CS 4/56101 Kent State

Design and Analysis of
Algorithms

» University

Dept. of Math & Computer Science
LECTURE-2

Analysis of
Gameof LifeV.1

LECT-02, S-3
008 |

, ent.
Javed |. Khan@1999

DESIGN &
ALALYSISOF
ALGORITHM

S, javed@kent.edu




[inciud e “common h* /* commo n include file s and definit i ons*/
#includ e " life.h /* Life' s defines, typede fs,*/
lvoid m ain(void)
intr ow, col
Gri d map; I* current generation * !
Gri d newmap I* next generation * DESIGN &
ALALYSISOF
Initia | ize(map); ALGORITHM
WriteM ap(map);
printf  ( "This is the i nitial config uration you h ave chosen . \n"
"Press <E nter>to contin uel\ n");
while( getcha r () I="\n")
do{
for(r ow=1;row<= MAXROW; row++)
for( col= 1; col<= MAXCOL; col++)
itch .
et ! Main.c
casel :
newmay row][ coll= DEAD;
break;
case 2 :
newmay row][ coll= map[row][ col];
b MAXROWXMAXCOL = 20x60
Eewrllzap[ row][ coll= ALIVE; We\M” |gn0|‘e |/O
reak;
cased and count statements.
case 6
case7 :
case 8 :
newmay row][ col]= DEAD;
break;
CopyMap(lilap, newmap ;
WriteM ap(map);
printf (Do you wish t o continue ")
} while  (UserSaysvesO); 1200X12+2)+1200=1800| Lecr-0z,s4
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int  Neigh borCount(Gr idmap, intr ow, int col)
int i [*row of aneigh bor*
intj ; / *column ofane i ghbor */
intc ount=0;
for( i=r ow-1; i<= row+1;i+ +)
for( j=col- 1;j<= col+ 1; j++)
if(m ap[i]==  ALIVE)
count ++;
if (m ap[row][ col] ==ALIVE)
count - -;
retur n count; ..
} 1 court +2 for init. + 9 loop=12 LECT-02. -5
ALGO0S, javed@kent.edu
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Programming Precept

Most programs spend 90 percent of their time doing 10 percent of their
instructions.
Find this 10 percent, and concentrate your efforts for efficiency there.

How to Improve?

Initial configuration:

Using Lists..
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Gameof Life 2

Get the initial configuration of living cell s and use it to calculate

an array hading the neighbor counts of all cells. Determine
the cell s that will become alive 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 dive;
Kill each cdl 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 dive; If aneighbor count reaches the
appropriate value, then keep track of the cell asa candidate
to be made alive or dead in the next generation;

Deaease 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 asa candidate
to be made alive or dead in the next generation.
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void AddNeighbors(ListEntry cell);

Pre:
Post:

Uses:

cell has just become alive.

Array numbernbrs has increased counts for all the cells
neighboring cell. If the cell thereby becomes a candi-
date to be vivified [resp. killed] then the cell has been
added to list maylive [resp. maydiel.

Function AddList; changes array numbernbrs and lists
maylive and maydie as global variables (side effects).

wvoid Vivify(ListEntry cell);

Pre:
Post:

Uses:

The cell is a candidate to become alive.

Checks that cell meets all the requirements to become
alive. If not, no change is made. If so, then cell is
added to the list newlive, and array map is updated.
Function AddList, array numbernbrs, changes array map
and list newlive as global variables (side effects).

At the beginning of the main loop, list maylive contains only
dead cells, and list maydie contains only living cells. These
lists may contain duplicate entries or spurious entries with
wrong neighbor counts. The lists newlive and newdie are
empty.
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#include " common.h" 1

#include "life2.h" M a.l n2- C
Gridmap /* 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
i*rj\t maxrow, maxcol; /* global: user defined grid size

int main(void)

Initialize(map, numbernbrs, & newlive, & newdie, &
WriteMap (map);

printf("Proceed with the demonstration");

while ( UserSaysYes()) {
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maylive, & maydie);

While vivivying, it also
adds them to the

Traverselist (& maylive,Vivify);/* uses numbernbrs, changes map newlive array

and newlive */

TraverselList (& maydie, Kill); /* uses numbernbrs, changes map

and newdie */
WriteMap (map);
ClearList (& maylive);
ClearList (& maydie);
TraverselList (& newlive, AddNeighbors); /* changes

While updating
numbernbrs, nbrcount it also adds

maylive, maydie */
TraverseList (& newdie,  SubtractNeighbors); some of them to ]
ClearList (& newlive); may| iveor maydle

ClearList (& newdie);

printf("Do you want to continue viewing new generations"); array

return 0;
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Vivify

void Vi vify(ListEntryce |I)

if (map[cell .row][cell .col]==DE

numkern brs[cell .row] [cell .col]==3)
if (cell .row>=1 && cell .row<= maxr ow &&

