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ABSTRACT 

 

The complete set of this paper focuses on k-shortest path problem and algorithms which 

solve k-shortest path in a graph ( )EVG ,=  where V  is set of n  nodes andE  is set of m  arcs. 

and  I have discussed how to compute  the first, second, third, - - - , thk  shortest path (in order) 

from the source node to every other nodes by using labeling algorithm which is label setting and 

label correcting algorithm and path removing algorithm in a given  network. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i 



 
 

ACKNOWLEDGEMENT 

 

   First and foremost, it is my pleasure to express my heart-felt appreciation and special 

gratitude to my advisor Dr. Berhanu Guta for his patience in repeatedly reading the draft 

manuscript of this project and for making constructive comments and suggestions from which I 

have immeasurably benefited in sharpening my understanding, predominantly, on the area I 

study.  

Secondly, I would like to extend grateful acknowledgement to my family who support me 

all the time.  

Last but not least, I am also indebted for my friends and to all those who helped me one 

way or another for the accomplishment of my study. 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Tsegay Brhane 

tsegay.ab@gmail.com 

A.A.U. 

2011 

 
 

ii 

 



 
 

Table of content  
 

Title                                                                                  page 
 

Introduction ..................................................................................................................... 1 

CHAPTER ONE 

1 PRELIMINARY CONCEPT ........................................................................................................ 2 

1.1 Basic definitions........................................................................................................ 2 

1.2 Shortest path problem ............................................................................................... 4 

1.3 Algorithms solving shortest paths ............................................................................. 5 

1.3.1 Dijakstra’s algorithm ......................................................................................... 6 

1.3.2 Bellman ford algorithm .................................................................................... 12 

CHAPTER TWO 

2 RANKED K- SHORTEST PATHS ............................................................................................. 19 

2.1 Algorithms solving k-shortest paths ....................................................................... 19 

2.1.1 Labeling algorithm ........................................................................................... 20 

2.1.1.1 Label setting algorithm for k-shortest paths ............................................. 20 

2.1.1.2 Label correcting algorithm ........................................................................ 53 

2.1.2 path Removing algorithm ................................................................................ 61 

3 REFERENCE: ............................................................................................................................ 65 

 

 
 
 
 
 
 
 
 



 
Glossary of symbols and notations 

 
 

jd     →        distance value of node j . 

jiC        →        length ( cost ) of arc ( )ji , . 

( )jd      →       set of distance value of node j . 

( )rd j    →       thr  distance value of node j . 

r
jp        →       thr  shortest path from node 1 to node j . 

( )pl    →         length of  path p . 
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Introduction 
 

The shortest path problem is one of the most fundamental network optimization 

problems; this problem comes up in practice and arises as sub problem in many network 

optimization problems. Algorithm for this problem have been studied for long time, 

however advances in the method and theory of shortest path algorithm are still being 

made. k-shortest path problem is advanced and long studied generalization of the shortest 

path problem in which the objective of k-shortest path problem is not only to find the first 

shortest path as shortest path problem but also to find the second , third ,- - - , thk  

shortest path (in order) from the source node to every other nodes  in the network. The 

first work on k-shortest paths appeared in 1959, more or less at the same time with the 

first papers on the shortest path problem ,the resulting problem when 1=k  , have been 

published. Since then shortest path problem has merited much more attention from the 

researcher than k-shortest path problem because k-shortest path problem manipulate great 

amount of data. However with the development of computer and data structures there has 

been an increasing interest from the researcher on k-shortest path problem, as larger 

problem resulting from real world application.     

This paper contains two chapters. The first Chapter devoted some basic ideas of 

network system, shortest path problem and algorithm solving shortest path problem such 

as Dijakstra’s and bellman ford algorithm. Moreover the shortest path problems with 

their solution methodology are discussed. And the second Chapter gives a briefly 

description of the k shortest path and algorithm solving k shortest paths such as labeling 

algorithm (label setting and label correcting algorithm) and path removing algorithm with 

their examples.   
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CHAPTER ONE  

1 PRELIMINARY CONCEPT 

1.1 Basic definitions  

In this section we introduce some of the basic definitions relating to network, graph and 

related notions. 

Network:  

A triple ( )CEV ,,  is said to be network if ( )EVG ,=   is directed graph without 

directed cycle and passes exactly one source and at least one sink. 

The elements of V  are called nodes or vertices.  

The elements of E  are called arc or edge.  

 Directed graph: 

  A graph ( )EVG ,=  consists of a set V  of nodes and a set E  of pairs of 

distinct nodes from V called arcs. The numbers of nodes and arcs are denoted by

N andA , and it is assume throughout that 1 ≤ N < ∞ and 0 ≤ A < ∞. An arc ( )ji,  

is viewed as an ordered pair, and is to be distinguished from the pair( )ij, . If  

( )ji,  is an arc, we say that ( )ji,  is outgoing from node i  and incoming to nodej

; we also say that j  is an outward neighbor of i  and that i  is an inward neighbor 

of j . We say that arc ( )ji,  is incident to i  and toj , and that i  is the start node 

and j  is the end node of the arc. We also say that i  and j  are the end nodes of 

arc( )ji, .  

 Undirected graph: where an arc is associated with a pair of nodes regardless of order.        

Source (initial) node: is anode which has only outgoing arrows or edges. 

Terminal (sink) node: is anode which has only incoming arrows or edges. 

Intermediate node: is anode which has both incoming and outgoing arrows (edges). 

Path: a path p  in a directed graph is a sequence on nodes ( )kvvv ,...,, 21  with 2≥k  a 

corresponding sequence of  1−k   arcs such that the 
thi  arc in the sequence is either 
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( )1, +ii vv  (in such case it is called a forward arc of path ) or ( )ii vv ,1+  (in which case it is 

called a back ward arc of the path ) nodes 1v  and kv  are called the starting node (origin) 

and the end node (destination ) of p  respectively. 

Forward path: a path is said to be a forward path if all of its arcs are forward arc. 

Backward path: a path is said to be a backward path if all of its arcs are backward arc 

Cycle: is a path for which the starting and end nodes are the same. 

Cyclic network: is a network consisting of directed cycle. 

A cyclic network: is a network without any directed cycle.  

Connected network: a network is said to be connected if for each pair of node i  and j                             

there is a path starting at  i  and ending atj . 

Tree: - is a connected partial sub network that contain no cycle 

Strongly connected network: a network is said to be strongly connected if for each pair 

of node i  and j  there is a forward path starting at  i  and ending atj . 

Sub graph: we say that a graph ( )''' , EVG =  is a sub path of a graph ( )EVG ,=  if    

VV ⊂'  and EE ⊂' . 

Weighted graph: is a graph in which each edge has an associated numerical value.  

                         Edge weight may represent distance, cost, time etc. 

Complexity of an algorithm; - is the number of computational steps taken by an 

algorithm to solve a particular type of model (if  n , represents the size of our model we 

wish to know the maximum number of operations needed to solve it as a function ( )nf   

then we can be shore that for any instance of a model of size n  the computational steps 

will not be greater than ( )nf ). 
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1.2 Shortest path problem 

 

The shortest path problem is a classical and important combinatorial problem that 

arises in many contexts .we are given a weighed graph ( )EVG ,=   with a node set V , 

edge set E  and weight set C .each arc ( ) Eji ∈,  has  a cost  or “length” ijC  associated 

with it. We are also given a starting node  VS ∈  and terminal node Vt ∈ .The length of a 

path   ( )kk VVVVP ,,...,, 121 −=  is the sum of the arcs length in the path ( )P  and it will be 

denoted by ( )Pl  so ( )
( )
∑

∈

=
pji

ijCPl
,

. 

 A path is said to be shortest path if it has minimum length over all paths with the 

same origin and destination node. i.e. *P said to be a shortest path over all paths with the 

same source and destination node if  RP ∈*  such that ( ) ( )qlPl ≤*   Rq ∈∀  where R  is 

set of paths with the same source and destination node .the length of the shortest  path is 

also called the shortest distance. 

Types of shortest path problem 

Single –source (one-to-all) shortest path 

             Find shortest path from source node S  to every other nodes. 

Single –destination (all-to-one) shortest path 

 Find shortest path from every node to destination node t  in the network. 

Single –pair (one-to-one) shortest path 

 Find shortest path from specific node u to specific nodev . 

All-pair shortest path  

 Find shortest path between every pair of nodes. 

Note  

 Since there is no algorithm is known for computing a single pair shortest path 

better than solving single source shortest path problem and also all pair shortest path con 

be solving by running single source shortest path V times .we will focus on single source 

shortest path problem. 
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Shortest path property 

Property 1: a sub path of a shortest path is itself a shortest path. 

Property 2: there is a tree of shortest path from a start vertex to all other vertices. 

Lemma:  shortest path can’t contain cycles. 

