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#includ e    " common. h"   /* commo n include file s and definit i ons */
#includ e    " life.h "     /* Life' s defines, typede f s, */
void m ain(void)
{
    int  r ow, col;
    Gri d map;                       /* current generation   * /
    Gri d newmap;                    /* next  generation      */

    Initia l ize(map);
    WriteM ap(map);
    printf ( "This is the i nitial config uration you h ave chosen . \n"
           "Press <E nter> to contin ue.\ n");
    while( getcha r () != '\n')
        ;
    do {
        for (r ow = 1; row <=  MAXROW;    row++)
            for ( col = 1; col <=  MAXCOL; col++)
                switch ( NeighborCount(map, row, col)) {
                case 0 :
                case 1 :
                    newmap[ row][ col]= DEAD;
                    break;
                case 2 :
                    newmap[ row][ col]= map[row][ col];
                    break;
                case 3 :
                    newmap[ row][ col]= ALIVE;
                    break;
                case 4 :
                case 5 :
                case 6 :
                case 7 :
                case 8 :
                    newmap[ row][ col]= DEAD;
                    break;
                }
        CopyMap(map, newmap) ;
        WriteM ap(map);
        printf ( "Do you wish t o continue ") ;
    } while ( UserSa ysYes());
}

1200x(12+2)+1200=1800

Main.c

MAXROWxMAXCOL=20x60
We will ignore I/O 
and count statements.
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Neighbor Count

int Neigh borCount(Gr i d map, int r ow, int col)
{
    int i;         /*row  of  a neigh bor */
    int j ;         / * column ofane i ghbor */

    int c ount = 0;

    for ( i = r ow - 1; i <= r ow + 1; i+ +)
        for ( j=col -  1; j<= col +  1;  j++)
            if (m ap[ i][j] ==  ALIVE)
                count ++;
    if (m ap[row][ col] == ALIVE)
        count - -;
    retur n count;
} 1 count +2 for  init. + 9 loop =12
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How to Improve?
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Using Lists..
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Game of Life 2
Get the initial configuration of li ving cell s and use it to calculate

an array holding the neighbor counts of all cell s. Determine
the cell s that will become ali ve and that will become dead
in the first generation;

Repeat the following steps as long as desired:

Vivify each cell that is ready to become ali ve;

Kill each cell that is ready to die;

Write out the map for the user;

Increase the neighbor counts for each neighbor of each cell
that has become ali ve; If a neighbor count reaches the
appropriate value, then keep track of the cell as a candidate
to be made alive or dead in the next generation;

Decrease the neighbor counts for each neighbor of each cell
that has become dead; If a neighbor count reaches the
appropriate value, then keep track of the cell as a candidate
to be made alive or dead in the next generation.
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Main2.c#include " common.h"
#include "life2.h"

Grid map ;           /* global: square array holding cells
*/
Gridcount numbernbrs ;/* global: square array holding neighbor counts
*/
List newlive,  /* global: the cells that have just been vivified
*/
     newdie,       /* global: the cells that have just died
*/
     maylive,  /* global: candidates to vivify in the next generation
*/
     maydie;       /* global: candidates to kill in the next generation
*/
int maxrow, maxcol; /* global: user defined grid size
*/
int main(void)
{
     Initialize(map, numbernbrs, & newlive, & newdie, & maylive, & maydie);
     WriteMap (map);
     printf("Proceed with the demonstration");
     while ( UserSaysYes()) {
          TraverseList (& maylive,Vivify);/* uses numbernbrs, changes map
and newlive */
          TraverseList (& maydie, Kill);  /* uses numbernbrs, changes map
and newdie */
          WriteMap (map);
          ClearList (& maylive);
          ClearList (& maydie);
          TraverseList (& newlive, AddNeighbors); /* changes numbernbrs,
maylive, maydie */
          TraverseList (& newdie, SubtractNeighbors);
          ClearList (& newlive);
          ClearList (& newdie);
          printf("Do you want to continue viewing new generations");
     }
     return 0;
}

While vivivying, it also
adds them to the
newlive array

While updating
nbrcount it also adds
some of them to
maylive or maydie
array
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Vivify

void Vi v i f y( Li st Ent r y ce l l)
{
    i f ( map[ cell . ro w] [ cell . co l ] == DE AD &&
        numbern br s [ cell . ro w] [ cell . co l ] == 3)
        i f ( cell . ro w > = 1 && cell . ro w < = maxr ow &&
/ * not on he dge */
            cell . co l > = 1 && cell . co l < = maxc ol) {
            map[ cell . ro w] [ cell . co l ] =  ALI VE;
            AddLi st ( cel l , &newl i ve ) ;
        }
}
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AddNeighbors
voi d AddNei ghbor s( Li st Ent r y c el l )
{
    i nt nbr r ow,     / * l oop i ndex f or r ow o f nei ghbor l oops */
        nbr col ;     / * c ol umn l oop i ndex    * /
    Cel l n ei ghbor;  / * s t r uct ur e f orm o f a n ei ghbor */

    f or ( nbr r ow = c el l . r ow-1; nbr r ow < = c el l . r ow+1; nbr r ow++)
        f or ( nbr col = c el l . col- 1; nbr col < = c el l . col +1; nbr col ++)
            i f ( nbr r ow ! = cel l . r ow | | nbr col ! = cel l . col ) { / * S ki p c el l i t sel f . * /
                number nbr s [ nbr r ow] [ nbr col ] ++;
                swi t ch ( number nbr s [ nbr r ow] [ nbr col ] ) {

                    case 0 :
                         Er r or ( " I mpossi bl e case i n AddNei ghbor s . " ) ;
                         br eak;

                    case 3 :
                         i f ( map[ nbr r ow] [ nbr col ] = = D EAD) {
                              nei ghbor . r ow = nbr r ow; / * S et u p a c oor di nat e r ecord . * /
                              nei ghbor . col = nbr col ;
                              AddLi s t ( nei ghbor , & mayl i ve) ;
                         }
                         br eak;

                    case 4 :
                         i f ( map[ nbr r ow] [ nbr col ] = = A LI VE) {
                              nei ghbor . r ow = nbr r ow; / * S et u p a c oor di nat e r ecord . * /
                              nei ghbor . col = nbr col ;
                              AddLi s t ( nei ghbor , & maydi e) ;
                         }
                         br eak;
                }   / * swi t ch s t at ement * /
            }
}

13

Analysis of Version 2
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Analysis of Version 2

• Ignore I/O

• All most all work is done in the 4 traversing
statements.

