NN =2

Super college personal computer

Owners's manual
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GUIDELINES LAID DOWN BY FCC RULES FOR USE OF THE UNIT IN THE U.5.A.
(not applicable to other areas).

NOTICE

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radic
communications. However, there is no guarantee that interference will not oceur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on,
the user is encouraged to try to correct the interference by one or more of the following
measures:

e Reorient or relocate the receiving antenna.

* Increase the separation betwgen the equipment and receiver.

* Connect the equipment into an outlet on a circuit different from that to which the
receiver is connected.

* Consult the dealer or an experienced radio/TV technician for help.

FCC WARNING

Changes ¢r modifications not expressly approved by the party responsible for
compliance could vaid the user’s authority to operate the equipment.

Proper connectors must be used for connection to host computer and/or peripherals
in order to meet FCC emission limits.

Connector FA-6 This unit to Personal computer
’ This unit to Data recorder
This unit to Graphic printer
This unit to CASIO FX-850P/FX-880F
This unit ta CASIO FP-100
This unit to CASIO FP-40 via SB-43
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PERSONAL COMPUTER

VX2
- OWNER'S MANUAL

The contents of this manual may be subject to change without notice.
Unlawfu! copying of all or any portion of this manual is strictly forbidden.
Please be aware that the use of this manual for other than personel use
without permission from CASIO is prohibited under the copyrighting law.
CASIO Computer Co., Lid. shall not be held respensible for any damages
or lossas resulting from the use of this manual.

Furthermore note that CASIO assumes no responsibility for any loss or claims
by third parties which may arise through use of this unit.

CASIO.
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_PRECAUTIONS

This computer is a product of CASIO’s high level of electronics engineering, testing, and
quality control. The following points should be carefully noted to allow this unit to provide
the years of trouble free operation for which it is designed. - ' :

« This unit is constructed of precision electronic components and should never be disas-
sembled, dropped, or otherwise subjected to strong impact. Strong shocks can cause
termination of program execution or alteration of the unit's memory.

» Do not use or store this unit in areas subjected to high temperatures, humidity or dust.

» Display response may become slow or fail completely at extremaly low temperatures. Normal
operation should resume after the unit reaches normal temperature.

« The connectors of this unit are designed exclusively for connection of the specified FA-6
expansion units only. A

« The display may become dim when the buzzer sounds, but this does not indicate malfunc-
tion and is no cause for worry. ' '

« Batteries should be replaced as soon as possible after weakened batteries are indicated
by a dim display during normal operation.

» Replace batteries at least once every two years even if the unit is not used during this period.
Dead batteries left in the unit may cause serious damage due to fluid leakage and should
be removed as soon as possible. _

« Keep the connector of the unit covered with the connector cap whenever the unit is not
connected to an expansion unit, and avoid touching the connector. _

» Strong static electrical charge may cause alteration of memory contents or key operation
failure. If this situation should occur, remove the batteries and load them again.

e Always ensure that the power supply of this unit is switched QFF before connecting
peripheral devices.

« Never use thinner, benzine, or other volatile agents for cleaning the exterior of the unit.
Use a soft cloth dipped into a mild solution of water and a neutral detergent, and wring
the cloth out completely.

» Do not switch the power of the unit OFF during program execution or during calculations.

« When a malfunction occurs, contact the store where the computer was purchased or a
nearby dealer.

» Before seeking service, please read this manual again, check the power supply, check
the program for logic errors, eic. '
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Standard BASIC is employed as the programming language for this unit, and this section
covers application of the BASIC language.

6-1 FEATURES OF BASIC

1. BASIC is much easier to use than other programming languages such as FORTRAN,
making it suitable even for novices. o

2. Writing programs is also easier because program creation, editing and execution are all
performed by interacting with the computer itself.

The following functions are also available:

1. High-precision calculations are made possible by display of numeric values with
10-digit mantissas and 2-digit exponents (1 3-digit mantissa and 2-digit exponent for
internal operations).

2. A wide selection of built-in functions makes operation easler.

(D) Standard mathematical functions _
SIN COS TAN ASN ACS ATN LOG LN EXP SQR ABS SGN
INT FIX FRAC Pl ROUND RAN# DEG

(@ Powerful string handiing functions
CHR$ STR$ MID$ LEFT$ RIGHTS HEX$ DMS$ ASC VAL LEN
(@ High level mathematical functions

POL REC NCR NPR HYPSIN HYPCOS HYPTAN HYPASN HYPACS
HYPATN CUR

3. 10 independent program areas -
Up to ten programs can be stored independently in memory at the same time (PO~ 8).

4. Extended variable names
Variable names up to 15 characters long can be used, making it possible to use names that
makes contents easy to understand.

5. Powerful debugging function
A TRON command displays the number of the program line currently being executed, making
it possible to easily trace execution and locate mistakes in programming.

6. Powerful screen editor _
Programs can be easily modified and corrected on the screen.

7. Virtual screen function
Though the actual physical display of the unithas a 32-column x 2-line capacity, the virtual
screen is 32 columns x 8 lines. The virual screen can be easily scrolled using the cursor keys.
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Virtual Screen 4DDDDD_ ‘ Actual Screen
(8 lines) EEEEE J (2 lines)

!BFEFFFF
L 7GGGGG
. SHHHHHH

8. Expanded file management
Such standard BASIC commands as OPEN, CLOSE, INPUT # and PRINT # are all available
for data file reading and writing.

6-2 BASIC PROGRAM CONFIGURATION
6-2-1 BASIC Program Format

The following is a typical BASIC program which calculates the volume of a cylinder.
EXAMPLE:

10 REM CYLINDER

20 R=15

30 INPUT "H=""; H

40 V=PI.xR”"2xH (Pl indicates «)
§0 PRINT “V="";V

60 END

As can be seen, the BASIC program is actually a collection of lines {six lines in the above
program). A line can be broken down into a [ine number and a statement.

20 R=15
T

Line Statement
number

Computers execute programs in the order of their line numbers. In the sample program list-
ed above, the execution sequence is 10, 20, 30, 40, 50, 60. Program lines can be input into
the computer in any sequence, and the computer automatically arranges the program within
its memory in order from the smallest line number to the highest. Lines can be numbered
using any value from 1 through 65535.

20 R=15 10  REM CYLINDER
40 V=PIkR"2%H 20 R=15

60 END - 30 INPUT "H=""; H
10 REM CYLINDER 40 V=PI*xR"2%H
30 INPUT *H="";H 50 PRINT “V="";V
50 PRINT "V="";V 60 END

Input sequence Memory contents
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Following the line number is a statement or statements which actually tell the computer which
operation to parform. The following returns to the sample program to explain each state-

ment in detall
10 REM CYLINDER.............. ..REM stands for ““remarks’’. Nothing in this line is executed.
20 B=A8 o Assigns the constant 15 (radius) tc variable R.
30 INPUT "H=""; H........... Displays H ? to prompt a value input for height.
40 V=PI%kR"2%H............. Calculates volume (V) of cylinder.
50 PRINT “V=""; V............ Prints resuit of line 40,
60 END................... VRO Ends program.

As can be seen, a mere six lines of programming handles quite a bit of data. Multiple BASIC
program lines can also be linked into a single line using colons.

EXAMPLE:
100 R=15:A=7:B=8

Such a program iine is known as a ‘“‘multistatement’’.

Details concerning the other operations contained in the above program can be found in
other sections of PART &.

6-3 BASIC PROGRAM INPUT
6-3-1 Preparation

First switch the power of the computer ON. At this time, the display should appear as illus-
trated below.

Capg CAaL CEG

This is the CAL mode, so the operation g (1) should first be performed to allow input of
BASIC programs. The display should now appear as illustrated below.

Capg BASKC DEG

P®1 2345671828 3392B
Ready P@

Note that the indicator CAL has been replaced by BASIC to indicate the BASIC mode. This

is the mode used for BASIG program input. The other indicators on the display in the BASIC

mode have the following meanings.

B : Program area

0~9 :  Program area numbers. The numbers of program areas which already contain
programs are replaced by asterisks.
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EXAMPLE: :
Program stored in area 3
!— CAPS FaSC DEG
P @ 12x%x 45678379 3377B
Ready PO
3392B . Capacity (number of byles) remaining in area for writing programs and data

(free area). The value will be 3392B when there are no programs oOr data
stored in memory, with this vaiue decreasing as siorage space is used.

Ready P@ : Current program.area=area 0. The current program area can be switched
by pressing [ followed by the desired program area.

EXAMPLE:

Switching to proegram area 5

b & P 123456788 33928
Ready PG

Previously stored programs can be deieted using one of two different procedures.

NEW . Deletes program stored in current program area only.
NEW ALL : Clears all programs stored in memory.
EXAMPLE: |
CAPS BASH. DEG
| B 9 3392

This operation clears all programs stored in memory and returns to currant program area to Q.

6-3-2 Program Input

The following input procedure inputs the sample program for calculation of the volume of
a cylinder.

DeEEMHECO®DON D E R EY
ZEEREOE B
QRONEDDHBESEE M SE HES
AEPEELDOFRRERBHE
EERRDNDMSIMNEESEME
(8) (@) (€] (N] [0) fxg

Note that the B key is pressed at the end of each line. A program line is not entered into
memory unless the B key is pressed.
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ONE-KEY INPUT
The one-key BASIC commands help to make pragram input even easier.

EXAMPLE:
Line 30 input.

[3] (@] b &5 fin S[H) (=) b SCJ (H) B

6-3-3 Program Editing

The procedure used for making corrections or changes to a program depends upon what
step of program input the changes are to be made.

{1)Changes in a line before [xg is pressed

(2)Changes in a line after B4 is pressed

(8)Changes within a program already input

{@ Changes within a program following the EDIT command

1. Changes in a line before [ is pressed

EXAMPLE:
20 E =15 mistakenly input for 20 R=15
1@ REM CYLINDER
20 E=15_ :
BEEE é E;TEGYLINDEH (Move cursor to E)
’) é E E 21 5] OaL) NDER {Input correct character)
= 2@ R=15 (Editing complete)

Note that once the desired changes are made, the bxd key must be pressed to store the en-
tered line into memory.

2. Changes in a line after g Is pressed

EXAMPLE:
40 V=P1kR”2%H mistakenly input for 40 V=PI*R" 2xH

40 V=P1XH~2%H
EEE

48 V=P1lxXR~"2%H ) {Move cursor to 1)
M 40 V=PIlx*R~2%H 1 (Input corract character)
ET 40 V=PI xR "2%H (Editing complete)

Again, the x5 key must be pressed to store the corrected line into memory after changes
are made. :
Procedures 1 and 2 show the procedures for simple exchanges of one character for another.
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Characters can also be inserted and deleted using the following procedures.

i) Insert _
40 V=PI*kR2%H mistakenly input for 40 V=PI*kR"2%H

40 V=P IXHEE2*®H_
4@ V=PIxR2xXH {(Move cursor to location
x _ : of insertion)
4@ V=PIxR_2%H (Open one space)
42 V=F|*RMNaxH ' (Input correct character
= and press g )
ii) Delete
40 V=PIxRR" 2%H mistakenly input for 40 V=PI%kR"2%H
4@ V=P |XRR"2%H_ o
BEEEE |42 V=PI*RBE~2xH (Move cursor lo charac-
ter to be deleted)
DEL 40 V=PI|*R22%H ' {Delete character)
EE 4D V=P[*R"2%H (Editing complete)

The (=] key works rather similarly to the ) &5 operation. The difference between the two
operations is as follows.

Difference Between Fa & and [es]

o n) &Y
Deletes the character at the current cursor location and shifts everything to the right
of the cursor one space fo the lait.

ABCDEFG-p &E—~ABCEFG
LT Cursor

.
Deletes the character to the left of the current cursor location and shifts everything from
the cursor position right ong space to the left.

ABCDEFG-=~ABDEFG
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3. Changes within a program already input

The LIST command dlsplays the program stored in the current program area from beginning

to end.

1@ AEM CYL INDER
28 R=]

LIST &2 5

62 END
Ready

a PB

The last line of the program is displayed when the LIST operation is complete.

EM CYLINDER

DEDEEE|E BEY,

The 8-line virtual screen of the computer now makes it passible to use the cursor keys to
scroll to preceding lines not shown on the display (see page 7).

Ready PO

10 REM CYLINDER
20 R=15

30 INPUT "H=""; H
40 V=PI%kR" 2%H
80 PRINT “V="":;V
60 END '
Ready PO

{&-line virtual
screen)

|

2-line display
(£} (& keys move display

When a program greater than eight lines is stored in memery, the LIST operation should

be performed by specifying the line numbers to be displayed.

EXAMPLE:
Displaying from line 110 to line 160 on the virtual screen.
LIST 110 — 160 [exg

LIST 110—160

110 A=1

120 FOR I=1 TO 100
130 B=LOG (I)

140 PRINT B

150 NEXT |

160 E=AxB

Ready PO

(8line virtual :
screen)

s

2-ine display

Changes can be made in a program displayed by the LIST operation by using the same proce-

dures outlined for 1 and 2 above.

* The =] key can be used to terminate the LIST operation. The &5 key suspends the opera-

tion, and listing can be resumed by pressing E.
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4. Changes within a program following the EDIT command
The EDIT command makes it easier to edit or review programs already stored in memory.

CAPS BASIC DEG (Eaim
EDIT [xg) 1@ REM CYL INDER
ed HB=15b

From this display, (3 (or e ) advances to the follawing line, while (8] (or ki [ ) returns to
the previous line.

= u : H . .
(Displays lines 30 and
2t 40)

n=

3@ TNPUT"H
) (&) 48 V=PI +R"

Here, a correction will be made in line 40,

T 483 v=P|+B*2xH {Displays line 40 at
5@ PRINT"V="_ YV upper line of display)
4@ V=PI+R~"2%H (Enables program
editing)
=2 =RREE =3 e
48 V=P |IXA"*2xH (Correction)
BE@ PRINT"V="1V
[Ready PO ( B key axits EDIT
mede)

6-4 BASIC PROGRAM EXECUTION

6-4-1 Program Execution

Once a BASIC program is stored in memory, it can be executed using one of the two follow-
ing procedures.

1. Using ) (program area) in CAL mode

EXAMPLE: [ (8}
Executes the program in program area 9,

2. Entering RUN command in BASIC mode

EXAMPLE: RUN [
Executes the program in the current program area.

Execute the program input in the previous section to determine the volume of a cylinder with
a height of 10 (radius fixed as 15}.

RUN [Exg E 2 g_ (Executes programy)
10 H=71@ (Corresponding volume
= V= 7Q@E8.58347] displayed when haight
V= 70868.58347] is enterad.)
[Exe] Ready P®@
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Display of the volume when this program is executed causes the STOP symbol to appear
in the upper right of the display. This symbol indicates that program execution has been
suspended because of execution of the PRINT command. Program execution can be resumed
at this time by pressing the g key again. Ending a PRINT statement with a semicolon causes
execution to continue when the PRINT statement is executed, causing the display of the
next PRINT statement to appear immediately following the previous display.