1.3 Algorithms solving shortest paths 

In this section we develop abroad class of shortest path algorithms for single 

source (one –to-all) shortest path problem. Those algorithms maintain and adjust a vector 

( )Nddd ,...,, 21  where each jd  called the distance value of nodej , is either a scalar or ∞

.those broad class of shortest path algorithms classified in to two broad categories based 

on how they select the node to be removed from the candidate list of nodes. Those are  

� Label setting algorithm 

� Label correcting algorithm 

 

A,   Label setting algorithm  

  In this algorithm the node i  removed from the candidate list is anode 

with minimum distance value under the assumption that all arc length are non 

negative ( )0≥ijC .this algorithm has a remarkable property: each node will enter 

in to candidate list at most once, as we  will show shortly its distance value has its 

permanent or final value at the first time it removed from the candidate list .the 

most time consuming part of this algorithm is calculating the minimum distance 

value associated to each nodes of candidate list. 

B,   Label correcting algorithm 

In this section the choice of a node i  to remove from the candidate list is 

the same as label setting algorithm however anode may enter to candidate list 

multiple times and distance value of anode become permanent if the candidate list 

of nodes is empty. But if we use FIFO queue of label the choice of node i  

removed from the candidate list is if anode i  is the first element of the candidate 

list.  
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Both group of algorithm employ the labeling method in computing one-to-all 

shortest path problem. 

Those two groups of algorithm differ in the way in which they update the estimate 

of the shortest path distance associate with each node of each iteration and the way in 

which they converge of the final optimal one-to-all shortest path. 

In label setting algorithm the final optimal shortest path distance from the source 

node to the destination node determined once the destination node remove from the 

candidate list .while in label correcting algorithm the final optimal shortest path distance 

from the source node to destination node is determined when the candidate list of node is 

empty.    

Whereas Dijakstra’s algorithm is representative of label setting algorithm and 

Bellman ford algorithm is representative of label correcting algorithm. 

 

1.3.1 Dijakstra’s algorithm 

Dijakstra’s algorithm is one of the most important algorithms from the group of 

label setting algorithm and it solves the single source shortest path problem (find the 

shortest path from the source node S to all other nodes) on weighted directed graph 

( )EVG ,=  for the case in which all edge weights are non negative. 

If there is an edges with negative weight the actual shortest path cannot obtained 

by using Dijakstra’s algorithm because Dijakstra’s algorithm adds vertices by increasing 

its distance value but if there is a negative weighted edge the distance value of a vertices 

cannot increase its value. 
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Algorithm description step by step  

 

Step 1, Initialization  

� Assign the zero distance value to nodeS , and label it as permanent. 

I.e.      [The state of node S  is( )p,0 ] 

� Assign to every other node a distance value of ∞ and label them as 

temporary. 

                                     I.e.      [The state of every other node is( )t,∞ ] 

� Designate the node S  as the current node. 

� Candidate list of node = {S } 

Step 2, Distance value update & current node designation update 

   Let i  be the index of the current node  

�  Find the set J of nodes with temporary label that can be reached from the 

current node i  by a link ( )ji, .update the distance value of these nodes. for 

each  Jj ∈  the distance value jd of node j is update as follows 

                             New { }ijijj Cddd += ,min  

Where ijC  is the cost of link ( )ji,  as given in the network problem 

� Candidate list of node (L)={S}u{J} 

� Determine a node j  that has the smallest distance value jd  among  all 

node Jj ∈ .find *j  such that  *min
jj

Lj
dd =

∈
 

� Change the label of node *j  to permanent and designate this node as the 

current node. and remove *j from the candidate list of node 

Step 3, termination criteria  

� If  all nodes that can be reached from node S  have been permanently 

labeled then stop .we are done  

� If we can not reach any temporary labeled node from the current node then 

all the temporary labels become permanent .we are done .otherwise go to 

step 2 
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Algorithm 

Step 1: Initialization  

begin 

 0=sd  and ( ) 0=spred ;  

             ∞=jd for each node sj ≠  ; 

 LIST = { }s ; 

Step 2: Main step 

 While LIST ≠ ∅ do 

 begin 

  Remove the node which has minimum associated distance value from LIST; 

  for  each arc( ) ( )iAji ∈,   do 

  if  jiij cdd +>  then 

  begin 

    ( ) ;; ijpredcdd jiij =+=  

   if  j  ∉LIST then append j  to the end of LIST; 

  end; 

 end; 

end; 

 
 

 

 

 

 

 

 



 

 

Example 1   

We want to find the shortest path from n

algorithm 

  

  

 

 

                        

 

 

 

Step 1 Initialization  

� Node  1 is designated as the current 

Node 

� The state of node 1 is

� Evert other node has state 

 

 

Step 2   Distance value update & current node designation

� Node 2,3and 6 can be reached 

from the current node 1.

� Update distance value for those 

nodes 

min2 =d

min3 =d

min6 =d

� Candidate list of node

Ranked k – shortest paths in network

9 

We want to find the shortest path from node 1 to all other nodes using D

                         

Solution 

 

 

Node  1 is designated as the current  

The state of node 1 is( )p,0 . 

Evert other node has state ( )t,∞  

istance value update & current node designation 

Node 2,3and 6 can be reached  

current node 1. 

Update distance value for those  

{ } 770,min =+∞  

{ } 990,min =+∞  

{ } 14140,min =+∞  

Candidate list of node( )L  = {2,3,6} 

7
10

2

9

14
6

3

2

1

[9,t]

[7,p]

[14,t]

7
10

2

9

14

6

3

2

1

shortest paths in network 2011 

ode 1 to all other nodes using Dijakstra’s 

 

11

15

6

9

5

4

11

15

6

9

5

4
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� Now among all elements of L  node 2 has the smallest distance value  

� The status label of node 2 changes to permanent. So its state is [ ]p,7  while the 

status of node 3 and 6 remains temporary. 

� Node 2 become the current node and remove it fromL . 

 

Step 3, Termination criteria  

� We are not done .because all nodes have not been reached from the source node 1. 

So we perform other iteration (back to step 2) 

  

Another implementation of step 2 

 

� Node 3and 4 can be reached  

from the current node 2. 

� Update distance value for those  

nodes 

{ } 9107,9min3 =+=d  

{ } 22157,min4 =+∞=d  

 

 

� Candidate list of node( )L  = {3,6,4} 

� Now among all elements of L  node 3 has the smallest distance value  

� The status label of node 3 changes to permanent. So its state is [ ]p,9  while the 

status of node 4 remains temporary. 

� Node 3 becomes the current node and remove it fromL .   

 

Step 3, Termination criteria  

� We are not done .because all nodes have not been reached from the source node 1. 

So we perform other iteration (back to step 2) 

 

[22,t]

[9,p]
[9,t]

[7,p]

[14,t]

11

7 15

6

9

10

2

9

14

6

5

43

2

1
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Another implementation of step 2 

 

� Node 6 and 4 can be reached  

from the current node 3.  

� Update distance value for those  

nodes 

{ } 20119,22min4 =+=d  

{ } 1129,14min6 =+=d  

 

� Candidate list of node( )L  = {6,4} 

� Now among all elements of L  node 6 has the smallest distance value  

� The status label of node 6 changes to permanent. So its state is [ ]p,11  while the 

status of node 4 remains temporary. 

� Node 6 becomes the current node and remove it fromL . 

Step 3, Termination criteria  

� We are not done .because all nodes have not been reached from the source node 1. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node  5  can be reached  

from the current node 6.  

� Update distance value for those  

nodes 

{ } 20911,min5 =+∞=d  

 

 

� Now node 5 is the only candidate so its status changes to permanent.  

� Node 5 becomes the current node. 

� From node 5 we cannot reach any other node .hence node 4 gets permanent 

labeled and we are done 

[20,t]

[11,p]

[22,t]

[9,p]
[9,t]

[7,p]

[14,t]

11

7 15

6

9

10

2

9

14

6

5

43

2

1

[20,p]

[20,p]

[20,t]

[11,p]

[22,t]

[9,p]
[9,t]

[7,p]

[14,t]

11

7 15

6

9
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2

9

14

6

5
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2
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1.3.2 Bellman ford algorithm 

 

The bellman ford algorithm is an efficient algorithm to solve single source shortest path 

problem in the more general case in which edge weight can be negative. Given a 

weighted graph ( )EVG ,= .with source node S and weight function REW →: .the 

bellman ford algorithm returns a Boolean   value indicating whether or not there is a 

negative weight cycle reachable from the source node. 

If there is such cycle the algorithm indicates that no solution exists if there is no 

such cycle the algorithm produces paths and their weight. 

 Algorithm description  step by step  

Step 1, Initialization  

� Assign the zero distance value to nodeS , and label it as permanent. 

I.e.      [The state of node S  is( )p,0 ] 

� Assign to every other node a distance value of ∞ and label them as 

temporary. 

                                     I.e.      [The state of every other node is( )t,∞ ] 

� Designate the node S  as the current node. 

