>5 kAt

Us @J
29U '
OWBML
ol opaclte oF ik ﬂ@’&#%
L, %
Qajuata @_—»
T 1 v i "
i g
U &’
S |f27 X =




& Age-

E1le

Ol rdon Al S
Tok b seAm O— [A]
TRy falesrs
f ez A =
ETOE i e j—r >
. 2NN | 12 = 12l
_ obe O f =) |
‘ ook bALA, A =
S /_(

; e
; 0 Onpley oe o Seam.
SRA’:V\M&*'” ondnally of pt It voreg

W]







—~ Wb bot ZSK2s

| Seam - %‘VB';‘% Zkiblgbe =
fde | ZowNﬂ:‘ 16 324 by

256k = : T
WZ(&{M&V 910 BZ()D“ gzbb"fk’
- 256 bib
s = 22 Jud Gf~
[0 e %zm
(S ale) e

P smrys @ 0oLVl 1 oo D
o o el ©0 00 00U

(1,99’ i O 0O oo

52,‘ M OOOO el l,///k/ %0 C?O!O
W Voo —> ]FFF
4

OH' [1]) Ler 1))
L
2 2167 .




054!

22k 2%

v
/(

= wwuﬁvcﬁ

el

EE T e

o ~—
()
(> W RS VoY PN le)

\ G 14 coh ol

|
_

8.2

M/
LA,

A ST ARV AV

rmw QZ?LS.IZ <JU|§67MW%
=
¥l




& ’%2 767

@uoﬁ' LBZE_) g

g™ geee OF(Q > ﬂ %

| O@ qoﬂ S s
3osu>  161z7

I"§C%

\é o == Spl L JJ/




s L\ WY 0//__82
‘:3,,,\/,/’\ 0 \o 33
6o ‘c %"\\] m\ 17 $a4q wo |

SY (W20 (i)

=333

Z23%0= ‘Z‘{Y-wt

# s=
¥z 1/. '5350 ~ IO

‘b“:>:7()

* R (T e
’ == 75 \ <07 > %




= it U
| Cu(q(ﬁlw\i7‘7’7,
[

2) [ )usg >  2OGH

'zflj
f ‘9“9‘0 0 /

ok 1N
TZ] lo Osp \/
cl- DR




Tonl L5 Qkos .~ CINIY

% o i ace

| g y TN

| 3

L A

Sks

| B o= yavimq%( ™
e

| = I(ML ey

‘ ‘TQJMX J %"{Y*)‘




9\-{[?7)”‘1 - .
geo Sei O A (BUy+x W’“/[)




C)-7 U\




'____ — > O] (lOU
e \ K
°o | |¥ =i
e L
1)( SOM @Wme. <
) &fq Pucein . ME
_XJx ALGORTIINY
» l D) W32,
]((;% ¢ %%Eij (r2)
| <
32, BOGY , 4+
Yo3z2
7;063’)
Nty g5 o » ()( wor







| ! ) -@é;%u @)‘7%/5
PG s0)

nin o CTlGET | A WL«CWC(""'};H}
wCi)ﬂ > (if L%&%J)

/.%T—_\

MJ/N»S MwU ol
0303
o £ (wo)

w7z

Wi doo  ‘imboy 1ot UB) ook Ll 7

dd 4 ””"1’4/6{0&{)? 2

b (Wt )
X&Ale .
Doaddite Lo ald WMWCZ%):]
@»z@S




A L il




| mew 1 M( ha-ﬂ 8 Y)—;,g(j— alq l"‘(, Wednesday, February 15, 2017 12:56 PM
// Nokia 5110 LCD-Display (SIZE_HxSIZE V Bildpunkte) lvd%<§i 55 ﬂt— CJ\
ol gopwol § yh%(h

// TSJIWang

£/ Bebruary 15, 2017

// Conway's game of life using Arduino Nano and a Nokia 5110 Display

// a button on reset for initialization and a button on pin 2 for lighting.
/**modifying this code so it can do wrap world**/

#include <Adafruit_GFX.h>
#include <Adafruit PCD8544.h>

()
faeine rco_wrota sa O 1O 0:)%00
#define LCD_HEIGHT 48 U Dll‘l% bt 3
)

