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Abstract
Graphs are mathematical structures used in many applications. In
recent years, many applications emerged that require the processing
of large dynamic graphs where the graph’s structure and properties
change constantly over time. Examples include social networks, communication networks, transportation networks, etc. One of the most
challenging problems in large scale dynamic graphs is the all-pairs,
shortest path (APSP) problem. Traditional solutions (based on Dijkstra’s algorithms) to the APSP problem do not scale to large dynamic
graphs with a high change frequency. In this paper, we propose an
efficient APSP algorithm for large sparse dynamic graphs. We first
present our algorithm and then we give an analytical evaluation of the
proposed solution. We also present a thorough experimental study of
our solution and compare it to two of the best known algorithms in
the literature.
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Introduction

Many real life problems can be solved using graphs as their underlying data
structure. For example, finding the shortest distance between two points is
interpreted as a shortest path problem in graphs. Graphs are used in many
applications such as transportation, protein interaction networks, and data
mining [20, 18, 19].
Traditionally, graphs have been viewed as static data structures. A static
graph is a graph that does not change over time. However, recent applications have led to the emergence of problems that can only be solved using
graphs that change over time, i.e., dynamic graphs. Dynamic graphs are subject to changes in their underlying data structures. Dynamic graphs can be
either partially or fully dynamic. Partially dynamic graphs support either (i)
insertion of vertices and edges and decreasing edge weights (i.e., incremental)
or (ii) deletion of vertices and edges and increasing edge weights (i.e., decremental). Fully dynamic graphs support both incremental and decremental
operations.
One of the most challenging problems in dynamic graphs is the all pairs
shortest path (APSP) problem. In this problem, we need to maintain the
shortest paths and distances between each pair of vertices in a fully dynamic
graph subject to update operations. In this paper, we propose an efficient
APSP algorithm for large sparse dynamic graphs. We evaluate our solutions
through an analytical analysis and a thorough experimental study where we
compare the proposed solution to two well-known algorithms in the literature
related to dynamic graphs.
This paper is organized as follows. In Section 2, we describe our model
of dynamic graphs and the used data structures. In Section 3, we provide
an overview of related work. In Sections 4 and 5, we present our approach
including algorithms and complexity analysis. In Section 6, we give details
about our experimental evaluation and discuss our results. Section 7 concludes the paper.

2

Model for Dynamic Graphs

Let G = {V, E, W } be a dynamic directed weighted graph (digraph) where:
V is a finite set of vertices of size n = |V |, E ⊆ V × V is a finite set of
weighted edges of cardinality m = |E|, and W is a weight function such that
W (x, y) returns a real weight of edge (x, y) (where x, y ∈ V , (x, y) ∈ E, and
x 6= y). We assume that the graph G has no loops and no negative cycles.
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For each vertex x ∈ V , in(x) is the set of edges ending at vertex x and
out(x) is a set of edges starting at vertex x. The graph G supports the
following operations:
• Insert vertex(x) where x ∈
/ V.
• Delete vertex(x) where x ∈ V .
• Insert edge(x, y, w) where x, y ∈ V , (x, y) ∈
/ E, and x 6= y.
• Delete edge(x, y) where x, y ∈ V and (x, y) ∈ E.
• Increase weight(x, y, w) where x, y ∈ V , (x, y) ∈ E, and W (x, y) <
w < ∞.
• Decrease weight(x, y, w) where x, y ∈ V , (x, y) ∈ E, w < W (x, y).
Inserting a vertex x in the graph has no effect on existing shortest paths
since x is not connected to any vertex yet. For the second operation, we
interpret deleting a vertex x as deleting one edge at a time (from in(x) ∪
out(x)) until x has no more edges at which point x is removed from the
graph.
Let T be a forest of trees in which each tree t represents the single source
shortest path tree of a vertex. For any vertex s ∈ V , T (s) is a shortest path
tree (SPT) of vertex s where s is the source vertex of T (s) (see Figure 1).
We denote by t.source the source vertex of the SPT t where t ∈ T .

T=

V1

V2

. . . .

