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Abstract

When building sequential algorithms for problems on the graphic network, the algorithms themselves are not only
very complex but the complexity of the algorithms also is very big. Thus, sequential algorithms must be parralled to
share work and reduce computation time. For above reasons, it is crucial to build parallelization of algorithms in
extended graph to find the shortest path. Therefore, a study of algorithm finding the shortest path from a source
node to all nodes in the MapReduce architectures is essential to deal with many real problems with huge input data
in our daily life. MapReduce architectures processes on (Key, Value) pairs are independent between processes, So
multiple processes can be assigned to execute simultaneously on the Hodoop system to reduce calculation time.
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Introduction

Given extended graph G= (V, E) with a set of vertices V and a set of edges E, where edges can be directed or undirected.
Each edge (u,v)e E is weighted w(u,v). Problem finding the shortest path there are 3 cases:

(a) Problem finding the shortest path from a source node to all nodes (1-n)

(b) Problem finding the shortest path from a source node to destination node (1-1);

(c) Problem finding the shortest path between every pair of vertices (n-n)

To deal with the problems effectively in our computer, the key here is we have to build parallel algorithms. The
common way we do is to convert the sequential algorithms into parallel algorithms, or convert parallel algorithms into
other suitable parallel algorithms which are
totally equal to the original algorithms

In this paper, we are a parallel algorithm of shortest path algorithm (1-n): the adjacency list based algorithm on
MapReduce architecture. Besides Abstract, Introduction, conclusion, references, the paper has four algorithms: Algorithm
1: Find the shortest path algorithm;, Algorithm 2.: BFS Algorithm, Algorithm 3: Mapper Algorithm; Algorithm 4. Reducer
Algorithm.

We developed experimental program on Hadoop systems, then offering specific data to evaluate and compare the
results of new parallel algorithms with sequential algorithm [1,2]

Hadoop and MapReduce

Hadoop has four module:
- Hadoop Common: These are necessary Java libraries and utilities for other modules to use. These libraries
provide file system and OS layer abstraction, and contain Java code to start Hadoop..
- Hadoop YARN: This is framework for managing
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- Hadoop MapReduce: This is YARN-based system
*) corresponding author for parallel processing of large data sets.
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MapReduce works on a simple principle. Operations take
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output. MapReduce represents computation using just two functions: Map and Reduce. The Map function, takes as input a
key/value pair and outputs a set of intermediate key/value pairs. These intermediate key/value pairs are then combined,
and intermediate key/value pairs with the same key are passed to the Reduce function. From there, the Reduce function
calculates on these pairs to give general values rather than the final result. The Map task is performed distributed across
storage nodes. The distributed process is done automatically through the input data being broken down. The Reduce task
is also distributed through intermediate key/value pairs being grouped into pairs with the same key. MapReduce cluster
basically consists of a Master node and Worker nodes. The Master node is responsible for managing and regulating
Workers. [6-12]

Find the shortest path algorithm
Adjacency - List

In many application problems of graph theory, the graph representation as an adjacency list is the most appropriate
representation. In this representation, for each vertex v of the graph we store a list of its neighbors, which we will denote
by {Nodev,ue V|(vu)e E, w(v,u)}with G=(V,E, w).

Example 1: A undirected graph in figure 1 with 12 vertices and its adjacency list are shown in Table 1.

Table 1. Adjacency list

1 2,7 3,5

2 37 4,6

3 411 5,10 6,10

4 14 2,1 8,5

5 720

6 36 72 8,15 11,10
7 11,7

8 34 4,18 6,10 9,20
10 86

11 10,15 12,5

Find the shortest path algorithm

Find the shortest path algorithm from a vertex to z vertex in the graph as following:

Algorithm 1: Find the shortest path algorithm

Input. A connected graph G=(V, E, w), w(i, j) > 0 (i, j) €E and a specified strating vertex a, z.

Output: L(z) is the length of the shortest path from a to z and the shortest path (if L(z) <+-)
Step 1. /nitialize:

Assign L(a):= 0.V x+a Assign L(x):=o. Assign T:=V.

