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 In this paper, we discuss a modification to the Gale Shapley algorithm in this 

study. We concentrated on how the modified algorithm would operate if the 

data sets for men and women were not equal. We showed how to measure 

the average energies of men and women with equal and unequal sets, how 

the new design of the algorithm will benefit both parties by duplicating sets 

of data to fill the unequal sets of data, resulting in an equal set of pairings, 

and how to measure the average energies of men and women of the new 

algorithm in this paper. Having stated that, each couple will have a stable 

partner and/or will be queued to the algorithm's suggested stable partner. 
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1. INTRODUCTION  

Gale and Shapley addressed a problem of applying to college applicants who can only meet a 

specific quota. There are n males and n women in each neighborhood. According to his or her choices for a 

marriage mate, each individual rates those of the opposing sex. We're looking for an acceptable approach to 

marrying all the community's members. If there are men and women who are not married but prefer each 

other to their actual partners, a group of marriages is considered unstable. If stable matches exist, it must be 

established which one is favored, therefore a stable assignment is considered optimum if every applicant is at 

least as well off as under any other stable assignment [1]-[4]. With the stable marriage problem, Gale and 

Shapley used a mathematical approach, discarding reality-based applications and even doubting whether the 

stable marriage algorithm contributed to the initial admissions problem at all [1]-[3]. The stable marriage 

algorithm is being used to solve a variety of problems in computer programming, including industry-related 

problems. One of which is a performance-based stable matching for employees. This stable matching using 

the stable marriage algorithm provided optimal pairing results for the employees [5]-[9].  

A variety of systems [10], [11], industry-related problems [12]-[14], and economical problems [15] 

uses the stable marriage algorithm. Although useful, the application of the algorithm still has its lapses 

depending on specific requirements. The researchers aim to provide an enhancement to the algorithm in terms 

of job-seeking applications. One, the algorithm was necessarily designed to fit a mathematical scenario that does 

not resemble anything in real life [1], [2], [8], [16]. And, if the essential parameters are altered, it can pose 

certain usability issues, one of which is that little is known about how the structure of stable results is affected 
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by its features [17], [18]. Secondly, if one member of a set is removed, causing an imbalanced number of 

members in the sets, the algorithm shows a significant shift from advantageous to disadvantageous. [19]-[22]. 

The goal of this paper is to improve an altered Gale-Shapley Algorithm that can optimally provide stable 

matches with imbalanced sets. This involves researching ways to measure instability of unequal sets and 

developing additional or alternative steps in the algorithm optimized for the proposed goal. The paper aims to 

further enhance the algorithm based on the proposed enhancement and does not aim to provide any mathematical 

improvements nor compare with other similar problems [23], [24] unless new discoveries can be made. 

 

 

2. RESEARCH METHOD  

Men and women will be used to exemplify a situation where one side of the pair is unequal to the 

other side of the pair. The following formulae will be used to calculate men's and women's average energies, 

which may be used to determine one feature of the Gale-Shapley algorithm that causes instability [17], [18]. 

These formulae can be used to show that uneven sets can still affect one of the Gale-Shapley algorithm's 

properties. 

 

2.1.  Average energies of men and women where number of men and women are equal 

In (1) gives a method for calculating the average energy of men. In (2) gives a method for 

calculating the average energy of women. These equations are used when the number of men and women is 

equal and are used as the stable standard in this study [19]. 

 

𝑒𝑚 = log(𝑁) (1) 

 

em–Average Energy of Men 

N–Number of Men 

 

𝑒𝑤 = 𝑁/ 𝑙𝑜𝑔(𝑁) (2) 

 

ew–Average Energy of Women 

 

2.2.  Average energies of men and women where number of men is greater than women  

In (3) is used to calculate the average energy of men. In (4) is used to calculate the average energy 

of women. These equations are used when the number of men is greater than the number of women [19]. 
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2.3.  Average energies of men and women where number of women is greater than men 

In (5) is used to calculate the average energy of men. In (6) is used to calculate the average energy 

of women. These equations are used when the number of women is greater than the number of men [19]. 
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3. RESULTS AND DISCUSSION 

The researchers investigated a method for determining the instability of unequal sets by measuring 

the average energies of men and women in the three different equality and inequality cases (equal men and 

women, number of men is greater than number of women, and number of women is greater than number of 

men) and came up with the results shown [19], [25] in Figure 1. 

 

 

 
 

Figure 1. N males and M women's average energy vs. the number of women M, where N is set to 1,000. 