Vn

t( V 1)

t( V 2 )

. . . .

t( V n )

Figure 1: The forest T . t(vi ) is a SPT rooted at vertex vi for i = 1, 2, . . . , n.
t.d(x) is the shortest distance from t.source to x before the update operation. We denote the new distance of x after an update operation as t.d′ (x).
Similarly, t.P (x) is the parent of x in t. Table 1 is a summary of the main
notations that we will use throughout this paper.
For each update operation, we first update the graph G. Then, for each
tree t in the forest T , we call the corresponding algorithm of that operation
to maintain the trees in T .
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Table 1: Summary of notations
W (x, y) The weight of the edge (x, y).
T
A forest of trees.
t or T (s) A shortest path tree (SPT).
t.source The source vertex of the SPT t where t ∈ T .
t.d(x)
The shortest distance from t.source to x before the update operation.
t.P (x)
The parent of x in t.
in(x)
A set of incoming edges to x.
out(x)
A set of outgoing edges from x.

3

Related Work

Several algorithms have been proposed in the literature to maintain shortest
paths in dynamic graphs (e.g., [8, 6, 7, 5, 1, 3]). In [6], Ramalingam and
Reps proposed the first fully dynamic algorithm to maintain shortest paths
in dynamic graphs. Their algorithm runs in O(||δ|| + |δ| log |δ|) in the case
of single-source shortest paths (SSSP) where |δ| is the number of vertices
affected by the update operation1 and ||δ|| is the number of edges connected
to at least one affected vertex. The authors in [2] used the results of [6] to
develop an APSP algorithm that runs in O(mn + n2 log n) in the worst case.
The proposed algorithm performs a high number of edge scans in which it
re-scans incoming edges of every affected vertex in the case of decremental
operations. In [7], the same authors proposed another set of algorithms with a
similar time complexity. In their later work, they use a directed-cyclic graph
(called SP) to maintain the shortest paths and their algorithms requires a
high number of edge scans in the case of incremental operations leading to a
high computational cost.
In [8], Ausiello et al. proposed an incremental algorithm (insertion and
decreasing the weight of edges) for the dynamic APSP in digraphs with positive integer edge weights less than C. The algorithm runs in O(Cn3 log(Cn))
for any sequence of at most O(n2 ) (resp. O(Cn2 )) of edge insertions (resp.
weights decreases). Note that the proposed algorithm does not support decremental operations (i.e., deleting or increasing the weight of edges). Moreover,
the authors proposed a technique to detect the affected trees that need to
be updated. The technique consists of maintaining two shortest path trees
(backward and forward trees) for each vertex which results in more compu1

An affected vertex is a vertex that changes its distance, parent, or both as a result of
a given update.
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tations.
In [5], King proposed a set of fully dynamic algorithms for digraphs
√ with
2.5
positive integer edge weights less than b. The algorithms run in O(n
b log n)
amortized time and maintain a tree of depth b for each vertex in a forest of
depth nb. The proposed algorithms maintain two shortest path trees (IN and
OUT ) for every vertex up to depth d. Practically, the proposed algorithms
are limited to a small range of weights [2].
In [1], Demetrescu and Italiano proposed a fully dynamic algorithm for
digraphs with positive real edge weights. Their algorithm runs in O(n2 log3 n)
amortized time per operation for any sequence of operations. In [3], the same
authors proposed another algorithm for the dynamic APSP in digraphs with
positive and negative real edge weights
p and S different values of each edge
2.5
weight. The algorithm runs in O(n
S log3 n). In [22], Thorup extended
the work of Demetrescu and Italiano in [1] to include graphs with negative
edge weights in O(n2 ) amortized time. In a later work, Thorup presented
a technique in [23] and show how to maintain APSP in O(n2.75 ) by deamortization of [1]. Both algorithms of Thorup are designed for theoretical
interest.
Recently, another version of the APSP problem has emerged that consists of maintaining the approximate shortest path (ASP). In the ASP, the
reported distances have an error factor of f . A main objective of ASP is to
process distributed large graphs. Several algorithms have been proposed to
solve this new version of the problem (e.g., see [12, 13, 10, 9, 11, 24]). In this
paper, we are interested in the exact APSP problem in which we report the
exact distances and paths. We propose a set of algorithms that overcome the
limitations of the previous algorithms.