Assign P(x) =9, vxe V (P(x)is before x vertex on shortest path from a to x).
Step 2. Calculate m ;= min{L(u)/ue T}

If m = + oo, return “Not have shortest path from a to z”. Finish.

Else if m <+, selectve T sothat L(v)=m, and assignT :=T - {v} go toStep 3.
Step 3.

-If z=v then L(z) is shortest distance from a to z From z tracing back the front vertex-edge, we receive the shortest path as
following: assign z;=P(z), z= P(z)), .., zi= P(2k-1), @ = P(zx). It is Inferred that the shortest path is: a2zy ?Zk-12 ... 2 z;2z Finish.

- Else, if z#v then go to step 4.
Step 4. For any x e T adjacent (post-adjacent) v

If (L(x) > L(v)*w(v,x))then assign L(x) = L(v)+w(v,x)and P(x):=v. Back to step 2.

Theorem 1. The complexity of the algorithm is O(n?) [13]

Example 2. The graph is showed in figure 2. Applying finding the shortest path algorithm, at each vertex symbol (v,
L(v), P(x)), v is vertex, L(v) is the length of the shortest path to v, P(X) is before x vertex on shortest path to x

BFS algorithm

Given the graph G= (V, E). A tree T is called a covering tree or spanning tree of G, if T is a covering subgraph of G. In this
algorithm, we denote Q as the queue of vertices, adjacent x as the list of vertices adjacent to vertex x. The BFS is described
follows.
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Algorithm 2: BFS algorithm
Input: A connected graph G = (V, E) and a specified starting vertex v
Output: The breadth first indices of the vertices of G (spanning tree of G) starting with v=1, or graph G not connect
1. Initialize: “queue” with the start vertex v, T is graph (T=(v, D))
2 While (“queue” is not empty AND T is not spanning all vertex) do
3 X <=remove the first vertex from queue
4 for each vertex y adjacent x do
5. if y ¢ T then
6 Begin
7 place edge (x,y) and vertex y on T
8 place y on queue
9. End
10. Endwhile
11. IfTisspanning all vertex of G then return T is spanning tree of G
12. Else if queue is empty return graph G not connect

(3911

29 11

Figure 1. Results finding the shortest path algorithm

Example 3. The graph is showed in figure 2. Applying BFS algorithm finding spanning tree of G
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Figure 2. Result is spanning tree of G (dashed edges)

Find the shortest path algorithm on MapReduce

So far, parallel algorithms finding shortest path have been implemented on multi-core processors, with shared
external memory. What is new in this approach is to implement the parallel shortest path algorithm on Map Reduce
structure. In case of Hadoop framework, to make the algorithm efficient for running it parallel on several machines.
Algorithm to find the shortest path on MapReduce based on Adjacent list
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Proposed MapReduce of find shortest path algorithms

The problem investigated in this section the set of shortest paths from the source node to all other nodes in the graph
on MapReduce architecture.

Map stage:

The mapper class takes the entire file an input and parses it line by line.

Reduce stage:

The output of the mapper will be the input to the reducer class. The reducer class takes the minimum of all the path
weights and adds it to the adjacency list of the keyld node.

Data representation:

A connected graph G=(V, E, w), w(i, j) = 0 v(i, j) €E and a specified source node v.

Initialize: Adjacency - List representation as follows:
{Node ifvi eV,Node Label,Node Status} TAB {Node j NV j Adjacent iw(ij) }
There in:
- Node Label: is L, Assign L(v): = 0.¥ x+a Assign L(x) .= (INF)
- Node Status: Assign Node Status=Unmarked v x€V

Example 4. The graph is showed in figure 1, Adjacency-List representation as follows (Table 2)

