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Abstract - This paper considers a directed graph G(N, A)
with n nodes, m directed arcs and a cost value for each arc.
The synthesis of a partially link disjoint pair of paths for a
given OD-pair with the minimum total cost is investigated.
An algorithm is presented that solves the all-best partially disjoint path problem. The expected worst case running time of
the algorithm is O(n3 ). Possible applications include light
path design and MPLS based traffic engineering. Partially
disjoint path algorithms can also be used as intelligent alternatives to k-th shortest path algorithms.
Keywords - Partially disjoint paths, shortest path, virtual
path synthesis, backup path creation.
I. I NTRODUCTION
Modern communication networks widely use backup paths
to ensure the availability of resources in the case of link failure. Feasible backup paths have to be link disjoint to provide the best protection. This paper discusses the problem of
finding two partially disjoint paths with a minimum cost in a
communication network. Parts of the paths between an ODpair use the same hops and parts of the paths are completely
link-disjoint for a partially disjoint paths pair.
Reasons for requiring such shortest path pairs are: Firstly,
under certain conditions it is not necessary to generate complete link disjoint paths to meet the preconditions. The weakening of the complete disjointness only makes sense when
the partially disjoint path pair has a better global cost than
the original shortest complete disjoint path pair. Secondly, in
parts of the network, no two link disjoint paths are available.
In such a case, it is necessary to find the best partially disjoint
path pair.
Where backup path generation and load balancing have
been extensively investigated in the past e.g. [1] and [2], the
problem of partial link disjointness has not being considered.
Iwata [3] discusses a special case of partially link disjointness
where the shared paths are already known. Brander gives in
[4] a comprehensive study between several n-th shortest path
algorithms without the disjointness condition. The motivation
for this work came from Saayan Choudhury and his PhD thesis [5] where he presents a planning model for virtual path
design in ATM networks. Furthermore this problem occurs in
relation to all virtual path connections. Possible applications
include light path design and MPLS based traffic engineering.

Partially disjoint path algorithms can also be used as intelligent alternatives to k-th shortest path algorithms.
The algorithm, introduced in this paper, is capable of
finding all best partially disjoint paths between an origindestination (OD) pair. The partially disjoint path problem is
discussed in [6] in detail. Different network topologies are
investigated and the degree of divergence is defined as a value
to judge the independence of paths. The observation in [6]
of different topologies for the complete and partially linkdisjoint case yields that the commonly used paths have to be
equal to paths of the original single shortest path to provide
feasible shared hops. The algorithmic approach in this paper
is based on the Suurballe algorithm ([7], [8]) and uses an efficient Dijkstra implementation [9] for the shortest path algorithms. The partially disjoint paths are collected in a specially
designed data structure during the execution of the modified
algorithm. It is called partially disjoint path label (PDPL).
Section II introduces the PDPL and discusses the operations on this label. Section III describes formally the steps of
the network algorithm. Section IV discusses the correctness
and performance of the algorithm.
II. PARTIALLY D ISJOINT PATH L ABEL
The algorithm requires a node label that is capable of storing the different partially disjoint paths. The partially disjoint
path label (PDPL) is a sorted list with k items. Every item in
the list specifies a path and its cost attributes. The three elements are: A distance label ci to the origin node. Label c(i) is
known from several algorithms (eg. Dijkstra [10]). The cost
ci is the cost from the O node on the indicated path to the
actual node. A cost label u(i) that consists of the cost of the
components which are used by both paths. The used cost u is
the accumulated cost of arcs that are part of the shortest path
and the path indicated in path. And the actual path is stored
in the path variable. The costs c and u apply to this path.
pathi is represented as a sequence of nodes stored in a list.
The items in the list are sorted and only the best paths are
stored. Figure 1 shows example labels. The degree of the
label k is equal to the number of entries in the field. Every
item in the label-list represents a partially disjoint path. The
cost label ui is strongly increasing from the top item to the
bottom item, the cost label ci is strongly decreasing from the
top item to the bottom item. The label has to be maintained in
a manner that ensures the properties of the list. The properties

(ii) The degree of label b is zero and the arc ab is part of
the SP ∀i|i ≤ ka ∧ uai + cab ≤ Callowed :

are summarised by Equations (1).
(i)
(iii)

uk ≤ Uallowed
0
c1 ≤ CDP single

(ii)
(iv)

u1 ≥ 0
ck ≥ CSP

(1)