� Candidate list of node = {S } 

Step 2, Distance value update & current node designation update 

   Let i  be the index of the current node  

�  find the set J of nodes with temporary label that can be reached from the 

current node i  by a link ( )ji, .update the distance value of these nodes. for 

each  Jj ∈  the distance value jd of node j is update as follows 

                             New { }ijijj Cddd += ,min  

Where ijC  is the cost of link ( )ji,  as given in the network problem 

� Candidate list of node (L)={S}u{J} 

� Determine a node j  that has the smallest distance value jd  among  all 

node Jj ∈ .find *j  such that  *min
jj

Lj
dd =

∈
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� Designate the node *j  as the current node. and remove *j from the 

candidate list of node 

Step 3, termination criteria  

� If candidate list of node becomes empty then all the temporary labels 

become permanent. then Stop because we are done  otherwise go to step 2 

 

Remark  

Bellman ford algorithm is the same as Dijakstra’s algorithm while in bellman ford 

algorithm one node can enter in to list of nodes more than once .but if we use FIFO queue 

of label its algorithm is stated us follow. 

Algorithm ; 

Step 1: Initialization  

begin 

 0=sd  and ( ) 0=spred ;  

             ∞=jd for each node sj ≠  ; 

 LIST = { }s ; 

Step 2: Main step 

 While LIST ≠ ∅ do 

 begin 

  Remove the first element from LIST; 

  for  each arc( ) ( )iAji ∈,   do 

  if  jiij cdd +>  then 

  begin 

    ( ) ;; ijpredcdd jiij =+=  

   if  j  ∉LIST then append j  to the end of LIST; 

  end; 

 end; 

end; 
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Example 2 

 

We want to find the shortest path from the source node to all other nodes using bellman 

ford algorithm  

 

 

 

 

 

 

 

 

 

 

 

Initialization step one  

• Node one is designated as the current node  

• The state of node one is [ ]po,  

• Ever other node has state  [ ]t,∞   

• List of node = { }1  

 

 

Step 2 

 

� Node 2, 3 and 4 can be reached from the current node 1. 

� Update the distance value for those nodes  

                  { } 330,min2 =+∞=d  

                  { } 330,min3 =+∞=d  

                  { } 660,min4 =+∞=d   
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� List of node( )L  = {2, 3, 4} 

� Now among all elements of L  node 2 and 3 have the smallest distance value  

� Node 2 become the current node and removes it from list of nodes  

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node 5 and 4 can be reached from the current node 2  

� Update the distance value for those nodes  

                  { } 523,min5 =+∞=d  

                  { } 413,min4 =+∞=d  

 

 

� List of nodes  = { }5,4,3  

� Now among all element of list of nodes node 3 has the smallest distance value  

� Node 3 becomes the current node and remove it from the list of nodes  

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

 

Another implementation of step 2 

� Node 4 can be reached from the current node 3  

� Update the distance value for those nodes  

                 

                   { } 443,4min4 =+=d  
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� List of nodes = { }5,4  

� Now among all element of list of nodes node 4 has the smallest distance value. 

� Node 4 becomes the current node and remove it from the list of nodes. 

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node 6 can be reached from the current node 4.  

� Update the distance value of node 6  

                 

                   { } 642,min6 =+∞=d  

                  

 

� List of nodes = { }6,5  

� Now among all element of list of nodes node 5 has the smallest distance value. 

� Node 5 becomes the current node and remove it from the list of nodes. 

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node 4 can be reached from the current node 5.  

� Update the distance value of node 4 

                 

                   { } 435,4min4 =+=d  

                  

 

� List of nodes = { }4,6  

[6,t]

3

3
3

-2

2

-4

4

2

1

3
6

3

7
6

5

4

3

2

1

[3,t]

[3,t ]

[4,t]

[5,t]

2

[6,t]

3

3
3

-2

2

-4

4

2

1

3
6

3

7
6

5

4

3

2

1

[3,t]

[3,t ]

[4,t]

[5,t]

2



Ranked k – shortest paths in network 2011 

 

17 
 

� Now among all element of list of nodes node 4 has the smallest distance value. 

� Node 6 becomes the current node because we are work with node 4 as a current 

node  and remove node 4 and 6 from the list of nodes. 

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node 3 and 7 can be reached from the current node 6.  

� Update the distance value of those nodes 

                 

                   { } 246,3min3 =−=d  

                   { } 936,3min7 =+=d  

 

� List of nodes = { }7,3  

� Now among all element of list of nodes node 3 has the smallest distance value. 

� Node 3 becomes the current node and remove it from the list of nodes. 

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

 

Another implementation of step 2 

� Node 4 can be reached from the current node 3.  

� Update the distance value of  node 4 

                 

                    

                   { } 442,4min4 =+=d  
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� List of nodes = { }4,7  

� Now among all element of list of nodes node 4 has the smallest distance value. 

� Node 7 becomes the current node because we are work previously with node 4 as 

a current node and remove node 4 and 7 from the list of nodes. 

Step 3 

� We are not done .because all nodes have not been reached from the source node 1 

and list of node is not empty. 

So we perform other iteration (back to step 2) 

Another implementation of step 2 

� Node 4 and 5 can be reached from the current node 7.  

� Update the distance value of those nodes 

                    

                   { } 429,4min4 =−=d  

                   { } 539,5min5 =+=d   

� List of nodes = { }5,4  

�  Since the distance value of node 5 and 4 are not changed and we are work 

previously with node 4 and 5 as current node associated with the distance values 4 

and 5 respectively those node can’t chose as a current node therefore remove 

those nodes from the list of nodes. 

Step 3  

Stop because we are done 
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CHAPTER TWO  
2. RANKED K- SHORTEST PATHS 

 

k-shortest path problem is a natural and long studied generalization of the shortest 

path problem in which the objective of k-shortest path problem is not only to find the first 

shortest path as shortest path problem but also to find the second , third ,- - - , thk shortest 

path (in order) from the source node to every other  nodes  in the network. Where each iP  

should have cost greater or equal than1−iP  for ki ≤<1  and the remain path between the 

source node and the destination node should have cost at least equal tokp .We are given a 

weighted network ( )CEV ,,  with node setV , edge set  E  and the weight set C  

specifying weight  ijC  for the edges  ( ) Eji ∈,  , we are also given a starting node VS ∈  

and terminal node Vt ∈ .  

To determine the set of ranked k-shortest paths, we select first a desired integer

1≥k .then starting from node 1, step by step; we find a set of ranked k-shortest paths 

k
jjj ppp ,...,, 21 to each node j in the network. Here r

jp , kr ,...,2,1=  refers to the thr

shortest path from node 1 to a nodej . In general, to each node j we will assign 

appropriately a k-vector of distance label ( ) ( ) ( ) ( )( )kdddjd jjj ,...,2,1=  where thr  

component label ( ) ( )r
jj plrd =  and ( ) ( ) ( )kddd jjj ≤≤≤ ...21 . To produce this, our 

procedure is essentially stated in the following algorithms as follow. 

 

2.1 Algorithms solving k-shortest paths 

There are many algorithms which solves k-shortest paths problem those algorithm 

can be studied based on their complexity and detailed description. In this paper we deal 

on the details of those algorithms rather than on their complexity.   

In order to find k-shortest path it is important for the algorithm to choose different 

route throughout the network .This can be done by labeling node and edge or by 
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removing node and edge .Based on labeling node and edge or removing node and edge  

we classify those algorithm which solves k-shortest path problem in to two class  

� The first class is labeling algorithm and 

� The second class is path removing (deviation) algorithm. 

2.1.1 Labeling algorithm 

These algorithms behave much like classical labeling algorithm for shortest path 

problem. The difference is that labeling algorithm for k-shortest path problem keeps a list 

of label at each node while labeling algorithm for shortest path problem keeps only one 

label at each node. 

There are two subclass of labeling algorithm namely 

� Label setting algorithm  and 

� Label correcting algorithm 

2.1.1.1 Label setting algorithm for k-shortest paths 

Label setting algorithm keeps a list  of  labels at each node and the length of the 

list is K  in each iteration the label with the lowest associated distance value (cost) in the 

network is chosen  although there are many label at each node  and this label update other  

label list such a label  is treated as permanent label as in Dijakstra’s algorithm. This 

implies that the k-shortest paths are ranked in order. Making a label at node t  permanent 

identifies the next shortest path this algorithm precedes until there is no more update and 

the destination labels permanently k  times. 

Algorithm description step by step 

Step 1, Initialization  

� Assign  zero distance value to node S  and predecessor node of S is zero.  

i.e. ( ) 0=sd  , ( ) 0=spred  and [ The label  of node  S  is ( )[ ]0,10,S  and 

label it permanently ] 

� Assign to every other node a distance value of ∞ , k -times and label them 

as temporary. 

� List of nodes with their predecessor node( )1L  = { ( )[ ]0,10,S } 

� Designate the  node S  as the current node and ( )[ ]0,10,S  as current 

label 
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Step 2, Distance value update (list) and current node designate update    

Let i  be the index of current node . 

� Remove the current label from the list of nodes with their predecessor 

node. 

� Select the set of nodes J  that can be reached for the current node i  by a 

link ( )ji,  which doesn’t make cyclic path and update (list) the distance 

value of those nodes. For each Jj ∈  the thr  distance value of nodej

( ) )( rd j is update(list) as follows 

                     ( ) ( ) ijij Crdrd += 1     ,    ( )( ) ( )1rirjpred =  

Where ijC  is the cost of link ( )ji,  as given in the network problem and 

kr ,...,3,2,1= . 