Table 2: Initialize: Adjacency - List

{ Node ifvi €V,Node Label Node {Node j | vj adjacent i, w(i,j) }

Marked}

{1,0,UNMARKED} 2,7} (3,5}
{2,INF,UNMARKED} (3.7} {4,6}
{3,INF,UNMARKED} {4,11) {5,10} {6,10}
{4,INF,UNMARKED} {1,4) 2,1} (8,5}
{5,INF,UNMARKED} {7,20}
{6,INF,UNMARKED} (3,6} (7.2} {8,15) {11,10}
{7,INF,UNMARKED} {11,7)
{8,INF,UNMARKED} (3.4) {4,18) {6,10} {9,20}
{10,INF,UNMARKED} (8,6}
{11,INF,UNMARKED} {10,15} {12,5)

Algorithm 3: Mapper algorithm
Input. (Key, Value) is Adjacent-list
- Key: { Node ifvi eV,Node label,Node Node status, [Path]}
Path = The path from the source node to the visiting node
-Value: {Nodej }vj Adjacent iw(ij)
Output: (Key, Value)
BEGIN
1. // Find Adjacency - Listrepresentation
For (int i=1, i<=|V|, i++)
If (Node label <> inf) and ( Node status =Unmarked)
Begin
1.1. Emit (Key, value) = (Key, value),
||But assign Node status=marked in field Node status
1.2, Emit (Key), Key= {Node j| Vj AdjaceniNode label, Node
status,Path}
[* There in
- Node label= node label+w(i,j)
- Node Status=Unmarked
- Path=Path+”-“+node i
*
End
Else Emit (key, value) = (key, value)
2. Sort: Sort (Key, Value) with field Node i| ie V
END.

Theorem 2. The algorithm finding the shortest path from a vertex to many vertices in MapReduce is true
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Proof:

The entire graph is read from the HDFS, transferred from Mappers to Reducers, and then, with updated distance
values, written to the HDFS

- Maper:

Mapper processes a single vertex u, emitting Key have weight Node label +w(u,v) for each vertex v in u’s adjacency list
is computed and sent to the Reducers. (step 1.2 of algorithm 3. Once a vertex v has been tested and mapped (mapper), that
vertex v is marked as Marked and will not be mapped in subsequent iterations. The same task is assigned T=T\{v} in step 2
in algorithm 1.

In iterations next, the Maper keeps re-computing paths for vertices whose shortest path was already found by
statement Path=Path+’-“+node i in step 1.2 of algorithm 1.

Like BFS, the program distinguishes between “Marked” and “Unmarked” vertices. Marked vertices are those that could
potentially help reduce the distance for another vertex. I define a vertex to be marked if and only if its distance value
changed in the previous iteration. The only exception to this rule is source vertex a, which is set to “Marked” before the
first iteration. Note that a vertex that was marked in one iteration could become unmarked in the next, and vice versa.

- Reducer:

For every vertex v, no matter if its shortest path was already found in previous iterations or not In Reducer, the
statement (Key, Value)={Node k|k=j, Node labelmin, Node status, [path]} in algorithm 4 creates a (Key, Value) pair with a
Node label having the smallest value and this is reflected in formula Node labelmin= min {Node labelj vj=si}. So after each
iteration of the Redecer function, algorithm 4 will update the shortest path of the vertices for every vertex v, no matter if
its shortest path was already found in previous iterations or not, the Reduce function is executed to recompute the shortest
distance.

From the above analysis, it can be seen through each iteration, the algorithms will update the longest path, shortest
path and mark high-level points as Marked or Unmarked. Thus, Mapreduce will execute iteratively until all the ranks have
been marked as “Marked”. The final output is the end of the problem.

Mapping and reducing processes on (Key, Value) are independent between processes, so multiple processes can be
assigned to execute simultaneously on the Hodoop system to reduce calculation time

The next part is the implementation of Mapper and Reducer for a specific graph

How to perform MapReduce on a specific graph

Mapper Input: Table 2

Mapper Output (sorted)
Key Value
{1,0 MARKED, 1} 2,7} (3,5}

{2,7UNMARKED, 1}

{2,INF,UNMARKED} (3.7} (4,6}

{3,5,UNMARKED, 1}

{3,INF,UNMARKED} {4,11) {5,10} {6,10}
{4,INF,UNMARKED} {1,4) 2,1} {8,5)