• The amount of work is no longer dependant
on the size of the grid but on the number of
state changes.

• If there are 50 cells occupied for a typical
configuration, then on the average there will
be 25 state changes.
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Main2.c

#i ncl ude " common. h"
#i ncl ude "l i fe 2.h "

Gr id ma p;           / * gl obal : squar e arr ay hol din g cell s                   * /
Gr id count numbern brs ; / * glo bal : squar e ar r ay ho l di ng nei ghbor counts        * /
Li st newl i ve ,  / * glo bal : t he ce l ls th at hav e j ust be en viv i fi ed       */
     newdi e,       /* gl obal: th e cell s t hat ha ve j us t di ed                * /
     mayl i ve ,  / * glo bal : c andid ate s t o v i vi f y i n t he ne xt genera t i on  */
     mayd i e;       /* gl obal: ca ndi dat es t o kil l i n t he nex t gener at io n    * /
i nt maxr ow, maxc ol; /* gl obal : user def i ned gr id si ze                       * /
i nt mai n(v oid )
{
     I nit i al i ze ( map, numbern brs , &newl i ve , &newdi e, & mayl i ve , &mayd i e) ;
     Wr it eMap( map) ;
     pr in t f( " Pr oce ed wit h t he de monstr ati on" ) ;
     whil e ( User Say sYes() ) {
          TraverseList(&maylive,Vivify);/* use s numbern brs , changes m ap and
newl i ve */
          TraverseList(&maydie, Kill);  /* us es numbern brs , changes m ap and
newdi e * /
          Wr it eMap( map) ;
          Cl ear Li st ( &mayl i ve ) ;
          Cl ear Li st ( &mayd i e) ;
          TraverseList(&newlive, AddNeighbors); / * changes numbern brs , mayl i ve ,
mayd i e * /
          TraverseList(&newdie, SubtractNeighbors);
          Cl ear Li st ( &newl i ve ) ;
          Cl ear Li st ( &newdi e) ;
          pr in t f( " Do yo u want t o cont i nue v i ewi ng ne w gener at i ons") ;
     }
     r etu r n 0;
}

We will ignore I/O 
and count statements.
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Vivify

void V i vi f y( Li st Ent ry ce l l)
{
    i f ( map[ cell . r ow] [ cell . col] == DE AD &&
        number nbr s [ cell . r ow] [ cell . col] == 3)
        i f ( cell . r ow >= 1 && cell . r ow <= maxr ow
&&      / * not on he dge */
            cell . col >= 1 && cell . col <= maxc ol )
{
            map[ cell . r ow] [ cell . col] =  ALI VE;
            AddLi st ( cel l , & newl i ve);
        }
}

≈4
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AddNeighbors
vo i d AddNeig hbor s ( Li s tEnt r y c ell)
{
    in t nbr row,     /* l oop i ndex for  r ow o f nei ghbor loo ps */
        nbr col;     /* c olumn loo p ind ex    */
    Cel l nei ghbo r ;  / * st r uctu r e fo r m of  a n eighb or */

    fo r ( nbr row = ce l l.ro w-1; nbr row <= c ell.r ow+1; nbr row+ +)
        fo r ( nbr col = ce l l.co l -1; nbr col <= c ell.c ol+1; nbr col+ +)
            if ( nbr row ! = cel l.ro w || nbr col ! = cel l.co l ) {  /* S k ip c ell i tsel f . */
                numbern brs[ nbr row] [ nbr col] ++;
                swi tch ( numbern brs[ nbr row] [ nbr col] ) {

                    case 0:
                         Er r or(" I mpossibl e cas e in AddNeig hbor s .");
                         br eak;

                    case 3:
                         if (map [ nbr row] [ nbr col] ==  DEAD) {
                              nei ghbo r .ro w = nbr row; /*  Set u p a c oord i nate reco r d. * /
                              nei ghbo r .co l = nbr col;
                              AddList (n eighb or, &may live ) ;
                         }
                         br eak;

                    case 4:
                         if (map [ nbr row] [ nbr col] ==  ALIVE ) {
                              nei ghbo r .ro w = nbr row; /*  Set u p a c oord i nate reco r d. * /
                              nei ghbo r .co l = nbr col;
                              AddList (n eighb or, &maydie) ;
                         }
                         br eak;
                }   / * swi tch s tat ement */
            }

9*(1+1+4)≈54
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Comparisons

• Time complexity
– Total= 25*(4+54+4+54)≈2900 as opposed to 18,000

statements!

– 6 Times saving!

• How about Space Complexity?

• V.1 requires about 2x20x60 bits= 300 bytes.

• V.2 needs
– 150 bytes for one map.

– 2400 bytes numbernbrs for 1200 grid points.

– 4x600=2400 bytes for four lists (assuming 25% per list)

– A total of 5000 bytes!

• Plus the extra programming effort!
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Next Class

• Recursion!


