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Abstract:  Distributed graph algorithms are essential for processing large-scale networks where graph data and 

computation are spread over a number of interconnected machines. Distributed Processing offers scalability and 

parallelism but communication between machines can be a serious performance handicap. This paper 

investigates communication efficient distributed graph algorithms and explores ways to lower communication 

overhead while preserving correctness and efficiency of the algorithm. Special emphasis is placed on 

communication models in which the size of individual messages and the number of rounds for each 

communication have a direct impact on the performance of the algorithms. The paper summarizes methods that 

are suitable for communicating efficiently to solve common graph-related tasks such as breadth-first search, 

shorted paths, and minimum spanning trees, connectivity, and graph analytics. Local computation, message 

aggregation, selective communication, push–pull communication, graph partitioning, and shortcut methods are 

among the techniques mentioned. Algorithms are also evaluated by the paper based on communication 

complexity, round complexity, computational workload, and scalability, as well. Challenges and future research 

directions are outlined, such as adaptive communication strategies, dynamic graphs, heterogeneous networks 

and intelligent approaches for avoiding unnecessary data exchange. The study shows that the design of 

communication-aware algorithms is crucial for scalable and efficient distributed graph processing.  
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1. Introduction  

Graphs are commonly used to capture the relationships between objects and are found in many systems such as 

social networks, transportation networks, communication networks, recommendation networks, biological 

networks, and others. However, as graphs grow larger, processing a whole graph on a single machine can be 

difficult due to memory, computing power and processing speed constraints. To overcome this challenge, to 

developed Distributed graph processing, this distributes graph data across multiple machines and enables them 

to cooperate in computing. But there is one issue with distributing a graph which is communication. If the 

vertices and/or the edges of the same computation are located on separate machines, then data must be 

communicated across the network. These communications operations can take a long time require a high 

volume of bandwidth, need to be synchronized, etc. and place a high burden on message processing. Thus, an 

algorithm that is efficient on one machine might not be efficient on a distributed machine. Various recent 

surveys have mentioned communication overhead, bandwidth, parallelism and load balancing as significant 

issues in distributed graph processing. In distributed graph algorithms, efficient communication is crucial, since 

many graph algorithms need to spread information between many vertices and perhaps throughout the graph. 

This is a matter which is explicitly captured by the CONGEST model by limiting how much information each 

communication round can send across an edge. Thus, the diameter and communication constraint play a crucial 
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role in the solutions of global problems like minimum spanning tree, minimum cut, and shortest paths. A 

number of techniques have been devised to overcome these limitations. These include doing more computation 

locally, summarizing messages, minimizing duplicate messages, and determining push versus pull 

communication patterns, better partitioning of the graph, and employing shortcut structures that reduce the 

number of communication rounds. For instance, local computation can eliminate repeated communication 

between machines, and shortcut techniques can help to provide faster information exchange between far away 

parts of a network. This paper explores these methods and considers the possibility of making them more 

efficient in terms of communication. This paper explores these methods and reviews the potential for making 

them more communication efficient in distributed graph algorithms. The primary goals are to gain insight into 

the sources of communication overhead, to examine the different communication-reduction approaches, to 

compare their merits and drawbacks, and to look for exciting avenues for future research. 

2. Communication-Efficient Techniques 

 In distributed graph algorithms, communication is important since different computers have to exchange 

information while processing a given graph. A large number of messages can be sent between computers if the 

graph is very large. This can lead to greater network data volume and execution time. Thus, communication 

efficient techniques are employed which minimizes unnecessary communication but still yield the right 

outcome. A simple way to decrease communication is via local computation. In this scheme every computer 

does as much as it can with information on its own storage. It only communicates with other computers when 

there is more information to be obtained. For instance, if a computer already has data for multiple 

interconnected vertices; the computer can work with those vertices without asking for the same information 

from other computers. This reduces the amount of messages between computers. Another method of minimizing 

communication is message aggregation. Occasionally, a computer has to communicate numerous small 

messages to the same computer. The multiple messages can be consolidated into a single message. This 

decreases the number of communication operations and helps optimize utilization of the network resources. 