EXAMPLE 1:

10 PRINT “BASIC *
20 PRINT "PROGRAM"
30 END

Execution of this program results in the following display.

RUN &9 BAS C

e PROGAAM
Ed Ready Pg
EXAMPLE 2: ’

10 PRINT “BASIC
20 PRINT “PROGRAM™
30 END

Including a semicolon at the end of the first PRINT statement produces the following display.

i RUN
RUN [ BAS!C PROGHAM
BASIC PROGHAM
Ready PO
6-4-2 Errors

At times, the results produced by a program are not what is expected. Such irreqular execu-
tions can be broadly divided under two major classifications.

(D Executions that produce errors

' Simple programming errors
Program logic errors

(@ Irregular execution that do not produce errors
Mostly program logic errors

1. Executions that produce errors

i) Simple programming errors _

This is the most common type of program error and is generally caused by mistakes in program
syntax. Such errors result in the following message being displayed:

SN error PO—10

This message indicates that a syntax error has been detected in line 10 of the program stored
in program area 0. The indicated program line should be checked and corrected to allow
proper execution.
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if) Program logic errors

This type of erroris generally caused by such illegal operatlons as division by zero or LOG(0).
Such errors result in the following message being displayed:

MA error PO—10 '

As before, this message indicates that a mathematical error has been detected in line 10
of the program stored in program area 0. In this case, however, program lines related to
the indicated program line as well as indicated program line itself should be examined and
corrected. When an error message is displayed, the following two operations can be used
fo display the line number in which the error was detecled.

{ LIST 10 (g
EDIT 10 [

{LIST . B9
EDIT . [ex

* The periods contained in LIST . and EDIT . instruct the computer to automatically dlsplay
the last program line executed.
* Change to the BASIC mode if a BASIC program was executed in the CAL mode.

2. Irregular execution that do not produce errors

Such errors are also caused by a flaw in the program, and must be corrected by executing
the LIST or EDIT command to examine the program to detect the problem. The TRON com-
mand can also be used to help trace the execution of the program.

Entering TRON g causes the TR symbol to appear on the display to indicate that the trace
mode is ON. Now executing a BASIC program displays the program arga and line number
as execution is performed, and halts execution until B is pressed. This allows confirmation
of each program line, making it possible 1o quickly identify problem lines. Executing TROFF
xd cancels the trace mode.

6-5 COMMANDS

Though there are a variety of commands available in BASIC for use in programs, the nine
fundamental commands listed below are the most widely used.

The following program reads data items contained within the program itself, with the num-
ber of data items read being determined by input from an operator. The operator may input
any value, but note that values greater than 5 are handled as 5 (because there are only &
data items in line 180). The program then displays the sum of the data read from line 180,
followed by the square root and cube root of the sum. Frogram executlon is terminated when
a zero is entered by the operator.

10 S=0.. i e Clears current total assigned io S :

20° RESTORE «vinopssisaiumssiim Specifies read operation should begin with first data itern
B0 INPUT N.ovammsmmsssmsmmmss Input of number of data items ta be read

40 IF N>5 THEN N=5.......c.c...ce...onInput of value greater than 5 should be treated as 5
50 IF N=0 THEN GOTO 130.............. Jump to line 130 when input is zero

60 FORI=1TON ,

70 READ X Data read This section repeated the number of times specified by

80 S=S+X Sum of data calculation | operator input in line 30
90 NEXTI
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100 GOSUB 140, Branch to subroutine starting from line 140

110 PRINT S Y 5 Zoiieeiiiieerrnnnnn, Displays contents of variables S, Y, Z

120 GOTO 10, ieenmndihats ....Jump to line 10

130 END......ooiviniv e reerneeanin Program end

140 REM SQUARE ROQT/CUBE ROOT...Remarks

150 Y=SQAR S........ccooiiiiiiiieieeiin Square root caiculation

160 Z=CUR S........ccc e Cube root calculation

170 RETURN.......cooovrivr s Return to the statement following the statement which
called the subroutine

180 DATA 9,7, 20, 28, 36...cccc..cc..... Data read by READ statement in line 70

(T)REM

The REM command (line 140) is actually short for the word “‘remarks’”. The computer dis-
regards anything following a REM command, and so it is used for such purposes as labels
in order to make the program list itself easier o follow. Note that a single quotation mark
(&1 &5 ) can be used in place of the letters “REM"”.

& INPUT

The INPUT command (line 30) is used to allow input from the computer’s keyboard during
program execution. The data input are assigned to a variable immediately following the INPUT
command. In the above example, input numeric data are assigned to the variable N. Note
that a string variable must be used for string input.

EXAMPLE:
10 INPUT A$ (string input)

3 PRINT

The PRINT command (line 110) is used to display data on the computer’s display. In this
example, this command is used to display the results of the sum, square root, and cube root
calculations. When the data are displayead, the STOP symbol appears and pragram execu-
tion is suspended. Execution can be resumed by pressing the & key.

@END
The END command (line 130) brings execution of the program to an end, and can be included
anywhere within a program.

& IF ~ THEN ~ |
The IF/THEN command (lines 40 and 50) is used for comparisons of certain conditions, bas-
ing the next operation upon whether the comparison turns out to be true or false. Line 40
checks whether or not value assigned to N is greater than 5, and assigns a value of 5 to
N when the original value is greater. When a value of 5 or less is originally assigned to N,
execution proceeds to the next line, with N retaining its original value. Line 50, checks whether
or not the value assigned to N is zero. In the case of zerc, program execution jumps to line
130, while execution proceeds to the next line (line 60) when N is any other value besides zero.
" Line 50 can also be abbreviated as follows: '

50 IF N=0 THEN 130
* Program areas can also be specified as jump destinations:

IF A=1 THEN GOTO #2 (Program stored in program area 2 executed when A equals 1)
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® GOTO

The GOTO command (lines 50 and 120) performs a jump to a specified line number or pro-
gram area. The GOTO statement in line 120 is an unconditional jump, in that execution always
returns to line 10 of the program whenever line 120 is executed. The GOTO statement in
line 50, on the other hand, is a conditional jump, because the condition of the IF ~THEN
statement must be met before the jump to line 130 is made.

* Program area jumps are speclfned as GOTO #2 (to jump to program area 2).

(I FOR/NEXT

The FOR/NEXT combination (lines 60 and 90} forms a loop. Al of the statements within the
loop are repeated the number of times specified by a value foliowing the word “TO” in the
FOR statement. In the example being discussed here, the loop is repeated N number of times,
with the value of N being entered by the operater in line 30.

(8) READ/DATA/RESTORE

These statements {lines 70, 180, 20) are used when the amount of data to be handled is
too large to require keyboard input with every execution. In this case, data are included within
the program itself. The READ command assigns data to variables, the DATA statement holds
the data tc be read, and the RESTORE command is used to specify from which point the
read operaticn is to be performed.

In the sample program here, the READ command reads the number of data items specified
by the input for variable N. Though the DATA statement holds only five data items, the
RESTORE command in line 20 always returns the next read position to the first data item,
the READ statement never runs out of data fo read.

(9 GOSUB/RETURN

The GOSUB/RETURN commands (lines 100 and 170) are used for branching to and from
subroutines. Subroutines (lines 140 through 170) are actually mini programs within the main
program, and usually represent routines which are performed repeatedly at different loca-
tions within the main program. This means that GOSUB/RETURN makes it possible to write
the repeated operation once, as a subroutine, instead of writing each time it is needed within
the main program.

EXAMPLE:
120 GOSUB 1000
370 GOSUB 1000

Execution of the RETURN statement at the end of a subroutine returns execution of the
program back to the statement following the GOSUB command. In this sample program,
execution returns to line 110 after the RETURN command in line 170 is executed.

* GOSUB routines can aiso be used to branch to other program areas, as in GOSUB #3
(branches to program area 3). Note, however, that a return must be made back to the criginal
program area using the RETURN command before an END command is executed.

* See PART 10 COMMAND REFERENCE for further details on BASIC commands.
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6-6  OPERATORS

The following are the operators used for calculations which involve variables.

Operators —— Arithmetic operators  Signs +, -

Addtion +
Subtraction -
Multiplication ¥
Division /
Power 2
Integer division ¥
Integer remainder of MOD
integer division

— Relational operators Equal to =
Does not equal <>, »<
Less than <
Greater than >
Less than or equal to =<, <=
Greater than or equal to =3, >=

— Logical operators Negaticn NOT
Logical product AND
Logical sum OR
Exculsive OR XOR

‘— 8tiring operator +

1. Arithmetic Operators (+, —, %, /, ~ ,¥, MOD)

¢ Fractions are truncated in ¥ and MOD calculations, when the operands on both sides of
the opsrator are not integers.

» In ¥ and MOD calculations, the division is performed with the absolute values of both oper-
ands. In integer division (¥), the quatient is truncated to an integer. With the MOD opera-
tor, the remainder is given the sign of the dividena.

EXAMPLES:
_15%7=-2 oo
15MOD7=1 T~ 18F7=2wZ1

—-15%¥7 —15MODY

* The length of an expression is limited to 255 characters.

2.Relational Operators (=, <>, > <, <, >, =<, <=, =>, > =)
Relational operations can be performed only when the operators are both strings or numeric
values.

With strings, character codes are compared one-by-one from the beginning of the strings.
This is to say that the first position of string A is compared with the first position of string
B, the second position of string A with the second position of string B, etc. The result of the
comparison is based upon the character codes of the first difference between the strings
detected, regardiess of the length of the strings being compared.
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EXAMPLES:
STRING A STRING B RESULT
ABG ABC A=8B
ABC ABCDE A<B
ABC XYZ A<B (character code for A less
: than that for X)
XYZ ABCDE A>B (character code for X

greater than that for A)

A result of —1 is returned when the result of a relational operation is true (conditions met),
while 0 is returned when the result is false (conditions not met).

EXAMPLE:

10 PRINT 10> 3. e iiiei s —1 returned because 10>3 is true

20 PRINT 7<1. i iieeeeeiaan, 0 returned because 7<1 is false

30 PRINT "ABC" = "XYZ'"............. 0 returned because ABC = XYZ is false
40 END

3. Logical Operators
The operands of logical operations are truncated to integers and the operation is performed
bit-by-bit to obtain the result.

Negation Lagical product
X NOTX | X | Y] xanDvy
1 0 0 0
1 0 0 1 0
1| o 0
1| o i
Lagical sum Excluxive OR
X Y XORY X1y X XOR Y
0 0 0 0 0 0
0 1 1 v 1 1
1 0 1 1 0 1
1| 1 1 R 0

4, 8tring Operators (+)

Strings may be concatenated using a + sign.
The result of the operation (including intermediate results) may not exceed 255 characters.

EXAMPLE:
A$=""AD"" +""1990"

The above example results in the string “AD1990"" being assigned to variable A3.
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5. Order of Operations

Arithmetic, relational and logical operations are performed in the following order of
precedence: ,

)

1.4

2. Scientific function

3. Power

4. Sign (+, —)

5. %, /,¥, MOD

6. Addition and subtraction
7. Relational operators

8. NOT

9. AND

10. OR, XOR

Opetations are performed from left to right when the order of precedence is identical.

6-7 CONSTANTS AND VARIABLES

6-7-1 Constants

The following shows the constants included in the sample program on page 46:

PROGRAM . CONSTANTS
20 R=15 15

30 INPUT “H=""; H “H="
40 V=PI*xR"2%H 2

50 PRINT "V=";V Y=

QOf these, 15 and 2 are numeric constants, while ""H=""and "'V ="' are string constants.

Numeric Constants

* Numeric Notation
(1) Decimal notation
2 Hexadecimal notation

¢ Numeric Value Precision
@ Internal numeric operations
12-digit mantissa, 2-digit exponent (Pl=11 digits: 3 1415926536, displayed in 10 digits:
3.141592654) '
@ Results
10-digit mantissa, 2-digit exponent (exponent rounded to 10 digits)
@ Number of characters per line
255 characters per ling
@ Result Dispiay

Integers less than 1 x 10 . Integer display

Decimal portion less than 11 digits . Decimal display

Other . Exponential display

Display rounding : Results are rounded off at the 10th digit and

displayed.
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String Constants |

Strings within guotation marks (i.e. “ABC", "H="")
Closing quotation marks at the erid of a line may be omitted (10 PRINT " TEST" can be
written 10 PRINT "TEST)

Multiple strings can be connected with a **+ " sign.

6-7-2 Variables

Numeric Variables
The following shows the numeric variables included in the sample program on page 46:

PROGRAM NUMERIC VARIABLES
20 R=15 R
30 INPUT “H=""; H H

40 V=PI*kR" 2%H \

Numeric variables are so named because their contents are handied as numbers. Numeric
variable names can be up to 15 characters long, and are used within programs to store cal-
culation results or constants in memory. In the sample program, the value 15 is stored in
H, while V, which is the result of the calcutation, holds the value which represents the volume
of the cylinder. As can be seen, assignment to a variable is performed using the “="" sym-
bol. This differs from an equa! sign in that it dectares that what is to the right should be as-
signed to what is to the left. Actually, a variable can be thought of as a kind of box as illustrated
below:

15

g

Pl R~ 25%H

String Variables

Another type of variable is known as a string variable, which is used to store character string
data. String variable names are indicated by “'$” following the name.

EXAMPLE:

10 AS="AD" . ., Assigns ""AD’* to string variable A$.

20 INPUT "YEAR="'; B$.............Assigns keyboard input to variable BS.
30 CE=A$+B$..rceerererirrrersreeenn.... ASSIGNS combination of A$ and B$ to C$.
40 PRINT C3...conriviiviirrrivnnniinnnn Displays contents of C$.

50 END

In the above example program, entering a year such as 1990 in line 20 results in a display

of AD1930 in line 40. '

* With string variables, ““ +°* can be used to connect two strings.

* Note here that strings cannot be assigned to numeric variables such as A, and numeric
values cannot be assigned to string variables such as A$.
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Array Variables

Both numeric variables and string variables can store only one data item per variable. Be-
cause of this, large amounts of data are better handled using array variables {usually referred
to as simply “arrays’’). Before an array variable can be used within a program, a DIM state-
ment must appear at the beginning of the program to *‘declare” to the computer that an
array variable is to be employed. '

EXAMPLE:
Declare array variable A for storage of 21 data items.

10 DIM A (20)

*The above format is used to declare “ARRAY VARIABLE NAME (NUMBER OF
ELEMENTS)".
* A declared value of 20 makes it possible to store 21 data items (see page 63 for detalils).

EXAMPLE:
Find the sum (X) and the sum of the squares (Y) for the following 10 data items:

10, 12, 9, 11, 13, 14, 11,12, 9, 10

The following program would be required to perform the calculation if only simple numeric
variables are used:

10 A1=10;A2=12:A3=9: A4=11:A5=13
20 A6=14:A7=11:A8=12:A9=9:A10=10
30 X=A1+A2+A3+A4+A5+A8+A7+AB+ A9+ A10..... .Calculates sum
40 Y=A1"2+A2"2+A3"24+A4"2+A5"2+AB" 2+

A7 2+ABN 2+ A9 2+A10™ 2o, Calculates sum of squares

} Assigns values to each variable

The program becomes much simpler when an array is used.