/* not onhe dge*

cell .col> =1 && cell .col< = maxcol){
map[ cell .row][cell .col]=

AddLi st (cel |, &newli ve);
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AddNeighbas

voi d AddNei ghbors(ListEntryc ell)
{

DESIGN &
ALALYSISOF

int nbrrow, /*1 oopi ndexf orr owof neighborl oops*
nbrcol ; /*c olum! oopi ndex */ ALGORITHM
Celln eighbor; /*s tructuref ormofan eighbor*

for( nbrrow=c ell.row-1; nbrrow<=cell.rowtl; nbrrowt+)
for( nbrcol=c ell.col- 1; nbrcol< =cell.col +1; nbrcol ++
if( nbrrow! = cell.row]| | nbrcol! = cell.col){/ *Skipcelli tself.* /
nunber nbrs[ nbrrow] [ nbrcol ] ++;
swi t ch ( nunber nbrs[ nbrrow] [ nbrcol ]){

caseO :

Error ("I npossi bl e casei n AddNei ghbors.
br eak;

case 3 :
if( map[nbrrow] [nbrcol ]= =DEAD) {
nei ghbor.row= nbrrow,/ *S etu p ac oordinater ecord.* /
nei ghbor.col= nbrcol;
AddLi st (nei ghbor, & maylive);

br eak;

case4 :

if( map[nbrrow] [nbrcol]= =ALIVE) {
nei ghbor.row= nbrrow,/ *S etu p ac oordinater ecord.* /
nei ghbor.col= nbrcol;
AddLi st (nei ghbor, & naydie);

}

br eak;

} /* switchs tatement */
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Analysisof Version 2
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Analysisof Version 2

* Ignael/O

* Allmost all work isdoreinthe 4 traversing
statements.

* Theamourt of work isnolonger dependant
onthe size of the grid bu on the number of
state dhanges.

o If there are 50 cell s occupied for atypicd
configuration, then on the average there will
be 25 state changes.
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#incl ude" comron. h" DESIGN &
#incl ude"l ife2h" ALALYSISOF
ALGORITHM
Gridma p; /* global: square arr ay hol din g cell s */
Grid count numkern brs ; /* glo bal : square arrayho | di ng nei ghbor counts */
List newlive, / * global:t hece llsth at have justbe en vivifi ed */
newdi e, I*gl obal:th e cell s thatha ve just died */
mayl ive, / * glo bal :c andid ates to vivify in thene xt generation *
maydi e; /*gl obal:ca ndidates to kil | in the next generation */
int maxr ow, naxcol;/*gl obal: user defined gridsi ze */
int main(void )
{
Init ialize(map, numbernbrs, &newlive, &newdie, & mayl ive, &mydie);
Wit eMap( nap);
prin tf( "Proceed wit ht hede nonstr ati on");
whil e (User SaysYes() ) {
uses numkbern brs , changes map and
newlive */
/*us es numbern brs, changesmap and
newdie */
Wit eMap(map);
ClearlLi st (&mayl ive);
ClearlLi st (&maydie);
/* changes nu T
S 9 We will ignore 1/0
QearLi st (&new i ve): and count statements.
Cl earLi st (&newdi e) ;
printf( "Doyo u wantt o continue view ngne w generations") ;
return O;
} LECT-02, S-15
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Vivify

voidV ivify(ListEntryce |I)

if (map[cell .row][cell .coll]==DE AD &&
numter nbr s[cell . row][cell . col] ==3)
if (cell .row>=1 && cell .row <= maxr ow
&& / * not onhe dge*
cell .col >= 1 && cell .col <= naxcol)

map[ cell .row][cell .col]= ALl VE;
AddLi st (cel | , & newli ve);
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AddNeighbas

if( nbrrow != cellro w | nbrcol !=cellco I){ /S kipc ell itsel f.*
nurrbern brs[ nbr row] [ nbr col] ++;
swi tch  ( numbern brs[ nbrrow] [ nbrcol] ) {
if (map [nbrrow] [nbrcol] ==  ALIVE) {
nei ghbor .ro w = nbr row; /* Setu p ac oordinatereco rd.* /
nei ghbor .co | = nbr col;

AddList (neighb or, &maydie) ;

9*(1+1+4)=54
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Comparisons

Time complexity DESIGN &

ALALYSISOF
— Totd= 25*(4+54+4+54):2900350pp®d to 18,000 ALGORITHM
statements!

— 6 Timessaving!
How abou SpaceComplexity?
V.1requires abou 2x20x60 bts= 300 bytes.
V.2 neds
150bytes for one map.
2400 bytes numbernbrs for 1200 grid pdnts.

4x600=2400bytes for four lists (assuming 2%% per list)
A total of 5000 bytes!

Plus the extra programming effort!
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Next Class eSO, oF

ALGORITHM

* Recursion!
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