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Abstract: The increasing reliance on computer networks and blockchain technology has led to a
growing concern for cybersecurity and privacy. The emergence of zero-day vulnerabilities and
unexpected exploits has highlighted the need for innovative solutions to combat these threats. Bug
bounty programs have gained popularity as a cost-effective way to crowdsource the task of identifying
vulnerabilities, providing a secure and efficient means of enhancing cybersecurity. This paper
provides a comprehensive survey of various free and paid bug bounty programs in the computer
networks and blockchain industry, evaluating their effectiveness, impact, and credibility. The study
explores the structure, incentives, and nature of vulnerabilities uncovered by these programs, as
well as their unique value proposition. A comparative analysis is conducted to identify advantages
and disadvantages, highlighting the strengths and weaknesses of each program. The paper also
examines the role of ethical hackers in bug bounty programs and their contributions to strengthening
cybersecurity and privacy. Finally, the study concludes with recommendations for addressing the
challenges faced by bug bounty programs and suggests potential future directions to enhance their
impact on computer networks and blockchain security.

Keywords: bug bounty programs; blockchain; cybersecurity; privacy; network security; software
vulnerabilities; ethical hacking; zero-day vulnerabilities; exploits; crowdsourcing; cyber threats;
vulnerability discovery; security vulnerabilities

1. Introduction

New software, websites, and web applications are being developed daily on a global
scale. However, this rapid growth also brings an increased risk of security threats. Often,
these vulnerabilities stem from bugs inadvertently introduced during the development
process. Cyber attackers, adept at identifying and exploiting such weaknesses, can ma-
nipulate these bugs to gain unauthorized access and potentially harvest sensitive data.
To get ahead of security threats, bug bounty programs have become a significant part of
cybersecurity strategies for many organizations. Security researchers earned approximately
USD 40 million from bug bounty programs in 2019 [1].

Bug bounty programs leverage the collective intelligence of the cybersecurity commu-
nity, and have emerged as a cost-effective solution to the persistent and ubiquitous threats
that exploit network vulnerabilities. They are considered effective as they enable organiza-
tions to discover and fix vulnerabilities before they can be exploited. These programs offer
a proactive approach to security, helping to identify and address vulnerabilities before they
are exploited. They can be more cost-effective than traditional security measures, as they
tap into the collective expertise of the security community. The number of hacker-powered
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security initiatives grew by at least 30% in various regions, with Latin America leading at a
41% growth rate [2].

Platforms such as Bugcrowd, HackerOne, Cobalt, Synack, and Zerocopter [3,4] have
pioneered the concept of creating a user-friendly ecosystem where organizations can
collaborate with numerous ethical hackers. These platforms facilitate cyber threat resolution
by harnessing the collective expertise of these security professionals. Ethical hackers are
incentivized to report vulnerabilities to the respective companies, often receiving rewards
for their contributions. Collectively, these initiatives are known as bug bounty programs or
vulnerability assessments.

Through these programs, organizations offer a structured environment where the
security of their software and websites can be rigorously tested. Ethical hackers report any
detected vulnerabilities and, in return, may receive monetary compensation or other forms
of credit. Additionally, participants can gain recognition through ‘Hall of Fame’ listings,
which also serve to enhance their reputation within these platforms. In Figure 1, a graph
of domains targeted by cybercriminals provides a detailed analysis of various business
sectors that are frequently targeted by hackers. This includes financial services, online
service platforms, and e-commerce, which together account for up to 50% of all cyber
attacks worldwide.

Figure 1. An overview of business domains and sectors targeted by cybercriminals.

These programs are not only used by the private sector; instead, in preparation for
launching official software and web applications, governments often conduct thorough
testing. To enhance this process, many have established bug bounty programs, which
offer a safer and more cost-effective alternative to traditional security audits [5]. For
example, Singaporean authorities initiated a bounty program for their technology company,
aimed at strengthening the security of their IT infrastructure. The rewards for identifying
bugs ranged from SGD 250 to SGD 5000, depending on the severity of the vulnerabilities
discovered. In exceptional cases, where a bug could potentially compromise an entire
government database and cause substantial harm, a special reward of up to SGD 150,000
was offered [6].

Similarly, in the United States, the Department of Defense (DoD) launched the ‘Hack
the Pentagon’ initiative. This pioneering program, introduced in 2016, was designed to
secure the DoD’s IT infrastructure prior to public deployment [7,8]. To date, there have
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been 40 bug bounty programs, engaging over 1400 security researchers. These white
hat hackers have been instrumental in identifying more than 2100 vulnerabilities within
the DoD’s systems [9]. On average, each program uncovered 38 vulnerabilities, with
11 deemed critical, 23 high, and 4 medium in severity. The impact of these findings
has significantly enhanced the security posture of both the DoD and the Pentagon. The
rewards for vulnerability assessments on platforms like HackerOne range from USD 100 to
USD 15,000 [10].

