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Abstract. Malaysia's parliamentary system is a testament to the nation's journey towards democracy and good governance. Through its institutions, processes, and principles, Malaysia continues to evolve and adapt, striving to fulfill the aspirations of its people while upholding the values of justice, equality, and progress. In Malaysia, general elections are held regularly, typically every 5 years, in which citizens across the country exercise their democratic right to elect their representatives. The results of the 15th general election have resulted in a hung parliament where none of the coalition parties had a simple majority with 112 seats. This study aims to measure the strength of each coalition or party by determining each party's power and its winning and blocking coalitions, using the Shapley-Shubik Index.  Subsequently, the critical coalitions can be identified by utilizing the Banzhaf Index. The results show that out of the 512 conceivable coalitions in this study, 243 coalitions were ultimately successful in winning coalitions. Pakatan Harapan (PH) is the highest critical party with an index value of 306, followed by Perikatan Nasional (PN) with 186 and Barisan Nasional (BN) with a value of 184. The analysis conducted using the Shapley-Shubik and Banzhaf Power Index reveals several key insights into Malaysia’s parliamentary system and coalition dynamics. Coalitions play a pivotal role in forming stable governments by leveraging the strengths of multiple parties to achieve the necessary majority in the Parliament.
INTRODUCTION
Malaysia, a vibrant Southeast Asian nation, boasts a parliamentary system deeply rooted in its constitutional framework. Governed by the Federal Constitution, Malaysia's parliamentary system embodies the principles of democracy, accountability, and representation. At the heart of Malaysia's governance is its bicameral legislature, consisting of the Dewan Rakyat (House of Representatives) and the Dewan Negara (Senate). The Yang di-Pertuan Agong (King), as the head of state, is also the component of Parliament. The Dewan Rakyat holds particular significance as the primary legislative body, representing the voices and aspirations of the Malaysian populace through elected members known as Members of Parliament (MPs).
General elections for the Dewan Rakyat are held regularly, typically every five years, where citizens across the country exercise their democratic right to elect their representatives. The Dewan Rakyat consists of 222 members of Parliament (MPs) elected from single-member constituencies drawn based on population in a general election using the first-past-the-post system. These elected MPs form the backbone of Malaysia's parliamentary system, deliberating and enacting laws, scrutinizing government policies, and representing the interests of their constituents. The prime minister of Malaysia leads the executive branch and is chosen following the Dewan Rakyat's majority party. The majority party shall hold at least 112 seats in Dewan Rakyat [1] . The Prime Minister oversees creating and carrying out national policies as well as managing governmental matters in conjunction with the Cabinet.
A key feature of Malaysia's parliamentary system is the division of powers between the legislative, executive, and judicial departments, ensuring a system of checks and balances. This separation aims to prevent the concentration of power and safeguard against abuses of authority, thereby upholding the rule of law and democratic principles. Furthermore, Malaysia's parliamentary system reflects its rich cultural diversity and commitment to inclusivity. With a multi-ethnic and multi-religious society, the nation's parliamentary debates and legislative processes often reflect a tapestry of perspectives, enriching the democratic discourse and fostering national unity.
In essence, Malaysia's parliamentary system stands as a testament to the nation's journey towards democracy and good governance. Through its institutions, processes, and principles, Malaysia continues to evolve and adapt, striving to fulfill the aspirations of its people while upholding the values of justice, equality, and progress.
MALAYSIA ELECTION
The 15th general election was held in Malaysia on Saturday, 19 November 2022 [2] and about 21.1 million Malaysians are eligible to vote in the 15th General Election [3]. All 222 seats in the Dewan Rakyat were contested in the 15th general election. The 220 contested seat result was announced by the morning of 20 November 2022 except for Padang Serai and Baram. The elections resulted in a hung parliament where none had a simple majority with 112 seats. This situation has become history since this is the first time the general election has been held without a simple majority. For the coalition parties to form a new government, they must form another coalition. To build a new coalition and subsequently a new government for the next five years, they must work with the leaders of the coalition parties to coordinate their efforts.  
However, forming a new coalition is a hard task, as the coalition parties or standalone parties do not know the strength of their new coalition. The existing coalitions and parties shall evaluate the strength of their new coalition to ensure they have a stable coalition that will not be able to break down during the 15th Parliamentary period. The main objective of this study is to measure the strength of each coalition or party. To achieve the weight of each coalition must be determined as well as its winning coalition and blocking coalition. Next, the critical party is identified in each coalition.
PREVIOUS STUDIES
Coalitions serve as social systems through which political actors coordinate coordinated action for mutual benefit [4]. Stability is the most thoroughly researched answer to date. One of the primary objectives of coalition formation game analysis is predicting which coalitions will form. A stable coalition structure is one that "protects" its coalitions in the following ways or consists of a collection of coalitions that divide the set of agents: Anytime an agent has an incentive to establish a coalition outside of the structure, another agent has an incentive to forbid that departure and so stops it from happening [5]. 
According to [6], patterns of "continuity and change" within organizations may be influenced by organizational politics, namely the power dynamics of the prevailing coalition. Two inertial forces preserve continuity. Initially, a corporate strategy that aligns with the interests of the dominant coalition is likely to strengthen its influence in a phenomenon known as the entrenchment effect. Second, in response to that corporate strategy, even organizational units that were not originally in the dominant coalition modify their policies; as a result, they can start endorsing this status quo plan. However political dynamics inside the organization can also help with strategic transformation since environmental changes might change the organization’s power structure and create a new, dominant coalition with a different agenda.
Study by [7] relies on the theory of electoral games, the analysis of potential minimal winning coalitions that could emerge from the 2021 Chamber of Deputies elections involves the application of both the Shapley-Shubik and Banzhaf power indices and the theory of coalition formation. The Banzhaf power index appears to be a valuable tool for analyzing coalition formation and power dynamics within various contexts, including organizational politics and electoral games. By examining the influence of individual actors within a coalition, researchers and practitioners can make more informed decisions about strategy, negotiation, and organizational or political dynamics.
METHODOLOGY
The secondary data is collected from the 15th general election report. The number of coalitions or parties that participated in the 15th general election is observed. The data was analyzed by using the Shapley-Shubik and Banzhaf Index. The Banzhaf index calculates the probability of influencing a vote's outcome when voting rights are not equitably allocated to voters or shareholders. After compiling a list of all the victorious coalitions, use the Banzhaf index to count the necessary voters to calculate each voter's strength. A pivotal voter is one who, if he changed his vote from yes to no, would guarantee that the initiative fails. Voter power can be defined as the proportion of all potential shift votes.

