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Executive summary

In this Module we will use PIC18F4550 with a Keypad 4x4.
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Chapter 1: Overview

Table 1. Overview

e The student will be able to connect a keypad 4x4 on the PIC18F4550

e The student will be able to modify the keypad driver for CCS C
Compiler

e The student will be able to read ASCII characters from a keypad 4x4

e The student will be able to design a simple calculator with a keypad
4x4 and a LCD 16x2

e The student will be able to load and animate a microcontroller
program in the Proteus Design Suite

Keypad 4x4, matrix, rows, columns

The duration of the module_2-5 is 3 hours

Presentation of the module_2-5 by the teacher, 30 minutes

1% activity, keypad 4x4 and LEDs, 30 minutes

2 activity, keypad 4x4 and LCD 16x2, 45 minutes

31 activity, simple calculator, 75 minutes

The teacher:

Presents the slides associated with the module_2-5 and answers question
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The students:

Draw circuits in Proteus Schematic, write programs in C language, load
programs to a microcontroller and run the simulation using the Proteus
Design Suite

At the end of the Module_2-5 will be given:
e Open Project

e Material: PC

e Software: CCS C compiler, Proteus Design Suite

e The student must be familiarized with the Proteus Design Suite

(link1)

e The student must be completed Module_2-1, Module_2-2,
Module_2-3 and Module_2-4

CCS C Compiler manual (C Compiler Reference Manual)

e MICROCHIP, PIC18F2455/2550/4455/4550 Data Sheet

e Module_2-5 slides
e Module_2-5 Evaluation leaflet
e Module_2-5 Open project leaflet

e Module_2-5 Programs, Schematic Proteus (Compressed folder)

Tipl. The #define rowO PIN_ etc statements in keypad.h should be
checked and possibly modified.

Tip2. The #define LCD_DB4 PIN_B4 etc statements in flex_lcd.c should
be checked and possibly modified.
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Chapter 2: Activities

2.1 Activity 1. Keypad 4x4 and LEDs

The purpose of this activity is for microcontroller to read an ASCII character from a keypad 4x4, and

display its code in 8 LEDs.

Table 2. ASCII code for digits

Digit ASCII code (hex) [ ASCII code (binary)
0 0x30 0011 0000
1 0x31 0011 0001
2 0x32 0011 0010
3 0x33 0011 0011
4 0x34 0011 0100
5 0x35 0011 0101
6 0x36 0011 0110
7 0x37 0011 0111
8 0x38 0011 1000
9 0x39 0011 1001
Table 3. ASCII code for characters
Character | ASCII code (hex) [ ASCII code (binary)
/ 0x2F 0010 1111
X 0x58 0101 1000
- 0x2D 0010 1101
+ 0x2B 0010 1011
= 0x3D 0011 1101
C 0x43 0100 0011
Table 4. Activity 1
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Draw the circuit of the picture in the Proteus Design Suite.

RAO/ANO

RAL/ANL
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/C1OUT/RCV
RAS5/AN4/SS/LVDIN/C20U
RA6/0SC2/CLKO
OSC1/CLKI

RBO/AN12/INTO/FLTO/SDI
RB1/AN10/INT1/SCK/SCL]
RB2/AN8/INT2/VMO
RB3/AN9/CCP2/VPO
RB4/AN11/KBIO/CSSPP
RB5/KBI1/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD

RY | R | R3] | R4

ok | zox| | zok] | 20k 18 | yuss
. PIC18F4550

Figure 1 (a). Keypad and LEDs
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RCO/TLOSO/TLCKI
RC1/T10SI/CCP2/UCE
RC2/CCP1/P1A
RC4/D-VM

RC5/D+VP

uT RCBITX/CK
RC7/RX/DT/SDO

I/SDA RDO/SPPO
L RD1/SPP1
RD2/SPP2

RD3/SPP3

RD4/SPP4
RD5/SPP5/P1B
RD6/SPP6/P1C
RD7/SPP7/P1D

REO/AN5/CK1SPP
RE1/ANG/CK2SPP
RE2/AN7/OESPP
RE3/MCLR/NVPP

it

Figure 1 (b). Keypad and LEDs

Write in CCS C Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.
// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#include <keypad.h> // The h file of the keypad
driver

// should be in the same
folder where we will save our program.