The rapid emergence of blockchain technology has created a pressing need for com-
panies to integrate it into their operations, but this integration also presents a significant
cybersecurity challenge. As technology advances, security threats proliferate, prompting
companies to initiate their bug bounty programs to identify and remediate vulnerabili-
ties [11]. Bug bounty programs have evolved to become a crucial component of a company’s
cybersecurity strategy, with many organizations either managing them internally or lever-
aging third-party platforms [12]. Despite the growing popularity of bug bounty programs,
there remains a conspicuous absence of comprehensive research that explores this domain.
Furthermore, few studies have investigated the differences between company-based and
platform-based programs or examined the latest innovations in the industry [13]. This
knowledge gap highlights the need for a systematic analysis of bug bounty programs in
the context of blockchain adoption, as well as the role they play in enhancing cybersecurity
and ensuring the integrity of blockchain-based systems.

We realize that blockchain technology is widely used for security applications in
various fields, with a significant focus on IoT, healthcare, and wireless networks. Also,
smart contracts are commonly used in blockchain security solutions, and integration with
other technologies is also a popular practice to enhance security [14]. Therefore, having
bug bounty platforms that accommodate these platforms’ security and privacy is needed.

Our research aims to fill this void by presenting an exhaustive overview of the bug
bounty ecosystem and conducting an in-depth comparative study of both platform-based
and company-based programs. A review of the existing literature reveals a gap in dis-
cussions surrounding the challenges and opportunities within the bug bounty landscape,
as well as the emerging innovations. This presents a unique opportunity to consolidate
these topics into a singular article, providing valuable insights for both bug hunters and
organizations. In our study, we seek to address pivotal questions that often challenge
newcomers to the bug bounty field. We will scrutinize the pros and cons of these platforms
from the perspectives of hackers and the entities offering bug bounty programs. In this
article, we address the following:

1. We conduct a comprehensive review of the blockchain landscape and bug bounty
ecosystem, providing a detailed understanding of the current state of bug bounty
programs for computer networks and blockchain-based companies.

2. We investigate the effectiveness of different bug bounty program models (platform-
based and company-based) and identify the most suitable platforms for launching a
bug bounty program.

3. We compare and analyze various bug bounty programs, uncovering their unique
value propositions, challenges, and opportunities, as well as identifying innovations
that are shaping the future of bug bounty programs and their potential applications in
the blockchain space.

2. Background

This Section will review the existing studies that explore the challenges, benefits, and
analysis of bug bounty programs. For the ease of the reader’s understanding, Table 1
presents a comparative analysis of selected studies in an easy-to-understand manner.

Malinka et al. [15] considered that integrating bug bounty programs into cybersecurity
education was a promising strategy. Their idea was to add real-world bug bounty into
the curriculum of students to enhance their practical skills and contribute to the overall
security infrastructure. The results were promising as they assisted students in building
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practical skills and knowledge of how to tackle real-world problems, providing them with
exposure to the ethical hacking industry and training them to reduce the gap between
academia and practical skills. Magalhaes et al. [16] highlighted that bug bounty programs
are novel approaches in cybersecurity that use a global community of ethical hackers
to find vulnerabilities. Although such programs provide monetary benefits for finding
vulnerabilities at a low cost, there are other moral and legal issues to consider as well.
Organizational rules are intended to maintain authority and guarantee ethical behavior.
Yet, legal uncertainties continue to exist, creating difficulties for regulatory frameworks
and compliance. National and international authorities need to handle these challenges as
bug bounty programs develop to protect legal integrity, ethical standards, and ultimately,
cybersecurity performance.

Table 1. Comparative analysis of literature review.

Author Challenges Opportunity Platforms Base
Program

Company Base
Program

Emerging
Trends

Malinka et al. [15] × ✓ × × ×
Magalhaes et al. [16] ✓ ✓ × ✓ ×
Gersbach et al. [17] × × × × ✓

Wachter et al. [18] × ✓ × × ×
Akgul et al. [19] ✓ ✓ × ✓ ×
Maulani et al. [20] ✓ ✓ × × ×
Atefi et al. [21] ✓ ✓ × × ×
Melo et al. [22] × × ✓ × ✓

Canido et al. [23] × × × × ✓

Shafigh et al. [24] ✓ × ✓ × ✓

Walshe et al. [3] × ✓ × × ×
Sivagnanam et al. [25] × ✓ × × ×
Zhao et al. [26] × ✓ ✓ × ×
Bhushan et al. [27] ✓ ✓ × × ×
Akgul et al. [28] ✓ ✓ × ✓ ×
Bukangwa et al. [29] × × ✓ × ✓

Wachs et al. [30] × ✓ ✓ × ×
Sridhar et al. [31] × ✓ × × ×
This Paper ✓ ✓ ✓ ✓ ✓

Symbols: ✓—The research covers this aspect. ×—The research does not cover this aspect.

Gersbach et al. [17] highlighted the concept of artificial bug insertion which will
increase the search for actual bugs. The paper suggested that only one bug is sufficient
to achieve all possible efficiency gains. Artificial bugs are especially beneficial when the
budget for bounties is low or when finding actual bugs is more important. The authors
discussed multiple approaches for implementing artificial bugs in practice and outlined
additional benefits of using them. Wachter et al. [18] addressed the challenge of encouraging
software engineers to build secure code, which is made more difficult by moral hazard
in teams. One suggestion was to create scored competitions involving white hat hackers
or bug bounty hunters and software development teams to combat moral hazard. The
study looks at a lack of investment in security caused by mismatched objectives and
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compares the effectiveness of black-hat and white-hat markets, as well as the role of bug
bounty programs.