Weighted Majority Games Formula: 
		(1)	
where:  				
qᵢ = quota
w₁, w₂,.., wₙ = weight of the players
The possible coalition is calculated:
Coalition = 2ⁿ						(2)
where:  
n = Total of Voters
Results and Findings
In the 15th general election, there were 7 major coalitions involved: Perikatan Nasional, Barisan Nasional, Pakatan Harapan, Gabungan Parti Sarawak, Gabungan Rakyat Sabah, and Gerakan Tanah Air. Table 1 lists the parties that were involved in each coalition accordingly. In addition, several parties ran their campaigns without creating a coalition. The parties competing are Warisan, Sarawak People’s Awareness Party, Sabah People’s Unity Party (PPRS), People’s First Party, Parti Bangsa Malaysia (PBM), Parti Rakyat Malaysia (PRM), Socialist Party of Malaysia (PSM), and Independents.

TABLE 1. List of parties involved in coalitions
	Pakatan Harapan (PH)
	Gabungan Parti Sarawak (GPS)
	Gabungan Rakyat Sabah (GRS)
	Perikatan Nasional (PN)
	Barisan Nasional (BN)
	Gerakan Tanah Air (GTA)
	Sarawak United
People’s Alliance

	1. PKR
2. DAP
3. Amanah
4. MUDA
5. UPKO
	1. PPBB
2. SUPP
3. PDP
4. PRS
	1. GRS
2. USP
3. HSP
4. SPP
	1. Bersatu
2. PAS
3. Gerakan
	1. UMNO
2. MCA
3. MIC
4. PBRS
5. KIMMA
6. MMSP
7. IPF
8. LMP
	1. Berjasa
2. Putra
3. Gagasan Bangsa
4. IMAN
	1. PSB
2. PBDS
3. PBK



Nine coalition parties and standalone parties that gained seats from the total of sixteen coalitions and parties that ran in the general election will form a new coalition to form a new government. Table 2 lists all the coalitions and parties that will form a new coalition to form a government, while Table 3 lists the number of seats each coalition party and freestanding party earned in the general election.

