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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 assignmenyou areto write a C programthatwill simulatethe gameof “Life.” Life takes
placeon aninfinite 2-dimensionatectangulagrid of cells. Initially (the Oth generationpr attimet = 0)
somefinite collectionof thesecells are“li ve"— the restare“dead” At eachsuccessie generationgells
mayremainlive or dead,or mayswitchstatesaccordingo fixedrules. Thusthecourseof thegamedepends
ontheinitial configuratiorandon thefixedsetof rules. Whathappengo a cell depend®nits state(live or
dead)andonthe statesof its 8 neighbors (cellstouchingthe givencell on anedgeor a corner).

Herearetherules:

BIRTH: A cellthat'sdeadattime¢ becomediveattimet + 1 if exactly threeof its eightneighborsvere
liveattimet.

DEATH by overcrowding: A cell that’s live attime ¢t andhasfour or moreof its eightneighbordive at
time ¢ will bedeadattime¢ + 1.

DEATH by exposure: A live cell thathasonly onelive neighboror noneatall attime ¢ will alsobedead
attimet + 1.

In summaryalive cell stayslive if it hasexactly 2 or 3 live neighbors—otherwisit dies. A deadcell
becomeslive oneif it hasexactly 3 live neighbors—otherwisi staysdead.Thesesimplerulesleadto an
astonishingomplexity.

A Finite Grid. For this courseit is too hardto think aboutan “infinite” grid of cells, so your simulation
shouldwork on a fixed rectangulartM x N grid of cells—with M rows and N columns. Sincewe want
you to displayyour resultson anordinaryterminalscreenyou shouldchooseM = 24 andN = 80, i.e, a
24 x 80 rectangulagrid. | suggesyouuseanarrayof char , usingablankfor deadanda star(* ) for live.

Noticethatcellsontheboundarie®f thegrid donothave afull eightneighborsandyour countof dead
andlive cellsmuststayinsidethegrid. (You mustnot have arow or columnindex outsidetherangesrom
Oto M — 1 andfromOto N — 1.)

The Initial Program. Your programshouldusetwo M x N arrays,for thetth and(¢ + 1)st generations.
ThesearraysshouldbepassedisparametersYou mustuseaseparat€ functionnei ghbor s with therow
andcolumnnumberas parametershatreturnsthe numberof live neighborsof a given cell. (Thefunction
nei ghbor s mustalsohandlethe boundarycorrectly) You mustalsohave afunctionnext _gen with the
two arraysas parametershat updatesfrom one generatiorto the next (usingthe nei ghbor s function).
Anotherfunction get _conf i g shouldreada finite list of pairs of integersfor the initial configuration.
Therewill beanumberof sampleinitial filesto choosdrom. Finally, you needafunctiondi sp_arr ay to
outputeachnew generatiorto the screen.The simplestway is just to write 24 lines of 80 charactergach.
Hereis a sampleoutlinefor this program:

#i ncl ude <stdi o. h>

#i ncl ude <stdlib. h>

#define M 24

#define N 80

#defi ne MAX_GEN 40

voi d get _config(char b[M[N]);

voi d bl ank_array(char b[M[N);

voi d disp_array(char b[M[N]);

voi d next _gen(char bl[M [N, char b2[M[N]);

voi d assign(char bi[M[N, char b2[M[N);
i nt neighbors(char bfM[N], int i, int j);

voi d nai n(voi d)
{

char bi[M[N, b2[M[N;
get _config(bl);
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di sp_array(bl);

fflush(stdout);

int dummy;

for (dummy = 0; dummy < MAX_GEN;, dumy++) {
next _gen(bl, b2);
di sp_array(b2);
fflush(stdout);
sl eep(l);
assi gn(bl, b2);

}

}

Note that next _gen takesthe grid for the old generationb1l andproducesa grid b2 for the next
generationBecauseahe programmovesfrom b1 to b2, it is necessaryo copy b2 backto b1, overwriting
the old contentsof b1l. This is carriedout by the function assi gn. Thereis also a systemfunction
sl eep( 1) thatputsthe programto sleepfor 1 secondto slow down the output. Finally, on runnerit is
necessaryo forceoutputwith asystencallf f | ush( st dout ) . (Onecouldcleverly usenext gen(bl,
b2) followedby next gen(b2, bl) intheforlooptoavoidtheassi gn function.)! intendfor youto
terminatethis programby typingctrl-C. (Thiswayyou canwatchasmary generationasyoulike. However,
be sureto usea for loop asshavn with a maximumnumberof generationsso that you won't producea
hugeamountof outputby mistale.)

A Better Program. During initial deluggingyou shouldtry to getyour programto work just usingthis
simpleform of output. For full credit(anda moreinterestingprogram)you shouldhandlethewriting to the
screerin amoresophisticatedvay. Onewould like to just changethosescreergrid locationswherethere
wasachangdrom onegeneratiorio thenext. Let'sassumehatyou usea blankfor deadcellsanda starfor
live ones. Initially you shouldblank out the screenusinga specialC functioncl ear _scr een, supplied
belon. (Thisandthe next functionwork on VT-100terminals thatacceptspecialsequencesf characters,
startingwith “escape”or \ 033, thatcausespecialactionsby the terminal,like to blank out the screeror to

mave the cursorto anew location.)
voi d cl ear_screen(void)

{

}
In going from the ¢th to the (¢ + 1)st generationyou shouldonly redothosepositionsthat changed,

eitherfrom ablankto a staror vice-versa.Below is anotherC functionnpve_cur sor
voi d nove_cursor(int x, int vy)

{

}
thatwill move thecursorto position(zx, y) onthescreen(This movesto thecolumnz andtherow y, where
1 <z <80andl <y < 24. Tofit C corventionsyouwill needthecallnove cur sor (i +1, j+1);.)
Assumingthatthis grid positionchangedvith the nev generationyou canthenwrite theappropriatehar
acter(blankor star)to thescreenl suggestriting afunctiondi sp_di f f with thetwo gridsasparameters
thatwill male changedasedon the differencedrom one generatiorto the next. Thisif a grid positions
changesyou shouldmake the changeby moving the cursorandwriting a blank or a star Continuein this
way for eachchangedosition,first moving andthenwriting.

I will give anumberof possibleinterestingnitial configurationsYou shoulduseat leastoneof themin

afinal run of your program.Herearethreeinterestingones:

I'i f edat a. abonb I'ifedata.glider |'i f edat a. monst er
* % % * *

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

printf ("\033[%; %dH", vy, X);

* * * k%
* * k% *

*