The highest common cost uk is located in position k, the bottom item of the list. The upper bound for this cost is given by
the allowed cost Uallowed . The lowest value for the common
cost is zero. The complete disjoint path is stored in the first
0
item. It has a common cost u1 = 0 and a cost CDP single ,
0
which is the upper cost bound. CDP single is the reduced cost
of the complete disjoint path in the transformed graph. All
items have to have a smaller cost value ci . The smallest cost
value ci is located at the bottom item. It is the cost of the
shortest path.
The motivation for this maintenance of the label is that only
the best paths are stored. E.g. a path with a cost of 17 and used
common path cost worth 2 is “better” than a path with the
same cost and a higher value of common path cost, for example the pair 17 − 3. An additional stored path must therefore
have a lower cost value c for a higher value of u. Otherwise,
the path provides no achievement. If an item after the insertion is in violation of the property of the P DP L, it is deleted.
The label update is explained in the next section.
A. Label Update
Figure 1 shows a hop ab with the cost cab connecting two
nodes a and b with assigned PDPLs. Label a has already valid
entries. For the up-date of label b exist four possible cases:
Label b can be empty (k = 0) or it has already a number of k
items. The arc ab, connecting both nodes, is part of the SP or
it is not part of the SP.
cab

a

ua1
ua2
ua3
···
uak

Label a
ca1 patha1
ca2 patha2
ca3 patha3
···
···
cak pathak

b

ub1
ub2
ub3
···
ubk

Label b
cb1 pathb1
cb2 pathb2
cb3 pathb3
···
···
cbk pathbk

cbi = cai + cab
(3)

∀i|i ≤ ka : ubnew
pathbnew

= uai
cbnew = cai + cab
= pathai ∪ {a}
(4)

(iv) The degree of label b is not zero and arc ab is part of
the SP ∀i|i ≤ ka ∧ uanew + cab ≤ Callowed :
= uai + cab
= pathai ∪ {a}

cbnew = cai + cab
(5)

For both cases, a new item is inserted in label b, if it prevents the property of Equation (1). All items that are violating
Equation (1) are deleted. For the description of the algorithm
below, the update PDPL function will use the following notation:
P DP L(b).add(P DP L(a), uab , cab , a, Callowed )

(i) The degree of label b is zero and the arc ab is not part
of the SP
= uai
cbi = cai + cab
a
= pathi ∪ {a}

= uai + cab
= pathai ∪ {a}

Here all paths are updated with the arc cost cab . If the
common cost u exceeds the upper bound (the allowed cost
Callowed ) the item is dismissed. The degree of label b is the
same or less than the degree of label a. For the next two cases,
where label b is not empty, there are four possibilities during
the insertion:
• The new item, inserted in label b, is not violating the
property and it will be simply inserted at the right position.
• The new item is not better than any of the existing items
in label b. It will be ignored.
• The position of the new item in label b, defined by the
value of u, is the same as an existing item in label b, but
the cost c(i) of the new item is better than the cost of the
stored item. In these cases, the existing item in label b
will be overwritten.
• After the insertion of a new element in label b, one or
more of the already existing items in label b violate a
property of the PDPL. In this case, the violating items
are deleted.
(iii) The degree of Label b is not zero and arc ab is not part
of the SP

ubnew
pathbnew

Fig. 1. PDPL - Update

∀i|i ≤ ka : ubi
pathbi

ubi
pathbi

(2)

Since ab is not part of the SP, the cost u(i) is not changed.
All arcs, stored in label a, are simply copied to label b with
the added arc cost cab . After insertion the degree of label b is
equal to the degree of label a.

P DP L(b) is the label of node b that has to be updated. The
parameters of the add-function are: P DP L(a), a pointer to
the label of the node where the arc starts, uab , the cost of the
arc ab for a SP member, cab , the cost of the arc ab, the node a
where the actual arc emanates and the allowed cost Callowed .
For a non SP arc uab is set to zero, for a SP arc it is set to cab .
III. D EFINITION AND A LGORITHMIC S TEPS
The algorithm is based on the Suurballe algorithm with several added steps. A P DP L is assigned to every node to store

the partially disjoint paths. Every time the algorithm permanently labels a SP node, the PDPL of the following SP nodes
are updated. For the normal PDPL update and for the solution
of a gap topology, special conditions are implemented.
Two conditions are necessary to force a restart of the algorithm. When a PDPL of a node, which is already permanently labelled, is changed, the algorithm is sent back to this
node and executes the same paths again. This is necessary
because the transformed network can contain cycles. If the
transformed network looks like Figure 2 (OD-pair a − c, SP
abc) the path abdc can provide a reasonable partially disjoint
path. In this case, the PDPL update of node c after performing
node d will change, even if it is already permanently labelled.
In such a situation, the algorithm is forced to step back to the
node where this change occurred. It is done by unmarking all
nodes until this node is reached.