4

Our Approach

In this section, we show our approach to maintain the APSP in a fully dynamic graph. The proposed approach consists of two algorithms. The first
algorithm (Section 4.1) is an incremental dynamic algorithm that maintains
the APSP after inserting an edge or decreasing an edge weight. The second
algorithm (Section 4.2) is a decremental dynamic algorithm that maintains
the APSP after deleting an edge or increasing an edge weight.
For simplicity, we do not consider trivial operations such as deleting a nonexisting edge and updating an edge weight with the same previous weight.
Also, we interpret the Delete edge() operation as increasing the edge weight
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to +∞.
To maintain the APSP in a fully dynamic graph, we maintain a forest of
shortest path trees (SPTs) in which we have an SPT for each vertex in the
graph G. Each SPT (say T (s) for any s where s ∈ V ) is rooted at vertex s
where s is the source vertex of the corresponding tree T (s). For each SPT,
our algorithms maintain the shortest paths and distances from the source
vertex in this tree to every other vertex independently from other trees.
Algorithm 1 Updating edge (x, y)
1: procedure Update(x, y, w, T )
⊲ w is the new edge weight
2:
if w = ∞ then
3:
Delete edge(x, y)
4:
for every t ∈ T do
5:
Decremental Algorithm(x, y, ∞, t)
6:
end for
7:
else if W (x, y) < w then
8:
∆ = w − W (x, y)
9:
W (x, y) = w
10:
for every t ∈ T do
11:
Decremental Algorithm(x, y, ∆, t)
12:
end for
13:
else
14:
if (x, y) ∈
/ E then
15:
Insert edge(x, y, w)
16:
else
17:
W (x, y) = w
18:
end if
19:
for every t ∈ T do
20:
Incremental Algorithm(x, y, t)
21:
end for
22:
end if
23: end procedure
After an edge operation in G, we apply the corresponding algorithm (either incremental or decremental dynamic algorithm) for every SPT in T as
shown in procedure Update(x,y,w,T) (see Algorithm 1). If the operation
affects any shortest path in any SPT, the corresponding algorithm updates
the shortest paths and distances of that SPT. In our algorithms, we use a
min-heap, denoted H, to store and lookup vertices based on their distances
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from the source of the current tree.
In the following two sections, we present our algorithms. Then, we conduct a complexity analysis of the proposed algorithms.

4.1

Incremental Dynamic Algorithm

We now present the first algorithm that is the incremental dynamic algorithm
(see Algorithm 2). The algorithm maintains the shortest paths and distances
from a source vertex (which is the root vertex of the SPT t) to every other
vertex. The algorithm supports both inserting an edge and decreasing an
edge weight. The algorithm reconstructs the sub-tree t(y) after an edge
operation by using an adaption of Dijkstra’s algorithm. The algorithm starts
by fixing the first affected vertex y (i.e. the endpoint of the modified edge
(x, y)). Then, the algorithm fixes the other affected vertices by walking down
the sub-tree t(y). Note that t(y) ⊆ t(s) where s is the source of the current
tree t.
The algorithm receives three parameters:
1. x: the source vertex of the affected edge.
2. y: the target vertex of the affected edge.
3. t: a SPT rooted at a vertex (any vertex).
The algorithm is divided into three phases. The first phase is to find
the effect of the edge (x, y) on the SPT t. If (x, y) does not affect t, i.e.,
does not improve the distance of y in t (Line 2) then the algorithm will stop.
Otherwise, the algorithm proceeds to phases 2 and 3 and updates t.
In the second phase, the algorithm updates the distance and parent of y
since the edge (x, y) can improve the distance of y in t. Then, the algorithm
inserts y into H.
The third phase is the essential phase in which the algorithm updates
affected vertices to maintain SPT t. This phase is an adaptation of Dijkstra’s
algorithm. It uses a loop over H. Initially, H contains the endpoint of the
updated edge (i.e., y). Affected vertices (other than y, if any) are inserted into
H and extracted sequentially during the updates of affected vertices. At each
iteration, an affected vertex (say u) is extracted from H and its successors
(i.e., the neighbors in out(u)) are inspected for possible improvements. If
a successor of u is affected (distance improvement), then this successor is
updated (its distance and parent pointer) and inserted into H. Finally, the
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Algorithm 2 Inserting or Decreasing the weight of edge (x, y)
1: procedure Incremental Algorithm(x, y, t)
Phase 1:
2:
3:
4:

if t.d(y) < t.d(x) + W (x, y) then
Stop
⊲ no improvement can be accomplished
end if

Phase 2:
5:
6:
7:

t.P (y) ← x
t.d(y) ← t.d(x) + W (x, y)
insert(H, y, d(y))

Phase 3:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:

while H 6= ∅ do
u ← extract min(H)
for every v ∈ out(u) in G do
if t.d(u) + W (u, v) < t.d(v) then
t.P (v) ← u
t.d(v) ← t.d(u) + W (u, v)
insert(H, v, t.d(v))
end if
end for
end while
end procedure

⊲ H is a min-heap
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algorithm terminates only when H is empty and when the shortest paths
and distances in t are updated correctly.