10 DiM A (10)....Declares array

20 A(1) =10:A(2) =12:A @) =9: A(&)=11: A (5)=13
30 A(B) =14:A(7) =11:A8)=12: A(9)=9: A (10)=10
40 X=0:Y=0

50 FOR I1=1TO 10

B0 X=X+A(1):Y=Y+A(I1)"2 Calculates sum and sum of squares
70 NEXT |

} Assigns values to array

At first glance, the array may appear to be rather troublesome to use, but it actually makes
programming simpler when large volumes of data are being assigned.
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EXAMPLE:
100 data items

Numeric variables

‘A1=61:A2=38: A3=90: A4=37: A5=99

AB=12: A7=17 : AB=94: A9=39 | A10=75
cA12=84 : A13=46: A14=18 : A15=55

18 =51

: A77=69 : A78 =51

c A20=

: A19=91
‘ o =30

o

160 A76=40 : A19=91: A20=30 Assigns values to variables
170 A81=91:A82=46: AB3=23: AB4=37 : AB5=84
180 A86=65: AB7=23 : AB8=98 . A89=51 : AS0=30
190 A91=57:A92=78 ;. A93=16: A94=30 : AB5 =46
200 A96=59 : A97=24: A98=32: A99=74: A100=47
210 X=A1+A2+A3+ ... + A49 + AB0 | Caiculates sum
220 X=X+A51+A52+.......... +A99+A100 |
230 Y=A1"2+A2"2+......... +A3972+A40" 2 ]
240 Y=Y+A41"2+A42" 2+.......... +A79" 2+ AB0"™ 2 Calculates sum of squares
250 Y=Y+ AB1"2+A82" 2+......... +A99” 2+A1007™ 2 J
Array
10 DIM A (100) } Declares array
20 FOR I=1TO 100 : READ A (1) : NEXT t } Assigns values to array
30 X=0:Y=0 '
gg ;0:;( I+=A1 (T)O: 1\?2Y+A (1~ 2} Calculates sum and sum of squares
60 NEXT I ,
70 DATA 61, 38, 90, 37, 29
80 DATA 12, 17,94, 39, 75
90 DATA 24, 84, 46, 18, 55
100 DATA 46, 65, 51, 21, 30

o Ta.11,88,78
220 DATA 47Tows—er
230 DATA 91, 46, 28, 31, 64
240 DATA 65, 23, 98, 51, 30
250 DATA 57, 78, 16, 39, 46
260 DATA 59, 24, 32, 74, 47

Data

A look at these programs reveals that an increase in data entails virtually no change in the
portion which calculates the sum and sum of squares. The only changes would be in lines
10, 20, and 40, where the constant wouid be changed from 10 to 100.

Again, the concept of the array can be better grasped by thinking of them as boxes. Previ-
ously, a simple variable was described as a single box. Arrays, on the other hand, would
be a series of numbered boxes which form a set.
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EXAMPLE:
Array A (10)

Ao act)[Aa(2)| A(3)|a(4)[A(S) A(ej A(IA{B)Y[A(8)|AQI0)

As illustrated above, the array A(10) actually contains a total of eleven boxes, numbered from
A(Q) through A(10), with each box being capable of holding a different value. The actual term
used to refer to a box is ““element”. Recalling a stored value is perfermed by simply specify-
ing the corresponding element number.

EXAMPLE:
Recall value stored in element 4 of array A

Y =(4)
ar
X=4:Y=A(X)

The value which specifies an element in an array (4 above) is called a subscript.

Until now, the only arrays covered have been those formed by a single line of elements or
“boxes’’. These are known as “‘ane-dimensional’’ arrays. Arrays may also contain more than
one dimension with elements connected vertically and horizontally into two-dimensional and
three-dimensional arrays.

EXAMPLE:
CIM A (2, 3)
~ ‘ A2:1) A(2,2) ALY
AL, 0) AQ1LD) A(1,2) A(1,3)
A(i,0)
A (0,0) A0, 1) A(0,2) A(0,3)

_The declaration in this example sets up an array of three lines and four columns, making
it capable of storing 12 different values.

Numeric arrays and string arrays

As with simple variables, arrays can also be declared to hold strings by using the “$’’ sym-
bol following the array variable name. Again remember, numeric values cannot be assigned
to string arrays and strings cannot be assigned to numeric arrays.
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EXAMPLE:
The following procedure is used to declare an array and store the data for five individuals
and their points scored during a certain game.

String array N3$(5) declared for names
Numeric array P(5) declared for points

10 DIM NS (5), P (5).eevvvvnriceeneannnn, Declaration of arrays to store names and points
20 FORI1=1TOS
30 READ A%, X

40 NP (1)=AS e Stores names to string array
50 P {l)=X e Stores points to numeric array
60 NEXT |

70 END

80 DATA SMITH, 70, BROWN, 68, JONES, 87, CARTER, 80, MILLS, 74

6-7-3 Summary

Varlable Types
The three following types of variables are availabie for use with this unit.

1. Numeric variables (up to 12-digit mantissa) A, a, NUMBER, POINTS

2. String variables (up to 255 characters) Ag, STRINGS
3. Array variables T Numeric array A (10), XX (3, 3, 3)
String array A$ (10), ARRAY$ (2, 2)

Variable Names

» Variabel names can consist of upper, lower case or numeric characters, but a numeric
character cannot be used in the first pasition of the variable name (i.e. 1AE, 3BC$ are illegal).

* Heserved words (see page 400) cannot be used as the leading characters of a variable
name {i.. RUNON, LIST1$ are iliegal).

¢ The maximum length of a variable name is 15 characters.

Arrays

1. Arrays are declared by DIM statements.

2. Elements described by subscripts which are integers greater than 0. Fractions are
disregarded.

3. The number of dimensions is limited by stack capacity.

4. The maximum value of subscripts is limited by memory capacity.

Variable/Array Application

1. Variables and arrays can be used jointly by all program areas.
2. Arrays cannot be used unless first declared using the DIM statement.
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Counting Bytes 'Us'ed by Variables

The following outlines the number of bytes reserved when a variable appears the first time
within a program.

¢ Numeric Variables

(variable name length + 12) byles in variable area

» String Variables

(variable name iength + 4) bytes in variable area and (string length + 1) bytes in string area
Areas are reserved for array variables when the array is declared by the DIM statement.
e Numerie Array Variables

(variable name length + 4) + (array size x 8) + (dimension x 2 + 1) bytes in variable area

EXAMPLE:

DIM XYZ (3, 3, 5, 2)
Name 3
Size T dx4xEx3=2868

Dimension : 4
Calculation : (3+4) + (288 x8) + 4x2 + 1=2320 byles

« String Array Variables

(variable name length + 4) + (array size) + (dimension x 2) bytes in variable area.
The lengths of individual strings are required in the variable area when strings are assigned
fo the array.

EXAMPLE:
10 DIM AB${3, 3)
20 AB3 (0, Q)= ""kkkkk'

Name 2

Size © 4x4=16

Dimension : 2

Calculations: (2+4) + 16 + (2x2) + 5 bytes

Calculating Program Length

The following shows points which must be considered when calculating memory require-
ments for programs.

Line numbers . 2 bytes per line number, regardless of number length (1 ~85535)
Commands : 2 bytes per command

Functions ;2 bytes per function

Numeric/alphabetic '

characters : 1 byte per character (spaces also counted as characters)

B8 key . 1 byte per g key operation at end of programline (for storage of line)
1 byte added to sum of the above

EXAMPLE:

10 A=SIN X

2 (line number) + 1 (space following line number) + 1(A) + 1 (=) + 2(SIN) + 1 (space)
FIX +1(g) + 1 =11

Thas calculation indicates that a total of 11 byles are required for storage of the above program.
" The space following the line number is added automatically.
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6-8 PROGRAM SAVE AND LOAD

The following save and load procedures can only be performed when the FA-6 interface unit
iS used.

6-8-1 Program Save

Programs stored in the memory of the unit are protected by the memory back up battery
even when the power of the unit is switched OFF. The entire contents of the memary, however,
are deleted whenever both the main power supply batteries and memory back up batteries
are removed from the unit at the same time, or when the NEW ALL command is executed.
Program area conients can be stored onto standard cassette tapes 1o protect against loss
of important data, or to make room far further programming when all program areas are full.
The following two commands are avaiiable for such save operations.

SAVE : - Saves contents of current program area.
SAVE ALL : Saves entire contsnts of all program areas.

EXAMPLE:
Executing SAVE in this case saves the contents of program area PO, while SAVE ALL would
save the contents of procgram areas PO through P@.

. | BAVE _ (Saves program in pre-
_SAVE B I gram area 0}
gg g E . _ . (Save complete)

Filenames up to eight characters long can also be assigned to programs stored on cassette
tapes using the SAVE and SAVE ALL commands.

SAVE ''BASIC’

SAVE "BASIC’ (Saves program under
o : filename “BASIC™)

SAVE "BASIC"

Ready PO _ {Save complete)

6-8-2 Program Verify

The VERIFY command makes it possible to verify whether or not the pragram saved using
SAVE or SAVE ALL was copied correctly to the cassette tape.

EXAMPLE:
Verify correct save of the program BASIC

VERIFY “"BASIC'" &g

VERTEY BAS (G (Verification of saved
o program)
BASIC B {Finds specified pro-
gram and verifies)
BASIC B _ (Verification complete)
Ready PQ

If the Ready prompt does not appear after some time, check whether or not the filename
entered with the VERIFY command is correct. If it is correct, adjust the volume level of the
cassette recorder being used and repeat the verification procedure.

PO er
Hgady

r 0

or
PQ
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The error message illustrated above indicates that the program was not saved correctly. In
this case, check the following items:

» Verify the program again, this time appending “CAS1:’" before the filename (VERIFY "“CAS1
: BASIC" in the above example).

* Ensure that connections between the computer and cassette tape recorder are correct and
secure. _

» Ensure that the volume level of the recorder is set to in the vicinity of its maximum.

» Check whether the cassette tape is damaged.

» Check whether the recorder heads are soiled.

Note also that an error will be generated it a pragram exists on the tape with the same name
as that currently present in computer memory, but the contents of the two programs are
different.

* The VERIFY command automatically determines whether the program being checked was
saved using the SAVE or SAVE ALL command.

6-8-3 Program Load

Programs stored on cassette tapes using the SAVE and SAVE ALL commands can be load-
ed into the computer using the LOAD and LOAD ALL commands.

EXAMPLE:
Lead the program “BASIC” from cassetle tape into memory
LOAD [ LOAD (Program load
command)
BASIC B (Program filename)

(Load complete)

Heedy P@

Note that executing the LOAD and LOAD ALL commands while programs are already stored
in memory deletes the current memory contents.

The LOAD ALL command can be used to load programs to ali of the program areas (PO~ P9).
Specifying a filename in the LOAD and LOAD ALL commands causes the unit to search for
the specified filename for loading into memory. The following table shows the relationship
between the LOAD, LOAD ALL, SAVE and SAVE ALL commands. '

T m—

TTe— LOAD | LOAD *filename” | LOAD ALL LOAD ALL ‘'filename”
SAVE O X x x
SAVE ““filename”’ 0 e x X
SAVE ALL x x o x
| SAVE ALL “filename” X x o G

NOTE: -
See PART 7 PERIPHERAL DEVICES for details on using the SAVE and LOAD commands.
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SINGLE VARIABLE STATISTICS

Determines the following statistics and determines the deviation value for input of n data items.

Number of data items CNT - n

Sum of data SUMX :3x

Sum of squares of data SUMX2 : 3x?

Mean of data MEANX : 2'x/n

Population standard deviation of data SDXN < xon / nEI2;2(21)2

Sample standard deviation of data SDX  owand / ?32;(2; _(%I)z
OPERATION

Fx 1 g%ﬁ?ég}!g?ea£§aist.T—scare.P P

The menu illustrated above is displayed for single variable statistical calculations. The fol-
lowing six items can be selected from this menu:

: Data input (does not clear data already present in memory)

: Data deletion (deletes erroneous or unnecessary data)

: Data clear

: Statistic display
Displays number of data items, sum of data, sum of squares of data, mean of data,
population standard deviation of data, and sample standard deviation of data in
seguence. [T] (or £xd ) scrolls to the following data item, (£] to the previous data item,
and or {2 terminate statistic display. '

5. T: Calculates deviation value of obtained value.

6. P: OQutputs all statistics to printer

'EXAMPLE |

Enter the following five test scores and display statistics. Also determing the deviation value
for the score of 88.

DN =
roo=

Data : 98, 88, 62, 90, 78

C Statistics [ x1 {Data clear)
clear data {Y/N) 7

Y Statistlics [x] (Data clear confir-
>In.Deil.Clear.List.T-score.P 7?_ |mation)

| Igput data (X] [EXE] menu | (Data input)
X7?_
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08 fxg 88 ) 62 x| 90 [xe) 78 [

Igput data {x] [EXE]l:menu

x7P_ )

[exg |Statistlcs (%)
>ln.0el.Clesr.L1sgt.T-scorg.P 7o

L lCNT In = b I
SUMX T Ix = 4186

[exg] ‘SUMX TIX = 418
SuMX2 TIxe = 35378

[Exg ‘SUMXE vrx2 = 35376
MEANX ‘ixsn = B3.2

g ‘MEANX Lx/n = 832 |
SOXN L xen = 12.367688987

[exg |SDXN tXcon = 12.367632987 |
SDX !Xxen=1= 13 BE75088]1

Ex |5tstlstlcs [x] i
»>|n.Del.Clear.List . T-scagre.P 7_

T Statistios [x1
XT =

88 Statistics [x]

P |x‘?ae T= 53.8 ‘

Exe |§$atlstics [x]

[exE Statistics [x]
>In.Del.Ciear.List.T—-score.P 7_

Here, the deviation value of the B8 score is 53.9.