// The #define row0 PIN B4
etc statements in keypad.h

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to the
keypad 4x4.

#byte PORTB =0xF81
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// We attribute to the memory
position 0xF81 the name PORTB.

// This means that we define
a 8 bit variable whose value

// will Dbe stored to the
memory position F81lh.

// The memory position F81h
is the PORTD data register.

#byte PORTD=0xF83 // F83h 1is the position or
PORTD data register

// at the data memory of the
microcontroller

// SFR Special Function
Register

//initialization routine
void init (void);

// Kk ok Kk ok ok Kk k kK main program R R i A b A b A S i S SR S I R S S S i

void main () {

char k; //variable for storing the ASCII
code of the key pressed

init (); //initialization routine

kbd init(); //initialization routine for the
keypad 4x4

while (TRUE) {
k=kbd getc(); //Keypad reading.
//If a key 1s pressed, the
variable k gets the ASCII code of the key.
//If no key 1is pressed, the
function kbd getc() returns the value 0.
If(k!=0){ //1f a key is pressed
PORTD=k; //The ASCII code of the key
pressed is transferred to PORTD
}
}
}

//initialization routine
void init (void) {
set tris d(0x00); //PORTD is defined as output
PORTD=0x00; //PORTD takes the initial
value of 0x00

}

Compile the program in C in order to create the program in the
microcontroller machine code (hex file).
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& CCS C Compiler = o x
it Semch  Options | Compile View Tooh Debug Document User toolbar
ompile L © C/ASM List
@ FC1EF4880
’ . % Rebusd 3+ Call Tree

Build  Buikd & Run ©Clean PCH 16 bit Program Statistics & Symbols

Complle Compiler Aun Ounut Files

: r"‘“"‘""L:_L.._._, X
g Y 5t
13
a4 24
g 1s sbyte PORTB =@xF81
1€ 781 the name PORTE
17 ' R 5
18
B 1s

e

20
E; a1 sbyte PORTD=0xF83 is the TD data registe
g = ot " fe

23
24

28 tislization

26 void init(void);

27

28 eesssess paln DrogFam *eteeessssssases
2% |G void main(){

30 || char k; aria

31 init(); initializat
32 kbd_init();

3 ||

34 |0 while(TRUE){

3 k=kbd_getc();

36

37 ||

38 (& If(kl=0)(

39 PORTDwk;

40 }

2l )

a2 |[)

43

44 initializati

45 |[void init (void)(

a6 set_tris_d(0x00);

47 PORTD=0%00;

48 ||}

4G

Figure2. CCS C Compiler, translation to machine code (hex file)

Load to the microcontroller the hex file (program in machine code)
that was created from the CCS C Compiler.

Run the simulation and check the correct operation of the circuit.

Suggested modifications and discussion:

¢ modify the code so that PORTD does not display the ASCII
code but the numeric value of the key

Tip. Notice the values of the first 4 bits of the ASCII codes of digits
01, 2..9.
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2.2 Activity 2. Keypad 4x4 and LCD 16x2

The purpose of this activity is for microcontroller to read an ASCII character from a keypad 4x4, and
display itin a LCD 16x2.

e If‘C’ key is pressed, then the screen clears.

Table 5. Activity 2

Step 1. The circuit is drawn in the Proteus Design Suite.

Step 2. The program in C language is written.

Step 3. The program is compiled with the use of CCS C compiler to
the microcontroller machine code. The machine code is loaded to
the flash memory of the microcontroller.

Step 4. The animation is activated.

Step 5. Modifications and discussion.

Draw the circuit of the picture at the Proteus Design Suite.