Averaging over 100 realizations yields the result 

 

 

The number of men is fixated to 1,000 and the number of women M vary from 1 to 2,000. The 

graph in Figure 1 demonstrates that men's average energy levels rise in the beginning and nearly saturate 

when M hits 700. It's worth noting that when M is close to 1, the average energy is low. It can be used to 

explain a variety of social phenomena. When there are too few women (M near to 1), most men in the 

matching process end up single. However, as sociologist Veenhoven [26] points out, happiness "results from 

comparison," hence a low overall happiness level is not unexpected. 

When M approaches 1,000; both men and women's energies shift dramatically. In this location, 

men's energy levels plummet, whilst women's energy levels skyrocket. The energy of the active side and the 

passive side switch places. As M rises, men's energy falls; in contrast, women's energy rises, which is normal 

given that more women fight for a limited number of males. The use of these formulas determines the 

different energy of men and women when there are unequal number of men and women that are to be paired 

with each other. This situation can also be applied to job finding applications where there could be more 

applicants than available jobs or vice versa. 

 

 

4. CONCLUSION  

The Gale-Shapley Algorithm can further be studied by exploring its different characteristics and in 

this study’s case, the number of participants is explored. This exploration led to the discovery of the Average 

energies of men and women. These averages and how they are constructed can be used to determine the 

different instabilities that inequalities will produce, as well as how well future developments of the Gale-

Shapley Algorithm in terms of how it handles inequality can be measured. Furthermore, future research 

might focus on the development of the Gale-Shapley algorithm, with the goal of determining how to restore 

the average energies of men and women, for job finding applications, by adjusting the Algorithm or the 

information presented. 

 

 

ACKNOWLEDGEMENTS 
Foremost, it is a genuine pleasure to express our deepest gratitude to our professor and thesis and 

adviser. His dedication led us to be more inspired and eager to finish the paper. His advice and criticism 

helped us to a great extent to accomplish the goals we lined up. It is also a privilege that our university, 

Pamantasan ng Lungsod ng Maynila, specifically the Computer Science Department of College of 

Engineering and Technology, provided financial help to publish our paper. We give our utmost gratitude 

because this wouldn't be possible without them. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Enhancement of Gale-Shapley algorithm with imbalanced sets for hiring … (Arnin Aaron D. Mendoza) 

957 

REFERENCES 
[1] D. Gale and L. S. Shapley, “College admissions and the stability of marriage,” The American Mathematical Monthly, vol. 69, no. 

1, pp. 9–15, Jan. 1962, doi: 10.1080/00029890.1962.11989827. 
[2] D. F. Manlove, Algorithmics of matching under preferences, vol. 2. World Scientific, 2013. 

[3] L. E. Dubins and D. A. Freedman, “Machiavelli and the Gale-Shapley algorithm,” The American Mathematical Monthly, vol. 88, 

no. 7, pp. 485–494, 1981, doi: 10.2307/2321753. 
[4] R. W. Irving, P. Leather, and D. Gusfield, “An efficient algorithm for the ‘optimal’ stable marriage,” Journal of the ACM, vol. 34, 

no. 3, pp. 532–543, Jul. 1987, doi: 10.1145/28869.28871. 

[5] E. Elviwani, A. Putera Utama Siahaan, and L. Fitriana, “Performance-based stable matching using Gale-Shapley algorithm,” in 
Proceedings of the Joint Workshop KO2PI and The 1st International Conference on Advance & Scientific Innovation, 2018, pp. 

59–68, doi: 10.4108/eai.23-4-2018.2277597. 

[6] M. Abououf, S. Singh, H. Otrok, R. Mizouni, and A. Ouali, “Gale-shapley matching game selection—A framework for user 
satisfaction,” IEEE Access, vol. 7, pp. 3694–3703, 2019, doi: 10.1109/ACCESS.2018.2888696. 

[7] J. Bills and Y. D. Ng, “Looking for jobs? matching adults with autism with potential employers for job opportunities,” in 25th 

International Database Engineering & Applications Symposium, Jul. 2021, pp. 212–221, doi: 10.1145/3472163.3472270. 
[8] A. Saini, F. Rusu, and A. Johnston, “PrivateJobMatch: a privacy-oriented deferred multi-match recommender system for stable 

employment,” in Proceedings of the 13th ACM Conference on Recommender Systems, 2019, pp. 87–95, doi: 10.1145/3298689.3346983. 

[9] B. Pittel, “One-sided version of Gale–Shapley proposal algorithm and its likely behavior under random preferences,” Discrete 

Applied Mathematics, vol. 292, pp. 1–18, Mar. 2021, doi: 10.1016/j.dam.2020.12.020. 

[10] P. Everaere, M. Morge, and G. Picard, “Minimal concession strategy for reaching fair, optimal and stable marriages,” in 

Proceedings of the 2013 international conference on Autonomous agents and multi-agent systems, 2013, pp. 1319-1320, doi: 
10.1.1.474.2236. 