I {Input of each score)

{Return to-menu
display)

{Statistic d/splay
showing number of
data and sum)

| (Sum of squaras)

| (Mean)

(Population standard
deviation)

(Sample standard
deviation)
{Return to menu
display)
[Deviation value)

(Deta for calculation of
deviation value to be

displayed)

(Return to menu
display)
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SINGLE VARIABLE STATISTICS FLOWCHART

( Library start )

{T] Data input — ] YES
3 Data input Exg oniy?
NO
" ____-—'-"_'-_—"-
(0]Data deletion Data Input to &3 only? YES o
k
be deleted
| NO

[€] Data clear ;@ N
TN selection / ]

Lt Data clear

™ Statistic

display | First statistic /S"E-Em =)
™ sat i Qsplay /

B [ Next statistic
display

EI__ Next statistic | YES
display

£ Previous
= stalistic >
display

Deviation value
- __..-—*—"'-'-_'-‘-
calculation .
1 y input

Deviation
value
display

(P Printer cutput| Statistic
oulput 1o printer

NN
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GRESSION ANALYSIS

LINEAR RE

(y=a+bx)

Ferforms linear regression analysis on n data groups (X, y} and calculates the statistics listed
below. Also determines the following on the regression line:

* Estimated value of x in relation to y (EOX)
« Estimated value of y in relation to x (EQY)

STATISTIC TABLE
Number of data items CNT n
Sum of X data SUMX 3>«
Sum of y data SUMY 2y
Sum of squares of x data SUMXZ : 3
Sum of squares of y data - SUMY2 : 3y
Sum of products of x and y daté SUMXY : Zxy
Mean of x data MEANX : 3x/n
Mean of v data MEANY : X y/n
Population standard deviation of x data | SDXN  : xon / @w
Population standard deviation of y data SDYN yEn v/;w
Sample standard deviation of x data SDX L ren-1 %
Sample standard deviation of y dala 5DY L yon-1 %
Linear regression constant term LRA Ca E-”—”@
Linear regression coefficient 1.RB . b %ﬁ
Correlation coefficient COR Ly nRxy = 2y
VinZa— (2x2) 2 (nsy: —(Zy)?)
OPERATION z
Fx21 Sk EeT Binar ilat ek BT B b

The menu illustrated above is displayed for linear regression calculations. The following seven
items can be selected from this menu:

1.

| : Data input

2. D: Data deletion {deietes erroneous or unnecessary data)
3. €. Data clear
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4. L: Statlstlc display
Displays number of data items, sum of x data, sum of y data, sum of squares of x
data, sum of squares of y data, sum of products of x and y data, mean of x data,
mean of y data, population standard deviation of x data, population standard devia-
tion of y data, sample standard deviation of x data, sample standard deviation of
y datd, linear regression constant term, linear regression coefficient, and carrelation
coefficient. () (or Exg ) scrolls to the following data item, (€] to the previous data item,
and (& or [] terminates statistic display.

5. X: Calculates x value for y on regression line.

6. Y: Calculates y value for x on regression line

7. P: Oulputs all statistics to printer.

Enter the following five sets of height/weight, and display statistics. Also estimate the weight
for a person whose height is 170cm.

1 -2 3 4 5

Height (x} 180 158 175 163 172
Weight (v) 43 45 B0 46 58

C Resression analysis [v=a+tbx] |(Dataclear)
clear data {(Y/N] 7 .

Y Regresslion analysis (y=a+bx] |(Dataclear confir-
>In.Del.Clear.List. coX.eoY.P 7_ |maton)

i Input data (x.y} [EXE] :menu |(Patainput)
XT ‘¥

160 [xg Input date (x.y) [EXE] :menu |(XInput)
x?1B60 N

43 e Input data (x.y) [EXE] :menu |(yinput)
7T _ Y'Y

158 =g 45 [2d 175 (g 60 [xd 163 x| 46 [ 172 [ex) 58 (xe]
Input data (x.y) [EXE] :menu |{Remaining x, y daia
X7 YT input)

xd Resrecsslon analysls [y=a+bx] |(Returntomenu
> n.Dgl.Clear.List.goX . soY.P 7_ |dsplay)

L SNT T =T & (Statistic display
SUMX Ty = ApPH showing number of

data and sum of x
daia)

[exg SUMX TIX = p2g (Sum of y data)
UMY Ty = B5P

(ex3 SUMY Ly = 2852 {Sum of squares of x
SUMXZ2 tEixe = 137342 data)

(Exg SUMX2 cIxe = 137342 {Sum of squares of y
SUMY2 .Ly@ = 128954 data)

[xd suMyg2 cLye = 129854 {Sum of products of x
SUMXY CIXY = 41984 and y data)

g SUMXY Ixy = d418B4 {Mean of x data)
MEANX .Ix/n = 185.B

EE MEANX :'ix/n = 1BG5.6 (Mean of y data)
MEANX cIyv/n = 5@.4

g MEANY VLY/n = 5B.4 {Population standard
SCXN 'xen = 6.711184684 deviation of x daia)
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[ExE) SDXN cXon = B.711184EB94 (Population standard
L SDYN yon = 7. 11817875 deviation of y data)’

EXE SOYN LYon = 7.11817B75 (Sample standard
S5DX .xon- .= 7.503332583 deviation of x data)

Exg SDX "xon-l = 7.5@33825893 (Sample standard
SDY ¥on-t = 7.856618712" deviation of y data)

Exg) SDY yon1 = 7.8561£8710 {Linear regression
LAA ' a =-12@. 7888323 constant term)

Exg) .HA 18 =-120.7BBB323 (LInear regression
LAB ;b = 1.Q3374778 coefficient)

Exe LRAB :b = 1.@8374778 {Carrelation coefficient)
COR . T = 0.8740154@35

B Reegression analysis [y=a+hbx] |(Returnto menu
»>In.Del.Clear.List.eoX.eoY.P ?_ |display)

Y Egtimat ion of y [y=a+bhx] {Estimation of waight)
x7_

170 = Estimation of y ly=atbx] | {Estimated value for
x?P170 Y= 54.848490Q213 weight following input

- ' of height)

(Exg] Egt:mation of v [y=a+bx1.
X7

(Exg] Regression enalysis [y=a+bx] |(Returnto menu
>in. Del.Clear,.Llst.eoX.g0Y.P 7_ |display)

Here, these data produce the line y = —120.7886323 + 1.03374778x. Alsc, input of a height
of 170cm results in an estimated weight of §4.9kg.
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LOGARITHMIC REGRESSION ANALYSIS
(y=a+blnx)

performs logarithmic regression analysis on n data groups (x, y) and calculates the statistics
listed below. Also determines the following on the logarithmic curve:

» Estimated value of x in relation to y (EOX)
e Estimated value of y in relation to x (EOY)

STATISTIC TABLE

Number of data items CNT )

Sum of x data logarithmic values | SUMLNX : Xl/xuzx 3W!lnr)

Sum of y data SUMY i 300

Sum of squares of x data )

lagarithmic values SUMLNX2 @ X/ny® |Zaz)?
Sum of squares of y data SUMY?2 DL

Sum of products of x data .
logarithmic values and of y data | SUMINXY [ 3inry |Z{Unz) -y}

Mean of x data logarithmic values | MEANLNX : S nx/n| = (nx)/n

Mean of y data MEANY : 3y/n
Population standard deviation of T_ z
x data logarithmic values SDILNXN [ inxon / DHELE e (inz)
Population standard deviation of —
y datia SDYN . gon / PR (Za)
Sample standard deviation of \ a2 (inx)*— (Zinx)?
x data logarithmic values SDLNX @ Inzen 1 / n(n—1)
Sample standard deviation of . angi— (Tt
y data shY H e / n{n—1)
Regrassion constant term RA La Ey—z’?;ﬂr
Regression coefficient RB 1 b :%:i:ﬂ?:g?;%’: &
! 5 . n2linzxly—Dinx-Ty
Correlation coefficient COR 7 22— (i nn) N e — (20
OPERATION
Fx 2 2 |[Reersesion aly [ B [y=a+blnx]
>1n DeI.CIe List.eoX.eg¥. . P 7?_

The menu iliustrated above is displayed for logarithmic regression calculations. The follow-
ing seven items can be selected from this menu:

1. | : Data input

2. D: Data deletion {deletes erroneous or unnecessary data)

3. C: Data clear
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4. L Statistic display

- Displays number of data items, sum of x data logarithmic values, sum of y data, sum
of squares of x data Iogarlthmic values, sum of squares of y data, sum of products
-of x data logarithmic values and y data, mean of % data 1ogar|thm|c: values, mean
of y data, population standard deviation of x data logarithmic values, population stan-
dard deviation of y data, sample standard deviation of x data logarithmic values, sam-
ple standard deviation of y data, regression constant term, regression coefficient,
and correlation coefficient. [&) (or Exg ) scrolls to the following data item, (&) to the

previous data item, and [g
5. X: Calculates x value for y on
6. Y: Calculates y value for x on

or [=) terminates statistic display.
logarithm curve.
logarithm curve,

7. P: Qutputs all statistics to printer.

| EXAMPLE

Enter the following measured data for microbes, perform logarithmic regression, and dis-
play the statistics. Also estimate the number of microbes with a temperature of 18 degrees

using the logarithm curve obtained.

1 2 3 4 5
Temperature (x}| 5° 12° 20° 27° 36°
Microbes (y) | 680 | 1100 | 1300 | 1440 | 1600
C Meeress on analysis f[y=a+blnx] | (Dataclean
clear data {Y/N) 7P
Hegression analysis [y=a+blnxl] {Data clear confir-
>In.Pel Clear.List.eaX.eoY.P 7_ | maton)
| ‘Input data (x.¥] [EXE] ‘menu |(Palainput)
) L ¥7?
5 [ |g§ut data . X.y) [EXE] ‘menu | Xinpup
X : —
680 [xg ignut data {x.y) - TEXE] menu | {yinput)
X 7= ¥
12 [xg 1100 [exg 20 g 1300 [xg 27 x5 1440 8 36 x5 1600 [exg
Ilnput data {(x.y) [EXE] -menu | (Remaining x, y data
X7 i A _ input)
= Aeeressi on analysis [Ly=a+blngl |(Returntomenu
>in.BDel GClear.List.eoX.eo¥Y.P 7. |display)
L CNT n = B (Statistic display
SUMInx “Zinx = 13.9688943F64 showing number of
data and aum of x
data Ingarithmic
: : values)
(<] SUMInx ::nx = 18.05943264 (Sum of y data)
SUMY Ly = §120
[exg} SUMY Ty = B120o - (Sum of squares of x
SUMNX2:Zhxe= 41 .443611894 data logarithmic
valuss)
SUNINX2  Thxe= 41 .4423B1194 (Sum of squares of y
SUMYE EZye = 78596000 data)
SUMYE .:ye = 7896000 (Sum of products of x
SUMINXY:Zinxy= 18B201.808P44 data logarlthmic
valuss and y data)
SUMInXY:Zihxy = 18PQ) SQad4 ] (Mean of x data
MEANIX . Zhx/n= P .7938B86EP3 ingarithmic values)
(el MEANMNX::Iinx/n= 2.7839865286 {(Mean of y data)
MEANY :Zy/n = 124
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[Exg MEANY :zv/n = 1224 — (Population standard
SDInXN :lnxen = B-6584924784¢F deviation of x data
' _ ' logarithmic values)
EE) SONXN 'Inxen = @,5948924784¢ (Population standard
SDYN Yon = 817.8427284 deviation of y data)
(EDYN vyon = 817.8487284 (Sample standard
80InX hxon-1= @.77689495284 davlation of x data
oo logarithmic values)
(Ex) 5DInX inxon-1= @.775848E284 (Sample standard
sDY yen-l = 355.358397834 | deviation of y data)
B0Y  yon1 = 355,ab8@7a4 | {Regression constant
RA i =-52,625230468 term)
Exg) RA B =_Ef BP5£3p4B (Regression coefficient}
RE . b = 456.83E5247
fxg) RE b = 4b56.93E5247 (Correlation coefficient)
COR T = @.988@337973
Resression analysis [v=a+binx] |(Retun iomenu
>In.Del.Clear.List.eoX.eoY.P 7_ |display)
Y Egtimatiun of ¥ i1y=8+blnx] (Estimation of y)
¥ P
18 [ex Estimation of vy [y=a+blnk] (Estimated value for y
X718 ¥= 1288 ,88B7503 following input of 18
degrees)
Egtimation of ¥ [vy=a+blnx:
B X7_
Reeress on analvsls [vy=a+binx] |(Retuntomenu
>Ih,.0el.Clear.List.eocX.goY.P 2.  |display)

Here, these data produce the curve y= —52.62523046 + 456.935247 -Inx. Also, input of a
temperature of 18 degrees results in an estimated total of 1,268 microbes.
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(y ab"x)

EXPONENTIAL REGRESSION ANALYSIS

Performs exponential regression analysis on n data groups (x, y} and calculates the statis-
tics listed below. Alsc determines the following on the exponential curve:

* Estimated value of x in relation to y (EOX)
» Estimated value of y in relation to x (EOY)

STATISTIC TABLE

Number of data items CNT ' n

Sum of x data STIMX 520

Sum of y data logarithmic values | SUMLNY : Xliny S(iny)

Sum of squares of x data SUMX2 Sah

Sum of squares of vy data )

logarithmic values SUMLNYZ : Xiny* | ZUnp)*

Sum of products of x data and o

y data logarithmic values SUMELNY { Zxiny

Mean of x data MEANX T rin

Mean of y data logarithmic values| MEANLNY : 2} ny/»

Population standard deviation of ! SOXN * ron s — (z)?

X data n

Population standard deviation of : X Uny)i— Cliny)®
y data logarithmic values | SDLNYN. & tugom |2 P

Sample standard deviation of . SDX ran 1 f 2t —{Dx)*

X data i /A= o
Sample standard deviation of SDLNY  : Ingen / nXUny)t— (Xiny)®
y data logarithmic values | nin 1)

, ] Iny) — b3
Regression constant term RA L a EXP (E( "Jﬂ r)
Regressiaon coefficient RB b EXP(”%‘:E?{_%%}EIWJ

. . _ nerlny—Xx T ny
Corrsiation coefficient COR Ly o= G g = Ina

OPERATION
Fx 2 3 HEETess|0F analvysis [Y=abrx]
>1ln.Des] . Clear.List.eoX.20Y P 7

The menu illustrated above is displayed for exponential regression calculatmns The follow-
ing seven items can be selected from this menu:

1, | : Data input

2. D: Data deletion (deletes erronsous or unnecessary data)

3. C: Data clear
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4, L:

7. P: Qutputs all statistics to printer.

Statistic display

Displays number of data items, sum of x data, sum of y data logarithmic values, sum
of squares of x data, sum of squares of y data logarithmic values, sum of products
of x data and y data fogarithmic values, mean of x data, mean of y data logarithmic
values, population standard deviation of x data, population standard deviation of y
data logarithmic values, sample standard deviation of x data, sample standard devi-
ation of y data logarithmic values, regression constant term, regression coefficient,
and correlation coefficient. (] (or [ ) scrolls to the following data item, [§] to the
previous data item, and (&§ cor [ terminate statistic display.
5. X: Calculates x value for y on regression line.