Akgul et al. [19] examined the bug bounty ecosystem from the view of ethical hack-
ers, pointing out the challenges and benefits. The research was based on different types
of surveys and interviews with skilled ethical hackers to know their opinions and moti-
vation. They found out that ethical hackers are motivated by the rewards and learning
opportunities while the scope of the project is the one thing that makes a difference while
choosing programs. The research concluded with the main challenge of communication
between the officials and ethical hackers. Maulani et al. [20] explored the substantial
impact of bug bounty hunting on company security. They highlighted the expertise of
security researchers and emphasized their role in identifying complex vulnerabilities. The
effectiveness and quality of their work significantly contribute to enhancing a company’s
security posture. Additionally, the paper delves into both the challenges and benefits
associated with bug bounty hunting. The findings suggest that bug bounty programs are a
cost-effective approach to improving security measures, although they need to overcome
communication challenges.

Atefi et al. [21] explored the bug bounty programs of Chromium and Firefox using
a data-driven approach. They introduced the concept of the probability of rediscovery
as a metric to assess the difficulty of uncovering vulnerabilities. Their research indicates
that following bug bounty programs, threat actors face increased challenges in exploiting
vulnerabilities. Additionally, the study compared vulnerabilities identified internally with
those discovered externally. These findings underscore the effectiveness of bug bounty
programs in enhancing security measures. Pinto et al. [22] emphasized the pivotal role of
Web3 technology within the blockchain and smart contract ecosystem, known for its secure,
distributed, and decentralized applications. As Web3 evolves with ongoing innovations, it
inevitably encounters security vulnerabilities. Additionally, the research evaluates tools
designed to detect bugs within smart contract systems. The study also discusses the
development and integration of plugins tailored for smart contracts.

Canido et al. [23] draw attention to the significance of open software vulnerability
systems. Many organizations host bug bounty programs to engage a wider pool of security
experts, a challenge within this ecosystem. Addressing this, the paper introduces VeriOSS,
an innovative bug bounty platform designed to integrate blockchain technology. VeriOSS
ensures secure transactions by providing rewards with guaranteed economic incentives.
This paper advances and enriches the bug bounty program industry. Shafigh et al. [24]
examine the reasons behind invalid report submissions in bug bounty programs. This paper
addresses two main questions: the underlying reasons for reports being deemed invalid
and the characteristics that categorize them as out-of-scope. Utilizing data from HackerOne,
the study reveals that out-of-scope submissions are often considered invalid reports. The
findings of this research pave the way for suggesting an automated classification technique
based on vulnerability types to enhance the identification of invalid reports.

Walshe et al. [3] highlighted in their research that launching a bug bounty program is
more economical than two security engineers. Their study calculates the average cost of a
bug bounty program and the salary of two security engineers. Astonishingly the results
suggest that launching a bug bounty has more benefits than hiring two security engineers.
Bug bounty programs gather a large pool of freelance security experts. This approach
not only gathers a broader pool of expertise but also reduces cost. Sivagnanam et al. [25]
examined the data of bug bounty programs to prove that bug hunters’ vulnerabilities
are more critical than organization’s security engineers. The review finds that launching
a bug bounty program has more benefits for organizations in terms of the severity of
vulnerabilities. High-reward bug bounty programs attract expert white hat hackers that
increase the quality of vulnerabilities. Bug hunters often come with a new mindset about
vulnerability discovery. These new mindsets always uncover blindspots that are overlooked
by hired security engineers. Furthermore, the competitive nature of bug bounty programs
forces bug hunters to invest more time and effort.
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Zhao et al. [26] researched two platforms, HackerOne and Wooyun, to analyze mone-
tary reward, which is a benefit for bug hunters. The results of the study show that monetary
reward is a powerful tool to motivate bug hunters for effective investment of time and
effort. The engagement of expert bug hunters in high-reward programs keeps organizations
safe from false positive reports. The study does not analyze the data on challenges caused
by these platforms. Bhushan et al. [27] highlighted the scope of bug bounty programs
focusing on the severity of vulnerabilities. Research has also examined the quality of bugs
assessment. Akgul et al. [28] conducted a survey by hiring white hat hackers to explore the
challenges and opportunities they face in the realm of bug bounty programs. Most bug
hunters said that rewards attract them to specific programs, though the communication gap
between organizations and bug hunters makes them stop operations on a specific program.
The main challenge white hat hackers face is dissatisfaction with responses.

Bukangwa et al. [29] proposed a simulation model using NetLogo to enhance the
efficiency of bug bounty programs. The study suggests using an AI-based algorithm to
streamline bug data analysis and optimization of reports. Further, the model integrates
economic and political frameworks by reviewing monetary rewards that will attract bug
hunters. This paper presents a promising step towards efficient data handling of bugs.
Wachs et al. [30] highlighted the role of platforms in the transactions of rewards between
organizations and white hat hackers. The study also highlights that platforms reduce fric-
tional costs linked with payments and uncertain assets. The paper talks about HackerOne’s
facilitation in the report on vulnerabilities. Sridhar et al. [31] analyzed the data on bug
bounty programs and how these programs are valuable for companies with limited re-
sources. The study calculates the effect of bug bounty programs on the industry. The results
suggest that the use of bug bounty programs not only enhances the security posture of an
organization but is also valuable for white hat hackers.