Ul

RAO/ANO
RA1/AN1
RA2/AN2/VREF-/G
RA3/AN3/VREF+
RA4/TOCKI/C10UT

RAS5/AN4/SS/LVDI
RAB/0SC2/CLKO
OSC1/CLKI

= RBO/AN12/INTO/FL
RB1/AN10/INTL/S
RB2/ANS/INT2IVM
RB3/AN9/CCP2/VA
RB4/AN1L/KBIO/CY
RBS5/KBIL/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD

N 40m

R1 R2 R3 R4
10k 10k 10k 10k 18 1vuss
. . . . PICI8F4550

Figure 3 (a). Keypad 4x4 and LCD 16x2
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RV1
10K

LCD1
LMo32L

CO/T1OSO/TL1CKI
T1OSI/CCP2/UCE
RC2/CCP1/P1A w23

RC4/D-IVM =24

RC5/D+VP ===
RCE/TX/CK (=22
RC7/RX/DT/SDO bl IS

RDO/SPPO
RD1/SPP1
RD2/SPP2
RD3/SPP3
RD4/SPP4
RD5/SPP5/P1B
RD6/SPP6/P1C
RD7/SPP7/P1D

u16
n17

VSS
VDD
VEE
RS
RW
E
DO
D1
D2
D3
D4
D5
D6
D7

L
4m
5
6m
7m
8
9

10m
&
4

ISlo

AL
(=] &<] [¢5]

REO/AN5S/CK1SPP
RE1/AN6/CK2SPP [——
RE2/AN7/OESPP [——

RE3/MCLRNVPP

Figure 3 (b). Keypad 4x4 and LCD 16x2

Write in CCS Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.
// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#include <flex lcd.h> // The h file of the lcd
driver

// should be in the same
folder where we will save our program.

// The #define LCD_DB4
PIN B4 etc statements in flex lecd.c

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to LCD
lex2.

#include <keypad.h> // The h file of the keypad
driver

// should be in the same
folder where we will save our program.
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// The #define row0 PIN B4
etc statements in keypad.h

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to the
keypad 4x4.

#byte PORTB =0xF81

// We attribute to the memory
position 0xF81 the name PORTB.

// This means that we define
a 8 bit variable whose value

// will be stored to the
memory position F8lh.

// The memory position F81h
is the PORTD data register.

#byte PORTD=0xF83 // F83h is the position or
PORTD data register

// at the data memory of the
microcontroller

// ~SFR Special Function
Register

//initialization routine
void init (void);

// Kk k ok k ok Kk k kK main program KA AIAA XA AR A A XA A XA A XA A KKK

void main () {

char k; //variable for storing the ASCII
code of the key pressed
init () //initialization routine
kbd init(); //initialization routine for the
keypad 4x4
led init(); //initialization routine for the
LCD 16x2
while (TRUE) {
k=kbd getc () ; //keypad reading
//If a key is pressed (k! = 0) and if the

key pressed is not 'C',
//the character will appear on the LCD
if (k!=0 && k!='C"){
printf (lcd putc,"%c",k);
}

//If 'C' key 1is pressedm then the screen
clears
else 1if(k=='C") {
printf (lcd putc,"\f");
}

}

// initialization routine
void init (void) {
set tris d(0x00); //PORTD 1is defined as
output
}
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Use the CCS C Compiler to translate the programm from C
language to the microcontroller machine code. Load to the
microcontroller the hex file (machine code) that was created from
the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

Suggested modifications and discussion:

¢ what do we need to change in the circuit and in the code so that
the keypad 4x4 is connected to PORTC?

2.3 Activity 3. Simple calculator

This activity uses a 4x4 keypad and a LCD 16x2, with the aim of making the PIC18F4550 a simple
calculator that can perform 4 basic operations between 2 single-digit numbers.

The PIC18F4550:

reads the first number

reads which mathematical operation will be performed (+, -, X, /)
reads the second number

displays the result on the LCD

waits for ‘C’ to be pressed to start the process from the beginning

Table 6. Activity 3
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Draw the circuit of the picture in the Proteus Design Suite.