� Order and list associated distance values of each element of J , k  - times 

in increasing order. 

i.e. for each Jj ∈   ( ) ( ) ( ) ( ){ }kdddjd jjj ,...,2,1= where

( ) ( ) ( )kddd jjj ≤≤≤ ,...,21   

� List of nodes with their predecessor node( )1L  = old 1L    U  { [ reachable 

nodes from the current  node i   by a link ( )ji, . i.e. J ,  predecessor node 

of nodeJ  with its order ,  associated distance value of reachable nodes 

with their orders]} 

� Determine a node j  that has the smallest distance value ( )rd j  among all 

nodes. 

          Find *j  such that ( ) ( )∗=
∈

*

1

min
jj

Lj
drd  

          Let ( )( ) ( )oijpred =∗*  

� Change the label of node *j  with the distance value ( )∗*j
d  to permanent 

and label node *j with other distance value to temporary and designate 



Ranked k – shortest paths in network 2011 

 

22 
 

node *j  with the distance value ( )∗*j
d  as a current node and designate the 

label ( ) ( )[ ]∗*,,*

j
dij o   as a current label. 

Step 3, Termination criteria  

� If list of nodes with their predecessor node is not empty go to step 2. 

� If list of nodes with their predecessor node is empty then  

for  j = 1 to n 

      for  r = 1 to k                                                              

                           jiiiip ss
r
j ,,,...,,,1 121 −=                    

           Where ( )( ) ( ) ( )( ) ( ) ( )( ) 1-ipred,...,-ipred,rjpred 11s =−=−= −ss ii  

                          ( ) ( )rdpl j
r
j =

 

                           end;  

                    end;  

               STOP 

Remark  

This algorithm check’s whether the paths are cyclic or not for cyclic directed 

graph and undirected graph while it does not check for acyclic directed graph  

Algorithm 

Step 1: Initialization  

begin 

 ( ) 01 =sd  and ( )( ) 01 =spred ;  

                    for  each node sj ≠  

                                  for ktor 1=  

                                           ( ) ∞=rd j  ; 

                                   end: 

                     end: 

                        
( ) ( )rdrdold jj =  

 LIST = ( ) ( )[ ]{ }1,10, sds ; 
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Step 2: Main step 

               Remove a label with minimum associated distance value from the LIST; 

               Current node = node associated with the above removed label. 

                            Leti  = current node and 1r  is order of i  

         for  each arc( ) ( )iAji ∈,   do 

              if jiiiip sj ,,,...,,,1 21=  has no repeated node where   

( ) ( ) ( )( ) ( ) ( )( ) 1,...,, 111 =••== iprediripredrijpred s   then  

                          ( ) ( ) ( )( ) ( )11 , rirjpredcrdrd jiij =+=           

                            for   ktoq 1=  

                                   if  ( ) ( )qdoldrd jj < then 

                                                      qr = ; 

                                               if   1=r     then 

                                                           for  ktorp 1+=  do 

                                                                 ( ) ( )1−= pdoldrd jj  

                                                            end for; 

                                                   end if ; 

                                                if   kr =  then  

                                                           for  11 −= rtop  do 

                                                                 ( ) ( )pdoldrd jj =  

                                                            end for; 

                                                    end if ; 

                                                  if   kr <<1   then 

                                                             for  11 −= rtop  do 

                                                                      ( ) ( )pdoldrd jj =  

                                                                end for; 

                                                            for  ktorp 1+=  do 

                                                                       ( ) ( )1−= pdoldrd jj  
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                                                                  end for; 

                                                    end if ; 

                                                 ( ) ( ) ( ) ( )( )kdddjd jjj ,...,2,1=  

                                                 if   ( ) ( )jdkdold j ∉  then  

                           remove label which contain a distance value ( )kdold j from a LIST; 

                                                 end if; 

                                   end if; 

                                  break 

                                        else   kr >  end else; 

                          end for; 

       if   { }kr ,...,2,1∈  then   

               append ( ) ( )[ ]rdrij j,, 1  to the end of LIST; 

      end if ;  

   end for; 

end if; 

Step 3 : Termination criteria 

         if   LIST  φ≠  then    go to step 2; 

           if   LIST  φ=  then                     

                       for  ntoj 1=  

                                       for ktor 1=  

                                               jiiiip s
r
j ,,,...,,,1 21=  where  

                                                

( )( ) ( ) ( )( ) ( ) ( )( ) 1,...,, 111 =••== iprediripredrirjpred s ; 

                                         end  for;  

                                  end  for; 

           STOP 
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Example 3 for acyclic directed graph  

    We want to find ranked 3- shortest paths from the source node to all other nodes using 

label setting algorithm. 

  

 

 

 

 

 

 

 

 

Solution  

Step 1  

� Node 1 with predecessory node zero and  associated distance value zero is 

designated as the current node . 

      i.e. ( )[ ]0,10,1  is the current node  

�  List of nodes with their predecessor node (1L ) = ( )[ ]{ }0,10,1  

 

 

 

 

 

 

 

 

Step 2  

� Remove the label which has smallest associate distance value from the list of 

nodes with their predecessor node and find nodes that are reachable from the  
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current node. I.e. ( )[ ]0,10,1  is removed from the list of nodes with their 

predecessor node and node 2 and 3 are reachable nodes from the current node 1. 

� Update the distance value of those nodes  

         ( ) ( ) ( )( ) ( )1112,14401 1212 ===+=+= predrCdrd  

         ( ) ( ) ( )( ) ( )1113,12201 1313 ===+=+= predrCdrd  

( ) ( ){ } { }−−=−−= ,,4,,12 2dd    

( ) ( ){ } { }−−=−−= ,,2,,13 3dd  

�  Add the above nodes with their predecessor node which is the current node and 

their associated distance value at the end of list of nodes with their predecessor 

node. 

• 1L   = ( )[ ] ( )[ ]{ }2,11,3,4,11,2  

� Designate the label which has small associated distance value from all elements of 

list of nodes with their predecessor node us a current label and the node associate 

with this label us current node. 

• I.e. label ( )[ ]2,11,3  is the current label and node 3 is current node. 

 

 

 

 

 

 

 

 

 

Step 3  

� We are not done because list of nodes with their predecessor node is not empty  so 

then go to step 2. 
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Another implementation of step 2  

� Remove  ( )[ ]2,11,3  from the list of nodes with their predecessor node. 

� Node 4 and 6 are reachable nodes from node 3. 

� Update the distance value of those nodes  

            ( ) ( ) ( )( ) ( )1316,19721 3636 ===+=+= predrCdrd      

            ( ) ( ) ( )( ) ( )1314,15321 3434 ===+=+= predrCdrd  

( ) ( ){ } { }−−=−−= ,,5,,14 4dd    

( ) ( ){ } { }−−=−−= ,,9,,16 6dd  

� 1L   = ( )[ ] ( )[ ] ( )[ ]{ }9,13,65,13,4,4,11,2  

� Label ( )[ ]4,11,2  is current label and node 2 is current node. 

 

 

 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

 

Another implementation of step 2  

�  Remove  ( )[ ]4,11,2  from the list of nodes with their predecessor node. 

� Node 4 and 5 are reachable nodes from the current node 2. 

� Update the distance value of those nodes.      
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            ( ) ( ) ( )( ) ( )1224,28441 2424 ===+=+= predrCdrd            

            ( ) ( ) ( )( ) ( )1215,113941 2525 ===+=+= predrCdrd    

( ) ( ) ( ){ } { } ( )( ) ( )1314,8,5,2,14 44 =⇒−=−= predddd   

( ) ( ){ } { }−−=−−= ,,13,,15 5dd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }13,12,5,8,12,4,9,13,6,5,13,4  

� Label ( )[ ]5,13,4  is current label and node 4 is current node. 

 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove  ( )[ ]5,13,4  from the list of nodes with their predecessor node. 

� Node 5 and 6 are reachable nodes from the current node 4. 

� Update the distance value of those nodes.  

            ( ) ( ) ( )( ) ( )1415,16151 4545 ===+=+= predrCdrd            

            ( ) ( ) ( )( ) ( )1426,210551 4646 ===+=+= predrCdrd  

( ) ( ) ( ){ } { } ( )( ) ( )1425,13,6,2,15 55 =⇒−=−= predddd   

( ) ( ) ( ){ } { }−=−= ,10,9,2,16 66 ddd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }10,14,6,6,14,513,12,5,8,12,4,9,13,6  

� Label ( )[ ]6,14,5  is current label and node 4 is current node. 
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove  ( )[ ]6,14,5  from the list of nodes with their predecessor node. 

� Node 7 is reachable node from the current node 5. 

� Update the distance value of node 7.  

            ( ) ( ) ( )( ) ( )1517,19361 5757 ===+=+= predrCdrd    

       ( ) ( ){ } { }−−=−−= ,,9,,17 7dd          

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }9,15,7,10,14,6,13,12,5,8,12,4,9,13,6  

Label ( )[ ]8,12,4  is current label and node 4 is current node 
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]8,12,4 from the list of nodes with their predecessor node. 