#define LCD_HEIGHT8 (LCD_HEIGHT >> 3 0o oooll0 = é

1%%]
¢ M The map(i, j) (i + LCD_WIDTH*7)
#define map_x(i, j, k) (i)
#define map_y (i, j, k) (j*8+k)
(x)

#define map_i (x, y)
#define map_j(x, y) (y/8)
y)

#define map_k (x, (y%8)

6
#define for_i for (int i = 0; i < LCD_WIDTH;, i++) 0 %>
#define for_j for (int j = 0; j < LCD_HEIGHTS; j++) @ =
#define for_k for (int k 0; k < 8; k++)
#definefor . n for (int n = 0 m <-8; nitt)

&y

#define for-X for (int'x = 0; X < LCD_WIDTHsz++)
#define for_y for (int y = 0; y < LCD_HEIGHT; y++)
#define for_ y a for (int y. a =y - 1; y_ a <=y + 1; y_a++)
fdefine for i aifor (int X a = x —1; x a <= x tslpx atl)

»-() 0, %
#define bit_read(matrix, i, j, k) bitRead(matrix[map(i, 3j)1, k)
#define bit_set (matrix, i, j, k) bitSet (matrix[map(i, j)I1, k)
#define bit_clear (matrix, i, j, k) bitClear (matrix[map(i, j)]1, k)

#define bit_set_xy(matrix, x, y) bit_set(matrix, map_i(x, y), map_j(x, y), map_k(x, y))
#define bit_read xy(matrix, x, y) bit read(matrix, map i(x, y), map_j(x, y), map k(x, y))
. #define bit_clear xy(matrix, x, y) bit_clear (matrix, map_i(x, y), map_j(x, y), map_k(x, y));
Ste
#define pixel_set (i, j, k) display.drawPixel (i, j*8+k, BLACK)
#define pixel_unset (i, j, k) display.drawPixel(i, j*8+k, WHITE)

#define pixel _map(i, j, k) display.drawPixel(i, j*8+k, bit_read(matrix, i, j, k) == 1 ? BLACK
WHITE)
#define between(n, a, b) ((n >= a) && (n <= b))
#define NORTH 0
#define NORTHEAST 1 7 SL_L
#define EAST 2 Q =
#define SOUTHEAST 3
. <19
#define SOUTH 4

#define SOUTHWEST 5
#define WEST 6
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#define NORTHWEST 7
#define RAND_RANGE 255

// Software SPI (slower updates, more flexible pin options):
// pin 13 - Serial clock out (SCLK)

// pin 11 - Serial data out (DIN)

///pin 4 - Data/Command select (D/C)

// pin 3 - LCD chip select (CS)

/ pin 2 - LCD reset (RST)

\/édafruit_PCD8544 display = Adafruit_PCD8544(8, 7, 5, 4, 3);
censt —int lites= 6; /[/contrel fer this interrupt pin witlllsbe. 2
const int pot = A7;

/4/ interrupt stuff

const byte interruptPin = 2;
volatile byte state = LOW;

/ debouncing values
< long debouncing_time = 200; //Debouncing Time in Milliseconds

volatile unsigned long last_micros; $i
Liﬁ_ﬁib@,ﬁ(

%
unsigned char matrix[LCD_WID?H 3 LCDJ%EIGHTB] = {0}; o
unsigned char matrix new[LCD_WIDTH * LCD_HEIGHT8] = {0}; o VZEE:TEZT\f
unsigned char toggle = 0; TSN e e
143
void initialize_matrix() {
fer x {
Forty
char rand = random(RAND_RANGE) ;
if (between(rand, 0, RAND_RANGE / 2)) {
bit_set_xy(matrix, x, y);
}
}
}
,}
L— = R g8 Ny Lo

/] implemented using dubaiss' "neighbours XXX" algorithm
void evolve_matrix() {

// new state

unsigned char neighbour[8] = {0};
unsigned char byte_cell;

unsigned char byte_cell_new;
unsigned char byte_cell_count;

// calculate new state

EOrLe i 9
Eomy Q?

byte cell = matrix[map(i, j)1;

/* * get each bit's neighbour one byte at a time * */
—

04




q

L 34 ?
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/* east and west */ J =206
‘\/9eighbourfWES;I = 0b00000000; k**l
i Fs i 6¢/¢/ L - e[uzn
7/~ neighbour [WEST] = matrix[ma%iji/:/i), 30 ; V|q>%
} | '
neighbourgiéfil;l 0530000000
(e IDINEL == = 17)=)==1