N
[

|
[

4m

|
[}

o)
[}

=]
u

14m
13m

33m

Ul

RAO/ANO

RAL/ANL
RA2/AN2/VREF-/CVREF|
RA3/AN3/VREF+
RA4/TOCKI/C1OUT/RCV]
RAS/AN4/SS/LVDIN/C2(
RAG/0SC2/CLKO
OSC1/CLKI

34m

35m

36m
37m

38w

39m

t

40m

R2
1k

R3
1k

of

R4
1k

RBO/AN12/INTO/FLTO/SL]
RB1/AN10/INT1/SCK/SC]
RB2/ANS/INT2/VMO
RB3/AN9/CCP2/VPO
RB4/AN11/KBIO/CSSPP
RB5/KBI1/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD

VUSB
PIC18F4550

Figure 4 (a). Keypad 4x4 and LCD 16x2

LCD1
LMO16L

VDD
VEE
RS

DO
D1

D2
D3
D4
D5
D6
D7

4m
]
]

7m

I/ISDA

RCO/T10SO/T1CKI

RC1/T10SI/CCP2/UCE

RC2/CCP1/P1A
RC4/D-IVM
RC5/D+/VP
RC6/TX/CK

RC7/RX/DT/SDO

RDO/SPPO ===

RD1/SPP1
RD2/SPP2
RD3/SPP3
RD4/SPP4
RD5/SPP5/P1B
RD6/SPP6/P1C
RD7/SPP7/P1D

REO/AN5/CK1SPP
RE1/AN6/CK2SPP
RE2/AN7/OESPP
RE3/MCLR/VPP

I—L vss

Figure 4 (b). Keypad 4x4 and LCD 16x2
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Write in CCS C Compiler the program in C language

#include <main.h> // the file main.h with the
// initial settings is included.
// This file must be placed in

the same

// folder with the project.

// Also the 18F4550.h file must
exist

// in the same folder with the
project

#include <flex lcd.h> // The h file of the 1lcd
driver

// should be in the same
folder where we will save our program.

// The #define LCD_DB4
PIN B4 etc statements in flex lecd.c

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to LCD
l16x2.

#include <keypad.h> // The h file of the keypad
driver

// should be in the same
folder where we will save our program.

// The #define row0 PIN B4
etc statements in keypad.h

// should be checked and
possibly modified.

// These statements
determine the pins of the microcontroller

// that are connected to the
keypad 4x4.

#byte PORTB =0xF81

// We attribute to the memory
position O0xF81 the name PORTB.

// This means that we define
a 8 bit variable whose value

// will be stored to the
memory position F81h.

// The memory position F81h
is the PORTD data register.

#byte PORTD=0xF83 // F83h is the position or
PORTD data register
// at the data memory of the

microcontroller

// SFR Special Function
Register
char key; //variable to save keypad's
characters
int numl=10; //variable for the first number
int num2=10; //variable for the second number
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char operation; //variable for the operation

float result; //variable for the result
boolean flag=0; //flag raised when the divider
is O

//this function converts keypad's character to
integer
int convert to number (char c);

// Kk ok Kk k ok ok ok kK main program *khkhkkhkkhkhkhkhkhkhkhkhkhkhkkkkkkkkk

void main () {

set _tris d(0x00); //PORTD 1is defined as
output - LCD 16x2

kbd init(); //initialization routine
for the keypad 4x4

lcd init () //initialization routine
for the LCD 16x2

led putc("\f"); //clear the screen

while (TRUE) {
//read the first number
do{
//wait until a key is pressed
key=kbd getc () ;
if (key!=0) {
//call the "convert to number"
numl=convert to number (key) ;
}
}
while (numl>9) ;
//print the first number
printf (lcd putc,"%d",numl) ;

//read the operation
do{
//wait until a key is pressed
operation=kbd getc();
}
while (operation!='X"' && operation!='/"' &&
operation!="'+"' && operation!='-");

//print the operation

if (operation=="+") {
printf(led putc,™ + ");

}

else if (operation=='-")

{
printf (lcd putc," - ")

Al

’

}

if (operation=="X") {
printf (lcd putc," * ");

}

else if (operation=="/"){
printf(lcd putc,"™ / ");

}

//read the second number
do{
//wait until a key is pressed
key=kbd getc() ;
if (key!=0) {
//call the "convert to number"

num2=convert to number (key);
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}

//this

}
}
while (num2>9) ;
//print the second number
printf (lcd putc,"%d = ",num2);

//calculate the result
if (operation=="+") {
result=numl+num?2;
}
else if (operation=='-") {
if (numl>num?2) {
result=numl-num?2;

}

else{
result=num2-numl;
printf (lcd putc,"-");