Step 1 I NITIALISATION
• Generate a SP-tree routed at the origin node.
• Apply the reduced cost transformation:
0
∀(i, j)|(i, j) ∈ A ∧ (i, j) ∈
/ L : cij = cij − c(j) + c(i)
• Reverse SP-arc between the origin and the destination node:
∀(i, j)|(i, j) ∈ L : build a new arc (j, i) with cji = 0
• Set the nextSP variable:
∀(i, j)|(i, j) ∈ L : nextSP (i) = j
∀i|i ∈
/ S : nextSP (i) = 0
• Calculate the allowed cost:
Callowed = CSP (1 − d)
• Set the start parameter for the Dijkstra Part:
B = {} R = N ∀i|i ∈ R : c(i) → ∞
c(origin) = 0 HEAP.insert(origin)
• Set the start parameter for the PDPL:
P DP L(origin).insert(0, 0, origin)
LastLabeledSP N = DummyN ode
cmax = 0

Fig. 3. Algorithm - Initialisation Step
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Fig. 2. Example Trap Topology – “Step Back”

In a gap topology the algorithm will stop when all nodes
that are located before the gap are permanently labelled. It
cannot find another minimum label. In this case, the cost of
the following SP node is set to the worst node cost label c(i)
found so far. Now the algorithm can process the rest of the
network. If the PDPL of this SP node is empty, the algorithm
is terminating, because no solution exists.
The algorithm consists of three main parts, the initialisation
step, the iteration step and the path generation step. For better
understanding, the description of the algorithm is divided into
several sections. First, the initialisation and the frame part of
the algorithm are defined, then the three substeps are shown.
The initialisation step is shown in Figure 3. The maintained
variables have the following meaning: N is the set of network
nodes, A is the set of network arcs, S is the set of SP nodes, L
is the set of SP arcs and the sets B and R are part of a Boolean
nodes label. Two different arc costs are used: the original arc
0
cost cij and the reduced arc cost cij . The iteration step and
0
the path collection step are depict in Figure 4. A (i) is the set
of emanating arcs from node i with an assigned reduced cost
0
cij . The description begins with the first step.
Initialisation: The first three steps, the generation of the
SP-tree routed at the origin node, the reduced cost transformation and the reversing of the direction of the SP arcs, are
similar to the steps of the Suurballe algorithm. The SP-tree
for the origin node is generated using the Dijkstra algorithm.
The reduced cost transformation is applied with the node dis-

tance c(i), which is a result of the SP algorithm. The SP arcs
are excluded from this operation, because in a later step the
untransformed SP arc cost is required. The “reverse the SP
arc” function builds new arcs for the SP arcs with inverted
directions and an assigned cost of zero. (One of the properties of the reduced cost transformation states that the cost
of SP arcs after the transformation is zero.) In the following step, the nextSP variable is set. The nextSP variable
points in a forward direction to the following SP node. The
nextSP variable of the origin node points to the second node
on the SP, the nextSP variable of this second node points
to the third SP node and so on, until the destination node is
reached. For non SP nodes this label points to a dummy node.
(A dummy is a node that is not part of the network, but it
is implemented as an additional node with a degree of zero.)
The nextSP variable provides two items of information. The
first is the obvious next SP-node information, the second one
indicates a SP node. The next substep within the initialisation
is the calculation of the allowed cost. The next substep is the
initialisation of the parameters for the Dijkstra part in the following iteration step. The Boolean node label is realised with
the sets R and B. The cost label of the origin node is defined
to be zero; the cost label of all other nodes is defined to be
infinite. In the last substep the P DP L(origin) is initialised.
The last permanently labelled SP node LastLabeledSP N is
initialised with the DummyN ode and cmax is set to zero.
cmax is the maximum distance label c(i) set until now. This
information is needed for the “restart at a gap” substep. On
this transformed network, the iteration steps are applied.
Iteration: The iteration step is similar to the iteration step
of the Dijkstra algorithm with a heap data structure [9]. The
differences are: The information of the predecessor variable
is stored in the assigned P DP L and the predecessor variable
is not used, an additional label is maintained and the substeps
are inserted. The label is processed in two ways. The information of the label is that a node is permanently labelled or not.