4.2

Decremental Dynamic Algorithm

We now present our decremental dynamic algorithm (see Algorithm 3). The
algorithm maintains the shortest paths and distances from a source vertex
(i.e., t.source) to every other vertex. The algorithm supports both deleting
an edge and increasing edge weight. In contrast to several other algorithms
that use different techniques to detect affected vertices in the sub-tree t(y)
(for example, coloring technique in [16]), this algorithm increases the distances of vertices in the sub-tree t(y) assuming that they do not have alternative paths with the same old distances. This technique is used to guarantee
that a vertex (after a decremental edge operation) will not have a parent that
was in its sub-tree. As we will see in our experimental study, this technique
shows its effects in sparse graphs where more likely there are view alternative
paths.
We use a function called pred min(u) that returns the best parent of u
or null if there is no such parent. The pred min(u) function is defined as
follows:
(
min v∈in(u) (d(v) + W (v, u)) if (v, u) ∈ E and d(v) 6= ∞
pred min(u) =
null
otherwise
The algorithm receives four parameters:
1. x: the source vertex of the affected edge.
2. y: the target vertex of the affected edge.
3. ∆: the difference between the old and new weight of the edge (x, y) or
∞ if the operation is to delete (x, y).
4. t: a SPT rooted at a vertex (any vertex).
The algorithm is divided into three phases. In the first phase, the algorithm terminates if the edge (x, y) does not affect shortest paths and distances
of t (Line 2). If the edge (x, y) is not a tree edge in t, then the current SPT
(i.e., t) will not be affected. Otherwise, the algorithm proceeds to the second
phase.
In the second phase and based on the type of the update operation, the
algorithm increases the distances of vertices in the sub-tree rooted at y (i.e.,
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Algorithm 3 Deleting or Increasing the weight of edge (x, y)
1: procedure Decremental Algorithm (x, y, ∆, t)
Phase 1:
2:
3:
4:

if (x, y) ∈
/ t then
Stop
end if

⊲ this edge has no effect on t

Phase 2:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:

if ∆ 6= ∞ then
⊲ for increasing edge weights operations
for every v s.t. v ∈ t(y) do
t.d(v) ← t.d(v) + ∆
end for
else
⊲ for deleting edges operations
for every v s.t. v ∈ t(y) do
t.d(v) ← ∞
end for
end if
insert(H, y, 0)
⊲ H is a min-heap

Phase 3:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:

while (H 6= ∅) do
u ← extract min(H)
p ← pred min(u)
if (p) then
t.P (u) ← p
t.d(u) = W (p, u) + t.d(p)
end if
for every v ∈ out(u) do
if ( t.d(u) + W (u, v) <= t.d(v) ) or ( (u, v) ∈ t ) then
k ← t.d(u) + W (u, v)
insert(H, v, k)
end if
end for
end while
end procedure
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t(y)) either (a) by ∆ if the operation is increasing the weight of edge (x, y)
or (b) by ∞ if the operation is deleting (x, y). Finally, y is inserted in H and
is processed in the third phase.
The third phase is the essential phase in which the algorithm updates
affected vertices to maintain SPT t. This phase is an adaptation of Dijkstra’s
algorithm. It uses a loop over H. Initially, H contains the endpoint of the
updated edge (i.e., y). Affected vertices (other than y, if any) are inserted
into H and extracted sequentially during the updates of affected vertices.
This phase starts by extracting a vertex u from H with the minimum key
and then finds the best parent (p) with the minimum distance (Lines 16 and
17). The distance (t.d(u)) and parent pointer (P (u)) are updated using p
(Lines 18-20). Finally, every successor of u (say v) is evaluated and inserted
into H if either: (i) the distance of v can be improved, or (ii) u was the parent
to v before the operation or u is a possible parent to v (Lines 23-25). This
will ensure that all vertices in the sub-tree t(y) are scanned and updated and
possibly have new shortest paths that do not involve x or y. Note that t(y)
is a sub-tree of t (i.e., t(y) ⊆ t).

