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vold depth_first tree search ( node v)
d
node u ;
Visit v ;
for (each child u of v )
depth first tree search (u) ;
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Figure 5.2 ® A portion of the state space tree for the instance of the n-Queens problem in which n = 4. The
ordered pair <i, j>, at each node means that the queen in the i th row is placed in the jth column. Each path
from the root to a leaf is a candidate solution.
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<1, 1>, <2, 1>, <3, 1>, <4, 1>

<1, 1>, <2, 1>, <3, 1>, <4, 2>

<1, 1>, <2, 1>, <3, 1>, <4, 3>

<1, 1>, <2, 1>, <3, 1>, <4, 4>

<1, 1>, <2, 1>, <3, 2>, <4, 1>
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Figure 5.3 @ Diagram showing that if the first queen is placed in column 1, the second queen cannot be
placed in column 1 (a) or column 2 (b).
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vold checknode ( node v)

d

node u ;

it ( promising (v))
1f ( there 1s a solution at v )
write the solution ;
else
for (each child u of v)
checknode (u ) ;
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Figure 5.5 ® The actual chessboard positions that are tried when backtracking is used to solve the instance

(k)

of the n-Queens problem in which n = 4. Each nonpromising position is marked with a cross.
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vold expand ( node v )

d

node u ;

for (each child u of v)
1f ( promising (u))
1f ( there 1s a solution at u )
write the solution ;
else
expand (u ) ;

VY




13)9-7 Adlbws

LS ol ) UK 5 o bT oSl w5 @

L O g (o)
| col(i) = col(k) —
| N b ks oy @
t e col(i) — col(k) = i — k —
4 - col(i)—collk)=k-i —

Figure 5.6 ® The queen in row 6 is being threatened in its left diagonal by the queen in row 3 and in its right

diagonal by the queen in row 2.
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vold queens( index 1)

{
it ( promising (7))
if (i==n)
cout << col [1] through col [n] ;
clse
for (j=1;j <=n; j++) {
col[i+1]=j;
queens (i + 1) ;

\o
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bool promising ( index i)
{
ndex k ;
bool switch ;
k=1;
switch = true ;
while (k<1 && switch ) {
if (col [i]=col [k] || abs (col [i]—col [k] )=i—k)
switch = false ;
k++ -

b

1
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e Table 5.1 An illustration of how much checking is saved by backtracking in the n-Queens problem*

Number of Nodes Number of Candidate Number of Nodes Number of Nodes
Checked by Solutions Checked by  Checked by Found Promising
n  Algorithm 17 Algorithm 2* Backtracking by Backtracking
4 341 24 61 17
8 19,173,961 40,320 15,721 2057
12 9.73 x 102 4.79 x 10% 1.01 x 107 8.56 x 10°
14 1.20 x 106 8.72 x 1010 3.78 x 108 2.74 x 107

“Entries indicate numbers of checks required to find all solutions.

TAlgorithm 1 does a depth-first search of the state space tree without backtracking.

FAlgorithm 2 generates the n! candidate solutions that place each queen in a different row

and column.
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void sum_of subsets ( index i,
int weight, int total )

{
if ( promising (i))
it (weight=W)
cout << include [1] through include [i] ;
else {
include [i + 1] = “yes”;
sum_of subsets (i + 1, weight+w [i+ 1], total -w[i+1]);
include [i + 1] =“no” ;
sum_of subsets (i + 1, weight, total —w [i+1]);
)
;

Yo
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bool promising ( index i)

d
return ( weight + total >=W) &&

( weight == W || weight + w i+ 1] <= W) ;

¥
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vold m coloring (index i)

{
int color ;
it ( promising (i))
if(i==n)
cout << wvcolor[1] through vcolor[n] ;
else

for ( color = 1; color <= m; color++) {
veolor[i + 1] = color ;
m_coloring (i+1);

A
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bool promising ( index i)
{
index j ;
bool switch ;
switch = true |
J=1
while (j <i && switch) {
it ( Wil [J]] && veolor [i] == veolor [j] )
switch = false ;
JHt
h
return switch ;

;
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vold hamilton ( index i)

d
index j ;
it ( promising (i))
if(i==n-1)
cout << vindex [0] through vindex [n - 1] ;
clse

for (j=2;j <= n;j++ )1
vindex[ i+ 1] =] ;
hamilton (i + 1) ;
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vindex [0] = 1;

hamilton (0) ;
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bool promising ( index i)

{ - —
index  ; ©33)0!
bool switch ;
if(i==n-1&& W [vindex [n — 1]] [vindex [0]] )

switch = false ;
else if (i>0 && W [vindex [i — 1]] [vindex [i]] )
switch = false ;
else {
switch = true ;
j=1;
while (j <i && switch ) {
if (vindex [i] = vindex [j] )
switch = false;
J

h
)

return switch ;
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vold checknode ( node v )

d

node u ;

1t ( value (v) 1s better than best )
best = value (v) ;
it ( promising (v))
for (each child u of v )
checknode (u) ;
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void knapsack ( index i, int profit, int weight )
{
if (weight <= W && profit > maxprofit ) {
maxprofit = profit ;
numbest =1 ;
bestset = include ;

h
if ( promising (7)) {
include [i + 1] =“yes” ;
knapsack (i + 1, profit + p [i + 1], weight + w [i+1]) ;
include [i + 1] = “no” ;
knapsack (i + 1, profit, weight) ;

o9




bool promising ( index i)

{ - _
index J, k ; M)gj)\

int totweight ;
float bound ;

it (weight >= W)
return false ;
else {
j=i+1;
bound = profit ;
totweight = weight ;
while (j <=n && totweight + w [j] <= W) {
totweight = totweight + w [j] ;
bound = bound + p [j];

Jt
§
k=J
if (k<=n)

bound = bound + ( W — totweight * p [k] / w [k] ;
return bound > maxprofit ;
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