}
}
else if (operation=="X") {
result=numl*num?2;
}
else if (operation=='/"){
1f (num2==0) {
flag=1l;
}
elsef
result=(float) (numl) /num2;
}
}

if (flag==1){ //divider = 0
flag=0;
printf (lcd putc, "\nUndefined") ;
}
else{
//print the result
printf (lcd putc,"%f",result);
}

//wait until the "C" is pressed
do{
key=kbd getc () ;
}
while (key!='C");

//clear the LCD

lcd putc("\f");
numl=num2=10;

function converts keypad's character

integer

if (c=='0") {
return 0;

}

else if(c=="1"){
return 1;

}

else if(c=="'2"){

int convert to number (char c) {

to
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return 2;

}

else 1f(c=="'3"){
return 3;

}

else 1if(c=="4"){
return 4;

}

else if(c=='5"){
return 5;

}

else if(c=='6") {
return 6;

}

else if(c=="'7"){
return 7;

}

else 1f(c=='8") {
return 8;

}

else if(c=='9"){
return 9;

}

else if(c=="/"){
return 10;

}

else 1f(c=="X"){
return 11;

}

else if(c=="-"){
return 12;

}

else 1f(c=="+"){
return 13;

}

else if(c=="="){
return 14;

}

else if(c=='C") {
return 15;

}

else(

return 16;

}

Compile the program in order to create the hex.file (program in
machine code). Load the program (hex.file) to the microcontroller.

Run the simulation and check the correct operation of the circuit.

Suggested modifications and discussion:
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e can other operations be added, such as power, or square root?

Tip. #include <math.h>, pow(), sqrt()
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Chapter 3: Recapitulation

@ The schematic of the circuits was drawn with Proteus Design Suite

= A keypad 4x4 (and a LCD 16x2) were used to implement applications such as a simple calculator.
& The programs in C was written in CCS C compiler.

@& The programs in C was compiled to the microcontroller machine code (hex file).

@ The machine code was “loaded” to the microcontroller and the animation was activated.

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 22



References

CCS C Compiler Manual. Ccsinfo.com. (2021). Retrieved from
https://www.ccsinfo.com/downloads/ccs ¢ _manual.pdf.

PIC18F2455/2550/4455/4550 Data Sheet. Ww1.microchip.com. (2006). Retrieved from
https://ww1.microchip.com/downloads/en/devicedoc/39632c.pdf.

Proteus Tutorial : Getting Started with Proteus PCB Design (Version 8.6). Youtube.com. (2017).
Retrieved from https://www.youtube.com/watch?v=GYAHwYUUs34.

Simple LED Circuits. Electronics Hub. (2017). Retrieved from
https://www.electronicshub.org/simple-led-circuits/.

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 23


https://www.ccsinfo.com/downloads/ccs_c_manual.pdf
https://ww1.microchip.com/downloads/en/devicedoc/39632c.pdf
https://www.youtube.com/watch?v=GYAHwYUUs34
https://www.electronicshub.org/simple-led-circuits/

Appendix. Figures with high resolution
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Tem ¢ddS/ead OWA/ZLNI/8NV/cad 3
0w TddS/1ad TOS/MOS/TLNI/OTNY/TEY S

0dds/oad VAs/Ids/0L14/0LNI/ZTNY/08d
6Tm EHEE

IM10/10S0 [+ T
Sem 0ds/1a/xXyd/Lod OM10/20S0/9vy u |} |}
Sem MO/X1/90d LNOZO/NIANT/SSIPNV/SVH = S
Tom dA/+Q/S0Y ADY/LNOTO/IMO0L/VVYH «
tom WA/-a/vod +434N/ENV/EVYH
Tim V1d/Td02/ecod JIUAD/-H4THNENV/evH +
9w 30N/edOI/ISOTL/TOY INV/TVYH
Sim IMOTL/OSOTL/00d ONV/0vY
n