Given the recent and rapidly evolving nature of bug bounty programs within the
cybersecurity landscape, we have examined the existing literature as a foundation for
our study. Our review of this literature revealed a significant research gap, with many
papers focusing narrowly on specific attributes of bug bounty programs. This paper,
however, seeks to bridge this gap by providing a thorough analysis that encompasses all
these attributes. Furthermore, we have examined several papers as discussed in Table 1
and identified a research gap. Specifically, we found that these papers did not adequately
discuss the challenges, opportunities, comparative analysis, and emerging trends of various
bug bounty platforms. Our paper aims to address this gap and contribute to the body of
knowledge in this area.

3. Blockchain Security Landscape

Blockchain technology is a peer-to-peer network working in chains of multiple blocks
providing immutability, security, and traceability. The technology was introduced by
Satoshi Nakamoto, a person or group behind cryptocurrency, bitcoin, and blockchain.
Blockchain was mainly introduced for bitcoin for immutable and secure transactions and
transfer of ownership. Blockchain nowadays is not just limited to cryptocurrency but its
security features have caught the attention of many technology enthusiasts using technol-
ogy in any industry where security is required, like supply chain, intellectual property,
healthcare, real estate, etc. [32]. The benefits provided by blockchain also come with some
drawbacks. Blockchain technology has security limitations. Blockchain integration can be a
challenge and create particular problems if it is compromised. Blockchain has many parts
and can be compromised if proper security measures are not applied to them.

3.1. Consensus Mechanism

The consensus mechanism serves an important part in blockchain technology as it
makes sure that all the nodes are agreed upon and established on a single dataset. It is a
protocol that engages all the nodes and aligns them with the dataset while maintaining
transparency, collaboration, and cooperation [33]. The popular attack in the consensus
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mechanism is a 51% attack; if an attacker or a group of attackers gains unauthorized access
to more than 50% of the network it will be able to control it and reverse transactions and
manipulate them [34]. A Sybil attack is another attack in which the attacker makes several
identities to gain access to the network. It can disrupt the ability of decision-making, and
affect transparency overall, disrupting the integrity of the consensus mechanism [35]. The
"Nothing at stake" problem is caused by multiple forks—stake validators propose multiple
forks and sometimes some forks are left unchecked or are unnoticed, and because of the
lack of validation, it can cause a potential vulnerability for attackers to gain access to the
network [36].

3.2. Smart Contracts and Security

Smart contracts are digital agreements that automatically perform actions when spe-
cific conditions are met. Smart contracts are used with blockchain technology that is
immutable and transparent. These contracts operate on a decentralized platform that auto-
mates processes, making them highly valuable across various industries. In the financial
sector, it enables secure automated transactions, reducing costs and increasing efficiency.
Every technology has some security flaws along with benefits. Reentrancy attacks [37]
exploit integer overflow attacks, denial-of-service attacks, improper exception handling,
type conversion errors, and unpredictable state changes due to chain forks [38]. These are
some issues that smart contracts are facing and bug bounty programs enhance the security
by finding vulnerabilities.

To strengthen the network of any blockchain-enabled technology, one should consider
strengthening the network and user from common attacks like DDoS and phishing. DDoS
can be very effective in planning to disrupt the normal working of a network because it
floods the network with unmanageable traffic ending in a damaged network and no service.
However, DDoS is not a big issue for blockchain as it uses decentralization; however,
if the attacker can generate fake/spam transactions forcing the network to be slow and
overwhelm it overall, the normal working of the network can be disrupted [39]. Routing
attacks on blockchain networks involve changing the network traffic and forcing it to
partition the network and slow the transaction processes making the network distributed
and vulnerable [40]. Similarly, eclipse attacks on networks monopolise the nodes controlling
their paths feeding the wrong information, and completely isolating the node from the rest.
This process enables connections to the fake node of the attacker. The attack will show
the node separate views of the blockchain network enabling double-spending attacks [41].
Phishing and social engineering tactics can help gain sensitive data regarding the blockchain
network revealing private keys which can help the attacker to gain access to the network.

3.3. Identity Management and Supply Chain

In blockchains with decentralized technology, the issue of identity theft arises because
of decentralization. The lack of central authority can help attackers to impersonate the
identity of the actual owner and gain access to the network—to counter this issue, a solution
termed self-sovereign identity (SSI) has been proposed [42]. The solution states that users
can have full control over their accounts by giving them unique credentials and checking
these credentials at login allowing the user to manage their identities themselves. The
account can be used on different platforms facilitating interoperability [43].

Supply chain management ensures the quality and productivity of an industry sup-
porting the delivery of raw products through to refined end products. Reliance on a
blockchain supply chain also requires security measures to ensure the integrity and con-
fidentiality of the industry. Blockchain can help track and trace the overall progress of
products ensuring proper security measures are taken. Each transaction is recorded on the
blockchain for immutable records. Smart contracts can be applied to execute tasks that are
predefined and executed when certain conditions are met [44].
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4. Bug Bounty Life Cycle

This section provides a brief overview of the bug bounty hunting life cycle, offering
a comprehensive understanding for beginners. The bug bounty hunting life cycle is a
sequence of steps that hunters follow to identify and report vulnerabilities as explained in
Figure 2. The first step in this process is choosing a program. Bug bounty hunters select a
program based on certain criteria, with the reward offered by the company being a primary
motivation. Once a program is chosen, the next step is to define the scope of the target.
This includes the target website’s domain, subdomains, and related sites or applications.
Defining the scope ensures that no potential vulnerabilities are overlooked.