� Node 5 and 6 are reachable nodes from the current node 4. 

� Update the distance value of those nodes.  

            ( ) ( ) ( )( ) ( )2425,29182 4545 ===+=+= predrCdrd      

            ( ) ( ) ( )( ) ( )2436,313582 4646 ===+=+= predrCdrd   

( ) ( ) ( ) ( ){ } { } ( )( ) ( )123513,9,63,2,15 555 =⇒== preddddd   

( ) ( ) ( ) ( ){ } { }13,10,93,2,16 666 == dddd  

� 1L   = 
( )[ ] ( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







13,24,6,9,24,5

,9,15,7,10,14,6,13,12,5,9,13,6
 

Label ( )[ ]9,13,6  is current label and node 6 is current node  

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]9,13,6 from the list of nodes with their predecessor node. 
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� Node 7 is reachable node from the current node 6. 

� Update the distance value of node 7.  

            ( ) ( ) ( )( ) ( )1617,210191 6767 ===+=+= predrCdrd    

       ( ) ( ) ( ){ } { }−=−= ,10,9,2,17 77 ddd           

� 1L  = 
( )[ ] ( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







10,16,7,13,24,6

,9,24,5,9,15,7,10,14,6,13,12,5
 

� Label ( )[ ]9,24,5  is current label and node 5 is current node  

  

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]9,24,5 from the list of nodes with their predecessor node. 

� Node 7 is reachable node from the current node 5. 

� Update the distance value of node 7.  

            ( ) ( ) ( )( ) ( )2537,312392 5757 ===+=+= predrCdrd     

( ) ( ) ( ) ( ){ } { }12,10,93,2,17 777 == dddd              

� 1L  = 
( )[ ] ( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







12,25,7,10,16,7

,13,24,6,9,15,7,10,14,6,13,12,5
 

� Label ( )[ ]9,15,7  is current label and node 7 is current node since there is no 

node reachable from node 7 we remove this label from list of node with their 
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predecessor node and label ( )[ ]10,14,6  is current label and node 6 is current 

node. 

� 1L  = 
( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







12,25,7,10,16,7

,13,24,6,10,14,6,13,12,5
 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]10,14,6 from the list of nodes with their predecessor node. 

� Node 7 is reachable node from the current node 6. 

� Update the distance value of node 7.  

            ( ) ( ) ( )( ) ( )2637,3111102 6767 ===+=+= predrCdrd       

( ) ( ) ( ) ( ){ } { }11,10,93,2,17 777 == dddd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }11,26,7,10,16,7,13,24,6,13,12,5  

� Label ( )[ ]10,16,7  and  ( )[ ]11,26,7   are current labels respectively and node 

7 is current node  since there is no node reachable from node 7 all labels of node 7 

becomes permanent so we remove those labels from list of node with their 

predecessor node and label ( )[ ]13,24,6  is current label and node 6 is current 

node. 
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� List of nodes with their predecessor node = ( )[ ] ( )[ ]{ }13,24,6,13,12,5  

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]13,24,6 from the list of nodes with their predecessor node. 

� Node 7 is reachable node from the current node 6. 

� Update the distance value of node 7.  

            ( ) ( ) 3141133 6767 >=+=+= rCdrd    

( ) ( ) ( ) ( ){ } { }11,10,93,2,17 777 == dddd              

� 1L   = ( )[ ]{ }13,12,5  

� Label ( )[ ]13,12,5  is current label and node 5 is current node.  
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove ( )[ ]13,12,5 from the list of nodes with their predecessor node. 

� Node 7 is reachable node from the current node 5. 

� Update the distance value of node 7.  

            ( ) ( ) 3163133 5757 >=+=+= rCdrd  

( ) ( ) ( ) ( ){ } { }11,10,93,2,17 777 == dddd             

� List of nodes with their predecessor node = { }φ  

 

 

 

 

 

 

 

 

Step 3  

We are done because the list of nodes with their predecessor node is empty and all nodes 

are permanently label. List 3-shortest paths of node 7.  

( )( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ( )111 3 pred,1314 pred ,1415pred,15  17 pred, 7:1
7 ====p  

              754311
6 −−−−=⇒ p    and  ( ) 91

7 =pl  

( )( ) ( ) ( )( ) ( ) ( )( ) ( )1113pred,1316pred,1627pred,7:2
7 ===p  

              76312
6 −−−=⇒ p  and ( ) 102

7 =pl  

( )( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ( )1113 pred ,1314 pred ,1426pred,26  37 pred, 7:3
7 ====p  

              764313
7 −−−−=⇒ p  and ( ) 113

7 =pl  
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Example 4 for cyclic directed graph  

    We want to find ranked 3 - shortest paths from the source node to all other nodes using 

label setting algorithm.  

 

 

 

 

 

 

 

Solution  

Step 1  

� Node 1 with predecessory node zero and  associated distance value zero is 

designated as the current label . 

      i.e. ( )[ ]0,10,1  is the current label and node 1 is current node.  

�  List of nodes with their predecessor node (1L ) = ( )[ ]{ }0,10,1  

 

 

 

 

 

 

 

 

 

Step 2  

� Remove the label which has smallest associate distance value from  list of nodes 

with their predecessor node and find nodes that are reachable from the current 

node. I.e. ( )[ ]0,10,1  is removed from the list of nodes with their predecessor 

node and node 2 and 3 can be reached from the current node 1. 
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� Update the distance value of those nodes  

         ( ) ( ) ( )( ) ( )1112,18801 1212 ===+=+= predrCdrd  

         ( ) ( ) ( )( ) ( )1113,13301 1313 ===+=+= predrCdrd  

( ) ( ){ } { }−−=−−= ,,8,,12 2dd   

 ( ) ( ){ } { }−−=−−= ,,3,,13 3dd  

�  Add the above nodes with their predecessor node which is the current node and 

their distance value to the end of list of nodes with their predecessor node. 

• 1L  = ( )[ ] ( )[ ]{ }3,11,3,8,11,2  

� Designate the label which has small associated distance value from all elements of 

list of nodes with their predecessor node us a current label and the node associate 

with this label us current node. 

• I.e. label ( )[ ]3,11,3  is the current label and node 3 is current node. 

 

 

 

 

 

 

 

Step 3  

� We are not done because list of nodes with their predecessor node is not empty 

then go to step 2. 

 

Another implementation of step 2  

� Remove  ( )[ ]3,11,3  from the list of nodes with their predecessor node. 

� Node 5 is reachable from node 3. 

� Update the distance value of node 5  

            ( ) ( ) ( )( ) ( )1315,15231 3535 ===+=+= predrCdrd  

( ) ( ){ } { }−−=−−= ,,5,,15 5dd               
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� 1L  = ( )[ ] ( )[ ]{ }5,13,5,8,11,2  

� Label ( )[ ]5,13,5  is current label and node 5 is current node. 

 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2. 

Another implementation of step 2  

�  Remove  ( )[ ]5,13,5  from the list of nodes with their predecessor node. 

� Node 2, 4 and 6 are reachable nodes from the current node 5. 

� Update the distance value of those nodes.  

            ( ) ( ) ( )( ) ( )1512,16151 5252 ===+=+= predrCdrd            

            ( ) ( ) ( )( ) ( )1514,110551 5454 ===+=+= predrCdrd    

            ( ) ( ) ( )( ) ( )1516,112751 5656 ===+=+= predrCdrd  

( ) ( ) ( ){ } { } ( )( ) ( )1122,8,6,,2,12 22 =⇒−=−−= predddd   

( ) ( ){ } { }−−=−−= ,,10,,14 4dd  

( ) ( ){ } { }−−=−−= ,,12,,16 6dd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }12,15,6,10,15,4,6,15,2,8,11,2  

� Label ( )[ ]6,15,2  is current label and node 2 is current node. 
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2. 

Another implementation of step 2  

�  Remove  ( )[ ]6,15,2  from the list of nodes with their predecessor node. 

� Node  4 is reachable node from the current node 2. 

� Update the distance value of node 4. 

                     ( ) ( ) ( )( ) ( )1214,19361 2424 ===+=+= predrCdrd            

         ( ) ( ) ( ){ } { } ( )( ) ( )1524,10,9,2,14 44 =⇒−=−= predddd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }9,12,4,12,15,6,10,15,4,8,11,2  

� Label ( )[ ]8,11,2  is current label and node 2 is current node. 

 

 

 

 

 

 

 

  

Step 3 

We are not done because list of nodes with their predecessor node is not empty.  then go 

to step 2. 
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 Another implementation of step 2  

�  Remove  ( )[ ]8,11,2  from the list of nodes with their predecessor node. 

� Node 3 and 4 are reachable nodes from the current node 2. 

� Update the distance value of those nodes.  