ce] Lo AN O

Keypad and LEDs

Figure 1.
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«& CCS C Compiler - (@] X
IIIEI. EGit  Semch  Options | Compdle  View Tools Debug  Document aw
n arget )
4 @ Lompie FCASF4680 vl . XAt ve
) P - Oreuwa : : ).ia' ili& 3 CanlTree
Bid  Buld&Run (g Clesn FOR. 26:ble = Statistics g Symbols
Complle Compiler Aun Ouput Files
| Fgacowny.1c [Tnheypadh |
12 These statesents determine the pins of the microcantroller -~
i3 that are connected to the keypad axd
14
15 Sbyte PORTS =0xFB1
1€ We attribute to the semory position aF8l1 the name PORTHE
17 / This means that we define & @ bit variable whose valus
18 / will be stored to the memory poszition F81h,
ie The wesory position FElh is the PORTD data register
20
2l sbyte PORTD=0xF83 FB3h is the position or PORTD data register
22 / ot the data sesory of the smicrocontroller
as 5FR Special Function Register
24
25 initislization routine
26 void init(void);
27
28 sessssses ooin progras s
2% |Cvoid main(){
30 char k; [/varisble for staring the ASCII code of the key pressed
3l init(); [/initialization routine
32 kbd_init(); initislization routine for ths keypad Axd
33
34 | while(TRUE){
35 k=kbd_getc(); //Keypad reading.
36 If » key is pressed, the variable k gets the ASCII code of the key
37 If no ke the function kbd getc() returns the value 8,
398 |B) If(kl=0)( If a key <
39 PORTD=k; The ASCIL code of the key pressed is transferred to PORTD
40 }
1 | )
42 }
43
44 f/initialization routine
45 |[J void init (void)(
96 set_tris_d(0xd0); PORTD is defined as output
7 PORTD=0x00; PORTD takes the initial value of exo0
48 }
40

Figure 2.  CCS C Compiler, translation to machine code (hex file)
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Keypad 4x4 and LCD 16x2

Figure 3.

055748T0Id N N N N
=] ddNVETON/ETY SSNA [—57 %0T 40T 30T 0T
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Toa| ¢ddsrzad OWA/ZLNI/BNV/28Y [o==
o] Tdds/ad TOS/MOS/TLNIOTN/TEY [z
0dds/0ay VAS/IaS/0L14/0LNI/ZINY/08Y [—=
6Tm mee
| INTO/TOSO [—==
NS a2 I2I9]|E n__u.u Sea| CJS/LA/X¥/L0Y OX12/20S0/OVY [z
Som] 2O/XL/90Y LNOZO/NIGNTSSIINV/SYY [ [ ] [ [ [ ]
<< <
93398 dOEESE ~5a| dN+a/sOY AQY/LNOTO/NIOLYYY [—= = = ~~ —
mao n o IAR LS +IFUNENV/EVY [—=
TTa| VId/1d02/zoy EESINSTEENIVAN/AL N =
St 30N/2d00SOTLTOY INV/TVY (=2 + 0 al=
IMOTL/OSOTL/00Y ONV/0VH
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0SS5v48TIId ._.I HI HI n
ddAE10W/E3H asnA 8T
ddS30/LNV/Z3d AT AT AT AT
ddSZHO/INV/TIH
ddSTXO/SNV/03H vy ed cd T
L] L] L] L]
Ocn Aatd/Ldds/Lay asdseigM/Lad T
] OTd/9ddS/9ay J9Od/eigM/9ad =6t
Er] a1d/Sdds/sad WOd/TIax/say =ge
Tom ddS/vayd ddSSO/0IgN/TINY/yad St
] €dds/eay OdA2dDD/6NV/Ead = oE
Tom 2dds/ead OWA/ZLNI/8NY/ead woe
Oen ] Tdds/tay TOS/MOS/TLNI/OTNY/TEY S0E
==—1 0ddS/0ad VAs/Ias/0L14/0LNI/ZTNY/0gd
6Tm mEE
IX10/TOSO =ET
r 0as/1arxy/Lod OM10/20S0/9vy L] L] L] L
Son | HO/X1/90d LNOZO/NIANT/SSIPNV/SVH
Ton] dN/+0/S0Y ADH/LNOTO/INO0L/VYE
o] WA-Q/70d +43FAN/ENV/EVH
=N T ] VTd/TdO2/20d J3IHAD/-HTHNCNV/CVYH
oTw | 30N/2d02/ISOTL/TON TINV/TVY
_ ST IMOTL/OSOTL/00d ONV/0vYH
n

T9TONT
Taol

Simple calculator

Figure 4.
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