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Abstract 

A matching consists of pairs or parameters between donor to recipient is considered as 

important for liver transplantation. By using the maximum and minimum matching able to find 

out the exact or relevant parameters between the donor to recipient matching. Divide the set of 

parameters as donor sets and recipient sets using bipartite graph. Donor to Recipient Hopcroft 

Karp matching used for the final relevant pair of matching between the donor to recipient. Each 

set of parameters is assign as nodes for the donor to recipient set of pairs. Bipartite graph 

visualization shows the important donor to recipient matching. In this paper, analysis the 

important of the nodes for the donor recipient matching using the bipartite centrality and each 
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features or parameters are considered as the node which improves the ability of optimal 

allocation of liver transplantation. 

1. Introduction 

The matching of donor to recipient using bipartite graph which means 

that divided the pairs (Donor to Recipient) by bipartite graph. In this, donor 

is one set of pairs and recipient is another set of pairs connected by edges and 

each edge is incident on according to the matching. Bipartite graph matching 

with the python library NetworkX. 

Matching of Bipartite Graphs: In order to find the matching between 

the nodes in the bipartite graph, donor and recipient is divided as set of nodes 

and each and every node is connected with each other. According to the 

attributes, the matching pairs can be obtained. In a bipartite graph matching, 

there is no two edges meets the common vertices. 

Maximum Bipartite Matching: In this graph, maximum number of 

edges is connected between the donor to recipient nodes. By using maximum 

bipartite matching, the comparisons of each and edges can be possible and 

take relevant matching from maximum matching bipartite graph. 

Maximum Cardinality Matching: In order to find the maximum 

cardinality matching, the Hopcroft-Karp algorithmcan be used for matching. 

A library based on Hopcroft Karp’s Algorithm and it takes as input a graph 

might have more than one maximum matching, it is worth noting that the 

algorithm may output any one of all possible maximum matchings. 

Maximum Weight Matching: A maximum weight matching can be 

calculated by sum of the weight is maximised. A Python 3 graph 

implementation of the Hungarian Algorithm (Kuhn-Munkres algorithm), an 

O(n^3) solution for the assignment problem or maximum/minimum-weighted 

bipartite matching problem. 

Minimum Weight Matching: In minimum weight matching can be 

found with sum of weights of the matching is minimised. Rabin-Karp 

algorithm can used for matching patterns in the text using a hash function. 

Bipartite graph applications: Bipartite graph matching can be used 

many applications such as data science and computational biology, 

mathematical theory, etc. 
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2. Related works 

In paper [1], graph theory and basic formula for the bipartite graph which 

is used to analysis the basic information of the bipartite graph. In paper [2], 

brief introduction about the bipartite graph and maximum, minimum 

matching, cardinality matching. In paper [3], given the basic concept of 

digraph, directed graph (paths and walks), colouring and connectivity. In 

paper [4], describes about the matching and theorem condition and also 

mathematical concept for bipartite graph. In paper [5], matching algorithm 

which is used to solve the graph matching problem in graph theory. In paper 

[6], NetworkX is to identify the sets and use a node attribute named bipartite 

with values 0 or 1 and also identify which belongs to each node. In paper [7], 

a general purpose network analysis is Stanford Network Analysis Platform 

and graph mining library which can be used for data collection. In paper [8], 

describes about the community detection, path finding, centrality in graph 

algorithm. In paper [9], identify proteins to proteins interaction by a simple 

galactose selection. In paper [10], bipartite graphs can solve the challenging 

of biological problems. In paper [11], gender difference in donor quality is 

considered as important factor in liver transplantation. In paper [12], identify 

the most important factors for the survival of liver patient after 

transplantation. In paper [13], using the Evolutionary Multi Objective 

Artificial Neural Networks which can predict the survival of the liver patient. 

In paper [14], ANN which is used to prolong the survival rate of the liver 

patients. In paper [15], for predicting the best outcome of patients of the liver 

transplantation.  

3. Research Methodology 

3.1 Data Collection  

The UCI datasets is a multi organ datasets since 1987 from which 

extracted the liver patient record which consists of male and female liver 

patient records. Datasets accessed from UCI ML Repository. Data gathering 

about patient records, Information about data fields. Statistical information 

about numerical columns is also available in the datasets. 
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Figure 1. Donor-Recipient Datasets Visualization. 

3.2 Data Preprocessing 

Load the Features which is available in the datasets. Read the datasets. 

Checking Null value or Missing value. Extracting the missing value. Filling 

the null value with the mean value of that particular feature. Checking 

whether null value is changed or not. 

4. Dimensionality Reduction 

In this, reduce the random variables and used the Data Extraction and 

Data Analysis are followed with Correlation method. 
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Figure 2. Correlation for Data analysis. 

4.1 Feature Extraction 

Refer to the process of extracting useful information or features or data 

from existing data. The number of recipient patients with liver disease. The 

number of donors ready for liver transplantation.  