6. Y: Caiculates y value for x on regression line.

[EXAMPLE|

Enter the following data for the amount of sales per customer and number of customers for
a store, perform exponential regression, and display the statistics. Also estimate the amount
of sales per customer for 150 customers using the exponential curve obtained.

c

Y

I

115
40 B2
124 [
EXE

L

e

EXE:

Exd

Exd

1 2 3 4 5
Customers (X) 115 124 130 138 142
salosiontomert) | 40 | 416 | 430 | 480 | 485
REeression analysis [vy=ab~x] - (Data clear)
clear data (Y/NI
Regression analysis [vy=ab~”x] {Data clear confir-
>In.Del Clear.List.eoX.eoY.P 7_ |mation)
[nput data {x.y)} TEXE] :menu |{Datainput)
X7? A -
Input data [x,y) {EXE]l . menu |{xinpu)
| X7115 Y7
fnput data (x. y) [EXE] menu |{inpup
I XP= Ty
41.6 [exd 130 x| 43 [exgd 138 x| 46 [xd 142 [ 46.5 [
nput data (X.¥) [EXE]:menu  (Remaining x, y data
X P _ Ty ? .input)
Regression analysis y=ab~x] | (Return to menu
>In.Del.Clear List.soX.eogY.pP 7_ | display}
ONT n = 5 (Statistic display
SUMX X = B49 showing number of
data and sum of
X data)
SUMX IIx = 549 (Sum of y data
SUMnY - Ilny = 18B.8B4827345 logarithmic values)
SUMhY zlhhy = 18.B4627345b (Sum of squares of
SUMX2 ::rx2 = 847@89 X data) _
SUMX2 zIxe = B47@89 (Sum of squares of
SUMINYE? ::nve = 71.@638778 y data logarithmic
values)
SUMINYZ - zZhve = 71.063@7/7/8 {Sum of products of
SUMXIY _:zxlny = 2443.@1B314 x data and y data
logarithmic values)
SUMXInY :zZxiny = 2449 . 018314 | (Mean of x data)
MEANX Ix/sn = 1£9.8
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MEANX .2x/n = 129 .0 (Mean of y data
MEANINY :Zflhy/n= 8 788854888 logarithmmic values)
(g MEANRY :Zhy/n= 3.783254838 (Population standard
SDXN iXxan = §.B68287475 deviation of x data)
EE SDXN "xoh = 9.BBPHU7/4756 (Population standard -
SDINYN __ :lhyen = 5.774640647E-Q@¢E deviation of y data
logarithmic values)
Ex SDNYN :inyon = 5,774840847E-02 (Sample standard
SOX ‘Xxgn1 = 10.825839488 deviation of x data)
25 SDX “Xona = 10.8P583488 (Sample standard
SDinY - ‘lnven-i= B.456P44516E-@2 deviation of y data
' logarithmic values)
2T §0NnY  -hycna= B.45B24451BE-0¢C (Regression consfant
RA L a = P@.131778] term)
E2s) RA a = 2@.13177¢&1 (Regression coetficient)
RB . b = 1.005826E2389
e RB ‘b = 1.005826239 {Correlation coefficient)
cCOR L r = @.89@784B8423 Bl
&g Resression enalysis [y=abrx] j{ﬂewmtomenu
>In.Del.Clear.Ligt.eoXx.eo0Y.P 7. |[display)
Y |Estimat|on of v [y=ab”x] {Estimation of'y)
x7_ 2
150 [ Estimatian of, v [vy=ab"x] (Estimated value for y
xT150 .¥= 48.84301E6= following input of 150
customers)
EXE: Estimatlon of y [y=ab~x]
X
[xg Aesression analysis [y=abnrxl] ' (Return to menu
In.Del.Clear.List.eoX.enY.P 7. ;display

Here, these data produce the curve y=20.1317721 x 1 .005926239%, Also, input of a total
of 150 customers results in an estimated amount per customer of $48.843.
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POWER REGRESSION ANALYSIS
' (y=ax"b)

Performs power regression analysis on-n data groups (X, y} and calculates the statistics list-
ed below. Also determines the following on the power curve:

- Estimated value of x in relation to y (EOX)
» Estimated value of y in relation to x (EQY)

STATISTIC TABLE

Number of data items CNT T

Sum of x data logarithmic values SUMLNX 18w

Sum af y data logarithmic values SUMLNY t 3 ny

Sum of squares of x data SUMLNX2 IRnt | Btax)?
logarithmic values

Sum of squares of y data SUMLNY? 12iny? | SIny)t

logarithmic values

Sum of products of x data _
iogarithmic values and y data SUMLNXLNY : Snxiny | Sinz-ing)
logarithmic values :

Mean of x data logarithmic values | MEANI.NX N ETIE)

Mean of y data logarithmic values | MEANLNY  : Z/na/s

Papulation standard deviation of

S T (bnx)i— (Binx)?
x data logarithmic values : 3

SDLNXN Hazen | P

Population standard deviation of 2 iny)— (D ap)?
: ¥ data logarithmic values SDLNYN - Inyen / a2
. Sample standard deviation of ] w2 {inn)?= (Zinx)?
X data logarithmic values SDLNX s dnzon ~/ nin-1)
Sample standard deviation of . / #2Uny)?— Sinx)?
y data logarithmic values SDLNY Huzana | Y n(n=1)
Regression constant term RA ‘g —E—M
. ] a2 lnr-lny—Din-Diny
Regression cosfflclent BB T h T ) = (D nz)?
Correlation cosfficient . nXiinzlny —Flnchlny
COR "¢ SRS (P~ nx) S ny¥ ~(2 vy} i}
OPERATION
Fx 2 4 Regression analysls [y=ax”bi
>ln.Dei{.Clear.List.geogX.e0Y.P ?_

The menu illustrated above is displayed for power regression calculations. The following seven
items can be selected from this menu:

1. | : Data input

2. D: Data deletion (deletes erroneous or unnecessary data)

3. C: Data clear
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4. L: Statistic display

Displays number of data items, sum of x data loganthmuc values, sum of y data
logarithmic values, sum of squares of x data logarithmic values, sum of squares of
y data logarithmic values, sum of products of x data logarithmic values and y data
logarithmic values, mean of x data logarithmic values, mean of y data logarithmic
values, population standard devidtion of x data logarithmic values, population stan-
dard deviation of y data logarithmic values, sample standard of x data logarithmic
values, sample standard of y data logarithmic values, regression constant term,
regression coefficient, and correlation coefficient.

(¥] {or [ ) scrolls to the following data item, (&) to the previous data item, and

or (2] terminate statistic display.

5. X: Calculates x value for y on power curve,
8. Y: Calculates y value for x on power curve.

7. P: Qutputs all statistics to printer.

[EXAMPLE]

Enter the following data for the characteristics of voltage and current for a semiconductor,
perform power regression, and display the statistics. Also produce an estimated value for

current at 40V.

1 2 3 4. 5
Voltage (x) 10 - 15 20 25 30
' Current (y} 13 22 31 38 43
Regression anaftysis [¥y=ax*b]
clesr data (Y/N) 7
Y Reegression analysis [y=ax*b]
>In.Del.Clear.List eoX.eoY.P ?_
| Input data (x.y) (EXETl:menu
¥ vy 7
10 fnput data (x.y)- T [EXEl:mend
x?1@ A
1 Input data (x,y) [EXE]:megnu
3. A7 = N s
15 [pd 22 [od 20 [¢ 31 g 25 fxg 38 < 30 (9 43 [
fnput data (x.y} [EXET menu
X 7T B diia
[exg) Regression analyeis [¥y= “D]
>ln.Del.Clear.List.euX.e0 Y T_
L CNT n = 5
SUMIn X Znx = 14.682644@77
EXE SUMIX zhiy = 14.628644@Q77
SUMINY 2y = 168.48878B5RP8
exg SUMRY :zhy = 16.4887B5289
SUMIhX2 :Ifhxe = A43.53815186
@@ SUMIhXE zhxe = 43.E53581510@8
SUMInYZ2 Znye = BE.Z2R443B16

(Data clear)

(Data ¢leer confir-
mation)

(Data input)
(% input)

{v input)

(Remaining x, vy data
input)

{Return to menu
display)

{Statlstic display
showing number of
data and sum of

X data logarithmic
values)

{Sum of y data
iogarithmic values)

1 (Sum of squares of

x data logarithmic
values)

{Sum of squares of
y data logarithmic
values)



| www .ledudu.com/pockets Asp | [IEASIOD

SURER COLLEGE
PERSGNAL COMPUTER

PN G4

| 45/76 \

[SUMNYZ Tinve = B5.8Q0443676 (Sum of products of
[ SUMINXINY:Zhxinv= 48.@B554@72 x data logarithmic
o ' values and y data
; logarithmic vaiues)
xd SUMNXIhY:Zlnxhy= 48.Q06554878 (Mean of x data
MEANDX :Zinx/n= P B2B28B155 __| logarithmic values)
20 MEANINX "“Ilhnx/n=" 2. 82GEBE165 {Mean of y data
MEANINY :finy/n= 3.287759@58 logarlthmic values)
@ MEANRY !Ilhy/n= 3.2877549058 N {Population standard
SOINXN ‘nxen = @.3879683E8P | deviation of x data
- _ logarithmic values)
Exg [smnxw ‘nxon "= @.387968328¢2 (Popuiation standard
S5DinYN ‘fnyon = @.43894315@3 deviation of y data
logarsithmic values)
(exe) SDIhYN  :hyon = @.4303431583 {Sample standard
SDIhX thxona= @.4337617775 deviation of x data
logarithmic values)
[Exe] 80X ‘Nxon+1= @.4337617775 (Sample standard
SDinY :hyona= @.481803@883 deviation of y data
logarlthmic values)
g} SDinY hyona= @,.4878090883 {Regression constant
BA i a = 1.069436811 term)
[Exg} RA ‘a = 1.8689436811 (Regression coefficiant)
BB b = 1.184378978 '
[Exg) RB b = 1.104876878 ‘(Correlation coefficient)
COR i T = B.88424550845
Regression analvsls [v=ax~b] | {(Return to menu
>n.Del.Clear.List,eoX.eoY.P G | display)
Y Estimation of v [vy=ax*b, (Estimation of )
| X7
40 g EstImation of,y [¥=axAb] (Estimated value for y
X740 -¥= BE.8685293 following input of 40
. __volts
Estimation of ¥ [y=ax~b] )
X P
exg) Regression analysis [y=ax*~b1 |(Return to menu
>In.Del Ciear.List.ecX.epY.P 9?_ dispiay)

Here, these data produce the power curve y=1.069436811 x x"'™*¥7578 Algp, input of 40
volts results in an estimated current of 62.9mA.
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REGRESSION ANALYSIS FLOWCHART (2.1,2.2,2.3,2.4)

{ Library start )

(DData input ——— | YES
[ Data input < only? "
NO
D —_— ]
(D] Data del:ele Data Input to & only? YES
be deleted
NO

[€] Data clear m &
N, selection [ ]

Y] Datz clear

Statistic
(L) display | First statistic Statistic G2

set & N\ display

3

@ Next statistic

display
@ Next statistic
display
@& [ Previous
™ slatistic »
display
EQOX s e
(¥ caleulation ) YES
y input =
EOY e
calculation N
3 X Input

(F_Printer output| statistic
output to printer

SN




www.ledudu.com/pocketsAsp | [IEASIE B DY -2 | 47/76 |

COMPLEX NUMBER

Complex number calculations encompass arithmetic operations, and to determine absolute

values, arguments, squares, square roots, and reciprocal numbers.
This unit is capable of a wide variety of complex number caiculations, with the allowable

range of input value < 1E50.

OPERATION

o
Fx 3 SA.G.1.8.4.+.-.%./.M,L.C ?.

The compléx number menu display allows selection of the following processes:

A : Input of complex number A (a + bi)
G : Absolute value (r) and arguments (#) for complex number A
(resulting angle unit determined by current mode setting)

1 : Reciprocal number for complex number A 1/(a+bi} — (a+bi)
S : Square root of complex number A (@a+Dbi) = (@+bi}
~ ; Square of complex number A (a+bi)> = (a+bi)
+ : Addition of complex number A and complex number B (¢ +di) (a+bi} + (c+di) — (a+bi)
- Subtraction of complex number A and complex number B {a+Dbi) — (c-+di) = (a+bi
% : Multiplication of complex number A and complex number B (a+bi) x (c+di) — {a+bi)
/ : Division of complex number A and complex number B (@a+ bi) ={c +di} = (a+bi}
M: Assigns contents of complex number A to complex

number memory M (e + fi) (@ +hi) — (e +fi)
L : Assigns contents of complex number memory M (e + fi}

to complex number A (a+bi) « (e+fi)
C : Exchanges contents of complex number A and

complex number B (a+bi) = (c+di)

. : Help (explanation of each operation)

e Complex Number Specification
Complex number specification is performed by pressing {A] while in the menu display.

Assign 5+7i to complex number A.

FE 1 (Specification of com-
(&) gﬂmglgf WG B B R 8 plex number input}
5 [ Gnmplgx number Afathi]
= @ o
T [Exe B + 71
[j }AIBII'SIAI+I—le/'M|LIC ?—
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o Arithmetic Operations
EXAMPLE |
Perform the following operations:
(2+3i) + (3—2i)
(A] Complex number A(a+bl) (Specification of com-
B= B 7_ - ' piex number input)
2 3 2 + 3 r ' {tnput of complex num-
@ @ <A G I .A-+-_.*|/-M|Lo_c 'P- bEI'A) :
Comaleg number Blec+di) {Addition)
L=
3 2 B + | (input of complex num-
Ed & >A.B.1.8.~.+.,-.%x,./.M.L.C ?_ ber B)

This display ind.icates (2+3i) + (3~2i)=5+i.

The same procedure can be performed for subtraction, multiplication and division.

¢ Absolute Values/Arguments

Determine the absolute value (r) and argument (#) for (1 + 2i).

Angle unit : DEG (i3 (@)

imaginary number axis

| CEE
I
|
r I
|
|
1
" I
| 5
5 I Beal number axis
(A] Compiex number A{atbi)
a= @ "P_
1 [xg) 2 [xg 1 ¥ 2]
>AIGlI|B|A|+ -— * / M |— C’F_
[G] r = 2.236pB7877
B = 63.48343488¢°

{Specification of com-
plex number input)

{Input of complex num-
ber A)

(Calculation of absolute
value and argument)

Here, the absolute value {r) for (1+ 2i) is 2.236067977, and the argument is 63.43494882
(DEG). The resulting angle unit is determined by the current ANGLE mode setting.

* The angle unit is specified as follows:
(4] : Degrees

(5) : Radians

; Grads
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* Square/Square Root/Reciprocal number

EXAMPLE I

Calculate the following:

D 2+if @y(—7 +24) ©) L 5
342
(1) Square
() Complex number Ala+bi) (Spacification of com-
a= @ "T_ plex number input)
2 xg) 1 2 + {Input of complex
g1k >A.B8.1.8.~.+, - . %./,M.L.C ?_ number A)
~ 3 + 4i (Squars)
>A ] G e I . S ' A ' + Rl ' / ] M [ L ] C ?—

This display indicates (2+1)% =3 + 4i.

(2) Square Root

(Specification of com-
plex number input)

(Input of complex
number A)

(A) ; Complex number A(a+bl )
a= @ 7?_
T Exe] 24 [exd -7 + 24i
B 7bd24k >A.B.1.8. A +.-.x. /. M.L.C P
3 + 41
[:Sj >A.G.1.5.~. +.,-,x./.M.L.C ?_ |

{Square root)

This display indicates V(=7 +24i)=3+4i .