Figure 2. An overview of bug bounty hunting life cycle.

After identifying the target website’s scope, hunters perform reconnaissance to gather
information on its technologies, configurations, and vulnerabilities. Tools like Google Dorks,
Whois Lookup, and Nmap are commonly used at this stage. Following reconnaissance,
vulnerability scanning is conducted. While automated vulnerability scanning is crucial,
manual testing is also essential. This involves directly checking for vulnerabilities like SQL
injection, XSS, and CSRF on the target website.

Once vulnerabilities are discovered, an impact analysis is performed. This involves
evaluating the potential impact of the vulnerabilities, understanding their severity, potential
exploitation scenarios, and the risks they pose to the application and users. After identifying
vulnerabilities, it is important to report the vulnerabilities to the owner of the bounty
program. The owners are then given adequate time to validate, fix, and release patches
before the information is shared publicly.

Upon successful validation and patching of the reported vulnerabilities, hunters are
rewarded according to the severity of the reported vulnerability. Even after a successful
bounty hunt, it is important to perform frequent checks. A system is never fully protected;
many potential vulnerabilities can exist. Therefore, hunters should keep looking for them
in the program frequently. Successful bounties increase the points acquired by the hunters,
giving them a chance to be in the Hall of Fame, which can be seen worldwide. This
recognition often leads to career opportunities as many companies will want to work with
recognized hunters. During the complete process, a hunter goes through multiple obstacles.
To overcome them, one often seeks help from many skilled professionals or reads blogs
on different vulnerabilities to approach the target differently. This interaction between
communities is a crucial part of the bug bounty hunting life cycle.
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5. Programs Selection and Offered Assessments and Compliance

This section discusses various types of bug bounty programs. These programs are
hosted on diverse platforms tailored to the needs of companies and white hat hackers.
Each platform has its unique workspace, workflow, reward system, and scope for different
vulnerabilities. The choice of platform varies among online websites and companies for
crowdsourcing [45].

Figure 3 presents a detailed taxonomy of bug bounty programs and the platforms
chosen for this study. The taxonomy is divided into four major segments: Platform-based
Programs, Company Specific-based Programs, Assessments, and Compliance. Details of all
these segments will be provided in the subsequent sections.
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5.2.1. Facebook bug bounty program 388
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safety and resilience of Google’s products and services and fostered collaboration and trust 409

among security research communities. Google is committed to continually developing and 410

evolving its VRP to meet emerging security challenges and enhance its ecosystem’s security 411

posture. 412

Figure 3. Bug bounty taxonomy: visualization of programs, assessments, and compliance.

5.1. Platform-Based Bug Bounty Programs

Platform-based programs are bug bounty programs hosted on platforms that connect
security researchers with organizations. These platforms provide a structured environ-
ment for reporting vulnerabilities and receiving rewards. For this study, we selected five
platforms: Hackerone, Bugcrowd, Synack, Cobalt, and Zerocopter.

5.1.1. Hackerone

HackerOne, a leading global platform, was established in 2012 by some of the best
Dutch hackers. Their goal was to secure the internet, which they demonstrated by discov-
ering critical bugs in high-tech companies during the “Hack-100” program. As of 2021,
the platform had over a million active ethical hackers [46]. HackerOne boasts the largest
community among all platforms, where ethical hackers work continuously to enhance
security. The platform’s response time to a vulnerability report averages under 5 days, and
the triage process takes between 5 to 10 days. HackerOne has paid out USD 230 million in
bounties and counts the US Defense Department among its clients [10,47].
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5.1.2. Bugcrowd

Bugcrowd, founded in the same year as HackerOne [48], provides services like SaaS
and penetration testing for clients interested in vulnerability disclosures. They also offer
services for APIs, Mobile apps, IoT, Networks, and Web apps. Bugcrowd hosts more than
300 programs per quarter on its website for full vulnerability disclosure, with more than
300,000 hackers registered. The monetary rewards for successful bounty programs range
from USD 100 to USD 100,000, depending on the company’s policy [49]. Bugcrowd offers
both private and public programs, with a triage process that takes up to 48 h to validate
and respond to a submitted vulnerability [50].

5.1.3. Synack

Synack, established in 2013 by former employees of the NSA and US DoD, aims to
make the internet safer [51]. Synack stands out for its private bounty programs, which hire
only skilled, professional, and ethical hackers [52]. Synack is not for beginners as they focus
on skilled professionals. The platform provides substantial monetary rewards for authentic
vulnerability reports, and their response time is the fastest among the other platforms [53].

5.1.4. Cobalt

Cobalt, founded in 2013, is based on the principle that penetration testing can be
ethical [54]. They aimed to make their services in-demand by offering Penetration Testing
as a Service (PTaaS), paired with Software as a Service (SaaS). They launched a successful
platform for industries to test their IT infrastructure security [55]. While Cobalt may not be
as well known as HackerOne or Bugcrowd, it competes with other platforms like Zerocopter
and Synack. Cobalt offers three distinct packages for its clients: Standard, Premium, and
Enterprise [56]. Each package varies in cost and services offered. The platform’s response
time to queries is average compared to other platforms [57].