4.2 Feature Analysis  

From the above Correlation map, we find that, there is a direct 

relationship between the following features are Total_Protiens, Albumin, 

Albumin and Globulin_Ratio,Albumin,Direct_Bilirubin,Total_Bilirubin, 

Aspartate_Aminotransferase,Alamine_Aminotransferase. Hence, Both the 

features are similar, it will give similar performance. The following data or 

features alone for futher matching process using bipartite graph which is 

used to divide the pair D-R matching. All the donors are connected to the 

respective recipient by bipartite matching. Further, these are taken for the D-

R Hopcroft Karp matching in order to give each pair individual matching. 

5. Experimental Results 

For matching these features that is D-R matching such as Total_Protiens, 
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Albumin_and_Globulin_Ratio,Albumin,Total_Bilirubin,Alamine_Aminotransf

eraseconsidered as an important parameters and each parameters are 

assigned as nodes and connected with edges using networkx library. 

 

Figure 3. D-R Bipartite. Matching. 

D-R Hopcroft Karp matching are used to predict the exact Donor 

availability of the parameters for recipient. 

 

Figure 4. D-R Hopcroft Karp Matching. 

6. Conclusion 

To predict the matching for the donor to recipient using bipartite graph 
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which divides the D-R matching. In bipartite graph, there is no two set of 

edges can share the same endpoint. Hopcroft Karp algorithm which is used to 

takes input in a bipartite graph and produces as output a maximum 

cardinality matching. Hopcroft karp algorithm can predict the individual pair 

matching for the long term survival of the liver patients. It is also compare 

the following donor-recipient matching parameters with the correlation 

method which is used to find the donor to recipient matching to reduces the 

number of parameters. These are the features or data used for matching in 

the bipartite graph with hopcroft karp matching algorithm used for the donor 

to recipient matching with the attributes and improves the long term survival 

of the liver transplantation. 

References 

 [1] Matching (graph theory)-Wikipedia https://en.wikipedia.org/wiki/Matching 

(graph_theory) 

 [2] https://towardsdatascience.com/matching-of-bipartite-graphs-using-networkx-6d355b164 

567. 

 [3] 2.11.7 Bipartite Matching - MIT OpenCourseWare –https://youtu.be/HZLKDC9OSaQ.  

 [4] MatchinginBipartiteGraphs-https://discrete.openmathbiiks.org/dmoi3/sec_matchings. 

html.   

 [5] Matching (Graph Theory) | Brilliant Math and Science Wiki -

https://brilliant.org/wiki/matching/. 

 [6] Networkx algorithms bipartite matching – NetworkX 2.5. 

 [7] J. Leskovec, A. Krevl, SNAP Datasets: Stanford Large Network DFataset Collection 

2014. Available online: http://snap. stanford.edu/data (accessed on 11 February 2021).   

 [8] Neo4j Graph Data Science Library, Available online: https://neo4j.com/docs/graph-data- 

science/current/ (accessed on 11 February 2021). 

 [9] S. Fields, O. Song, A novel genetic system to detect protein- protein interactions, Nature 

340(6230) (1989), 245-6. - PubMed. 

 [10] G. A. Pavlopoulos, P. I. Kontou, A. Pavlopoulou, C. Bouyioukos, E. Markou and P.G. 

Bagos, Bipartite graphs in systems biology and medicine: A survey of methods and 

applications, Giga Science 7(4) (2018), giy014 [CrossRef] [PubMed]. 

 [11] N. A. Terrault and J. P. Roberts, Gender Difference in Liver Donor Quality are 

Predictive of Graft Loss 11(2) (2011), 296-302. 

 [12] S. Pourahmad and S. Nikeghbalian, Five Years Survival of Patients after Liver 

Transplantation and its Effective Factors by Neural Network and Cox Proportional 

Hazard Regression Models 15(9) 2015. 



M. USHA DEVI, A. MARIMUTHU and S. SANTHANA MEGALA 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 9, July 2022 

5298 

 [13] C. Hervás-Martínez and M. De La Mata, Predicting Patient Survival after Liver 

Transplantation Using Evolutionary Multi Objective Artificial Neural Networks 58(1) 

(2013), 37-49. 

 [14] S. S. V. Chandra and C. G. Raji, Artificial Neural Networks in Prediction of Patient 

Survival after Liver Transplantation 7(1) (2016), 1-7. 

 [15] S. S. V. Chandra and C. G. Raji, Predicting the Survival of Graft Following Liver 

Transplantation using a Nonlinear Model 24(5) (2016), 443-452. 

 [16] M. Usha Devi A. Marimuthu and S. Santhana Megala, Predicting the Long-Term 

survival after liver transplantation using deep learning 10(61), 2020. 

[17]  M. Usha Devi and A. Marimuthu, Survey on Long-term forecasting the survival in liver 

transplantation using multilayer perceptron networks, Model for End - Stage Liver 

Disease 12(1), 2020. 