[11] C. Cheng, and W. Rosenbaum, “Stable matchings with restricted preferences: structure and complexity,” in Proceedings of the 
22nd ACM Conference on Economics and Computation, Jul. 2021, pp. 319-339, doi: 10.1145/3465456.3467618. 

[12] F. Eskandanian, and B. Mobasher, “Using stable matching to optimize the balance between accuracy and diversity in 

recommendation,” in Proceedings of the 28th ACM Conference on User Modeling, Adaptation and Personalization, Jul. 2020, pp. 
71-79, doi: 10.1145/3340631.3394858. 

[13] N. Kamiyama, “Many-to-many stable matchings with ties, master preference lists, and matroid constraints,” in Proceedings of the 

18th International Conference on Autonomous Agents and Multiagent Systems, May 2019, pp. 583-591. 
[14] D. Ferguson, D. Meulbroek, M. Ohland, and F. Berry, “Forming more effective teams using CATME TeamMaker and the Gale-Shapley 

algorithm,” in 2019 IEEE Frontiers in Education Conference (FIE), Mar. 2020, pp. 1-5, doi: 10.1109/FIE43999.2019.9028552. 

[15] L. Zhang, and L. Y. Laili, “QoS-aware service composition in cloud manufacturing: a Gale–Shapley algorithm-based approach,” in IEEE 
Transactions on Systems, Man, and Cybernetics: Systems 50, no. 7, Apr. 2018, pp. 2386-2397, doi: 10.1109/TSMC.2018.2814686. 

[16] R. Vaish and D. Garg, “Manipulating Gale-Shapley algorithm: preserving stability and remaining inconspicuous,” in Proceedings 

of the Twenty-Sixth International Joint Conference on Artificial Intelligence (IJCAI-17), Aug. 2017, doi: 10.24963/ijcai.2017/62. 
[17] I. Ashlagi, Y. Kanoria, and J. D. Leshno, “Unbalanced random matching markets: the stark effect of competition,” Journal of 

Political Economy, vol. 125, no. 1, pp. 69–98, Feb. 2017, doi: 10.1086/689869. 

[18] M. Dzierzawa and M.-J. Oméro, “Statistics of stable marriages,” Physica A: Statistical Mechanics and its Applications, vol. 287, 
no. 1–2, pp. 321–333, Nov. 2000, doi: 10.1016/S0378-4371(00)00344-7. 

[19] G. Y. Shi, Y. X. Kong, B. L. Chen, G. H. Yuan, and R. J. Wu, “Instability in stable marriage problem: Matching unequally 

numbered men and women,” Complexity, vol. 2018, 2018, doi: 10.1155/2018/7409397. 
[20] N. Zacharia, E. Papaioannou, and C. Kaklamanis, “An efficient implementation of the Gale and Shapley ‘propose-and-reject’ 

algorithm,” Electronic Journal of Graph Theory and Applications, vol. 8, no. 1, pp. 29–57, Apr. 2020, doi: 10.5614/ejgta.2020.8.1.4. 

[21] V. P. Crawford, “Comparative statics in matching markets,” Journal of Economic Theory, vol. 54, no. 2, pp. 389–400, Aug. 1991, 
doi: 10.1016/0022-0531(91)90129-R. 

[22] E. M. Azevedo and J. D. Leshno, “A supply and demand framework for two-sided matching markets,” Journal of Political 

Economy, vol. 124, no. 5, pp. 1235–1268, Oct. 2016, doi: 10.1086/687476. 
[23] R. W. Irving, P. Leather, and D. Gusfield, “An efficient algorithm for the ‘optimal’ stable marriage,” Journal of the ACM, vol. 34, 

no. 3, pp. 532–543, Jul. 1987, doi: 10.1145/28869.28871. 

[24] B. Genc, M. Siala, G. Simonin, and B. O’Sullivan, “An approach to robustness in the stable roommates problem and its 
comparison with the stable marriage problem,” in CPAIOR 2019: Integration of Constraint Programming, Artificial Intelligence, 

and Operations Research, 2019, vol. 11494, pp. 320–336, doi: 10.1007/978-3-030-19212-9_21. 

[25] P. Renna, “Peak electricity demand control of manufacturing systems by Gale-Shapley algorithm with discussion on open 
innovation engineering,” Journal of Open Innovation: Technology, Market, and Complexity, vol. 6, no. 2, p. 29, Apr. 2020, doi: 

10.3390/joitmc6020029. 

[26] R. Veenhoven, “Is happiness relative?,” Social Indicators Research, vol. 24, no. 1, pp. 1–34, Feb. 1991, doi: 10.1007/BF00292648. 
 