Step 2 I TERATION

SubStep U PDATE SP

while HEAP 6= 0 do
HEAP.f indM in(i)
HEAP.deleteM in()
ST ACK.insertT op(i)
B = B ∪ {i}
R = R \ {i}
S UB S TEP : U PDATE SP
0

∀(i, j)|(i, j) ∈ A (i) :
S UB S TEP : U PDATE PDPL
0

If (c(j) > c(i) + cij ) do
If (c(j) > cmax ) do cmax = cj
If (c(j) = ∞) do
0
c(j) = c(i) + cij
HEAP.insert(j)
else
0
c(j) = c(i) + cij
HEAP.decreasekey(j, c(j))
S UB S EP : R ESTART AT A G AP
Step 3 C OLLECTION
• Chose from the P DP L(destination) the path within the
degree of divergence. If an inverted arc appears in the first
set remove it from both sets.

Fig. 4. Algorithm - Iteration Step

The permanently marked nodes are stored in the ST ACK,
but they are also marked with a conventional node label. This
increases the memory usage of the algorithm, but it allows
checking of the membership of a node in the ST ACK in
O(1) time. The sequence of nodes stored in the ST ACK
is needed for the “update PDPL” substep. Unless the HEAP
is empty, the iteration is performed and the substeps are executed.
Path Generation: Every item in the P DP L, of the destination node, consists of a partially disjoint pre-solution path.
The procedure used by the Suurballe algorithm is necessary
to find the final solution “path pair”. For every item a path
pair is generated by taking the SP set and the pre-solution set
of one P DP L item. Every hop, which appears in the second
set with a negative value, is discharged in both sets for this
solution pair. The remaining arcs in both sets define the partially disjoint path pair. Which path pair of the solution set is
the final solution depends on the interpretation of the degree
of divergence. The cost of the two paths can be calculated by
adding the original arc cost of the member arcs of the solution.
Now that the framework of the algorithm is known, the required substeps are defined and discussed. The substeps are
depicted in Figure 5 for the “update the SP” substep, in Figure
6 for the “update the P DP L” substep and in Figure 7 for the
“restart at a gap” substep.
Update SP: This step is executed when a SP node is permanently labelled. It starts at the actual node and updates
the P DP L assigned to the next SP node with the disjoint
path information stored in the label of the first node. This
is done from SP to SP node unless the P DP L of the next
SP node is not updated any more or the destination node is

if (nextSP (i) 6= DummyN ode) do
a=i
if (i is located on SP after LastLabeledSPN) do
LastLabeledSP N = i
while (no more PDPLs changed ∨
nextSP (a) = DummyN ode) do
b = nextSP (a)
P DP L(b).add(P DP L(a), cab , 0, a, Callowed )
a = nextSP (b)

Fig. 5. Algorithm - Update SP Substep

reached. With every iteration, the commonly used cost of the
items increases. Once the commonly used cost of all paths is
higher than the allowed cost, no more paths are inserted in the
P DP L. Note that the path cost variable cij in the “P DP L
add” function is set to zero. This is done because the reduced
cost of the SP arcs equals zero, after the reduced cost transformation. The last permanently marked SP node is stored in the
LastLabeledSP N variable. The last permanently labelled
SP node is the node, which is permanently labelled and the
closest SP node to the destination node. In the programming
solution this is realised with additional index information for
the SP nodes. This information is needed by the “restart at a
gap” substep.

SubStep] U PDATE PDPL
0

P DP L(j).add(P DP L(i), 0, cij , i, Callowed )
if (j ∈ R ∧ P DP L(i) is changed) do
while (j = ST ACK.getT op()) do
HEAP.insert(ST ACK.getT op())
ST ACK.deleteT op()
B = B \ {i}
R = R ∪ {i}
Start a new iteration of the main while − loop.