(3 Reciprocal Number

(Specification of com-
plex number input)

(Input of complex
number A)

(A) Complex number A{a+hi]
8= _©_7?_
2 be 3 t 2]
365 2kd >AG. 1.8, A.+.—.%x./.M.L.C P_
M @.23@07882 - Q.1538B462 |
>A.G. 1.8 ~. +,—-.x./ M.L.C ?_

{Reciprocal number)

« Memory Calculations

|

Perform the following calculations using the memory function:

(3+2i) + (4+56i)
(3+2i) — (—3+90)

(A) Complex number A{a+bi)
a= b
3 2 Exc a + Bi
s 2 b *A.G.].8.~.4+.~-. %x./ . M.L.C 7_
M) 8 + 2i
>A-G‘IISIAI+I_lx'/|MILIC ?_
Gomglgx number Blc+di)
c= =
4 BxE 6 9 [ 7+ 8
>A.G.1.8.~.+.-.x. /. M.L.C P_

This display indicates (3+2i) + (4+6i) = 7+8i.

(Specification of com-
plex number input)

(Input of complex

| number A)

{Assigns complex
number A to complex
number memory}

(Addition)

(Assigns 4 +6i to B)

| 49/76 \
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{Assigns complex
number in memory 1o

complex number A in
place of reinput)

(Subtraction)

3t 21 ,
>A|G.ius'“'+|*.*./-M-L-C ?_
(=] Complex number Blc+di;
c= 4 ?P_
(=13 B¢ 9 [ex] 8 - 71
. >A.G.|l.85.~,+,-.x.7.M.L.C 7_

(Assigns —3+%i to B)

This display indicates (3+2i} — (—3+9i)=6-7i.

s Exchange

EXAMPLE]!

Set the foliowing two compiex numbers for complex numbers A and B:

(5 + 2i), (3 +4i)

(A] Compiex number Af(a+hi) (Gomplex number A
a= @ % input)

3 4 3 + 4i - (First set 3+4i for

5] 4. >A.G.l.85.~,4.,.—-.% ./, M.L.C 7?_ complex number A}

@ {(Assign the contents

€] >A.B.!.8.~ +.~-.%x./ M.L.C P of compléex number A

ta complex number B)

(A] Complex number A(athi) {Input complex num-
a= @ 7 ber A)

5 g 2 b 5 + 21 ' (Set 5+ 2i for complex
sA.B.1.85.4,+.,-.%./.M.L.G.7_ number A)

The above operation sets 5 + 21 for complex number A, and 3 +4i for complex number B.

* Help Display

Pressing {=] while in the menu display produces an explanation of each command.

A . Input
V]

ut
G : Gaus

g r=1Al:g=argument A]

At this time [&, &8, and (§) can be used ta scroll the dispiay. Each press of & ([3] ) advances
to the next command, while pressing (4] returns to the previous command. Pressing {&] or
& returns to the menu display. The menu display is also relurned to after the final command

is displayed.
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MATRIX OPERATIONS

Matrix operations make it possible to perform addition, subtraction, multiplication, scalar
product, determinant, inverse matrix, and transposed matrix calculations.

OPERATION

Fx 4 Matrlx A{E.E"}”-'E( 2]
A B.D.I.T.K.+ = M. L.C.P 7_

The 1ollowmg process can be selected from the menu display illustrated above.

A : Definition of MATRIX A and data input

B : Definition of MATRIX B and data input

D : Determinant of MATRIX A (det A)

I : Inverse matrix of MATRIX A and assignment of result to MATRIX A (A""—A)

T : Transposed matrix of MATRIX A and assignment of result to MATRIX A (A'—~A)

K : Scalar product of MATRIX A and assignment of result to MATRIX A (kA—A)

+ : Addition of MATRIX A and MATRIX B and assignment of result to MATRIX A (A + B—A)

—~ + Subtraction of MATRIX A and MATRIX B and assignment of resuit to MATRIX A
(A—B—A)

* : Multiplicalion of MATRIX A and MATRIX B and assignment of result to MATRIX A
(A-B—A)

M : Assignment of MATRIX A contents to MEMORY MATRIX M (A—M)

l. : Assignment of MEMORY MATRIX M contents to MATRIX A (M—A)

C : Exchange of MATRIX A and MATRIX B contents (Ae=B)

P . Display of MATRIX A contents

Melp display

MATRIX SET UP
Select either [A] (MATRIX A) or (8] (MATRIX B) from the menu display for matrix set up.

EXAMPLE 1

Set up the 3-row by 4-column matrix shown to the right.

Column {(n)
1 0 3 4
F{ow(m) 2 1 0 -1
3 1-2 3
Matrix A{2.2):B(2.2)
>A.B.D.!I . T.K.+,-.x. M. L.C.P ?_
A Alm.n) = A(2.2] - {MATRIX A specifi-
m_ ?_ cation)
3 [y A(I"l?'l.nl = A(3.8)] ' {Row input)
nom_ :
4 [exe a(1.1) = D {Column input)

* A 2-row by 2-column {g g} matrix is automatically set up when this library is activated.
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Now enter the elements in the sequence shown in - q 0 3 4 -
the illustration to the right (D ~@2). D @ @ @
' 2 1 0 -1,
® ® @ ’
3 1 -2 -3
@ ©® @ ® |
a(1.1)=0
1 [ a-("l 2] = 0@ (Matrix element entries)
0 '?TS"’J"' =0

The unit returns to the menu display once input of all of the elements is complete. At this
point, it is advisable to review the values to confirm that input was performed correctly.

(MATRIX A specifi-

A A{m.n] = A(B.4) :
m 7_ cation)

A{m.n) = A(3.4] (Press [ atter confir-
n ?— mation)
a(l.1)] = 1

e P
al(l.21 = ©

& P

a(3.3) =-8

gta.m =-3

Matrix A(3.4]:B(2.2] (Return to initial
>A.B.D,|.T . X.+.—. %X, M,L.C.P 7. display)

CORRECTION

Errors discovered before the (g key is pressed can be corrected by simply entering the correct
value and then pressing . After B is pressed, press @ g to return to the previous value
display and then make necessary corrections.

* The P command can also be used to view matrix contents.

Matrix addition/subtraction/multiplication

EXAMPLE 2

a1 1}' e
2 1

1

2 3
2

|

Perform A+B, A—B, A-B, and B- A for the two foilowing matrices.

Perform the following opsration from the menu dispiay.

Matrix
>A.B.

K.+,

A{e.E):B(2.2)
b.1.T. -

X M. L.C,.P ?_




www.ledudu.com/pocketsAsp | [IEASIO B e AT -0 5376 |

A A (m.n} = A(E.B) : | (MATRIX A specifi-
o m ?_ ' i cation) )

2 [exg 2 £x all.1) =@ {2-row/2-column
7 - el : specification)

16 1892 fd 1&g
‘Matrix A(2.2):B(B.2) (Element Input)
i>A.B. D I.T.K.+.—-.x M.L.C.P 7_

B ‘Bim.nt = Bia.2) (MATRIX B specifi-
M — cation)

2 [exg 2 g {1,171 = @ : {2-row/2-column
P | specification)

23 el 2fd 1
Matrix A(2.2):B{2.8) (Element input)
>AB.D.I.T.K.+.~. x . M.L.C.P 7P

M Memory A - M(2.2) (Transfer of MATRIX
>AIBID|IIT'KI+1-|*IMOLIC|P ? AIOMATHlXM}
Matrix A(2.B):B(B.B)
)AIBID!IIT!KI+|_|*IM!LIGUP ?_

The resuits of most matrix operations are stored in MATRIX A, deleting any contents currently
stored in MATRIX A. Therefore, it is advisable to first transfer the contents from MATRIX
A to MATRIX M so they can be recalled if later required before performing a matrix operation.

Once mairix set up is complete, proceed with the following calculations.

s A+B
+ A+B -~ Alg.2) : (Addition specification)
>A.B.D.I.T.K.+.-.x. M.L.C.P 7 _
(a{1.1] =3 (Result display)
*A.B.D.I.T.K.+.-. x M.L.C.P 7
a(l1.2) = 4 {Press [ gfter confir-
e >A.B.D.I.T.K,*+.-. . M.L.C.P 7 mation)
[Exg al(2.1) = 4 '
>AlBFDIIIT‘KI+1_I*IMlLIC|P ?—.
EE) a(e.2) = ¢
>AtBrDlI-T-K-‘["_u*thLlU-F' '?— i
Matrix A(2.2):Bi2.2) (Retum to initial displa
@ >A'B'D'I'T‘Kl+‘-l*lM!L'G'P ?— py}

Here, the result of A+B is {i ﬂ ;

s A—B

L Load A ~ M(E2.E) (Transfer of MATRIX M
>A.B.D. 1 T.K.+.—.x.M.L.C.P 7? elements to MATRIX A)
Matrizx AlP.B):B(P.B]
>A.B.D., | T.K.+.~,x M. L.C.P "?_

(=] A-B - A(2.2] (Subtraction speeifi-
>AIE1D'liTvK-+-— x M LrQ-P '? Catior‘l) 2
ai{l.1) ==1] (Resuit display)
>AIEID'] T-K-+.“.*|M-L.'C-P '?

[Exe] el1.2) =-P2 Press {&d after confir-

Be >A.B.D.I.T.K.+.-—.x. M. L.C.P ? E-nation)

EXE al2.1]) = @
>AnE|D|||T|K|+'_|*1M|LIG!P '?

xg gl2.2) = @ '
>A.B. 0. I.T.K.+.—-.% M,L.C,.P 7
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Bg - Matrix Af{2.2):B(2.2) (Return to initial display)
>A'BID']IT'K'+.I_|*IM‘LIG|P ?—
. o [=1 -2
Here, the result of A—B is
0 O_
= AB
L Load A - M(2. E}
»>A.B.D.| . T. .+ .M. L.C.P 7
Matrlx A(E.EJ B(E 2]
>A.B.D.1.T.K. . X.M.L.C.P_?_ |
* AxB -~ A(P.2) (Multiplication spegii-
>A!BRDII|T K-+---*-M-LvC-P ? catlon)
all.1) = 4 (Result display)
>AIB!DIIITlKI+I-lx|MlL‘C'F ?
Exg ail1.2] = 4 (Press &8 after confir-
>A.B.D.I.T.K.+.-.a . M.L.C.P 7 mation)
Exg) ale.1} =6
SA.B.D.I . T.K.+.-.%x.M.L.GC.P 7
[Exg) a{e.g) = 7
SA.B.O.1.T K.+.-.x M.L.C.P ?
[Exg) Matrix A{2.2]):B(2.2) (Return to iniiial display)
>A.B.D.I.T.K.+.—xML.C.P 7=
[ a 4’
Here, the result of A*B is . L
-
s B+ A
L .Load A - MIE. 2
:>A.B-D.I-TK+ .x . M L.C.P 7?
Matrix A{e.2):Bi2.2) {Transfer of MATRIX M
>A.B.D. I.T.K.+.-—.x M L.C.P 7 elemenis to MATRIX A)
C Change A(E.E} ~—~ B{E2.2] (Exchange of MATRIX
>A.B.D.I.T.K.+.—- ¥ M. L.CG.P 7 A and MATRIX B
Matrix A[E 2: B[E 2} elements)
>A.B.D.!|.T. ik # B B P
AxB - AIE.E} (Mulliplication specifi-
> >A.B.D.! . T.K.+.-.* M. L.C.P ? cation)
a{l.1) = B ) (Result display)
>AIBID!|IT-K‘+--|*-MrL-D-P ?
af{l1.2) = b6 Press [ after confir-
@ >AIBID‘IIT'KU+I-‘*IMILIC‘P.? Eﬁaﬂon)
aie.1) = 4
E] >SA.B.0.|.T.K.+.~.%x.M.L.C.P ?_
al2.2) = 3
@ >AtEIDIItTIK-+ e t M LtGIP ‘?—
Matrix A{E}EI BIE 2) Return to initial displa
T SAB.D.1.T-K.+ M.L.C.P 7 ( play)

Here, the result of B+ A is h

w
[S—
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EXAMPLE 3
Calculate the determinant for the following matrix.
2 1 3 _1 1 o 1
-1 0 + 2 -3 0
1 3 0 0 2

First perform the muitiplication in the first term by setting up the following matrices and then
execuiing A- B.

- ! 3 1 1
S O EEL L AP
1 3
Matrizx Al(2.2).B(2.2]
>A.B.D.I| . T.K. +.-.2a. M.L.C.P 7_
A3 g 2 g gH.l} = @ (MATRIX A set up)
2 (g 1 exd O [xg =1 (x5 1 3 &g
Matrix A(3.2):B{2.E (Element input)
>.ﬁ-qu1||T-K + —-*-M L B-P r?—
B2 (x 3 &9 gu 1) = @ ' (MATRIX B set up)
3d—-1Ed1Ed0Ed 2 Exd 1
Matrix A(3.2):B(2.3] {(Element input)
>A-B-D1|-T-K-+.—.I.M.L.D-P '?._
* AxB —~ A(3.3] . N (A-B calculation)
>A_'BOD!|IT-K t T X M.L.C P ?
al{l.1) = & ) T "|{Result display}
>A|E|DlIIT|K + ) * M-LnC P '?

Next perform calculation for second term.

B3 [xg 3 Exg b{] = 0 {(MATRIX B sel up)
11&10@12@-3.0@]0IOI2@
Matrix A{E! 31 BtS.B! (Element input)
>A B, D. | K + ., -.*. M L.C.P ?_
4 A+B - A(S a)
>A.B.D.I.T.K.+.-. % M. L.C.P ?
all. 1) = 7
>A-B-DI|'T-K-+-_|*I_M1|—-GIP '?
[exe) al1.2) = 0@ (Press [ after contir-
>A.B.D.| . T.K.+.-.x. M L.C.P ? mation)
EXE a{1.3) = 4
.>A.E.D.I.T.'K+—xM.tT.G.P'P
EXE| E{E-1J = 7
e >A.B.D.I . T. K. +.,~-.2x. M. L.C.FP 7
glR2.B) =-H '
e *A.B.BD. I . T.K.+,.-. % . M, L.C.P 7
g(2.3) =-1
s >A.B.D.I . T.K.+.-—.x M.L.C.P %
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& a78.17 = 3 s
>A:B|D-i-T Ka+|_-*lM0LIDIP I"]
>A|B'|D'I1T Kr+|-~*|'MvLICIP ?
(exg a{8.3) = B
A . B.D.1.T.K.+ -.x.M.L.C.P %
(Exg Matrix A{3.3):B(3.3) (Return to initial display)
)AIBID'I‘T K'+|-1*|M|LRCIP ‘F_

Here, the result of the calculation is

2 1 ' i 0 1 7 0 4
3 -1 1 ;

0 -1 5 5 7 + 2 -3 0| =12 -5 -1

1 3 0 o 2 3 5 6

Determinant, inverse matrix, and transposed matrix

EXAMPLE 4

Determine the determinant, inverse matrix and transposed matrix for the following
3-column/3-row matrix.