5.1.5. Zerocopter

Zerocopter, established in 2016, aims to regularly monitor the confidentiality and
integrity of a platform, enabling organizations to operate at their full potential without fear
of cyber-attacks and critical data breaches [58]. The platform was founded by a team of
security enthusiasts skilled in both defensive and offensive security, with a determination
to effect positive societal changes [59]. Zerocopter offers reasonable monetary rewards
to white hat hackers and provides companies with a smooth environment for crowd-
sourcing. Their rewards are based on the reported vulnerability, with standard rewards
ranging from Low: USD 55–160, Medium: USD 160–490, High: USD 540–3250, to Critical:
USD 1630–5425 [60]. However, Zerocopter is not the first choice for companies or hackers
using crowdsourcing due to its policy of maintaining secrecy concerning its clients and
insider data.

5.2. Company-Specific Programs

Company-specific programs are bug bounty programs run independently by individ-
ual companies, often large tech corporations. These programs allow companies to maintain
more control over their vulnerability disclosure process. For this study, we chose the bug
bounty programs of FaceBook, Microsoft, Google, Apple, and GitHub.

5.2.1. Facebook Bug Bounty Program

Facebook, under its parent company Meta, runs a bug bounty program that rewards
actual bug reports [61]. Launched in 2011, the program leverages the expertise of global
security experts to identify and disclose vulnerabilities in platforms such as Facebook,
Instagram, WhatsApp, and Messenger. The program has successfully fixed several vul-
nerabilities over the years, fostering collaboration between Facebook’s security team and
the global security research community. To stay ahead of emerging risks and enhance its
security posture, Facebook continues to fund its Bug Bounty Program.
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5.2.2. Microsoft Bug Bounty Program

Microsoft operates a bounty program that rewards successful vulnerability reports
within its allowed domains [62]. Launched in 2013, the program actively identifies and fixes
vulnerabilities across all Microsoft services and products, including Office, Windows, and
Azure. The program has facilitated the discovery and mitigation of several vulnerabilities
within Microsoft’s infrastructure and encouraged responsible vulnerability disclosure.
Microsoft is committed to expanding and adapting its Bug Bounty Program in response to
new security risks.

5.2.3. Google Vulnerability Reward Program (VRP)

Google offers bounties for valid vulnerability reports within its allowed domains.
Initiated in 2010, the Vulnerability Reward Program (VRP) encourages security researchers
to find and report vulnerabilities in Google’s products and services, including Google
Search, Gmail, Chrome, and Android [63]. The program has significantly improved the
safety and resilience of Google’s products and services and fostered collaboration and trust
among security research communities. Google is committed to continually developing
and evolving its VRP to meet emerging security challenges and enhance its ecosystem’s
security posture.

5.2.4. Apple Bounty Program

Apple’s Bug Bounty Program rewards users for finding vulnerabilities in any of its
products, including tvOS, iOS, macOS, and iCloud. Launched officially in 2016, the program
encourages security researchers to find and report vulnerabilities in Apple’s software
like, watchOS (version 3.0 or later) macOS Server (version 5.0 or later) hardware, and
services [64]. The program has helped discover and mitigate several security vulnerabilities
within Apple’s infrastructure, contributing to the continuous improvement in product
security and privacy features. Apple is committed to further extending and improving
its Bug Bounty Program to meet evolving security threats and challenges, with a focus on
fostering interactions with the security research community and prioritizing user privacy
and security.

5.2.5. GitHub Bounty Program

GitHub operates a bug bounty program to find and fix security flaws within its
platform [65]. Launched in 2014, the Security Bug Bounty Program detects and resolves
security flaws in GitHub’s code hosting platform and related technologies. The program has
helped find and fix various security flaws, enabling GitHub to address security issues and
implement robust security measures to protect its users and their data. GitHub continues to
invest in its Bug Bounty Program to stay ahead of new threats and vulnerabilities, aiming
to enhance its security architecture and foster collaboration among developers.

5.3. Assessment Variations

The assessments section focuses on the types of assessments provided on these bug
bounty platforms. We evaluated all chosen platforms based on five types of assessments:
Wireless Security Assessment, Network Security Assessment, Cloud Security Assessment,
Web Application Vulnerability Assessment, and IoT Assessment.

1. Wireless security assessment aims to identify weak points in wireless networks. It
involves examining the security of Bluetooth connections, Wi-Fi networks, and other
wireless technologies. Common wireless security issues include weak encryption stan-
dards, incorrectly configured access points, rogue devices, and unauthorized access.

2. Network security assessment evaluates a network infrastructure’s security. It involves
scrutinizing networks for flaws, errors, and vulnerabilities in hardware, such as
servers, firewalls, routers, and switches. Network segmentation gaps, unsecured
protocols, and potential entry points for attackers can all be identified through network
security assessments.
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3. Cloud security assessment evaluates the security of cloud-based environments and
services. In cloud systems like Amazon Web Services (AWS), Microsoft Azure, and
Google Cloud Platform, it involves checking settings, permissions, access controls,
and data encryption.

4. Web application vulnerability assessment examines the security of web applications by
testing known vulnerabilities like SQL injection, cross-site scripting (XSS), server-side
request forgery (SSRF), and client-side request forgery (CSRF).