{5,INF,UNMARKED} {7,20}

{6,INF,UNMARKED} (3,6} (7.2} {8,15) {11,10}
{7,INF,UNMARKED} {11,7)

{8,INF,UNMARKED} (3.4) {4,18) {6,10} {9,20}
{10,INF,UNMARKED} (8,6}
{11,INF,UNMARKED} {10,15} {12,5)

The output of the mapper will be the input to the reducer class
The output emitted by the reducer is

Key Value
{1,0 MARKED, 1} 2,7} (3,5}
{2,7UNMARKED, 1} (3.7} (4,6}
{3,5,UNMARKED, 1} {4,11) (5,10} {6,10}
{4,INF,UNMARKED} {1,4) 2,1} (8,5}
{5,INF,UNMARKED} {7,20}
{6,INF,UNMARKED} (3,6} (7.2} (8,15} (11,10}
{7,INF,UNMARKED} {11,7)
{8,INF,UNMARKED} (3.4} {4,18) {6,10} {9,20}
{10,INF,UNMARKED} {8,6)
{11,INF,UNMARKED} {10,15} {12,5)
The output of the reducer will be the input to the mapper class
Mapper Output (sorted)
Key Value
{1,0 MARKED, 1} 2,7} (3,5}
{2,7 MARKED, 1} (3,7} {4,6}
{3,14,UNMARKED, 1-2}
{3,5,MARKED, 1} {4,11) {5,10} {6,10}

{4,13,UNMARKED, 1-2}

{4,16,UNMARKED, 1-3}

{4,INF,UNMARKED} {1,4} {2,1} {8,5}
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{5,15,UNMARKED, 1-3}
{5,INF,UNMARKED} {7,20}
{6,15,UNMARKED, 1-3}
{6,INF,UNMARKED} (3,6} (7.2} (8,15} {11,10}
{7,INF,UNMARKED} {11,7)
{8,INF,UNMARKED} (3.4} {4,18) {6,10} {9,20}
{10,INF,UNMARKED} (8,6}
{11,INF,UNMARKED} {10,15} {12,5)
The output of the mapper will be the input to the reducer class
The output emitted by the reducer next iteration is
Key Value
{1,0 MARKED, 1} 2,7} (3,5}
{2,7 MARKED, 1} (3.7} (4,6}
{3,5,MARKED, 1} {4,11) {5,10} {6,10}
{4,13,UNMARKED,1-2} {1,4) 2,1} (8,5}
{5,15,UNMARKED, 1-3} {7,20}
{6,15,UNMARKED, 1-3} (3,6} (7.2} {8,15) {11,10}
{7,INF,UNMARKED} {11,7)
{8,INF,UNMARKED} (3,4} {4,18) {6,10} {9,20}
{10,INF,UNMARKED} (8,6}
{11,INF,UNMARKED} {10,15} {12,5)
The output of the reducer will be the input to the mapper class
Mapper Output (sorted)
Key Value
{1,0 MARKED, 1} 2,7} (3,5}
{1,17.UNMARKED,1-2-4}
{2,7 MARKED, 1} (3.7} (4,6}
{2,14 UNMARKED,1-2-4}
{3,5,MARKED, 1} {4,11) {5,10} {6,10}
{3,21,UNMARKED, 1-3-6}
{4,13 MARKED,1-2} {1,4) 2,1} {8,5)
{5,15,MARKED,1-3} {7,20}
{6,15,MARKED,1-3} (3,6} (7.2} (8,15} {11,10}
{7,35,UNMARKED, 1-3-5}
{7,17 UNMARKED,1-3-6}
{7,INF,UNMARKED} {11,7)
{8,18, UNMARKED,1-2-4}
{8,INF,UNMARKED} (3,4} {4,18) {6,10} {9,20}
{8,30,UNMARKED, 1-3-6}
{10,INF,UNMARKED} (8,6}
{11,25,UNMARKED,1-3-6}
{11,INF,UNMARKED} {10,15} {12,5)
The output of the mapper will be the input to the reducer class
The output emitted by the reducer next iteration is
Key Value
{1,0 MARKED, 1} 2,7} (3,5}
{2,7 MARKED, 1} 3.7} {4,6)
{3,5,MARKED, 1} {4,11) {5,10} {6,10}
{4,13 MARKED,1-2} {1,4) 2,1} (8,5}
{5,15,MARKED,1-3} {7,20}
{6,15,MARKED,1-3} (3,6} (7.2} {8,15) {11,10}
{7,17,UNMARKED, 1-3-6} {11,7)
{8,18,UNMARKED, 1-2-4} (3.4} {4,18) {6,10} {9,20}
{10,INF,UNMARKED} (8,6}
{11,25,UNMARKED, 1-3-6} {10,15} {12,5)
The output of the reducer will be the input to the mapper class
Mapper Output (sorted)
Key Value
{1,0, MARKED, 1} 2,7} (3,5}
{2,7 MARKED, 1} (3.7} (4,6}
{3,5,MARKED, 1} {4,11) {5,10} {6,10}
{3,21,UNMARKED, 1-3-6}
{3,22,UNMARKED,1-2-4-8}
{4,13 MARKED,1-2} {1,4) 2,1} {8,5)
{4,36,UNMARKED,1-2-4-8}
{5,15,MARKED,1-3} {7,20}
{6,15,MARKED,1-3} (3,6} (7.2} {8,15) {11,10}
{6,28 UNMARKED,1-2-4-8}
{7,17, UNMARKED,1-3-6}
{7,17 MARKED, 1-3-6} {11,7)
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{8,30,UNMARKED, 1-3-6}
{8,18, MARKED,1-2-4} (3.4} {4,18} {6,10} {9,20}
{9,38 UNMARKED,1-2-4-8}
{10,INF,UNMARKED} (8,6}
{10,40,UNMARKED,1-3-6-11}
{11,25,UNMARKED,1-3-6}
{11,24, UNMARKED,1-3-6-7}
{11,25,MARKED,1-3-6} (10,15} {12,5}
{12,30,UNMARKED,1-3-6-11}
The output of the mapper will be the input to the reducer class
The output emitted by the reducer next iteration is
Key Value