 

BIOGRAPHIES OF AUTHORS  

 

 

Arnin Aaron D. Mendoza     is a senior student at Pamantasan ng Lungsod ng 

Maynila where he is currently taking Bachelor of Science in Computer Science. He is also a 

Founder and President of the PLM Independent Film and Arts, and a former member of the 

PLM Supreme Student Council. He is also a consistent Dean’s Lister. He can be contacted at 

email: aadmendoza2018@plm.edu.ph. 

https://orcid.org/0000-0002-4996-6135


                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 27, No. 2, August 2022: 954-958 

958 

 

Leila Jorg C. Barbosa     is a senior at Pamantasan ng Lungsod ng Maynila where 

she is majoring in Computer Science. She has developed her interest in Computer Science 

because of her love for gaming. She learned its fundamentals as a Senior High School student 

in the same university. She also has a passion for filmmaking and art. She is an aspiring 

software engineer and wants to be a part of projects that could potentially solve world 

problems. She can be contacted through her email: ljcbarbosa2018@plm.edu.ph. 

  

 

Dr. Dan Michael A. Cortez      is currently an Associate Professor at the 

Pamantasan Ng Lungsod Ng Maynila. He is also the Program Chair of the Computer Science 

Department and at the same time, the Assistant Dean of the Office of Student and 

Development Service. He has ten (10) years of teaching experience. He graduated with the 

degree of Bachelor of Science in Information Technology from the Pamantasan ng Lungsod 

ng Maynila. He also obtained his Master of Science in Information and Communications 

Technology degree from the same university. He finished his Doctor in Information 

Technology from Technological Institute of the Philippines-Quezon City Campus. He is a 

member of the Philippine Society of Information Technology Educators (PSITE-NCR) and 

Computing Society of the Philippines. He is also an author of various books and has already 

published his research in the field of Information Technology, both locally and 

internationally. dmacortez@plm.edu.ph. 
  

 

Prof. Raymund M. Dioses      is currently Assistant Professor I at Pamantasan Ng 

Lungsod ng Maynila. He is from the Department of Education Senior High School 

Department before he entered at Pamanatasan ng Lungsod ng Maynila. His teaching abilities 

was greatly enhanced by working experience at CORE Gateway College Inc. (CGCI) where 

he served as one of the College Faculty and Chairperson of the Computer Education 

Department for eight (8) years and five (5) years is Senior High School as Teacher II at 

Department of Education. He is graduated with the degree of Bachelor of Science in 

Computer Science at St. Jude College. He finished his master’s degree program in Master of 

Arts in Education major in Educational Management at CORE Gateway College, San Jose 

City Nueva Ecija. He studies another master’s degree program in Master of Information 

Technology major in Computer Education, ongoing thesis at Nueva Ecija University of 

Science and Technology, Cabanatuan City, Nueva Ecija. rmdioses@plm.edu.ph. 

  

 

Prof. Vivien A. Agustin      has been teaching in the field of Information 

Technology for almost 22 years. She is a full-time faculty member of Pamantasan ng 

Lungsod ng Maynila, under the College of Engineering and Technology. She earned a 

bachelor's degree in Information Technology from St. Paul University in Tuguegarao, 

Cagayan. She also holds a master’s degree in Information Technology from Pamantasan ng 

Lungsod ng Maynila in 2021 and Master of Public Management Governance from 

Universidad de Manila in 2015.vaagustin@plm.edu.ph. 

  

 

Prof. Richard C. Regala     is currently the Computer Laboratory Administrator of 

the College of Engineering and Technology of Pamantasan Ng Lungsod Ng Maynila. He is 

also a fulltime faculty member of the Computer Science Department. He has more than 

twenty (20) years of teaching experience. He graduated with the degree of Bachelor of 

Science in Computer Science from the Pamantasan ng Lungsod ng Maynila. He is currently 

enrolled in Master of Science in Information and Communications Technology degree from 

the same university and in the final stage of his thesis defense. He is a member of the 

Philippine Society of Information Technology Educators (PSITE-NCR) and Computing 

Society of the Philippines. He is also an author of various books and has already published 

his research in the field of Information Technology, both locally and internationally. 

rcregala@plm.edu.ph  

 

 

mailto:ljcbarbosa2018@plm.edu.ph
mailto:dmacortez@plm.edu.ph
mailto:rmdioses@plm.edu.ph
mailto:vaagustin@plm.edu.ph
mailto:rcregala@plm.edu.ph
https://orcid.org/0000-0003-0730-6697
https://orcid.org/0000-0001-8666-8105
https://orcid.org/0000-0003-0671-0006
https://orcid.org/0000-0001-7357-3596
https://orcid.org/0000-0002-8475-4736