             

                     ( ) ( ) ( )( ) ( )2234,311382 2424 ===+=+= predrCdrd          

                     ( ) ( ) ( )( ) ( )2223,210282 2323 ===+=+= predrCdrd      

( ) ( ) ( ){ } { }−=−= ,10,3,2,13 33 ddd

( ) ( ) ( ) ( ){ } { }11,10,93,2,14 444 == dddd  

�  1L  = 
( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







11,22,4,10,22,3

,9,12,4,12,15,6,10,15,4
 

� Label ( )[ ]9,12,4  is current label and node 4 is current node. 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2.. 

 Another implementation of step 2  

�  Remove  ( )[ ]9,12,4  from the list of nodes with their predecessor node. 

� Node 6 is reachable node from the current node 4. 

� Update the distance value of node 6.  

                     ( ) ( ) ( )( ) ( )1426,218991 4646 ===+=+= predrCdrd                                

     ( ) ( ) ( ){ } { }−=−= ,18,12,2,16 66 ddd   
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� 1L  = 
( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







11,22,4,10,22,3

,18,14,6,12,15,6,10,15,4
 

� Label ( )[ ]10,15,4  is current label and node 4 is current node. 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2.. 

 Another implementation of step 2  

�  Remove  ( )[ ]10,15,4  from the list of nodes with their predecessor node. 

� Node 6 is reachable node from the current node 4. 

� Update the distance value of node 6. 

                     ( ) ( ) ( )( ) ( )2436,3199102 4646 ===+=+= predrCdrd                                

        ( ) ( ) ( ) ( ){ } { }19,18,123,2,16 666 == dddd  

� 1L  = 
( )[ ] ( )[ ] ( )[ ]
( )[ ] ( )[ ] 








19,24,6,11,22,4

,10,22,3,18,14,6,12,15,6
 

� Label ( )[ ]10,22,3  is current label and node 3 is current node. 
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2.. 

 Another implementation of step 2  

�  Remove  ( )[ ]10,22,3  from the list of nodes with their predecessor node. 

� Node 5 is reachable node from the current node 3. 

� Update the distance value of node 5.  

                     ( ) ( ) ( )( ) ( )2325,2122102 3535 ===+=+= predrCdrd                                

      ( ) ( ) ( ){ } { }−=−= ,12,5,2,15 55 ddd  

� 1L  = 
( )[ ] ( )[ ] ( )[ ]
( )[ ] ( )[ ] 








12,23,5,19,24,6

,11,22,4,18,14,6,12,15,6
 

� Label ( )[ ]11,22,4  is current label and node 4 is current node. 

 

 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2.. 

 Another implementation of step 2  

�  Remove  ( )[ ]11,22,4  from the list of nodes with their predecessor node. 

� Node 6 is reachable node from the current node 4. 
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� Update the distance value of node 6.  

                     ( ) ( ) 3209113 4646 >=+=+= rCdrd                                

( ) ( ) ( ) ( ){ } { }19,18,123,2,16 666 == dddd  

� 1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }12,23,5,19,24,6,18,14,6,12,15,6  

� Label ( )[ ]12,23,5  is current label and node 5 is current node. 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. then go 

to step 2.. 

 Another implementation of step 2  

�  Remove  ( )[ ]12,23,5  from the list of nodes with their predecessor node. 

� Node 4 and 6 are reachable node from the current node 5. 

� Update the distance value of node 4 and 6.  

                     ( ) ( ) 3175122 5454 >=+=+= rCdrd     

                    ( ) ( ) 3197122 5656 ≥=+=+= rCdrd    

( ) ( ) ( ) ( ){ } { }11,10,93,2,14 444 == dddd             

( ) ( ) ( ) ( ){ } { }19,18,123,2,16 666 == dddd  

� 1L   = ( )[ ] ( )[ ] ( )[ ]{ }19,24,6,18,14,6,12,15,6  

� Label ( )[ ]12,15,6 , ( )[ ]14,14,6 and  ( )[ ]19,24,6   are current labels 

respectively and node 6 is current node  since there is no node reachable from 

node 6 all labels of node 6 becomes permanent so we remove those labels from 

list of node with their predecessor node 
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Step 3 

We are done because the list of nodes with their predecessor node is empty and all labels 

become permanent. List 3-shortest paths of node 6 

( )( ) ( ) ( )( ) ( ) ( )( ) ( )1113 pred ,1315pred,15  16 pred, 6:1
6 ===p  

              65311
6 −−−=⇒ p    and  ( ) 121

6 =pl  

 2
6p   :  

( )( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ( )
( )( ) ( )1113pred

,1315pred,1512pred,1214pred,1426pred,6

=
====

 

              6425312
6 −−−−−=⇒ p  and ( ) 182

6 =pl  

( )( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ( )1113 pred ,1315 pred ,1524pred,24  36 pred, 6:3
6 ====p  

              645313
6 −−−−=⇒ p  
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Example 5 for undirected graph  

 

 

 

 

 

 

 

Solution  

Step 1  

� Node 1 with predecessory node zero and  associated distance value zero is 

designated as the current node . 

      i.e. ( )[ ]0,10,1  is the current node  

�  List of nodes with their predecessor node (1L ) = ( )[ ]{ }0,10,1  

  

 

 

 

 

 

 

 

 Step 2  

Remove  ( )[ ]0,1̀0,1  from 1L  and { }3,2=J   

( ) ( ) ( )( ) ( )1112,11101 1212 ===+=+= predrCdrd  ,        

( ) ( ) ( )( ) ( )1113,13301 1313 ===+=+= predrCdrd     

                    ( ) ( ){ } { }−−=−−= ,,1,,12 2dd  

                  ( ) ( ){ } { }−−=−−= ,,3,,13 3dd        

             1L   = ( )[ ] ( )[ ]{ }3,11,3,1,11,2  
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 Current label = ( )[ ]1,11,2  

 

 

 

 

 

 

 

 

Another implementation of step 2  

Remove  ( )[ ]1,11,2  from 1L  and { }5,4,3=J   

( ) ( ) ( )( ) ( )1223,24311 2323 ===+=+= predrCdrd ,         

( ) ( ) ( )( ) ( )1214,13211 2424 ===+=+= predrCdrd           

( ) ( ) ( )( ) ( )1215,15411 2525 ===+=+= predrCdrd   

        ( ) ( ) ( ){ } { }−=−= ,4,3,2,13 33 ddd  

          ( ) ( ){ } { }−−=−−= ,,3,,14 4dd  

          ( ) ( ){ } { }−−=−−= ,,5,,15 5dd  

           1L   = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }5,12,5,3,12,4,4,12,3,3,11,3  

 Current label = ( )[ ]3,11,3  
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Another implementation of step 2  

Remove  ( )[ ]3,11,3  from 1L  and { }5,4,2=J   

( ) ( ) ( )( ) ( )1322,26331 3232 ===+=+= predrCdrd ,

( ) ( ) ( )( ) ( )1324,28531 34134 ===+=+= predrCdrd         

( ) ( ) ( )( ) ( )1325,27431 3535 ===+=+= predrCdrd  and  

          ( ) ( ) ( ){ } { }−=−= ,6,1,2,12 22 ddd  

          ( ) ( ) ( ){ } { }−=−= ,8,3,2,14 44 ddd  

          ( ) ( ) ( ){ } { }−=−= ,7,5,2,15 55 ddd  

 1L = 
( )[ ] ( )[ ] ( )[ ]
( )[ ] ( )[ ] ( )[ ]







7,13,5,8,13,4,6,13,2

,5,12,5,3,12,4,4,12,3
 

 Current label = ( )[ ]3,12,4  

 

 

 

 

 

 

 

 

 

Another implementation of step 2   

Remove  ( )[ ]3,12,4  from 1L  and { }5,3=J   

( ) ( ) ( )( ) ( )1433,38531 4343 ===+=+= predrCdrd ,

( ) ( ) ( )( ) ( )1425,26331 4545 ===+=+= predrCdrd    

   ( ) ( ) ( ) ( ){ } { }8,4,33,2,13 333 == dddd      

              ( ) ( ) ( ) ( ){ } { } ( )( ) ( )13357,6,53,2,15 555 =⇒== preddddd    
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     1L =
( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







6,14,5,,8143

,7,13,5,8,13,4,6,13,2,5,12,5,4,12,3
                    

Current label = ( )[ ]4,12,3  

 

 

 

 

 

 

 

 

Another implementation of step 2  

Remove  ( )[ ]4,12,3  from 1L  and { }5,4=J   

( ) ( ) ( )( ) ( )2334,39542 3434 ===+=+= predrCdrd ,

( ) ( ) 38442 3535 >=+=+= rCdrd  

( ) ( ) ( ) ( ){ } { }9,8,33,2,14 444 == dddd   

( ) ( ) ( ) ( ){ } { }7,6,53,2,15 555 == dddd         

     1L =
( )[ ] ( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] ( )[ ] 







9,23,4,6,14,5,,814,3

,7,13,5,8,13,4,6,13,2,5,12,5
 

 Current label = ( )[ ]5,12,5  
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Another implementation of step 2  