5

Complexity Analysis

Time complexity analysis is a challenge in dynamic graphs where modifications could change only a subset of the previously computed results. When
considering the classical worst-time analysis, many dynamic graphs algorithms that have been proposed in the literature have no better time than
recomputing from scratch [7, 23]. Therefore, many papers used different
ways to analyze the time complexity of dynamic graphs more accurately.
For example, [5, 1] used the amortized analysis of a sequence of operations,
[6, 7, 15] used the notion of output complexity (explained next), and [14] used
the notion of k-bounded accounting function.
In this paper, we extend the model introduced by Ramalingam and Reps
in [7]. In contrast to the classical worst-time complexity analysis in which
the complexity is analyzed in terms of the input size, this model computes
the difference between the input and the output (i.e. the changes of input
and output). In this model:
• δ is a list of affected vertices in all trees (with duplicates).
• |δ| is the number of vertices in δ. i.e. the sum of the number of affected
vertices in all trees (at most n2 ).
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• ||δ|| is |δ| + number of edges connected to each of those affected vertices
in δ (in each tree). For example, if vertex u is the only affected vertex
in all trees and u has 3 edges, then |δ| = n (because we have n trees),
and ||δ|| =n + (3*n) = 4n.
We assume the use of a Fibonacci heap where the cost of inserting n
elements is O(log(n)) amortized time (per operation) and, for the rest of the
heap’s operations, the cost is O(1) amortized time.
For the incremental algorithm, it is easy to see that the total cost over
all trees is O(||δ|| + |δ| × log |δ|). The cost comes from the loop in lines (8 17) which iterates over affected vertices in δ. The cost of this loop including
the heap operations is O(|δ| × log |δ|). For each affected vertex in the current
passed tree t (passed in line 1), the loop in lines (10 - 16) iterates over the
edges that are connected to this affected vertex. The total cost of this loop
over all trees is O(||δ||)
The same cost holds also for the decremental algorithm with the consideration that the decremental algorithm scans incoming (using pred min(u)
in line 17) and outgoing edges for every affected vertex while the incremental
algorithm scans only the outgoing edges for affected vertices.
The total cost of maintaining the APSP in a fully dynamic graph after a
single update operation is O(||δ|| + |δ| × log |δ|).
Considering the space complexity, our approach requires O(n2 ) as follows:
• The graph G requires O(n) for vertices and at most O(n2 ) for edges.
• The forest T requires O(n2) since each tree requires O(n).
Therefore, the overall space required is O(n2 ).

6

Experiments

In this section, we evaluate our approach in contrast to other well-known
approaches in the literature. We conducted a thorough experimental study
based on a previous study by Demetrescu and Italiano in [2]. The original
experiment was a comparison of three dynamic algorithms and two static
algorithms. The dynamic algorithms are: (i) the algorithm of Ramalingam
and Reps (RR) [6], (ii) the algorithm of Demetrescu and Italiano (DI) [1],
and (iii) the algorithm of King [5].
In this work, we are interested in comparing the dynamic algorithms
implemented in [2] to our algorithm (MA). Since the algorithm of King was
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Data set name
Synthetic
Synthetic
Road networks
Internet Autonomous
Systems

Table 2: Data sets details
Number of vertices (n) Number of edges (m)
500
1000 - 128000
10,000
100,000 - 500,000
342 - 998
944 - 3240

density
0.004 - 0.51
0.001 - 0.005
0.0031 - 0.0088

2000 - 4500

0.001 - 0.002

9264 - 20094

shown to be the slowest among the three algorithms (as we also noticed in our
own evaluation), we will no longer discuss King’s algorithm in the remainder
of this paper. We also did not consider the algorithm of Thorup in both
[22, 23] because the objective of both algorithms was for theoretical interest
and not for practical uses.
We extend the experiment in [2] by implementing our algorithms using
the same criteria and standard used in the original work. Every reported
result in this paper is an average of three separate (independent) runs.

RR

DI

0.9
0.7

1.1
0.9
0.7

(a) Weights in
range of (1 − 10)

the

(b) Weights in the
range of (1 − 100)

(c) Weights in
range (1 − 1000)

the

Figure 2: Experiments on synthetic data of size n = 500 and different edge
weights range.
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8

4

2
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1

128
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0.1
32

0.3

0.1
16

0.3

8

0.5

0.3

4

0.5

2

0.5

Number of edges (m) * 1000

DI

16

0.7

1.1

8

0.9

RR

1.3

CPU time (seconds)

CPU time (seconds)

1.1

MA

1.5

1.3

1

CPU time (seconds)

MA

1.5

4

DI

2

RR

1.3

1

MA

1.5
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100

MA

RR

90
80

CPU time (seconds)

70
60
50
40
30

20
10

500

400

300

200

100

0
Number ov edges (m) *1000

Figure 3: Experiments on synthetic data of size n = 10, 000 and edges in the
range (100,000 - 500,000)