2 0 0
g 1 2
4 2 3
Matrix Al2.2):B(E2.2)
>A.B. 0.0, T,.K.+.-. % M.L.C.P 7_
A3 [exe 3 [erg) aH.H =9 7 (MATRIX A set up)
2@0@0@3@1-254.2@3@
Matrix A(S 8} BIE 2 - . {(Element input)
,>A B.D. I.T. —. .M L.C.P ?_ |
M Memary A - M{S 3} [{Transfer of MATRIX A
>*A.B.D.|.T.K.+.-.« M.L.C.P ? to MEMORY MATRIX
Vatrix A(3 81812 2 M)
>A.B.D. 1. I( .= % . M-L.C.P 7_
e Determinant (det A)
D Determinant & = .. ... (Determinant)
>ALB.D.I.T.K. +.—-.x . M. L.C.P 7
Determinant A =—E (Resuit display)
>*A.B.0,1.T.K,.+. -.2=.M.L.C.P %
EXE Matrizx Al8.3) ' Bie. 2) (Return to menu
>A.B.D.I.T.K.+.-.2.M.L.C.P ?_ display)
Here, the determinant of MATRIX A is -2
¢ Inverse matrix (A7)
| Inverse A - A (Inverse matrix)
>A.B.D.I.T.K.+ x M.L.C.P 7 :
alfl1.1} = @.5 (Inverse matrix display)
>A,.B.0D./.T K, +.-,%x.M,L. C P 7
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Exg .a (1.2) = © (Press &3 after confir-
SA.B.D.I.T.K.+.-.x.M.L.C.P ? |mation)

all.3) = @ -
>AIBID|1-1T|K-+|-o*|MtLIG|P ?

ale.1) = B.5 _
>A!BIDI|aTlKI+I_I*IM'LIGIF' ?

alg.2] =-3
>A.B.D.|.T K.+.—.*.M.L.C.P ?

e ale.s3] = B
>AlB'DII-T~K-+o_|x-M|L1_Q_'P___?__

B a(3.11 =-1
>A.B.D.] . T. K. +.—-.x.M.L.C.P 7?

e al3.2) = 2
>A|B|Dl|lTlKr'l'-_'*lM'LICIP ?

[Exe) al{3.8) =-1
>A.B.0.1.T.K.+.-.%*.M,L.C.P 7

Exg) Matrix A(3.3)1: B2 2] (Return to initial display)
>A.B.D.I_‘TK+ M.L.C. P 7.

0.5 0 0
Here, the inverse matrix of MATRIX A(A""is |05 -3 2

-1 2 —1
» Transposed matrix (A')
¢ - 37 (Transfer of MEMORY
L ISE?%.D%! .TMiE’.s+ x . M. L.C.P 7 MATRIX M to MATRIX
Matrlzx A(S 3} (E 2) A
>A.B.D 1K k.M. L.C.P 7_
T Transpose A - A(3,3) (Transposed matrix)
A B.0.! T.K.+.-.x. M. L. C.P 7?
alil.1) = B {Transposed matrix
>A.B.0D. | . T.K.+.—.* M. L.CG.P 7 display}
(Exg] al1.2) = 3 {Press [d after confir-
>A.B.D. | . T.K.+.—.x M. L.C.P 7 mation)
al1.3) = 4 '
>A‘BID|IIT‘KI+‘—— *‘MPLIC'P ?
EXE al2.1) = @
>AlB|D'IlTvK-"‘-_-*uM-L-C-P ?
al2.2) = 1
@l >AIBID|IlTnK-'i"l""*lMll_lDIF ‘?
Exe a(2.3) = 2 . ,
>A ' B__ _D , I _-_T ' K + + W T x ' M ' L . D ' P r? :
g(3.1) = @ o
@ >A-BrDlI-T1K1+t_.*-MlL_'D_vP__?_
[exg a(a.z2) = 2 : ,
*>A.B.D.I.T.K.+.-.x.M.L.C.P 7 i
Exg al{d3.3) = 3
>AB.D.,I . T,.K.+.-.x M.L.C.P 7
(exg Matrix A{3.3} 'BLE 2) (Return to initial display)
>A.B.D.1.7.K.+.~- M L_.G.F‘ P
2 3 4

Here, the transposed matrix for MATRIX A (A') is 0 1 2
0 2 3
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Scalar product
EXAMPLE 5 | |
Calculate the scalar products for the following matrices.

HEEH

12 5 '3 1
A=lg 1" Tl 2

Multiply MATRIX B by the result of MATRIX A times three.

(MATRIX A set up)

(Element input)

{Scalar product)

(Multiplication by 3
result assigned to
MATRIX A)

{MATRIX B set up)

(A and B muitipli-
cation)

{Display result)

mation}

Matrix Alg.B2):B(g &}
: >A.B.D T K. +,-.¢«# M.L.C.P 2.
A2 9 2 [xg gn.n = 0 .
1659269269169
: Matrix Al2.2):B[2.2)

>AIB|DOI lK1+-_-t-M LID-P rP—.
K ‘kxA(2.2] - A

e

a(1,1] = 3
3 »>A.B.D.I.T.K.+ =-. 2. M.L.C.P 7T
B2 [ 2 [ b{(T.11 = @
3d 1[=0kEg2 g _

Matrizx AlPp.2):B(.2)

>A!B D II 'K|+ l* MIL'CIP ?_
* AxB - A (2.P)

>A.B.D.I.T.XK.+.—.x.M.L.C.P 7

all1.1) = 9
@ >A'B-D-| TIK|+|_ *IMILIDIF’ '?
(x5 ai{l1.2) = 15

A.B.D.I.T.K.+.-.x. M.L.C.P 7
ale,1] = 18 '
fexe »>A.B.D. I . T.XK.4.—-.x.M.L.C.P ?
EXE: gal[2.2) = 12
: >A-EID I TUK-+-_|*tM1LIC-P ?
(Exg) Matrix AlRP.R)l :B(P.E)

>AOB|D IrT|K|+|_|*oMIL'CIP ?_

1 2 3
2 1 0

Here, the resuit of the example calculation is 3

* HELP menu

Pressing (=] in the menu display produces a HELP display which explains the meaning of

each command.

A . input A{m.n)
B ' input Bim.n!

Pressing (&), (&) or [ at this time scrolls through the commands. Pressing either (& or =]

returns ta the initial dispiay.

1 g 15
21518 12

(Press [ after confir-

(Return toinitial display)

|
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¢ Matrix display

After performing matrix addition, subtraction, multlphcatlon scalar product, detarmmant
inverse matrix, and transposed matrix calculations, the result of the calculation {(contents
of MATRIX A) is shown on the display. As with the HELP menu, (8] and (&) ( & ) can be
used to scroll through MATRIX A,

* The operation of (] and Exg is identical, with display being performed in the same sequence
as the matrix element input. The [} key displays the elements in reverse sequence.

* Pressing [ or (5] returns to the menu display regardless of the current display.

* The (P) key can be used from the menu display to display the contents of MATRIX A. (%),
(@), B8, (=) and (&) can also be used as desired.

EXAMPLE
Matrlx A(E2.2):B(2.B)
>A.B.D,I . T.K.+.-.%.M,L C P 7_

P a{1.1] =1 {(MATRIX A clement
>A.B.D.I.T.K.+.-.x . M.L . C.P 7?_ display selection)

] a(1.2) = 2 {Confirmation of each
»>A.B.D.I.T.K.+.~-.% L.C.P 7?__ element)

= a(2.1] = 3 - ]
>A.B.D.I . T.K.+.-.x.M.L.C.P %?_
a(1,2) = 2 B

&) »A.B.D.I.T.K.+.-.x M.L.C.P 7.

5 I}\‘[Eté | 5 .? ( ?_ . E ] +El (2. E ) & B #_ (Hetumtoiniﬁalc_iisplay}
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MATRIX OPERATION FLOWCHART

To next HELP display

(8] MATRIXAnumber MATRIX A number MATRIX A
Qf rows input of columns input element input
MATRIX B number MATRIX B number MATRIX B
of rows input of columns input element input
®] MATRIX A ==
element display
[ To next
Next gle t
A+B . B elemernt pre%:};n
calculation
To next
=1 A-B slament
calculation
®© [To previous
3 AB elomant -
calculation
) A-1 ealculation
1] .
A calculationt —
E3) .
k-A calculation
@ det A
calculation
@ MATRIX A to MATRIX M Ee
MATRIX M to MATRIEX A
MATRIX &/MATRIX B exchange S——
HELF menu =)
1 =

To next HELP display

HELP display

3 To previous HELP
display

presant?
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BINARY-DECIMAL-HEXADECIMAL

Binary, decimal and hexadecimal calcuiations encompass basic arithmetic operations, logi-
cal operations, twos complement, logical shift, and conversions.

This unit is capable of combining binary, decimal and hexadecimal values, with the allowa-
ble range values being — 2147483648 - 2147483647 (32-bit).

OPERATION
Fx 5

?EG] @

[
> IB!D'H"I'!-!*1/!A~D'X|Nv0|i—lﬁ?_

The binary/decimal/hexadecimal calculation menu display allows selection of the following
processes;

Value input

Converis displayed value to binary number
Converts displayed value to decimal number
Converls displayed value to hexadscimal number
Addition

Subtraction

Multiplication

Division

AND (logical product)

OR (lcgical sum)

XOR (exclusive logical sumy)

NOT (negation)

Twos complement

Logical shift left

Logical shift right

Help (explanation of each operation)

s DrOZXQOr~»1+IT0W0-—

* Operations and Display
1. The following indicators in the upper left of the display in the menu indicate the current
base mode setting:
[BEC] : Decimal mode
[HEX] : Hexadecimal mode
Blank : Binary mode

2. Entering values besides 0 and 1 for binary calculations, values besides 0 ~ 2 for decimal
calculations, values besides 0~ 9/A ~F (upper case or lower gase) for hexadecimal cal-
culations, or values greater than 32 bits causes the entered value to be disregarded.
Binary, decimal and hexadecimal values may be used in combination in a single calcutation.
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EXAMPLE

The following operations may be used to enter values regardless of the current base mode
setting:

15, D Decimal 156 (hexadecimal F, binary 1111)

15, H Hexadecimal 15 (decimal 21, binary 10101}
1010, B: Binary 1010 (decimal 10, hexadecimal A)

Results are always displayed using the current base mode setting.

« Arithmetic Operatlons

IEXAMPLEl

Perform the following calculations:

(1) 10110018 + 11008
(2 2ACH x 1BH
@) FFOOH+10108
@®
[DECT_ @ -
>IIBID|HI+|_‘/'AIDXNG LH’?J
PPO0POPNPCPUUORNOEPEPCO0D mazaawma (Binary mode)
>I|BaD|H|+|_|*!f{|AIDIXNC H-—
J Tnput data x (.B.0.H) [5|N] (Value input specifi-
X 7_ cation)
1011001 (< @m@mmwm@m@mwm@@@mmaram] Te@ 1 |(Value input)
>1.B.B.H.  X,N.C.L.R?P_
@Eem@m@m@mmumawmmmmmnmm {Addition)
1100 [ @m@mmowmamwmmammmmwmm (Value input)
>1.B,C.H. L/ A0 X, AT
This display indicates 10110018+ 11008 =1100101s
@
H [HEX] 00020000 (Hexadecimal mode)
>1.B.D.H.+.-.x./. A, 0. X N.C.L.R?_
il Thpot data X [.B.D. HJ THEX] |(Value input specifi-
X 7. cation)
2 (A)(C) kd [FEX] @C@0@RAT (Value input)
>1.B.0.H.+.-.%x,/. A 0. X N.C.L.R?_
(2] [HEX] @O@ODEAC % _ (Multiplication)
1@ &9 [THEX ] @gog4aas (Value input)
EBE 51.8.D.H. “%. /. A.0.X.N.C.L.R?_]

This display indicates 2ACH x 1B+ =4824H.
The same procedure can be performed for subtraction and division.

(Hexadecimal mode)

(Value input specifi-
cation}

€)
(H) [HAEX] nmaanmml
>I.B.D.H.+.- . A.0.X.N.C.L.R?_
] |n$ut data X (.B.D.H) [REX]
X -
00 Exg [ THE X1 om@nFFm@
(B () 00 & >1.B-D.H, x./. A0, X.N.C.L.R?_

{Value input)
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[HEX] BOQQOFFA0 + _ (Addition)
1010 3] (B ) (Binary value input)

[HEX] OBBBFFBA
>1.8B.D X% ./ A O0.X.N.C.L R?_

This display indicates FFO0R + 10108 = FFOAHR

e Logical Operations

EXAMPLE

Perform the following operations for A=110101s and B=101111s.

(MDA OR B (logical sum) (@A AND B (logical product)

(3)A XOR B {exclusive logical sum) @A NOT  (negation)

@
T e
>|.B.D.H.+.- x. /. A.0.X.N.C.L.R?~ :

(B] P02C0Q020200P000RPPR0ERPVRQARQ QR | (Binary mode)
>l .B.O.H.+.- ./, A 0. X.N.C.L.R?

dJ Input data x (.B.D.H) [(BINT | (Value input specifi-
AT cation)

10101 P0EEREDEREOPEAREEDEBRAREAAT TA1D T | (Value input)

110101 ) >t.B.OH. +. - ./ . A.O.X.N.C,L.B?_ ( e

0] mggmmammmemam@@a@a@mm@aaae11@1@1 (OR}
2000202CR0DPEPE2CDERCREEPRT 11111 (Value input

101111 Ed > .B.0.H.+.- . %, /,A.0. X, N.C.L.R?_ { )

This display indicates A OR B=1111118."

@

B Input data x (.B.D.H) [BINT | (Value input specifi-
X P_ cation)

110101 b4 @@lmalmla@mama@a@m@m@mn@mm11@1@1 {Value input}

> B Bl ob =0 B wbhn D XoN By Lo BP
(A] mgﬁ%mumuaewomaaaun@wemmmam11@1&1 {AND)
101111 ¢ a?@gagmﬁmamaaa@,mE@mamlﬁnm1@@lal (Value input)

This display indicates A AND B =100101s.

€
M
110101 [

]
101111 &

i (Value input specifi-
103h0n

{Value input} .

{XOR)

|ngut date x (.B.D.H) [BIN]
X i

aeamaam@@emam@maammmmeawam11@101
> .B.D.H. .X.N.C.L.R?_
eﬁggn@m@ma@ama@nmn@m@ma@nm11@101
nm@aaéi@w@@ama@n@m@mleaeem11@11@
> .B.D.H.+. -.x./.A.0.X.N.C.L.R?..|

This display indicates A XOR B=11010s.

{Value input)
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@) -

N nout data x (.B.0.AY [BTN] | (Value input specifi-
X P_ cation}

110101 fexg) CO0DP0PE0P00000000000000E 110101 | (Value inpul)
>!lB!DIH|+|"-*-/-AlDuX-_N1GvL‘H?_

[N] T17711111111111111111111111001@10 | (NOT)
> ,e.D.H.+. - *./.A.O.X.N,.C.L.R?_

This display indicates NOT A=11111111111111111111111111001010e.