" neighbour [EAST] = matrix[map ( B ot L 30 13

L, e e ({i—l)%ﬁ((’:g}

(P northes/

neighbour [NORTH] = 0b00000000;
neighbour [NORTHEAST] = 0b00000000;
neighbour [NORTHWEST] = 0b00000000;

- F a0
] neighbour [NORTH] = matrix[map(i, j - 1)];¢
ST ‘)
neighbour [NORTHWEST] = matrix[map(i - 1, j - 1)1;
}
T (G (T CDEWE DS =Ry
neighbour [NORTHEAST] = matrix[map(i + 1, j - 1)Y;
= } e e ey
} e B e WL e AT T i : S ”“‘-’u—.,,h

/wﬁeiahbour[NORTH] = (byte_cell << 1) | ((neighbour [NORTH] & 0b10000000) >> 7);
gf neighbour [NORTHEAST] = (neighbour [EAST] << 1) | ((neighbour [NORTHEAST] & 0b1000000) >> 7);;
neighbour [NORTHWEST] = (neighbour [WEST] << 1) | ((neighbour [NORTHWEST] & 0b1000000) >> 7);”

—_— e e oY
i Se - = e Rt
= R

e
o —

s

neighbour [SOUTH] = 0000000007
neighbour [SOUTHEAST] = 0b00000000;
neighbour [SOUTHWEST] = 0b00000000;
f (5 < (REDSHETGHTS — & )5

eighbour [SOUTH] = matrix[map(i, j + 1)1;

SsEe (G S0
A neighbour [SOUTHWEST] = matrix[map(i - 1, j + 1)1;

}
if (1< (LEDEWEDTHS — 1))
neighbour [SOUTHEAST] = matrix[map(i + 1, j + 1)1;

s

} P SR e —— s, o

_meighbour [SOUTH] = ((neighbour [SOUTH] & 0b00000001) << 7) | (byte_cell >> 1); T,
neighbour [SOUTHEAST]
\\\\elghbour[SOUTHWEST]

( (neighbour [SOUTHEAST] & 0b00000001) << 7) | (neighbour [EAST] >> 1); i
((neighbour [SOUTHWEST] & 0b00000001) << 7) | (neighbour [WEST] >> l);ﬂf

Il

e st TR P st e T

T ——— R — = 1

T /* calculate each bit of next gen */ ‘
byte_cell_new = 0b00000000; \ HL [’Mlﬂ—”a““ [‘b’ & rb/ I“C [00?5

e
s SR ———

Eo e
byte_cell count = 0;
oSN
byte_cell count += (neighbour[n] & 0b00000001) ;

\
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byte_cell new >>= 1;
if ((byte_cell_count == 3) || ((byte_cell count == 2) && (byte_cell & 0b00000001))) {
byte_cell new |= 0b10000000;

FOE Snk

neighbour[n] >>= 1;
}
byte_cell >>= 1;

matrix_new[map(i, j)] = byte_cell new;

// apply new state
Eor i A
1Zop See |
matrix[map(i, j)] = matrix new[map(i, J)1;

void update_display() {

el e ar;

for_ i { 29 k
EOrtr g b
Foruikd % o

pixel. mapiEs,=u, k)7

void setup() {
pinMode (lite, OUTPUT) ;
pinMode (interruptPin, INPUT_PULLUP) ;
pinMode (pot, INPUT);
attachInterrupt (digitalPinToInterrupt (interruptPin), changelite, RISING);
///random seed
randomSeed (analogRead (0)) ;

Vy/ initialize display
display.begin() ;
// set contrast
display.setContrast (56) ;
// clears the screen and buffer
display.clearDisplay () ;
// initialize matrix

initialize matrix();




new 1 Wednesday, February 15, 2017 12:56 PM

void loop() {
update_display () ;
evolve matrix(); /

delay (analogRead (pot)) ;

/*******************This function COI’ltrOlS lighting*********************/
void changelite () {
if((long) (micros() - last_micros) >= debouncing_time * 1000) {
state = !state;
digitalWrite(lite, state);
last micros = micros();