6.1

Data Sets

We consider two types of data sets: (i) synthetic and (ii) semi-real data.
The first data set is the synthetic data set in which both the graph and its
operations are generated randomly based on the user’s request of the graph
size (number of nodes), number of edges, range of edge weights, and number
of operations.For this data set, we conduct four experiments. The first three
are on graphs of size 500 vertices with increasing edge density and different
edge weight range ((1 − 10), (1 − 100), and (1 − 1000)). The reason behind
this is to test the effect of different edge weights on the running time in a
practical environment. The fourth experiment is on a larger graph of size
10,000 vertices with increasing edge density. The main objective of the later
experiment is to test our approach on a larger size of graphs. We apply
a sequence of 1000 inter-mixed operations (increasing and decreasing weight
operations). We generate the graphs and their operations using the generator
in the original experiment [2].
The second data set is the semi-real data set in which the graphs are
from the real world but the operations are randomly generated. The data
set includes (i) graphs of autonomous systems connections (AS), and (ii) US
road networks. This data set was obtained from [2]. For each graph, we
apply 1000 inter-mixed operations. Details of both data sets are given in
Table 2.
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Synthetic Data Set

Our experiments on synthetic data showed that, compared to RR and DI,
MA has the best performance on sparse graphs of all considered weight ranges
whereas DI has the best performance on denser graphs with higher weight
ranges as shown in Figure 2(b and c). One possible explanation is that
smaller weight ranges may result in more alternative paths to a subset of
nodes. We found that the range of edge weights has a considerable effect on
DI and less impact on MA and RR as shown in Figure 2 (a,b, and c).
Furthermore, we carried another experiments on larger graphs of 10,000
vertices and 100,000 to 500,000 edges. We found that DI algorithm was not
applicable in large graphs since it requires very large space complexity. In the
experiments of large graphs as shown in Figure 3, MA performance improves
over RR compared to smaller graphs and show the applicability over other
tested algorithms when considering larger sparse graphs.
6.1.2

Semi-Real Data Set

Our experiments on road networks showed that MA achieves the best performance compared to RR and DI as shown in Figure 4. On average, MA is
10% faster than RR and 68% faster than DI. RR is 53% faster than DI. MA
had the best performance on road networks because they are known to be
sparse graphs.
We note that the authors in [2, 1] proposed an optional technique, called
smoothing, used in DI to reduce the space complexity after an update operation (see [1] for details). However, smoothing can affect the running time.
We did not notice any major effect of smoothing in the synthetic and road
network data sets, but the effect was clear when we used the AS data set.
Considering AS networks, Figure 5.a shows the performance of DI when
we apply full smoothing and Figure 5.b shows its performance without smoothing. In case of no smoothing, MA is 4.2% and 5.4% faster than RR and DI,
respectively. In the case of full smoothing, MA is 4% and 109% faster than
RR and DI, respectively.

6.2

Final Discussion

In this section, we discuss some final thoughts regarding the applicability of
the considered algorithms. We found that DI is a very efficient algorithm
that deals with graphs of high density since the main objective of DI is to
reduce the number of scanned edges after an operation in a dynamic graph.
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MA

DI
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CPU time (seconds)

4
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443

1

798

2

Number of vertices (n)

Figure 4: Experiments on road networks
For this reason, DI was very slow (in average) when tested in sparse graphs
(e.g., the left half of Figures 2.a, 2.b, and 2.c).
The RR algorithm is another variant of Dijkstra’s (different than ours)
that uses the notion of consistency status of vertices (see [6] for details).
Our study of RR shows that the algorithm re-scans affected vertices multiple
times when it encounters decremental operations. Moreover, RR scans the
incoming edges to affected vertices more often: (i) first to determine the
consistency status and (ii) second to update final distances. This adds up to
affect the total running time.

7

Conclusion

Dynamic graphs are important data structures in modeling and solving challenging problems in modern life. Examples of applications where dynamic
graphs may be used include ground transportation, aviation, and communication networks. A challenging problem in dynamic graphs is maintaining
the set of all-pairs shortest paths (APSP). In this paper, we present a novel,
efficient approach to solve the APSP problem in fully dynamic graphs. We
presented our algorithms and analyzed their time complexity. We also conducted an extensive experimental study on synthetic and real data sets. Our
experiments on both types of data showed that our algorithms are more
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Figure 5: Experiments on AS: (a) with full smoothing and (b) with no
smoothing.
efficient than existing well-known algorithms in the case of sparse graphs.
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