Fig. 6. Algorithm - Update PDPL Substep

Restart by Label Change: In this substep, for every arc processed, the PDPL of the terminating node is updated. If the
PDPL of a node is changed, after this node is permanently
labelled, a “step back” in the algorithm is necessary. The already processed nodes are removed from the ST ACK, inserted again in the HEAP and unmarked. This is done unless
the node, where the change of the PDPL occurred, is reached.
This procedure forces the algorithm to start again at this position. When all needed nodes are unmarked, a new main
while-loop iteration is started.
Restart at a Gap: The “restart at a Gap” substep is executed
when the HEAP is empty after the process of the main iteration step and the destination node is not permanently labelled.
In such a case, the network has a gap topology. It is necessary
to “step over” the gap. The next SP node, located after the

SubStep] R ESTART AT A G AP
if (HEAP = {} ∧ LastLabeledSP N
6= DestinationN ode) do
a = nextSP N ode(LastLabeledSP N )
if (P DP L(a) 6= {}) do
c(a) = cmax
HEAP.insert(a)

Fig. 7. Algorithm - Restart at a Gap Substep

last permanently labelled SP node on the SP, is a node after
or within the gap. If the PDPL of this node is not empty, a
partially disjoint path reaches the node. In this case the cost
label c(i) of this node, is set to the cost cmax , the maximum of
all c(i) labels except the labels with a infinite cost. To enable
the start of the algorithm, this node is inserted in the HEAP .
It works like a new pseudo origin node. The details of this
situation are discussed in Section IV-A.
IV. D ISCUSSION
This section discusses special conditions, correctness, the
running time and possible further improvements of the algorithm.
A. Correctness
For the correctness discussion, two questions are addressed: Do the changes applied to the Suurballe algorithm
influence the correctness of finding two completely disjoint
paths? And secondly: Are all partially disjoint paths synthesised during the algorithm execution? In [8] the correctness
of the Suurballe algorithm is proven. The changes made are:
Additional Label: The P DP L results in no changes of the
general procedure of the original algorithm. It remains passive during the execution of the algorithm and is described in
detail in Section II. It has no influence on the correctness of
the original Suurballe part of the algorithm.
Step Back: The step back procedure in the case of a PDPL
change is necessary in a case of a trap topology. An example is depicted in Figure 2. The figure shows a graph after
the application of the initialisation step. The SP is abc. The
bold arcs are the original SP arcs with the assigned arc cost
0
of cij . The cost of the remaining arcs is the reduced cost cij .
The dashed arcs are SP arcs that were inserted in the reverse
direction. During the execution of the algorithm, the original
SP arcs (bold) are only processed by the “update SP” substep.
Following the normal procedure the algorithm processes the
permanently labelled node sequence of a, c, b, d. In this case,
the partially disjoint path abdc was not part of the P DP L
assigned to node c, when the node was permanently marked.
The outgoing arcs of node c (dotted) were processed before
this path was known. (If a SP node has only one incoming
arc, it is processed after it is reached on a ’backwards’ arc.)
In this case, node c has to be processed again with the changed

P DP L. The processing of node c has to make sure that all
arcs and nodes are processed again. The order of the performed nodes is stored in the ST ACK. The algorithm can
be forced to step back to node c by unmarking all nodes that
were marked after node c. These nodes are inserted into the
HEAP again. The P DP L and the node cost label c(i) are
not changed during this step. At the new start from node c,
the before missing path, is now stored in the P DP L(c) and
all outgoing arcs can be further processed. Since the general
network situation is not changed with this restart the permanently labelled node sequence is the same during the second
0
run. Note that during the second run the “If (cj > c(i) + cij )
do” statement (Figure 4) in the iteration step is never true for
nodes that are processed again. The programming solution
uses an additional stack to process these nodes.
This step can be also seen as an application of a second
run of the SP algorithm on the transformed network. Every
time a permanently labelled node is changed, all permanently
labelled SP nods are unmarked and inserted in the HEAP
again. Because the cost cij of the arcs remains the same and
the general network structure is not changed, this has also no
influence on the correctness of the SP algorithm. The algorithm will “walk” the same path again. A minimum of the
node cost label c(i) in the first run remains a minimum in the
second run. The “restart” has no influence on the correctness
of the underlying Suurballe algorithm.
Forward and Backward SP Arcs: The simultaneous processing of the forward SP arcs and the backward SP arcs for
one SP node pair causes no problems. It is important to realise, that two different costs are maintained. The question is
whether it could cause a cycle in one of the solution paths. A
loop with this SP arcs results in a worse cost, because the
backwards SP arc has a cost of zero and the forward arcs
have a cost of cij > 0. See for example Figure 2 with the
cycle: node c−dashed arc cb−node b−bold arc bc−node c.
This path results in a cycle cost of Ccbc ≥ 0. The node c
is permanently labelled before the algorithm steps in the cycle and the cost, that the new path provides, is not better. So
such a cycle causes no problem during the execution of the
network algorithm.
Restart at a Gap: A gap divides the network into two subnetworks. The “restart at a gap” procedure initialises a second
start of the original Suurballe algorithm after a gap. (One gap
causes a division of the network into two subnetworks. Two
gaps divide the network into three subnetworks and so on.)
The two runs of the algorithm will find the partially disjoint
path before and after the gap. The two solutions are “connected” with the P DP L, which provides the solution. The
restart condition enables the execution of the algorithm after
the gap, which causes no problems for the general correctness.
The previously described method of doing this is that the SP
nodes, located after the last permanently labelled SP node is
initialised with a new node cost label. If this node provides no
further paths (it is still part of the gap), in the next iteration,
the next node on the SP is set. This is done unless the algo-