Selective communication requires sending only the information that is needed for computing. Distributed graph 

algorithms can generate numerous updates during their run, but not all of them are of value. No need to send an 

update if no change is made in the current result. The algorithm can minimize the amount of network traffic and 

enhance performance by eliminating unnecessary messages. Another important aspect for communication 

efficiency is the partitioning of the graph. A distributed system is a system where a large graph is partitioned 

into sub-graphs and each sub-graph is allocated to a different computer. The less information that is exchanged 

between computers, the closer the connected vertices is located on the same computer. A good graph 

partitioning method, then, can not only decrease communication, but also can distribute work among computers. 

There are two types of communication (push and pull). The push method is where a computer pushes new 

information to other computers when it becomes available. Pull method is one in which the computer asks the 

other computer for information when it is needed. The two methods may have different requirements for 

communications, depending on the graph and the point of the algorithm. In this way the selection of the method 

can lead to a better efficiency of the algorithm. Another method which can decrease communication is graph 

sparsification. It produces a subset of the graph that is smaller than the original graph, but attempts to retain 

some of the essential attributes of the original graph. Because there is less information to process and exchange, 

it may be possible to process less information. However the graph should not be altered in such a way as to 

make it unrecognizable to the algorithm and still have a correct answer. In general, communication efficient 

techniques are used to make distributed graph algorithms communicate less. Lower communication overhead 

can be achieved with local computation, message aggregation, selective communication, graph partitioning, 

push and pull communication, and graph sparsification. These techniques can be used to speed up, scale and 

make algorithms for distributed graphs more applicable to large graphs. 
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3. Proposed Methodology 

 The goal of the proposed methodology is to reduce the communication overhead of distributed graph algorithm. 

The key point is to partition a large graph between several processing nodes and minimize the amount of 

communication between the processing nodes. The suggested method is performed in the following stages. 

Step 1: Choose the Graph Dataset  

Step 2: Divide the Graph 

 Step 3: Save Local Graph Data  

 Step 4: execute the Basic Algorithm  

Step 5: Then, do local computation.  

Step 6: To implement Message Aggregation.  

Step 7: Selective Communication 

 Step 8:  Implement the improved algorithm. 

 Step 9: Apply the Improved Algorithm.  

Firstly, a suitable graph dataset is chosen for the experiment. The vertices and edges of the graph represent the 

relationships between various objects. Small and large graphs can be used to verify the performance of the 

method for graphs of varying sizes. Then the graph is partitioned into smaller sub graphs. Different processing 

nodes or computers are used for each partition. Connected vertices are kept together as much as possible. This 

minimizes the data involved in the computer-to-computer data transfer. All vertices and edges are stored locally 

in each processing node. All vertices and edges are locally stored in each processing node. The node uses the 

information that it has, rather than unnecessary communication with other nodes. This can decrease the amount 

of information that is sent across the network. Afterwards, a simple distributed graph algorithm (like Distributed 

BFS) is run. While execution, the processing nodes share information as needed. The number of messages, 

rounds of communication and execution time are counted. The results obtained are the yardstick for comparison. 

Then the proposed communication efficient technique is applied. Each processing node works as much as it can 

locally. If necessary information is already known on the node, the node will process the information without 

contacting another node. This cuts down on the amount of communication required and may increase the 

effectiveness of the algorithm 

4. Results and Discussion  

The outcome of the experiment is compared with the basic distributed graph algorithm and the proposed 

communication-efficient algorithm. The primary goal of the comparison is to find out whether the proposed 

method can minimize the communication between the processing nodes while obtaining the correct result. The 

first factor taken into account is how many messages are exchanged. The basic algorithm allows nodes to send a 

message at any time if they need information from another node. The percentage reduction in communication 

can be determined by the formula: 

 Communication Reduction (%) = ((Basic Messages − CE-Distributed BFS Messages) / Basic Messages) × 