{1,0,MARKED, 1} (2,7} (3.5}

(2,7 MARKED, 1} (3,7} (4,6}

{3,5,MARKED, 1} {411} {5,10} {6,10}

{4,13,MARKED,1-2} (1,4} (2.1} {8,5}
{5,15,MARKED,1-3} {7,20}
{6,15,MARKED,1-3} (3,6} (7.2} (8,15} {11,10}
{7,17, MARKED,1-3-6} (11,7}
{8,18, MARKED,1-2-4} (3,4} {4,18} {6,10} {9,20}
{9,38 UNMARKED,1-2-4-8}
{10,40,UNMARKED,1-3-6-11} (8,6}
{11,24,UNMARKED, 1-3-6-7} {10,15} {12,5}
{12,30,UNMARKED,1-3-6-11}
The output of the reducer will be the input to the mapper class
Mapper Output (sorted)
Key Value

{1,0,MARKED, 1} (2,7} (3,5}

(2,7 MARKED, 1} (3,7} (4,6}

{3,5,MARKED, 1} {411} (5,10} {6,10}
{4,13,MARKED,1-2} (1,4} 2.1} {8,5}
{5,15,MARKED,1-3} {7,20}

{6,15,MARKED,1-3} (3,6} (7.2} (8,15} {11,10}
{7,17, MARKED,1-3-6) (11,7}
{8,18, MARKED,1-2-4) (3.4} {4,18} {6,10} {9,20}
{8,46,UNMARKED,1-3-6-11-10}
{9,38, MARKED,1-2-4-8}
{10,40 MARKED,1-3-6-11} (8,6}
{10,39,UNMARKED,1-3-6-7-11}
{11,24, MARKED, 1-3-6-7} {10,15} {12,5}
{12,29,UNMARKED,1-3-6-7-11}
{12,30,MARKED,1-3-6-11}
The output of the mapper will be the input to the reducer class
The output emitted by the reducer next iteration is
Key Value