rithm “steps over” the gap or the SP nodes have no PDPL entries any more. In this case, the algorithm terminates with no
solution. The new cost is set to the highest cost label used before the gap, to avoid interference between the subnetworks.
If the cost is set to the highest occurring cost label c(i), all
arcs that reach a node that is part of the subnetwork, before
the gap, will result in a higher or equal cost to the already set
cost label. It equals an “offset” for all node cost labels c(i).
The separate cost label c(i) is needed in this case, in all other
cases the entry of c(i) is similar to the cost cik of the bottom
item in the P DP L(i). The algorithm will find two disjoint
path pairs, one before the gap topology the second one after
the gap topology. This causes also no problem.
The discussion showed that the changes applied to the algorithm have no influence on the complete disjoint path generation. The remaining question is if the algorithm finds and
stores all partially disjoint paths in the P DP L. One result of
the observation in [6] was that shareable paths that result in
a better cost, are SP arcs. This is implemented by the “update SP” substep. The shareable arcs are performed at the
head of a main while-loop. During the execution all SP arcs
are processed. Once an arc reaches the PDPL of a SP node
the PDPL of the SP nodes are updated. Once the algorithm
reaches such a node, all partially disjoint paths are stored in
the PDPL. One shared SP path divides the network into two
subnetworks: the subnetwork before the shared path and the
subnetwork after the shared path. All partially disjoint path
situations can be reduced to the combination of such subnetworks. For example two not connected shared paths divides
the network a subnetwork before the first shared path and a
subnetwork after the shared path. The second SP network itself is divided by the second shared path in a before and after
subnetwork. The first question, which has to be addressed, is
if the SP for the transformed network is found in the first subnetwork. By definition, the Dijkstra algorithm will find the
SP from the origin node to all network nodes; also to the first
node of the shared path part. The same is true for the second
subnetwork, because the algorithm marks the tail node of the
shared path as permanent at one stage and is searching then
from this node the shortest route to the destination node. This
covers the SP generation for the second subnetwork. This is
certainly only true if the shortest path in the transformed network is using this nodes, but otherwise an other path is better.
When the shared path tail node is permanently labelled, all
partially disjoint paths are known by the PDPL they are also
processed to the destination node. Otherwise at one stage of
the execution a restart is initialised and after that all paths are
known. Therefore all best partially disjoint paths are found.
B. Algorithmic Performance
The worst case analysis of the algorithmic performance
produces the upper bound of O(n3 ). This worst case running time is mainly due to the unlikely assumption that the
shortest path consists of all network nodes. For a practical
network, the assumption of a constant SP-node-length is more

probable. The running time in this case is determined by the
performance of the Dijkstra implementation. For the used imn).
plementation this yields O(m · log m
n
V. C ONCLUSION
This paper has described an algorithm for solving the shortest partially disjoint path pair problem. The solution is extended to solve the all-best partially disjoint path pairs between an OD-pair problem without major changes of complexity in the calculations. For a degree of divergence of
d = 0% all possible best paths are found, between the complete disjoint path pair and two times the shortest path. The
presented algorithm has a expected worst case running time of
O(n3 ). With the assumption, that the average SP node number is independent of the network parameters, the complexity
is reduced to the time consumption of an efficient implementation of the Dijkstra algorithm.
An extended version of this paper [11] includes an example
to illustrate the procedure, a detailed discussion of the algorithmic performance and possible further improvements.
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