
Chapter 5

Backtracking

پسگرد، عقبگرد
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The idea

که دنباله ای از اشیاء از یک مجموعه مشخص انتخاب می شود به صورتی 
.دنباله به دست آمده معیارهایی را برآورده کند

 Example: n-Queens problem

 Sequence: n positions on the chessboard

 Set: n2 possible positions

 Criterion: no two queens can threaten each 
other

یک جستجوی عمقی تغییریافته یک درخت استروش پسگرد.
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Depth first search (Example)
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4-Queens problem
مساله چهار وزیر

 State space tree

درخت فضای حالت
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Looking for signs for dead ends
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پسگرد
بهودمی شمنجربن بستبهگرهیککهشدمشخصوقتیپسگرددر

.می شویمواردآنهمزادبهومی گردیمبازآنوالدگره

امیدبخشغیرنشود؛منجرراه حلبهگرهیاگر(nonpromising)
.است(promising)بخشامیدصورتاین غیردرمی شود،نامیده

رهیگاگرمی نماید،پیمایشعمقیصورتبهراجستجودرختپسگرد
سهراصطلاحبهکاراین.می گرددبرآنوالدبهباشد؛امیدبخشغیر

(pruning)داردنام.
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4-Queens problem (1)
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4-Queens problem (2)
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4-Queens problem (3)
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4-Queens problem (4)
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4-Queens problem (5)
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Pruned state space tree
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Avoid creating nonpromising nodes
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The n-Queens Problem

 Check whether two queens 
threaten each other:

 Col(i) is the column where the 
queen in the ith row is located,

 Check diagonal

 col(i) – col(k) = i – k

 col(i) – col(k) = k - i
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The algorithm

void queens (index i)

{

index j;

if (promising (i))

if (i == n)

cout << col [1] through col [n];

else

for (j = 1; j <= n; j++){ // See if queen in

col [i + 1] = j; // (i + 1) st row can be

queens (i + 1); // positioned in each of

// the n columns.}

}
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The algorithm (2)

bool promising (index i){

index k;

bool switch;

k = 1;

switch = true; // Check if any queen threatens

while (k < i && switch)

{ // queen in the ith row.

if (col [i] == col [k] || abs (col [i] - col [k]) == i -k)

switch = false;

k++;

}

return switch;}
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Efficiency

 Checking the entire state space tree (number 
of nodes checked)

 Taking the advantage that no two queens can 
be placed in the same row or in the same 
column

1 + n + n(n-1) + n(n-1)(n-2) + … + n! 
promising nodes
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Comparison
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Graph coloring 
رنگ آمیزی نقشه

 یافتن تمام حالت هایی که می توان کشورهای مختلف را باm ،رنگ
رنگ آمیزی نمود به صورتی که دو کشور همسایه همرنگ نباشند
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The pruned state space tree
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Algorithm 5.5 (1)

void m_coloring (index i) {

int color;

if (promising (i))

if (i == n)

cout << vcolor [1] through vcolor [n];

else

for (color = 1; color <= m; color++){ 

vcolor [i + 1] = color;

m_coloring (i + 1);

}

}
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Algorithm 5.5 (2)

bool promising (index i) {
index j;
bool switch;
switch = true;
j = 1;
while (j<i && switch){

if (W[i][j] && vcolor[i] == vcolor[j])
switch = false;

j++;
}
return switch;

} 
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Algorithm 5.5 (3)

 The top level call to m_coloring

 m_coloring(0)

 The number of nodes in the state space 
tree for this algorithm
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The Sum-of-Subsets Problem

مساله جمع زیر مجموعه ها
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State Space Tree

 w1 = 2, w2 = 4, w3 = 5 
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When W = 6 and w1 = 2, w2 = 4, w3 = 5
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To check whether a node is promising

 Sort the weights in nondecreasing order

 To check the node at level i

 weight + wi+1 > W

 weight + total < W
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When W = 13 and w1 = 3, w2 = 4, w3 = 5, w4 = 6
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The algorithm 5.4

void sum_of_subsets (index i, int weight, int total){
if (promising (i))

if (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]);

}
}

bool promising (index i);{
return (weight + total >=W) &&

(weight == W || weight + w[i + 1] <= W);
} 
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Time complexity

 The first call to the function

sum_of_subsets(0, 0, total) where

 The number of nodes in the state space 
tree are

1 + 2 + 22 + … + 2n = -1+2n+1





n

j

jwtotal
1

][
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The Hamiltonian Circuits Problem 

مساله دور همیلتونی
دها دقیقا یک بار عبور کند و به راس اول بازگردمسیری که از همه راس.

فروشنده دوره گرد برای گراف بدون وزن
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Example (1)

 Hamiltonian Circuit

 [v1, v2, v8, v7, v6, v5, v4, v3, v1]
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Example (2)

 No Hamiltonian Circuit!
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Algorithm 5.6 (1)

void hamiltonian (index i) {
index j;
if (promising (i))

if (i == n-1)
cout << vindex [0] through vindex [n - 1];

else
for (j = 2; j <=n; j++){

vindex [i + 1] = j;
hamiltonian (i + 1);

}
} 
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Algorithm 5.6 (2)
bool promising (index i) {

index j;
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++;
}

}
return switch;

} 
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Algorithm 5.6 (3)

 The top level call to hamiltonian:

 vindex [0] = 1;  //Make v1 the starting vertex. 

 hamiltonian (0); 

 The number of nodes in the state space 
tree is

36

2

1)1(
)1(...)1()1(1 12




 

n

n
nnn

n
n



The 0-1 Knapsack Problem

مساله کوله پشتی صفر و یک

 درخت فضای حالت این مساله دقیقاً مانند مساله جمع زیر مجموعه ها
.است

این یک مساله بهینه سازی است.
و به ما نمی دانیم که یک گره حاوی یک راه حل است تا زمانی که جستج

.برسدپایان 
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A general algorithm for backtracking in 

the case of optimization problems.

void checknode (node v) { 

node u; 

if (value(v) is better than best)

best = value(v);

if (promising(v)) 

for (each child u of v) 

checknode(u);

} 

 In the case of optimization problems, "promising" means 
that we should expand to the children.
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Promising check
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Example

 n=4

 W = 16

 The items is ordered 
according to pi/wi.
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The pruned state space tree produced 

using backtracking
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Algorithm 5.7: The Backtracking 

Algorithm for the 0–1 Knapsack  (1)

void knapsack (index i, int profit, int weight) {

if (weight <= W&& profit > maxprofit){ 

maxprofit = profit;  

numbest = i; 

bestset = include; 

} 

if (promising(i)){ 

include [i + 1] = "yes"; // Include w[i + 1]. 

knapsack(i + 1, profit + p[i + 1], weight + w[i + 1]); 

include [i + 1] = "no"; // Do not include w[i+1]

knapsack (i + 1, profit, weight); 

}

} 
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Algorithm 5.7: The Backtracking 

Algorithm for the 0–1 Knapsack (2)
bool promising (index i) { 

index j, k; int totweight; float bound; 

if (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]; j++; } 

k = j;  

if (k <=n) 

bound = bound + (W - totweight) * p[k]/w[k]; 

return bound > maxprofit; 

} 

} 
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