« Complement/Shift Operations

Perform the foliowing operations:
() Twos complement of 110010108
(@) 1-bit logical shift left of 1100008
(3) 2-bit logical shift right of 1FCH

@I
[DEC] @
>1.B.D,H.+.-.%2./ . A,0, X.N.C.L.R?_
maaaamwammmm@we@omww@m@mmmlmrma {Binary mode)
>].B.D.H. CALOLX. ,L.R?_
™ Input data X (.B.D.H) [BIN] |{Value input specifi-
X 7_ _ cation)
11001010 lPCD0DZ0000C000000000000110€ 1010 |{Value input)
>IlB'D!H|+_|-‘*|/vA-DIXvNIG\LIH‘?_
7731111171 711111171111710¢1 10110 |(Twos complement)
>I!B!DIHI+1-|‘-/lA-OﬁXlN'ClL-H?_

This display indicates that the twos complement of 11001010 is
111111111111111111111111001101108.

@
il Tmput data x (.B8.0.H) [BIN] | (Value input specifi-
X 7 catlon)
110000 [ m@aa@mammmmm@ma@aowam11@@&@ (Value input)
.B,D.H. +. - % /. A O. X N.C.L.A?_
L1 mm@a@amm@weeammmmmmm@ammm@@m (Shift left)

This display indicates that shifting 1100008 one bit to the left results in 11000008.

€)

H [HEX] OPQQRRED (Hexadecimal mods)
>I UB-D_IH|+|- * / A ler.NlclL'H?-—

(] Input data x {.B.D.H) [HEX] |({value input specifi-
X P cation)

1B (€] b [HEX] _@2@B@1FC (Value input)
>I |B-D|Ha+ - * /lAlOIx!NIG!_L_IH?L

B @R [HEX] 0QeQ00/F ‘ (2-bit shift right)
>| -BIDIH1+ - * /lAIDIXIN'G:L!H?—

This display indicates that shifting 1FCH two bits to the right results in 7FH.
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+ Base conversion

Convert the hexadecimal value AF3C to its decimal and binary equivalents.

[TDEC] @
;>|tBIDIH-'I'l_t*I/lA‘OlXlNlG!LIH?_

H) [HEX] aamm@mmm {Hexadecimal mode)
> .B.D.H. /. A . O.X.N.B.L.AR?_

a Input data X [-E.D.H} [HEX] |(Value input specifi-
X P cation)

3(C [HEX] @R@QRAF3C (Value input)

RE 3 Ok >l B.D.H.+.—-.%x./. A 0 X.N.C.L.R?_

(D] [DEC] 4488&! '(Decimal mede)
>1.8.0. x. /. A 0. X.N.C.L.R?_ |

' aam@mammmee@mamnmnm1111@@ (Binary mods)
>1.B. D.H. ./.- A O.X.N.O.L,R?_

This display indicates that the decimal equivalent of hexadecimal AF3C is 44860, and the
hinary equivalent is 1010111100111100s.

* Help Display
Pressing [+ ] while in the menu display produces an explanation of each command.

E i ut data
B : binary mode

At this time (&), =), and (8] can be used to scroll the display. Each press of xg ( (8] ) advances
to the next command, while pressing [¢] returns to the previous command. Pressing [&] or
(=] returns to the menu display. The menu display is aiso returned to after the final command
is displayed.
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NUMERIC SOLUTION OF AN EQUATION .
(NEWTON’S METHOD)

Determines the sclution of the function y =f(x) graphed below for f(x) =0, using Newton’s
Method.

y y=1(x)

(Angle unit = radians)

The following parameters are specified in order to determine the numeric solution using
Newton's Method.

xo @ Initial value
h : Minute interval for x-axis when performing numerical differentiation at point {x, f(x))
€ . Solution convergence (e | Xn+1—xn| : continuously calculate and return value of

e as long as ineguality is true)
loop : Maximum number of convergences (positive integer)

* The following arithmetic operators and functions can be applied here:
+, —, %,/ ~, SIN, COS, TAN, ASN, ACS, ATN, LOG, LN, EXP, SQR, HYP
* The variable name for the function f(x) must be represented by x.

* The value input for ¢ must be 1E -~ 90 or more. Since internal caiculations are performed
in 12 digits, smaller values have little meaning.

OPERATION
NMewton s method f(x)=0
Fx 6 T:f(x).X 2:h.c. loop

|

The menu display illustrated above appears when the library is activated. Either 1 or 2 should
be selected in accordance with the type of processing to be performed.

1 . Function f(x) specificationfinitial value input _

2 . Input of minute interval, convergence condition, and maximum number of convergences
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EXAMPLE }
Determine the f(x)=0 solution of the following equation for f(x) = 2x®+ 3x*—x—5, where the

minute interval is 0.00001, the convergence condition is 0.0001, and the maximum number
of convergences is 30. L

Yo =213 +3t =15

— o @0 B R

—4-3-g-t 1-4 2§ 4

Newton's method fix)=0@
1:f(x1.%x@  2:h.&.loop

2 frix)=({ft(x+h;-f(x))/n (h>@) (Parameter input
h= 0.0000817 7?_ selection)

0.00001 e Err 1Xn+1-Xnl<¢ (e>@ ] (Minute interval inpuf)
£= @ DPRDEDBT 7.

0.0001 E« Max Ipaobp (n>0] ' (Convergence condi-
n= 2@ "7_ tion input)

30 [exg Newton s method fix})=0 (Maximum number of
1ttt éml. 2B 2:h.z.loop | eonvergences input)

1 Define function B 1 (Function/initial value
tix) 7_ input selection)

2%kxX"34+3%kX"2-x—5Fg
f{x] = Bxx*23+3xx+2-x-5 {Function input)
xB= @ TF_ ;

1 fxg fix) = 2xx~A3+38xx~2-x=-5 (Initial value input)
T(X] = 2%x 3+8%x°2-x-5 (Solution display)
X = 1.0848

[exe) Newton' s method _f(x)=@ (Return to initial
1t (%), x g2:h.e., loop display)

This display indicates that the sclution for the example equation is 1.084¢.

The message “‘not found” is displayed when a solution cannot be found.

fi{x) = x22+1

lnot found

Pressing [d at this time returns the display to point at which calculation was discontinued.
Pressing [xg again returns to menu for numeric solution of an equation (certain calcualtions
may not initially display discontinued point display).

it

nu

x A2 +1

x) :
op 2n Xn = 1.070478458

o
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7 Intégrales
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QUADRATIC EQUATION

Determines the solution for « and 8 when coefficients a, b, and ¢ are input for the quadratic
equation ax’+bx+c=0.
Root equations are used to determine 1he solution.

= — -bx Vb®-4ac
oot equation: x=
2a
When d =b®—4ac: . .
i) When d>0, two real roots (a, ) are present; a= %‘- . B= %
i) When d=0, cne real root () is present: o= % (multiple reat)
i} When d<0, two imaginary roots («, 8) are present:
_ —-b n v—d i 8= -b V-d i
© 2a 2a 2a 23
OPERATION
ax2+bx+c=0
Bl a= 1 7?_
EXAMPLE
Dstermine the solution of the following quadratic equation:
2x*—5x+3=0
axg+bi+e=0
a= 1 7_
2 g axe+bhx+c=0 (Coefficient a input)
b= @ ?_-
-5 (exg axetbx+c=0 ~|(Coefficient b input)
c= B =
3 ax2+bxtc=0 (Coefficient ¢ input) -
a{x-a](x—-8)=0 {Solution « display)
¥ = 1.5
EXE .3 { x—a]x T{x-Bi=D (Solution 8 display)
x| aXEFOXFCS (Return to initial display)
ga= 2 P

Here, the solutions of 2x*—5x+3=0 are «=1.5, f=1.

SOLUTION DISPLAY
Pressing [exd or (3] scrolls from display of « to @ (only « displayed for multiple root). Pressing
while 8 is displayed returns to the display of «.
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CUBIC EQUATIONS

~ Determines the solution for &, 8 and ¥ when coefficients a, b, ¢, and d are input for the cubic
equation ax®+bx2 4 cx +d=0.

Root equations are used tc determine the solution.

Transformation to y*+ 3py +q=0 can be performed

b? 3 \ ,
20 be +-b— are substituted in ax®+bx®+¢cx=0.

hen x =y —— <
WO X=Y"3a ' P=3a 02 175757 32 ' &

3a

Here, substituting A= 3/M B= 3/9°YC .2+ 4p® results in the following:

2 vy 2
i) When ¢>D, ane real root (&), and two imaginary roots (8, v) are present:
A+B V3 : A+B V3 .
= — — —_— — = T — B
o (A+B), 8 5 +=5 (A-8)i, vy 5 > (A—B)i
i) When c=0, p=0, one real root («} is present: o= —(A+B)
iy When c=0, px=0, two real roots («, §) are present:
a=—(A+8B), 8= A; £ {multiple roots)
iv) When c<0, three real roots («, 3, ¥) are present:
o= —2V—pcosd, B=—2V—pcos (#+120°),
1 - - q
= —2¥—pcos (0 +240° =—C08 ' ——
Y pcos ( ) 3 27 g
OPERATION
Fx 9 |:§3Tb;i+cx+d=@

lE)g_-_\_MPLE :

Determine the solution of the following cubic equation:

2% +x2-13x+6=0
axX8+bx2+cx+d=0
a= 1 7P_ ;

2 B axd+bxe+cx+d=0 {Coefficient a input)
b= @ 7- _ )

1 g aX3+DX2+CX+0=0 o {Coefiicient b.input}
c= 0 7_ ’

-13 @] ng-]-béE-{-c X+d=@ . {Coefficient ¢ input)

= 0 -

6 [ axa+bxe+cx+d=0 ' {Coefficient d input)
alx=-eg){x=8}{x-v)=0 {Solution « display)
tr = - :

Exg g(f-g)(k—ﬁ)(x—y}:@ {Solution 8 display)
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SIMULTANEOUS EQUATIONS
(GAUSS-JORDAN ELIMINATION)

Solves for xi ~xn in the following n simultaneous equations (2= n < 7) for input of coefficients
ai~an, bi~bn . and y1~yn. '

a1-Xi+bi:X2+Ct-Xa+---=¥1
azsX2+hz-xz+C2eXat - =y2
an-Xn+bnXn+CnXn+-+r=yn

Solutions may not be exact for coefficients with a difference in excess of 1x10" due to
infernal rounding. -

OPERATION

axl1+bx2+cx3+- - =¥ (2Ln7)
Fx A n= pP

Pressing F [xd during coefficient input returns to the previous coefficient entry..
Pressing (8] or [xd during display of a solution scrolls to the follewing solution, while (] scrolls
to the previous solution.

The message “not found™ appears on the display when a solution cannot be found.

Solve the following simultaneous cubic equations for x1, xz2, and xa.
2%1+ 3x2—x3=15 )

3x1—2xz+2x3=4

5X1+3x2—-4x3=9

ax1+bhx2+cx3+ =y (24inl7)
n= 2 9_ _
3 ax1+bx2+cx3=y : (Input 3 to specify cubic
T:a=s B 7_ equations)
2 (exe) axl+bx2+cx3=y (Input coefficients for
= 1:b= @ ?_ first equation)
axl+bhxe+cx3=y (Input coefficients)
aE l1:e= @ ?2-
- axl+hx2+ex3=¥
L 1:¥y= @ 7
axl+hx2+cx3=y¥
15 @ 2.:a= @ 7?_
3Epd-2(d 2k 4 Fg
ax]+bx2+cx3=vy (Input cocfficients for
3:a= @ ?_ second gquation}
55936 -4 &9 B
axl+hx2+ocx3=y {Input coefficients for
N1 &® woenuw third equation)
a%ﬂ +bé<E+c X3 =v (Display value far x1)
¥ =
[Ex} aéi'+bg2+c x3=y ' (Display value for xa)
g2 = _ -
Exg) B ex"l +b 2 B+cx3= (Display value for xo)
fexg] axlgb;E+nxS+- - -zy (Bens7 ) (Return to initial display)
n= =
Here, the solutions of the simultaneous equations are x1=2, x2=5, x3=4.
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SIMULTANEOUS EQUATION FLOWCHART

Library start

o]

Number of (n)
variables input

fmr) [x] returns to

Coefficient input | Sreceding coefficient

Solution display

(4] 9]

.“
-
m

1

Set previcus

: Set next solution Set next solution
solution

s::mkﬁlo

remain?
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MEMORY CALCULATIONS

This function makes it possible to use the cursor keys to perform the four key memory (MC,
MR, M—, M +) operations.

The foliowing list shows the corresponding memory operation that corresponds to each key.

Hyp : MC (Memory Clear) Clears data stored in memory
sin : MR (Memory Recall) Recalls data stored in memory
Cos: M- (Memory minus) Subtracts from memory

Tan ; M+ (Memory plus) Adds to memory

Besides the four basic arithmetic functions, numeric scientific function, logical operation, and
comparison calculations can all be performed. One-key commands, however, cannaot be used
for numeric scientific function calculations, and direct function keys cannot be used.

EXAMPLE
3] cannot be used to enter sin30°. It mused be entered as B) () (W & @) B=.

The formula memory Is used for memory calculations. Therefore, it should be noted that contents
of the formula memory are changed when memory calculations are performed.

OPERATION
Fx B [Memory Cal] M:0
@

EXAMPLE 1|

Perform the calculaticn: 15+-3+7—-6=6
[Memory Cal] M:0
Q

15(3F7(=)6

[Memory Cal] M:0 {Formula input)
5/3+7-B.

EXE; [Memory Cai] M: 6 {Formula execution)
B .
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[EXAMPLE 2| |
Perform the following calculations: 120x1.4=168
1.4%x170=238
MC [Memory Cal] M: 0 {AmEGsmaAT)
2 (Storage of 1.4 in
1.4 M+ [Memory Cal] M: 1.4 memory)
1.4 {(Formula input)
[Memory Cal] M: 1.4
120 (%] MR 120%1.4 (Formula execution)
Exe [Memory Cal] M: 1.4 (Recall of 1.4 from
168 memory)
MR [x! 170 [Memory Cal] M: 1.4 {Formula execution)
1.4*170
: [Memory Call M: 1.4
I 238
[EXAMPLE 3|
Perform the following calculation: 3+ 7 +sin30° (angle unit=degree)
MC ‘[aMemory Cal] M: 0 (Memory clear)
3 M+ [Memory Cal] M: 3 {(Storage of value in
3 memory)
7 M+ [Memory Cal] M: 10 (Add to memory)
7
SIN30 M+ | Memory Call M: 10.5 tol owing finction
@.5 calculation)

Set the mode for the desired angle unit (DEG, RAD, GRA) before activating the library.
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MEMORY CALCULATION FLOWCHART

Library menu

Calculation result and
mamory contents display

HEEAR) Entry (Bmc EIMR EM- EIM+
Chitput of opera- Calculation result Quiput of cursor Subtract calcula- .
tor following clear and output of Memory clear following memary tion result from Addlcaté““'a“"“
caloulation resull first entry CORtENIS memory result to memory
al 7T
Y ¥
1 Formula input

o3} : = FMC f3IMR Em— (=) +

i
Output of meneory Subtrazt result frem Add resull to
Dhelew oINe Form L‘{Ia Mamory clear contents al currenl memory zller memory ater ex-
characier exetulicn cursar posiion executing farmuta 2culing cakulalion
y 7T 3
' NO
Error? | S
\N o VES NO
Error?

YES YES

Error display

Key input
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