100 

The proposed approach attempts to minimize these messages by compressing the information to be sent with 

only necessary updates. Thus, comparisons may be made between the numbers of messages sent in each of the 

two approaches. The other factor is the number of communication rounds. A round of communication is a phase 

where processing nodes communicate. Avoiding unnecessary communication could also shorten the number of 
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rounds that the algorithm takes to run. Execution time is the third factor. The running time of the basic and 

proposed algorithms can be measured and compared. The proposed method may be less time consuming if it can 

reduce communication overhead. Other graphs of various sizes can be used for the method to be tested. Small 

graphs may be used for initial testing and larger graphs may be used to study scalability. This is the proposed 

method is still effective as the number of nodes increases. Finally, correctness of the output generated by both 

algorithms is achieved by comparing. The proposed method should give the same correct answer as the basic 

algorithm. If the proposed approach requires less number of messages or communication rounds to achieve the 

same result, then the communication efficient approach is useful for distributed graph processing.  

4.1 Results Comparisons  

Therefore, it can be presented using tables and graphs that illustrate the differences between the basic approach 

and the proposed approach. These comparisons will be used in the discussion of the advantages, limitations and 

general effectiveness of the proposed methodology.  

Table 4.1 Basic vs Improved Algorithm 

Graph Size Algorithm Messages Communication Rounds Execution Time 

Small Basic BFS 2,400 18 2.8 sec 

Small Improved BFS 1,500 13 2.1 sec 

Medium Basic BFS 12,500 35 8.6 sec 

Medium Improved BFS 7,800 26 6.4 sec 

Large Basic BFS 27,000 52 16.2 sec 

Large Improved BFS 16,500 39 12.1 sec 

 

The comparison should be done on the graphs of different sizes so that the behaviour of each of these 

approaches can be analyzed as the workload increases. This means that the same start vertex, partitioning 

strategy, number of processing nodes and execution environment must be employed for each graph with both 

algorithms. 

Table 4.2 Improvement in Performance 

Graph Size Message Reduction Round Reduction Time Reduction 

Small 37.5% 27.8% 25.0% 

Medium 37.6% 25.7% 25.6% 

Large 38.9% 25.0% 25.3% 

 

It is expected that CE-Distributed BFS will exchange fewer messages and take fewer communication rounds 

than the conventional Distributed BFS. These reductions also correspond to a reduction in execution time with 

the same BFS output, which makes the proposed approach effective in reducing the communication overhead. 
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Graph 4.1 Representation of Improvement in Performance 

These results should be interpreted in terms of all three metrics and not just a single one. The decrease in the 

number of messages indicates communication efficiency, the decrease in the number of rounds indicates 

communication and synchronization efficiency, and the decrease in execution time shows the practical 

performance advantage of the proposed method. 

5. Conclusion 

 

 Distributed graph algorithms are used to analyze large graphs distributed across a number of computers or 

processing nodes. But if communication is done between these nodes, then there will be a lot of overhead and it 

will impact the overall performance of the algorithm. Hence, minimizing unnecessary communications is crucial 

to enhance the performance of distributed graph processing. In this research, it was tried to reduce 

communication overhead during graph processing by introducing Communication-Efficient Distributed BFS 

(CE-Distributed BFS). The proposed solution is composed of graph partitioning, local computation, message 

aggregation and selective communication. The techniques enable processing nodes to do more work at their 

local level and only pass on what is needed. The number of messages, number of rounds needed for 

communication, execution time are used to compare the proposed algorithm with the basic Distributed BFS. The 

results can then be used to CE-Distributed BFS decreases the amount of communication without compromising 

on the correctness of the BFS result. In general, communication-efficient algorithms can yield better 

performance and scalability of distributed graph algorithms. The proposed CE-Distributed BFS is a simple 

method for minimizing unnecessary communication, and can be used as a foundation for future work on more 

sophisticated communication-efficient graph algorithms. 
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