
Backtracking 



Deliverables 

Backtracking Concept 

8-Queen Problem 

Pruning  

Sum of subsets 

Copyright @ gdeepak.com 6/7/2012 2 



Backtracking-Introduction 

To find specific path in a search tree, we may use backtracking, i.e.  
going deep down the tree until we either find a solution or find that 
there is no solution with this path and (in latter case) track back in 
order to try another path. 

It is a solution strategy that may be implemented using recursion 
and a sequence of guesses that ultimately lead to a solution. 

If a particular guess leads to an impasse, we retrace our steps in 
reverse order to replace our last guess with another option, try to 
complete the solution again. 
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Search Procedure 

It works by advancing the solution by adding elements to it one element 
at a time. 

At each step, a partial solution with elements fixed for the first k 
elements,  k ≤ n From this partial solution (a1,a2,a3,…an) , construct  
the set of possible candidates  Sk+1 for the (k+1)st  position. Then try to 
extend the partial solution by  adding the next element from   Sk+1 While 
the extension yields a partial solution, continue to extend it. 

However, at some point, Sk+1 might be empty. If so, backtrack, and 
replace ak, the last item in the solution value, with the next candidate 
from Sk . If even Sk is empty, then backtrack to Sk-1 and so on. It is this 
backtracking step that gives the procedure its name. 
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General Backtracking Algorithm 
Backtracking(A) 
Compute first element of solution set from the set Sk consisting of k elements 
k=1 
while k>o do 
      while Sk ≠ empty set do 
          ak ← next element from Sk 

          Sk ← Sk- ak 

ak may be feasible to be part of solution or not, if it can extend the solution     
then add it and check if A= {a1,a2,…ak} is a solution and display otherwise 
  k ←k+1 
      end 
  k ←k-1 // backtrack 
 end 
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Backtracking as DFS 

Backtracking constructs a tree of partial solutions, where each 
vertex is a partial solution. 

An edge from x to y if node y was created by advancing from x. 

An alternative way to think about backtracking: 

the process of constructing solutions corresponds exactly to 
performing a depth-first traversal of the backtrack tree. 

Viewing backtracking as depth-first search yields a natural 
recursive implementation of the basic algorithm. 
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Backtracking concepts 

Solution Search Space is a tree 

Each inner node is a set of alternatives that may lead to a 
solution. 

Each leaf is either a solution or no solution. 

We search this solution search space using recursion and 
backtracking to find a solution. 

Pruning is the key to reduce the size of the search space and to 
improve the efficiency of backtracking algorithm. 
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The Eight Queens Problem 

 

 

Q 
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8-Queen Problem 
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Some Facts 

8-queens has more than 281,474,976,711,000 
candidates 

Prune: reject nonviable candidates early, not just 
when sequence is complete. 

8-queens with pruning looks at about 16,000 
partial and complete candidates 

12 solutions( 92 if we consider symmetry) 
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Eight Queens –Strategy 

(a) Five queens that cannot attack each other, but that can attack all of column 6;  

(b) backtracking to column 5 to try another square for the queen;  

(c) backtracking to column 4 to try another square for the queen and then  

 considering column 5 again 
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Important Steps 

• Each recursive call attempts to place a queen in a specific column ,a loop is 
used, since there are 8 squares in the column 

• For a given call, the state of the board from previous placements is known 
(i.e. where are the other queens?) 

• Current step backtracking: If a placement within the column does not lead 
to a solution, the queen is removed and moved "down" the column 

• Previous step backtracking: When all rows in a column have been tried, the 
call terminates and backtracks to the previous call (in the previous column) 

• Pruning: If a queen cannot be placed into column i, do not even try to place 
one onto column i+1 – rather, backtrack to column i-1 and move the queen 
that had been placed there . Using this approach we can reduce the number 
of potential solutions even more. 
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Implementing the Chessboard 

First: we need to define an array to store the location of so far placed 
queens 

PositionInRow 

1 

3 

0 

2 
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Implementing the Chessboard Cont’d 

We need an array to keep track of the availability status of the column 
when we assign queens. 

F T F T 

Suppose that we 
have placed two 
queens 
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Implementing the Chessboard Cont’d 

We have 7 left diagonals, we want to keep track of available diagonals 
after the so far allocated queens 

T 

T 

F 

T 

F 

T 

T 
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Implementing the Chessboard Cont’d 

• We have 7 right diagonals, we want to keep track of available 
diagonals after the so far allocated queens 

T 

F 

T 

T 

F 

T 

T 
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Suitable paradigm where output is a subset of 
input 

not proper for sorting or computing a formula 

Raman Maharishi said “Who am I”   Use pruning 

Binary Search always pruning 50% 

Pruning strategy 
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S= {14,10,24,7,9,1} ={a1,a2,a3,a4,a5,a6} 

Output all subsets who add up to 31 or return empty 

31= {14,10,7} = {a1,a2,a4} 

    = {24,7} ={a3,a4} 

    ={14,9,1,7} {a1,a4,a5,a6} 

Total 2n subsets 

 

 

sum of subset problem 
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a1 a1 

a2 

a3 a3 

a2 a2 a2 

a3 

 

a3 a3 

a4 a4 

a3 a3 

a4 a4 

a4 a4 

a3 

a4 a4 

a4 a4 a4 a4 
a4 a4 

a4 a4 

ε 

ε 

ε 

ε ε 

ε 

ε ε 

ε 

ε ε 

ε 

ε 

ε 

ε 

a1+a2+a3+a4 

a1+a3+a4 a2+a4 
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• Partial sum at a particular level 

• A[1]=a1…an 

• a[2]=a2…an 

• a[i]=ai…an 

• a[n]=an 

•  PS+ai …………………+an <M 

• Similarly PS+ next inclusion > M 

pruning 

Copyright @ gdeepak.com 6/7/2012 20 



Questions, Comments and suggestions 
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Question 1 

Backtracking can  be applied to the problems having the 
concept of Partial Candidate Solution. Reason? 

A) True 

B) False  
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Question 2 

What is the relationship between the terms pruning, search 
space and tree structure. 

6/7/2012 Copyright @ gdeepak.com 23 



Question 3 

What should be the limiting factors of any pruning 
strategy? 
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