5. IoT vulnerability assessment identifies bugs and weaknesses in IoT devices and sys-
tems integrated with them. It aims to identify potential threats to the security of IoT
devices and systems that could be exploited.

6. Blockchain security assessment evaluates the security of blockchain-based systems and
applications. It involves identifying vulnerabilities in smart contracts, examining the
integrity of blockchain transactions, and assessing the overall resilience of blockchain-
based systems.

6. Comparative Analysis of Bug Bounty Programs

Table 2 provides a comparison of different bug bounty platforms [48]. The table
has multiple columns, each providing specific insights: The first column platform lists
the names of the bug bounty platforms, the second column lists the location where each
platform is based and the year column shows the year established.

Table 2. A review of different bug bounty platforms based on features, rewards, and industries they
serve [66].

Platform Loc. Year Features Rewards Severity Industry

HackerOne [67] US 2012 Supports various industries, offers
training platform for beginners, uses
AI copilot (Hai) for efficient operation

$100–$1 M Low–Critical Blockchain, Cryptocurrency,
E-commerce, Software, Media

Bugcrowd [48] US 2012 Offers integrations, validation service,
provides a training platform for begin-
ners

$125–$3 M Low–Critical Blockchain, Cryptocurrency,
NFTs, Automobile, Space Ex-
ploration, Network Providers,
Blockchain, Security

Synack [52] US 2013 Complies with government regu-
lations, offers a training platform
(Synack Red Team) for beginners, fo-
cuses on skilled professionals

Disclosures only to
invited or selected
red teamers.

Depends on
severity

Blockchain Industries, Com-
puter Networks, E-commerce,
Software, Media

Cobalt [54] US 2013 Facilitates team collaboration, offers
different packages for companies

Standard, Premium,
and Enterprise pack-
ages.

Any vulnera-
bility

Computer Networks, Cyberse-
curity, Pen-testing, Blockchain
Industries

Zerocopter [58] Nethe
rlands

2013 Provides triage and validation of re-
ported vulnerabilities

$50–$5000 Depends on
severity

IT Industries, Blockchain In-
dustries, Computer Networks,
Cybersecurity and Privacy

Facebook [61] US 2011 Offers rewards for vulnerability in
their products

$100–$1 M Low–Critical Social Media and Technology

Microsoft [62] US 2013 Offers rewards for responsible vul-
nerability disclosures in Microsoft ser-
vices

$100–$60 k Low–Critical IT Industries, Media, E-
commerce, Cryptography

Google [63] US 2010 Offers rewards for responsible vulner-
ability disclosures in Google’s prod-
ucts and services

$100–$40 k Low–Critical IT industries, Computer net-
work

Apple [64] US 2014 Offers rewards for responsible vulner-
ability disclosures in Apple’s products
and services

$5 k–$2 M Low–Critical Consumer Electronics, IT in-
dustry, Media, Websites

GitHub [64] US 2016 Offers rewards for responsible vulner-
ability disclosures in GitHub’s prod-
ucts

$600–$30 k Low–Critical Software development and
Vulnerabilities
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Similarly, unique features detail special offerings, rewards specify the monetary in-
centives for identifying vulnerabilities, severity refers to the levels of vulnerability, and
industry describes the sectors that these platforms cater to.

Each platform mentioned offers unique benefits and drawbacks. Platform-based pro-
grams manage the bug bounty program efficiently, providing effective communication.
They also ensure secure and transparent monetary rewards and define the scope of test-
ing. On the other hand, company-based programs may lack clear scope and limitations.
Company-based bug bounty programs like Google, Apple, and Microsoft offer clear benefits
and internally have total control over the procedure, including setting the range for rewards,
regulations, and scope. However, the success of company-provided bug bounty programs
depends on the organization’s ability to attract and retain highly qualified researchers,
which can be challenging, particularly for smaller or less well-known companies.

Table 3 provides a comparative analysis of selected bug bounty platforms. It highlights
key features including the availability of programs, fast response times, high rewards, train-
ing platforms, diversity of ethical hackers, and AI integration. Most bug bounty programs,
such as HackerOne and Bugcrowd, are widely used due to their diverse pool of experienced
ethical hackers. Both platforms aid in finding and mitigating security vulnerabilities in
blockchain-based systems. In contrast, platforms like Google, Apple, and Microsoft offer a
focused approach, with specialized testing in areas such as network, integration modes,
user-side, and server-side. However, they do not specifically offer services for securing
third-party blockchain technology [66]. From the table, HackerOne seems to provide sev-
eral features discussed. HackerOne has private/public bounty programs, and the triage
takes a standard time. It provides a quick and efficient response. In terms of monetary
rewards, HackerOne is one of the platforms that provides effective rewards for successful
reports. Zerocopter has security researchers and skilled professionals who test the security
of a company’s IT infrastructure. Zerocopter has private programs on which professionals
of Zerocopter work. It seems to be the least preferred of the selected platforms.

Table 3. Comparative analysis of selected bug bounty platforms based on key features.

