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CS 1713, Introduction to Computer Science
Assignment 9, Spring 1998

The Game of Life, Due April 16, 1998
Life. For this assignmentyou areto write a C programthat will simulatethe gameof “Life.” Life takes
placeon an infinite 2-dimensionalrectangulargrid of cells. Initially (the0th generation,or at time

�����
)

somefinite collectionof thesecells are“li ve”— the restare“dead.” At eachsuccessive generation,cells
mayremainliveor dead,or mayswitchstatesaccordingto fixedrules.Thusthecourseof thegamedepends
on theinitial configurationandon thefixedsetof rules.Whathappensto acell dependson its state(live or
dead)andon thestatesof its 8 neighbors (cellstouchingthegivencell onanedgeor acorner).

Herearetherules:

BIRTH: A cell that’sdeadat time
�

becomesliveat time
�����

if exactly threeof its eightneighborswere
liveat time

�
.

DEATH by overcrowding: A cell that’s live at time
�

andhasfour or moreof its eightneighborslive at
time

�
will bedeadat time

�	�
�
.

DEATH by exposure: A livecell thathasonly oneliveneighboror noneatall at time
�

will alsobedead
at time

���
�
.

In summary, a live cell stayslive if it hasexactly 2 or 3 live neighbors—otherwiseit dies. A deadcell
becomesa liveoneif it hasexactly3 liveneighbors—otherwiseit staysdead.Thesesimplerulesleadto an
astonishingcomplexity.

A Finite Grid. For this courseit is too hardto think aboutan “infinite” grid of cells, soyour simulation
shouldwork on a fixed rectangular� 
�� grid of cells—with � rows and � columns. Sincewe want
you to displayyour resultson anordinaryterminalscreen,you shouldchoose� �����

and � �����
, i.e., a��� 
 ��� rectangulargrid. I suggestyouuseanarrayof char, usingablankfor deadandastar(*) for live.

Noticethatcellson theboundariesof thegrid donothaveafull eightneighbors,andyourcountof dead
andlive cellsmuststayinsidethegrid. (You mustnot have a row or columnindex outsidetherangesfrom
0 to ��� � andfrom 0 to ��� � .)
The Initial Program. Your programshouldusetwo � 
�� arrays,for the

�
th and � ������� st generations.

Thesearraysshouldbepassedasparameters.YoumustuseaseparateC functionneighborswith therow
andcolumnnumberasparametersthatreturnsthenumberof live neighborsof a givencell. (Thefunction
neighbors mustalsohandletheboundarycorrectly.) Youmustalsohave a functionnext gen with the
two arraysasparametersthat updatesfrom onegenerationto the next (usingtheneighbors function).
Another functionget config shouldreada finite list of pairsof integersfor the initial configuration.
Therewill beanumberof sampleinitial files to choosefrom. Finally, youneeda functiondisp array to
outputeachnew generationto thescreen.Thesimplestway is just to write 24 linesof 80 characterseach.
Hereis asampleoutlinefor thisprogram:

#include <stdio.h>
#include <stdlib.h>
#define M 24
#define N 80
#define MAX_GEN 40
void get_config(char b[M][N]);
void blank_array(char b[M][N]);
void disp_array(char b[M][N]);
void next_gen(char b1[M][N], char b2[M][N]);
void assign(char b1[M][N], char b2[M][N]);
int neighbors(char b[M][N], int i, int j);

void main(void)
{

char b1[M][N], b2[M][N];
get_config(b1);
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disp_array(b1);
fflush(stdout);
int dummy;
for (dummy = 0; dummy < MAX_GEN; dummy++) {

next_gen(b1, b2);
disp_array(b2);
fflush(stdout);
sleep(1);
assign(b1, b2);

}
}

Note that next gen takes the grid for the old generationb1 and producesa grid b2 for the next
generation.Becausetheprogrammovesfrom b1 to b2, it is necessaryto copy b2 backto b1, overwriting
the old contentsof b1. This is carriedout by the function assign. Thereis also a systemfunction
sleep(1) that putstheprogramto sleepfor 1 second,to slow down theoutput. Finally, on runnerit is
necessaryto forceoutputwith asystemcallfflush(stdout). (Onecouldcleverly usenext gen(b1,
b2) followedby next gen(b2, b1) in thefor loop to avoid theassign function.)I intendfor you to
terminatethisprogramby typingctrl-C. (Thiswayyoucanwatchasmany generationsasyoulike. However,
be sureto usea for loop asshown with a maximumnumberof generations,so that you won’t producea
hugeamountof outputby mistake.)

A Better Program. During initial debuggingyou shouldtry to get your programto work just usingthis
simpleform of output.For full credit(andamoreinterestingprogram),youshouldhandlethewriting to the
screenin a moresophisticatedway. Onewould like to just changethosescreengrid locationswherethere
wasachangefrom onegenerationto thenext. Let’sassumethatyouuseablankfor deadcellsandastarfor
live ones. Initially you shouldblankout thescreenusinga specialC functionclear screen, supplied
below. (This andthenext functionwork on VT-100terminals,thatacceptspecialsequencesof characters,
startingwith “escape”or  033,thatcausespecialactionsby theterminal,like to blankout thescreenor to
move thecursorto anew location.)

void clear_screen(void)
{

printf ("\033[H\033[J");
}

In going from the
�
th to the � �!�"��� st generation,you shouldonly redothosepositionsthat changed,

eitherfrom ablankto a staror vice-versa.Below is anotherC functionmove cursor
void move_cursor(int x, int y)
{

printf ("\033[%d;%dH", y, x);
}

thatwill movethecursorto position �$#&%(' � onthescreen.(Thismovesto thecolumn # andtherow ' , where�*) # )+��� and
�,) ' )-��� . To fit C conventions,youwill needthecall move cursor(i+1, j+1);.)

Assumingthatthis grid positionchangedwith thenew generation,you canthenwrite theappropriatechar-
acter(blankor star)to thescreen.I suggestwriting afunctiondisp diffwith thetwo gridsasparameters
that will make changesbasedon the differencesfrom onegenerationto the next. This if a grid positions
changes,you shouldmake thechangeby moving thecursorandwriting a blankor a star. Continuein this
way for eachchangedposition,first moving andthenwriting.

I will giveanumberof possibleinterestinginitial configurations.Youshoulduseat leastoneof themin
afinal runof yourprogram.Herearethreeinterestingones:
lifedata.abomb lifedata.glider lifedata.monster

*** * *
* * ***
* *** *
*


