size of the second
matrix and the certain element of the first matrix into which the second matrix is input;
and

displaying the matrix calculation formula comprising the first matrix whose
size is changed on the display unit,

wherein the first matrix comprises a left matrix including a plurality of
columns and a right matrix including a plurality of rows, and the matrix calculation
formula is represented by multiplication of the left matrix and the right matrix, and

wherein the method further comprises:

when the second matrix is input into a certain element of one of the left and
right matrices as a submatrix thereof, identifying and displaying on the display unit a

partition position of the submatrix of the one of the left and right matrices; and
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identifying and displaying on the display unit a partition position of the other of
the left and right matrices in accordance with the partition position of the submatrix and

definition of matrix multiplication.

9. A non-transitory computer-readable storage medium having a matrix
calculation process program stored therecon for controlling a computer to perform
operations comprising:

displaying a matrix calculation formula on a display unit, wherein the matrix
calculation formula comprises a first matrix;

displaying a second matrix on the display unit;

inputting the second matrix into a certain element of the first matrix as a
submatrix of the first matrix in response to a user operation received by an input device
of the computer;

changing a size of the first matrix in accordance with a size of the second
matrix and the certain element of the first matrix into which the second matrix is input;
and

displaying the matrix calculation formula comprising the first matrix whose
size is changed on the display unit,

wherein the first matrix comprises a left matrix including a plurality of
columns and a right matrix including a plurality of rows, and the matrix calculation
formula is represented by multiplication of the left matrix and the right matrix, and

wherein the program controls the computer to perform further operations
comprising:

when the second matrix is input into a certain element of one of the left and

right matrices as a submatrix thereof, identifying and displaying on the display unit a
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partition position of the submatrix of the one of the left and right matrices; and
identifying and displaying on the display unit a partition position of the other of
the left and right matrices in accordance with the partition position of the submatrix and

definition of matrix multiplication.
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