Remove  ( )[ ]5,12,5  from 1L  and { }4,3=J   

( ) ( ) 39451 5353 >=+=+= rCdrd , 

( ) ( ) ( )( ) ( )1534,38351 5454 ===+=+= predrCdrd    

        ( ) ( ) ( ) ( ){ } { }8,4,33,2,13 333 == dddd   

        ( ) ( ) ( ) ( ){ } { }8,8,33,2,14 444 == dddd       

                  1L =
( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] ( )[ ] 







8,15,4,6,14,5,,814,3

,7,13,5,8,13,4,6,13,2
 

 Current label = ( )[ ]6,13,2  

 

 

 

 

 

 

 

 

 

Another implementation of step 2  

Remove  ( )[ ]6,13,2  from 1L  and { }5,4=J   

           ( ) ( ) 38262 2424 ≥=+=+= rCdrd  

( ) ( ) 310562 2525 >=+=+= rCdrd     

            ( ) ( ) ( ) ( ){ } { }8,8,33,2,14 444 == dddd   

             ( ) ( ) ( ) ( ){ } { }7,6,53,2,15 555 == dddd      

                  1L =
( )[ ] ( )[ ] ( )[ ]

( )[ ] ( )[ ] 







8,15,4,6,14,5

,8,14,3,7,13,5,8,13,4
 

 Current label = ( )[ ]6,14,5  
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Another implementation of step 2  

Remove  ( )[ ]6,14,5  from 1L  and { }3=J   

   ( ) ( ) 310462 4353 >=+=+= rCdrd ,  

                      ( ) ( ) ( ) ( ){ } { }8,4,33,2,13 333 == dddd        

                  1L = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }8,15,4,8,14,3,7,13,5,8,13,4  

 Current label = ( )[ ]7,13,5  

 

 

 

 

 

 

 

 

 

Another implementation of step 2  

Remove  ( )[ ]7,13,5  from 1L  and { }4,2=J   

8
1

5
8

7

1

1

1
6

3

33

1

1

1

3

1

1

1

2

3

4

5

1

3
4

2

5

4

3 31
0

0

2

3 5

4∞

--

--

1

11

3

4 5
2 2

2

44
8

1
6

1

1
6
1

8
4 4

2

22
54

3

1 1

1

--

--
∞ 4

53

2

0

0
1 33

4

5

2

4
3

1

5

4

3

2

1

1

1

3

1

1

1

3 3

3

6
1

1

1

7

8

5

1
8



Ranked k – shortest paths in network 2011 

 

50 
 

 ( ) ( ) ( )( ) ( )3532,311473 5252 ===+=+= predrCdrd ,   

( ) ( ) 310373 5454 >=+=+= rCdrd  

              ( ) ( ) ( ) ( ){ } { }11,6,13,2,12 222 == dddd  

              ( ) ( ) ( ) ( ){ } { }8,8,33,2,14 444 == dddd  

                  1L = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }11,35,2,8,15,4,8,14,3,8,13,4  

 Current label = ( )[ ]8,14,3  

 

 

 

 

 

 

 

 

Another implementation of step 2  

Remove ( )[ ]8,14,3   from 1L  and { }5=J   

  ( ) ( ) 312483 3535 >=+=+= rCdrd  

                ( ) ( ) ( ) ( ){ } { }7,6,53,2,15 555 == dddd  

                  1L = ( )[ ] ( )[ ] ( )[ ]{ }11,35,2,8,15,4,8,13,4  

 Current label = ( )[ ]8,13,4  
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Another implementation of step 2  

Remove ( )[ ]8,13,4   from 1L  and { }5,2=J   

 ( ) ( ) 311382 4545 >=+=+= rCdrd ,

( ) ( ) ( )( ) ( )2432,310282 4242 ===+=+= predrCdrd  

                ( ) ( ) ( ) ( ){ } { }10,6,13,2,12 222 == dddd  

                ( ) ( ) ( ) ( ){ } { }7,6,53,2,15 555 == dddd  

                  1L = ( )[ ] ( )[ ]{ }10,24,2,8,15,4  

 Current label = ( )[ ]8,15,4  

 

 

 

 

 

 

 

Another implementation of step 2  

Remove ( )[ ]8,15,4   from 1L  and { }3=J   

( ) ( ) 313583 4343 >=+=+= rCdrd  

                 ( ) ( ) ( ) ( ){ } { }8,4,33,2,13 333 == dddd  

                        1L = ( )[ ]{ }10,24,2  

 Current label = ( )[ ]10,24,2  
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Another implementation of step 2  

Remove ( )[ ]10,24,2   from 1L  and { }5=J   

        ⇒ ( ) ( ) 3144103 2525 >=+=+= rCdrd  

( ) ( ) ( ) ( ){ } { }7,6,53,2,15 555 == dddd  

                        1L = { }φ  

  

 

 

 

 

 

 

Step 3  

We are done because the list of nodes with their predecessor node is empty and all labels 

become permanent. List 3-shortest paths of node 5   

( )( ) ( ) ( )( ) ( )1112pred,12  15 pred, 5:1
5 ==p  

              5211
5 −−=⇒ p    and  ( ) 51

5 =pl  

( )( ) ( ) ( )( ) ( ) ( )( ) ( )1112pred,1214pred,1425pred,5:2
5 ===p  

              54212
5 −−−=⇒ p  and ( ) 62

5 =pl  

( )( ) ( ) ( )( ) ( )1113pred,13  35 pred, 5:3
5 ==p  

              5313
5 −−=⇒ p  and ( ) 73

5 =pl  
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Complexity of k-shortest path problem  

  To determine the k-shortest paths  

� For acyclic directed graph at most Vk  comparisons and Ek  addition are 

made by the algorithm to extract minimum distance value and update the 

distance value of all vertices adjacent toV respectively. 

�  For cyclic directed graph at most Vk  comparisons, Ek  addition and Ek

checking are made by the algorithm to extract minimum distance value ,update 

the distance value of all vertices adjacent toV and whether there is a repeated 

node or not on each path respectively. 

� For cyclic directed graph at most Vk  comparisons, Ek  addition and 2 Ek

checking are made by the algorithm to extract minimum distance value ,update 

the distance value of all vertices adjacent toV and whether there is a repeated 

node or not on each path respectively. 

2.1.1.2 Label correcting algorithm 

 

A label correcting algorithm keeps a list of labels at each node. The length of the 

list is K .one node is selected in each iteration and the associated label list is used to 

update other label lists. The algorithm proceeds until there is no more update. 

A more flexible way to perform label correcting is to separate labels and nodes. 

Rather than treating the whole label list at once. One single label is treated in each 

iteration. An obvious way to do this to have a FIFO queue of labels.  

 

Algorithm description step by step 

Step 1, Initialization  

� Assign  zero distance value to node S  and predecessor node of S is zero.  

i.e. ( ) 0=sd  , ( ) 0=spred  and [ The label  of node  S  is ( )[ ]0,10,S  ] 

� Assign to every other node a distance value of ∞ , k -times and label them 

as temporary. 

� Enter the source node  to the list of nodes with their predecessor node  
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i.e.  List of nodes with their predecessor node( )L  = { ( )[ ]0,10,S } 

� Designate the  node S  as the current node and label ( )[ ]0,10,S  as current 

label 

Step 2, Distance value update (list) and current node designate update    

Let i  be the index of current node. 

� Remove the first element of list of nodes with their predecessor node 

(current label).  

� Select the set of nodes J that can be reached for the current node i  by a 

link ( )ji,  which doesn’t make cycle and update (list) the distance value of 

those nodes. For each Jj ∈  the thr  distance value of nodej ( ) )( rd j is 

update(list) as follows 

                     ( ) ( ) ijij Crdrd += 1     ,    ( )( ) ( )1rirjpred =  

Where ijC  is the cost of link ( )ji,  as given in the network problem and 

kr ,...,3,2,1= . 

� Order and list associated distance values of each element of J , k -times in 

increasing order. 

I.e. for each Jj ∈ ( ) ( ) ( ) ( ){ }kdddjd jjj ,...,2,1=
 

Where   ( ) ( ) ( )kddd jjj ≤≤≤ ,...,21 . 

� List of nodes with their predecessor node( )1L  =  old 1L    U   { [ 

reachable nodes from the current node i . i.e. J ,  predecessor node with 

their order,  associated distance value] } 

� Designate the first element of list of nodes with their predecessor node as 

a current label and its associated node as a current node.   

Step 3, Termination criteria  

� If list of nodes with their predecessor node is not empty go to step 2. 

� If there is a negative weighted cyclic path stop because there is no shortest 

path. 
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� If list of nodes with their predecessor node is empty then  

For j = 1 to n 

      For r = 1 to k                                                              

                           jiiiip ss
r
j ,,,...,,,1 121 −=                    

           Where ( )( ) ( ) ( )( ) ( ) ( )( ) 1-ipred,...,-ipred,rjpred 11s =−=−= −ss ii  

                          ( ) ( )rdpl j
r
j =

 

                           End  

                    End  

               STOP 

 

                                     Algorithm 

I state each steps of label correcting algorithm in a similar way as a label setting 

algorithm  except  remove a label with minimum associated distance value from the LIST 

because  label correcting algorithm removes the first element of the LIST rather than 

removing the label with minimum associated distance value as label setting algorithm. 