{1,0,MARKED, 1} (2,7} (3,5}

{2,7 MARKED, 1} (3.7} {4.6}

{3,5,MARKED, 1} {4,11} (5,10} {6,10}
{4,13,MARKED,1-2} {1,4) {2,1} {8,5}
{5,15,MARKED,1-3} (7,20}

{6,15,MARKED,1-3} (3,6} (7.2} (8,15} {11,10}
{7,17 MARKED,1-3-6) (11,7}
{8,18, MARKED,1-2-4) (3.4} {4,18} {6,10} {9,20}
{9,38, MARKED,1-2-4-8}
{10,39,UNMARKED,1-3-6-7-11} (8,6}
(11,24, MARKED, 1-3-6-7} {10,15} {12,5}
{12,29,UNMARKED,1-3-6-7-11}
The output of the reducer will be the input to the mapper class
Mapper Output (sorted)
Key Value

{1,0,MARKED, 1} (2,7} (3,5}

(2,7 MARKED, 1} (3,7} (4,6}

{3,5,MARKED, 1} {411} (5,10} {6,10}

{4,13 MARKED,1-2} {14) 2.1} {8.5}
{5,15,MARKED,1-3} {7,20}
{6,15,MARKED,1-3} (3,6} (7.2} (8,15} (11,10}
{7,17, MARKED,1-3-6} (11,7}
{8,18, MARKED,1-2-4} (3.4} {4,18} {6,10} {9,20}
{8,45,UNMARKED,1-3-6-7-11-10}
{9,38, MARKED, 1-2-4-8}
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{10,39,MARKED,1-3-6-7-11} {8,6}
{11,24 MARKED, 1-3-6-7} (10,15} {12,5}
{12,29,MARKED,1-3-6-7-11})
The output of the mapper will be the input to the reducer class
The output emitted by the reducer next iteration is
Key Value
{1,0,MARKED, 1} (2,7} (3.5}
(2,7 MARKED, 1} (3,7} (4,6}
{3,5,MARKED, 1} {411} (5,10} {6,10}
{4,13,MARKED,1-2) (1,4} (2.1} (8,5}
{5,15,MARKED,1-3) {7,20}
{6,15,MARKED,1-3) (3,6} (7.2} (8,15} (11,10}
{7.17, MARKED,1-3-6} (11,7}
{8,18, MARKED,1-2-4} {3,4} {4,18} {6,10} {9,20}
{9,38, MARKED,1-2-4-8}
{10,39,MARKED,1-3-6-7-11} {8,6}
{11,24 MARKED, 1-3-6-7} (10,15} {12,5}
{12,29,MARKED, 1-3-6-7-11})

Experimental results

We Developing experimental programs on Hadoop 3.3.0 systems, then offering specific data to evaluate and compare
the results of sequential algorithms or with the other previous parallel algorithms. The experimental results show that
such approach achieves significant gain of computational time. The implementation of Mapper and Reducer for a specific
graph, it is implemented detail in section 4.2
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Figure 3. Result on Hadoop

Conclusion and Further Works

This paper presents of new parallel algorithms (algorithm 3 and algorithm 4) based on the actual requirements,
proving soundness. Concurently, thesis also does parallelization for existing algorithms, then indicate the advantages of the
new ones over previous algorithms.

Developing experimental programs on Hadoop 3.3.0 parallel system, then offering specific data to evaluate and
compare the results of new parallel algorithms with sequential algorithms

As part of future work:

- Proving complexity of the algorithms by MapReduce find shortest path algorithm for a given graph size.

- Apply of MapReduce find shortest path algorithm approach on a real road network.

- Suggesting parallel algorithms on MapReduce architectures for problems: listing combinatorial algorithm or finding
the shortest path in extended graph, or find maximum flow on network graph or traveling salesman problem or Genetic
Algorithm.
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