TABLE 2. The 15th General Election Results
	Voter
	Coalition / Parties
	Seat Won

	1
	Pakatan Harapan (PH)
	82

	2
	Gabungan Parti Sarawak (GPS)
	23

	3
	Gabungan Rakyat Sabah (GRS)
	6

	4
	Perikatan Nasional (PN)
	74

	5
	Barisan Nasional (BN)
	30

	6
	Gerakan Tanah Air (GTA)
	0

	7
	Sarawak United People’s Alliance
	0

	8
	Social Democratic Harmony Party (KDM)
	1

	9
	Warisan
	3

	10
	Parti Bangsa Malaysia (PBM)
	1

	11
	Parti Rakyat Malaysia (PRM)
	0

	12
	Socialist Party of Malaysia (PSM)
	0

	13
	Sarawak People’s Awareness Party
	0

	14
	Sabah People’s Unity Party (PPRS)
	0

	15
	People’s First Party
	0

	16
	Independents
	2



TABLE 3. The number of seats won by each coalition.
	Voter
	Coalition / Parties
	Seat Won

	1
	Pakatan Harapan (PH)
	82

	2
	Gabungan Parti Sarawak (GPS)
	23

	3
	Gabungan Rakyat Sabah (GRS)
	6

	4
	Perikatan Nasional (PN)
	74

	5
	Barisan Nasional (BN)
	30

	6
	Social Democratic Harmony Party (KDM)
	1

	7
	Warisan
	3

	8
	Parti Bangsa Malaysia (PBM)
	1

	9
	Independents
	2



Nine coalitions or parties (referred to as voters hereafter) currently hold the 15th General Coalition. The formation of a new coalition is necessary to form a new government because no voter received a simple majority of 112 seats. The potential alliance has been tallied to determine what can be formed by the winning parties. The number of coalitions formed is 2⁹, which is a total of 512 coalitions. The weight of the coalition is determined by the total number of seats that each voter has won; this weight is obtained from the list of all possible coalitions. Hence, the coalition's weight of each voter is determined by using the Shapley-Shubik Index as follows: 
[112; 82, 23, 6, 74, 30, 1, 3, 1, 2]
A coalition that has more weight than the quota overall is the one that wins. The total number of seats from each voter is used as the weight in this study, and the quota of 112 seats represents the simple majority needed to create a government. The alliance is said to have won once it exceeds 112 seats. Out of the 512 coalitions, 243 coalitions were ultimately successful.  The illustration of a successful coalition for each voter is displayed in Table 4.

TABLE 4. Winning Coalitions
	Coalition
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Total Seats (W)
	Coalition Status

	v({1,4}) 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	156
	Winning

	v({1,5}) 
	1
	 
	 
	 
	1
	 
	 
	 
	 
	112
	Winning

	v({1,2,4}) 
	1
	1
	 
	1
	 
	 
	 
	 
	 
	179
	Winning

	v({1,2,5}) 
	1
	1
	 
	 
	1
	 
	 
	 
	 
	135
	Winning

	v({1,3,4}) 
	1
	 
	1
	1
	 
	 
	 
	 
	 
	162
	Winning

	v({1,3,5}) 
	1
	 
	1
	 
	1
	 
	 
	 
	 
	118
	Winning

	v({1,4,5}) 
	1
	 
	 
	1
	1
	 
	 
	 
	 
	186
	Winning

	v({n,.,.,.,.})
	-
	-
	-
	-
	-
	-
	-
	-
	-
	---
	Winning

	v({1,2,3,4,5,6,7,8,9}) 
	1
	1
	1
	1
	1
	1
	1
	1
	1
	222
	Winning



The next stage is to use the Banzhaf Power Index to determine which voters are crucial to each winning alliance after the winning coalitions have been determined. For the coalition, a voter is deemed essential if their weight surpasses the total amount of extra votes [8]. Critical voters are classified as “1,” whilst non-critical voters are classified as “0.” Voter 1 is crucial for 153 alliances, according to the results. For 35 alliances, voter #2 is crucial. For 27 alliances, voter number three is vital. For 93 alliances, voter #4 is crucial. For 92 alliances, voter 5 is essential. Finally, voter 6 and voter 8 are crucial for three coalitions, and voters 7 and 9 are crucial for five coalitions. Table 5 illustrates the results of the Banzhaf Index.




TABLE 5. Critical Voter in Each Winning Coalition
	Winning Coalition
	Quota (Q)
	112
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	Weight (W)
	Extra Votes (W-Q)
	82
	23
	6
	74
	30
	1
	3
	1
	2

	v({1,4})
	156
	44
	1
	0
	0
	1
	0
	0
	0
	0
	0

	v({1,5})
	112
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0

	v({1,2,4})
	179
	67
	1
	0
	0
	1
	0
	0
	0
	0
	0

	v({1,2,5})
	135
	23
	1
	0
	0
	0
	1
	0
	0
	0
	0

	v({1,3,4})
	162
	50
	1
	0
	0
	1
	0
	0
	0
	0
	0

	v({n,.,.,.,.})
	---
	--
	-
	-
	-
	-
	-
	-
	-
	-
	-

	v({1,2,3,4,5,6,7,8,9})
	222
	110
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CRITICAL VOTERS
	153
	35
	27
	93
	92
	3
	5
	3
	5



Next, the blocking coalition is developed using the same calculation as determining winning coalitions, but the voters who were not in the winning coalition are considered. The results are represented in Table 6. 

