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Learn how to solve a combinatorial equation, a combinatorial system, and evaluate the
response-time of a system, then program a sequential system as states machine.
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2.1 Input Pin

Digitalln (PinkMame pin, const char *name=kLILL)
Create a Digitalln connected to the specified pin.
int  read ()
Fead the input, represented as 0 or 1 [int)
void  mode (Pinfade pull)
=et the input pin maode.
operator int ()

An operator shorthand for readi)

Example code:

1. Digitalln inputl (p5);
2. a=inputl.read(); //or a=inputl

LSB MSB
2.2 Input bus

Busln (FinMarme p, PinMame p1=MC, |, FinMame p15=MNC, const char "name=MNLULL)

Create an Busln |, connected to the specified pins.

int  read ()
Fead the value of the input bus.
operator int ()
A shorthand for readi)

Example codes.

1. BuslIninputs(p5, p6, p11, p23);
2. a=inputs.read();
3. if(inputs & 0x07==0x05).....;



2.3 Combinatorial system “Successive evaluation method”

initialisations

X=/a+b.c+ab./d

0=0 Y=a.b.c+a./d
—1 Z=/b./c./d + a.b./c./d
I=inputs T o AL A
[=a./c.d+b.d
Outputs equation
=1 a—» p5 LED1—X
b— ps LED2—Y
=1 C—»pT7 LED3—Z
0=012 d—l- P16 LEDJI_""T

Input output mapping

Z=1 _
#include "mbed.h"

0=014 Busin inputs(p5,p6,p7,p16);
BusOut outputs(LED1,LED2,LED3.LED4);

Digitalln a(p5),b(p6).c(p7).d(p16);

void main(){
int1,0;
0=018 while{1){
|

a.mode(PullUp);

| b.mode(PullUp);
outp uts < O c.mode(PullUp);

I d.mode(PullUp};
I=inputs;O=0;
if(((181)==0) || ((186)==6) || ((1&11)==3)) O=1 ;
if(((1&7)==7) || ((1&9)==1)) O=0]2 ;
if(((1&14)==0) || ((1&15)==3)) O=0|4 ;

0=0|8 ;

Sequence diagram

outputs=0;

Program



1.3 Sequential system “States Machine”

a—»p5 LED1—X
b— ps LED2—Y
C—»p7 LED3—/
d—spi1s LED4—T

Input output mapping

#include "mbed.h”
Busln inputs(p5.p6.p7.p16);
BusOut outputs(LED1,LED2,LED3,LED4);
Digitalin a(p5),b(p6),c(p7).d(p16);
int I; char 5T=1:;
int main{}) {
a.mode(PullUp);
b.mode(PullUp);
c.mode(PullUp);
d.mode(PullUp):
FSM while{l) {
I=inputs;
awitch(8T)
{
case 1: outputs=0x8;
if ({1 & 0x1) == 0x1) ST=2; break;
case 2: outputs=0x1;
if (1 & 0x2) == 0x0) ST=3;
else
if ({1 & Oxe) == 0xB6) ST=5; break;
case 3: outputs=0x5;
if ({1 & 0x2) == 0x2) || {{I & 0x0) == 0x0))ST=4; break;
case 4: outputs=0x0;

case 5: outputs-0x3;

case 6: outputs=0xc;

Program



The mbed module is supplied by the USB interface (no need of external power supply).
The supply jumper has to be in the position “USB”.

We will use combinatorial variables a, b, ¢, d, X, Y, Zand T connected to the following

table:
INPUTS OUTPUTS
Name a b c d X Y Z T
MBED Pin| P5 P6 P7 P16 LED1 LED2 LED3 LED4
Board PB SW1| PB SW2| PB SW3| BNC A_IN| TP SDA | TPSCL | TP A_OUT| TP PWM
—16Gnd u Vout |
—1Vin b,
I AV 12 I
PBSWI —» : — S
PBSW2 —» ;% 6 % rox
PBSW3 —» » (Ttam ) ; = TTEEIL e
TPSDA «— X <« [momor— |9 § -
TPSCL «— v < (eers; 24 o > —
112 9 o
—13 2 ol
— o A=
—] 16 Q 200
BNCAIN —» d W e s 2 s [—
TPAOUT«— Z « o) —] 18 7 [
— ] EEEE 2 —»T — TP PWM
[ED1 LED3
LED2 LED4
XY T

Remark: there are no external pull up resistors in inputs p5, p6, p7, and pl6.

1. Combinatorial equation

Using the Digitalln and DigitalOut classes, write the program solving the equation:

X=/a.b.c+a./b./c.d+a.cd

e Testthe program using the push buttons and watching the LED1.

e Connectasquarewavefunction generator to BNC input corresponding
to variable d. IF the buttons are not pushed, a=b=c=1 and X=d.
Observe simultaneously d and X with an oscilloscope. Measure the delay
between the rising edges of d and X.




2. Combinational system

Using Businand BusOutclasses, andthe successive evaluation method, write the
program solving the system:

X =/a.b.c+ a./b./c

Y =a.b.c.d + /a./b./c.d

Z= a.lc

T=/bd+c./d

Test the program using the push buttons and watching the LEDs.

3.

Sequential system: state machine
3.1 Write and test the program corresponding to the following specifications:

% ()

fa+b.!c/ \E:Jb
XY 1'a'ZT

a./b./c a  |apb.fc

0z@) )
fa./b ﬁb

XYZT

a.b.c./d

3.2 We will display on the LCD the number of active state.