Hence I didn’t write each step of the algorithm because it will become a full of 

redundancy.  

 

In order to illustrate the working of label correcting algorithm let us see the following  

Example 6 

    We want to find 3-shortest paths from the source node to all other nodes using label 

correcting algorithm. 
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Solution  

Step 1  

� Node 1 with predecessory node zero associated distance value is designated as 

the current node . 

      i.e. ( )[ ]0,10,1  is the current node  

�  List of nodes with their predecessor node = ( )[ ]{ }0,10,1  

 

 

 

 

 

 

 

 

 

 

 

Step 2  

� Remove the first element of the list of nodes with their predecessor node and 

find nodes that are reachable from the current label and current node. i.e. 

[ ]0,0,1  is removed from the list of nodes with their predecessor node and 

node 2,3 and 4 are reachable nodes from the current node 1. 

� Update the distance value of those nodes  

         ( ) ( ) ( )( ) ( )1112,12201 1212 ===+=+= predrCdrd  

         ( ) ( ) ( )( ) ( )1113,14401 1313 ===+=+= predrCdrd  

         ( ) ( ) ( )( ) ( )1114,133011 1414 ===+=+= predrCdd  

( ) ( ){ } { }−−=−−= ,,2,,12 2dd    

( ) ( ){ } { }−−=−−= ,,4,,13 3dd  

( ) ( ){ } { }−−=−−= ,,3,,14 4dd  
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�  Add the above nodes with their predecessor node  and their  associated distance 

value to the end of list of nodes with their predecessor node. 

• 1L   = ( )[ ] ( )[ ] ( )[ ]{ }3,11,4,4,11,3,2,11,2  

� Designate the first element of the list of nodes with their predecessor node us a 

current label and the node associate with this label us current node. 

• i.e. label ( )[ ]2,11,2  is the current label and node 2 is current node. 

 

 

 

 

 

 

 

 

 

 

 

Step 3  

� We are not done because list of nodes with their predecessor node is not empty 

then go to step 2. 

Another implementation of step 2  

�  Remove  ( )[ ]2,11,2  from the list of nodes with their predecessor node. 

� Node 3 and 5 are reachable nodes from node 2. 

� Update the distance value of those nodes  

            ( ) ( ) ( )( ) ( )1213,18121 2323 ===+=+= predrCdrd  

            ( ) ( ) ( )( ) ( )1215,18621 2525 ===+=+= predrCdrd  

( ) ( ) ( ){ } { } ( )( ) ( )1123,4,3,2,13 33 =⇒−=−= predddd  

( ) ( ){ } { }−−=−−= ,,8,,15 5dd  

� 1L  = ( )[ ] ( )[ ] ( )[ ] ( )[ ]{ }8,12,5,3,12,3,3,11,4,4,11,3  
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� Label ( )[ ]4,11,3  is current label and node 3 is current node. 

 

 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2.  

 

Another implementation of step 2  

�  Remove ( )[ ]4,11,3   from the list of nodes with their predecessor node. 

� Node 5 is reachable node from node 3. 

� Update the distance value of node 5.  

            ( ) ( ) ( ) ( )23)15(,17342 3535 ===+=+= predrCdrd    

( ) ( ) ( ){ } { } ( )( ) ( )1225,8,7,2,15 55 =⇒−=−= predddd            

� 1L  = ( )[ ] ( )[ ] ( )[ ] ( ){ }]7,23,5[,8,12,5,3,12,3,3,11,4  

� Label ( )[ ]3,11,4  is current label and node 4 is current node. 
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Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2.. 

 

Another implementation of step 2  

� Remove  ( )[ ]3,11,4  from the list of nodes with their predecessor node. 

� Node 5 is reachable node from node 4. 

� Update the distance value of node 5.  

            ( ) ( ) ( )( ) ( )1415,14131 4545 ===+=+= predrCdrd     

( ) ( ) ( ) ( ){ } { } ( )( ) ( ) ( )( ) ( )1235,23258,7,43,2,15 555 ==⇒== predpreddddd

  

� 1L  = ( )[ ] ( )[ ] ( ) ( )[ ]{ }4,14,5,]7,23,5[,8,12,5,3,12,3   

� Label ( )[ ]3,12,3  is current label and node 3 is current node. 

 

 

 

 

 

 

 

Step 3 

We are not done because list of nodes with their predecessor node is not empty. 

then go to step 2.. 

 

Another implementation of step 2  

� Remove ( )[ ]3,12,3   from the list of nodes with their predecessor node. 

� Node 5 is reachable node from node 3. 

� Update the distance value of node 5.  
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            ( ) ( ) ( )( ) ( )1325,26331 3535 ===+=+= predrCdrd

( ) ( ) ( ) ( ){ } { } ( )( ) ( ) ( )( ) ( )2335,14157,6,43,2,15 555 ==⇒== predpreddddd

 

� 1L  = ( ) ( )[ ] ( )[ ]{ }6,13,5,4,14,5,]7,23,5[  

� Label ( )[ ]7,23,5 , ( )[ ]4,14,5 and  ( )[ ]6,13,5   are current labels 

respectively and node 5 is current node  since there is no node reachable from 

node 5 all labels of node 5 becomes permanent so we remove those labels from 

list of node with their predecessor node. 

� =1L empty 

 

 

 

 

 

 

 

 

 

 Step 3  

We are done because the list of nodes with their predecessor node is empty and all labels 

become permanent. List 3-shortest paths of node 5   

( )( ) ( ) ( )( ) ( )1114pred,14  15 pred, 5:1
5 ==p  

              5411
5 −−=⇒ p    and  ( ) 41

5 =pl  

( )( ) ( ) ( )( ) ( ) ( )( ) ( )1112pred,1213pred,1325pred,5:2
5 ===p  

              53212
5 −−−=⇒ p  and ( ) 62

5 =pl  

( )( ) ( ) ( )( ) ( )1123pred,23  35 pred, 5:3
5 ==p  

              5313
5 −−=⇒ p  and ( ) 73

5 =pl  
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2.1.2 path Removing algorithm 

 

This algorithm was proposed by martin in 1984. The main idea takes in to account 

is  the following property the second shortest path 2P  in G  is the shortest path in a new 

network 1G , obtained from G  removing the shortest path 1P .in addition the third 

shortest path 3P  in G  corresponding to the shortest path in network 2G  obtained from G  

removing 1P  and 2P  , or removing 2P  from 1G .consequently the general step of the 

algorithm are  

� Removing the shortest path in the current network. 

� Determining the shortest path in the resulting network. 

Remark: This algorithm is more applicable to find disjoint paths 

Algorithm  

for  ktoi 0=  

� Find the shortest path tree T  rooted at node S  and shortest path( )1+ip  by running 

Dijkstra’s algorithm in the graph iG  . This tree contains for every vertex  j  , a 

shortest path from S to j . Let 1+ip  be the shortest cost path from S  to t   in the 

graph iG . The edges in T  are called tree edges and the remaining edges are called 

non tree edges. 

� Modify the cost of each edge in the graph by replacing the cost uvC  of every edge  

( )vu ,  by uvuvuv ddCC +−=' . According to the resulting modified cost 

function, all tree edges have a cost of 0, and non tree edges have a non negative 

cost. 

� Create a residual graph 1+iG  formed from iG  by removing the edges of iG  that 

are directed into S  and by reversing the direction of the zero length edges along 

path 1+ip  

� end for; 
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� Find the shortest paths by combining the edges of kppp ,...,, 21 and then 

discarding the common reversed edges of all paths. 

 
Example  
The following example show how path removing algorithm find the shortest pair of 

disjoint paths from the source node 1 to destination node 6. 

 

 
Solution 
By using Dijakstra’s algorithm we get the first shortest path (1p = 1-2-4-6)  

 
And the shortest path tree T rooted at node 1 and the computed distance from node 1 to 
every vertex is  
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Now let us update cost of each arc and reverse the edge of path1p  to obtain the new 

graph 1G  .  
 

ijijij ddCC +−='

  
00221313

'
13 =+−=+−= ddCC ,          42023131

'
31 =+−=+−= ddCC

 
01322525

'
25 =+−=+−= ddCC

         
43125252

'
52 =+−=+−= ddCC  

22223434
'
34 =+−=+−= ddCC

         
22224343

'
43 =+−=+−= ddCC

 
23325656

'
56 =+−=+−= ddCC

          
23326565

'
65 =+−=+−= ddCC

 

 
 
And the distance value of each arc of path 1p  is zero.  
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By applying Dijakstra’s algorithm on 1G  we obtain the second shortest path 2p  ( 2p =1-
3-4-2-5-6)  

 

 
 
Now let us illustrate 1p  and 2p  in one graph. 
 

 
 
 
Finally let us find the shortest paths by combining the edges of 1p and 2p  and then 
discarding the common reversed edges between both paths (2-4), as a result we get the 
two shortest paths 
 

        
65211 −−−=p

 

        
64312 −−−=p
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