TABLE 6. Critical Voter in Blocking Coalition
	[bookmark: _Hlk170545995]Winning Coalition
	Blocking Coalition
	Quota (Q)
	111
	1

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	

	
	82
	23
	6
	74
	30
	1
	3
	1
	2
	Weight (W)
	Extra Votes (W-Q)
	82

	v({1,4}) 
	1
	1
	1
	0
	1
	1
	1
	1
	1
	148
	37
	1

	v({1,5}) 
	1
	1
	1
	1
	0
	1
	1
	1
	1
	192
	81
	1

	v({1,2,4}) 
	1
	0
	1
	0
	1
	1
	1
	1
	1
	125
	14
	1

	v({1,2,5}) 
	1
	0
	1
	1
	0
	1
	1
	1
	1
	169
	58
	1

	v({1,3,4}) 
	1
	1
	0
	0
	1
	1
	1
	1
	1
	142
	31
	1

	v({1,4,5,6,7,8,9}) 
	1
	1
	1
	0
	0
	0
	0
	0
	0
	111
	0
	1

	v({1,2,3,4,6,7,8,9}) 
	1
	0
	0
	0
	1
	0
	0
	0
	0
	112
	1
	1

	v({n,.,.,.,.})
	-
	-
	-
	-
	-
	-
	-
	-
	-
	---
	--
	-

	v({1,2,3,5,6,7,8,9}) 
	1
	0
	0
	1
	0
	0
	0
	0
	0
	156
	45
	1

	
	
	
	
	
	
	
	
	
	
	CRITICAL VOTERS
	153



A summary of the details that each voter's winning and blocking is presented in Table 7. Pakatan Harapan (PH) is the most critical (306), followed by Perikatan Nasional (PN) (186). While, Barisan Nasional has ranked third with 184 critical votes.
TABLE 7. Summary of Critical Voters
	Voter
	Coalition / Parties
	Total Seat Won
	Critical Voter (Winning Coalition)
	Critical Voter (Blocking Coalition)
	Critical Voter
(Total)
	Rank

	1
	Pakatan Harapan (PH)
	82
	153
	153
	306
	1

	2
	Gabungan Parti Sarawak (GPS)
	23
	35
	35
	70
	4

	3
	Gabungan Rakyat Sabah (GRS)
	6
	27
	27
	54
	5

	4
	Perikatan Nasional (PN)
	74
	93
	93
	186
	2

	5
	Barisan Nasional (BN)
	30
	92
	92
	184
	3

	6
	Social Democratic Harmony Party (KDM)
	1
	3
	3
	6
	8

	7
	Warisan
	3
	5
	5
	10
	6

	8
	Parti Bangsa Malaysia (PBM)
	1
	3
	3
	6
	9

	9
	Independents
	2
	5
	5
	10
	7


From the results, it can be observed that the voters have an impact on forming winning coalitions. The critical voter that Barisan Nasional (BN) brought in is the most intriguing aspect. Even though their performance in the 15th general election was the worst, they are still the key players in the new alliance that formed the new government. Despite having just 30 seats in the parliament, they have a high voter turnout for the new alliance, which is close to the turnout for Perikatan Nasional (PN), which is in second place.
Conclusion
This study reveals several key insights into Malaysia’s parliamentary system and coalition dynamics. Firstly, the study underscores the crucial role of coalition building, particularly where no single party secures a simple majority in the general election. Coalitions play a pivotal role in forming stable governments by leveraging the strengths of multiple parties to achieve the necessary majority in the Dewan Rakyat. Within these coalitions, individual parties wield significant influence, with parties like Pakatan Harapan and Perikatan Nasional emerging as key players in determining the formation of a new government. Interestingly, despite experiencing a decrease in the seats won, Barisan Nasional emerges as a critical voter due to its high number of critical voters, highlighting the strategic importance of smaller parties in coalition dynamics. The analysis also underscores the complexity of coalition politics, emphasizing the need for negotiation, compromise, and consensus-building among diverse political entities. Overall, the study demonstrates the adaptability and resilience of Malaysia’s parliamentary system in responding to electoral outcomes and highlights the importance of inclusive decision-making processes in forming a stable and effective government.
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