Platforms Private
Programs

Public
Programs

Fast
Response

High
Reward

Training
Platform

Diverse Ethi-
cal Hackers

AI
Integration

Hackerone [67] ✓ ✓ ✓ ✓ ✓ ✓ ✓

Bugcrowd [48] ✓ ✓ ✓ ✓ ✓ ✓ ×
Synack [52] ✓ × ✓ ✓ ✓ × ×
Cobalt [54] ✓ × × × × × ×
Zerocopter [58] ✓ × × × × × ×
Facebook [61] × ✓ ✓ ✓ × ✓ ×
Microsoft [62] × ✓ ✓ ✓ × ✓ ×
Google [63] × ✓ ✓ ✓ × ✓ ×
Apple [64] × ✓ ✓ ✓ × ✓ ×
GitHub [64] × ✓ ✓ ✓ × ✓ ×

The analysis shows that HackerOne stands out by offering all the features listed, in-
cluding both private and public programs, fast response, high rewards, a training platform,
diverse ethical hackers, and AI integration. Bugcrowd also offers a wide range of features
but lacks AI integration. Synack focuses on private programs, fast response, high rewards,
and a training platform but does not support public programs, diverse ethical hackers, or
AI integration. Cobalt and Zerocopter provide private programs but lack other features,
such as fast response, high rewards, and AI integration.



Blockchains 2024, 2 208

In contrast, platforms like Facebook, Microsoft, Google, Apple, and GitHub offer
public programs, fast response, high rewards, and support for diverse ethical hackers but
do not provide private programs, training platforms, or AI integration. This comprehensive
comparison highlights the strengths and limitations of each platform in terms of the features
they offer.

7. Challenges, Opportunities, and Emerging Innovations

In the blockchain industry, bug bounty programs face significant challenges that
hinder the strengthening of cybersecurity and privacy. Bug bounty programs encounter
challenges such as unreasonable reports, limited scope, communication issues, misaligned
incentives, and lack of recognition. Unreasonable reports pose a significant challenge
to strengthening the security of the blockchain industry [68]. White hat hackers play a
crucial role in an organization’s security architecture [69], but sometimes submit invalid
reports that are difficult for organizations to manage. These reports can waste time and
delay responses to valid reports. Invalid reports, including out-of-scope, false positives, no
proof-of-concept (POC), fixed internally, and duplicate reports, affect both organizations
and hackers’ profiles on bug bounty platforms. To manage these reports, organizations
should implement report review phases [70].

Limited scope is another challenge. It restricts the attack surface, limiting the areas
that can be tested. However, hackers prefer programs with a larger scope [19], as they
offer higher chances of finding bugs. Limited-scope programs often lead to invalid reports.
Organizations should consider expanding the scope of their bug bounty programs to reduce
invalid reports and increase competition [71].

Communication quality significantly impacts an organization’s success [72]. Poor
communication and slow response times can distract hackers from a program and lead
to program failure. Efficient response times are crucial for addressing critical vulnerabili-
ties [73]. Improving communication can prevent conflicts and avoid regrettable outcomes
due to late patching [20].

Misaligned incentives also pose a challenge. Incentives, based on vulnerability severity,
attract hackers and recognize their expertise. However, low incentives can result in reduced
participation from expert bug hunters. Therefore, incentives should be carefully adjusted
based on the severity of the vulnerability [74].

Recognition, in the form of public disclosure of achievements, rewards, and special
badges, motivates bug hunters. However, organizations often hesitate to disclose the
technical details of the vulnerabilities found due to security concerns. This lack of recogni-
tion can lower hackers’ motivation and lead to misunderstandings. A potential solution
could be for organizations to disclose and discuss vulnerability findings in industry confer-
ences or seminars, providing valuable insights to the broader cybersecurity community
without compromising sensitive technical details. These challenges include dealing with
unreasonable reports, navigating limited scope constraints, overcoming communication
challenges, aligning incentives appropriately, and ensuring adequate recognition for ethical
hackers. Each of these challenges is compounded by the technically complex landscape
of blockchain platforms, where securing smart contracts, consensus mechanisms, and
decentralized applications is particularly challenging. Effective bug bounty programs in
blockchain must successfully address these challenges to uphold platform integrity and
cultivate a robust security ecosystem.

Bug bounty programs in blockchain present unique opportunities for ethical hackers
to advance their skills and reputation. These platforms not only incentivize hackers with
monetary rewards for identifying critical vulnerabilities but also offer recognition through
features like the Hall of Fame. This acknowledgment serves as a showcase of hackers’ capa-
bilities to leading companies in the industry. Beyond financial incentives, inclusion in the
Hall of Fame can lead to career advancements and invitations to prestigious global events.
These opportunities not only expand hackers’ professional networks but also enable them
to contribute meaningfully to cybersecurity initiatives within the blockchain ecosystem.
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Ethical hackers play a crucial role in strengthening the security of blockchain ecosys-
tems by proactively identifying and reporting critical vulnerabilities [75]. Their expertise of-
fers valuable insights into potential security gaps helping to secure blockchain applications
and platforms used by various companies [28]. By uncovering both known vulnerabilities
and zero-day exploits, ethical hackers significantly boost the overall security posture of
blockchain organizations [76]. Furthermore, they contribute to maintaining the integrity of
the CVE database by sharing their findings and insights [77,78].

Also, bug bounty platforms offer a cost-effective alternative to hiring additional
software engineers within blockchain ecosystems. On average, companies globally spend
approximately USD 83,950 annually per bug bounty program, significantly less than the
cost of hiring multiple software engineers to audit their IT infrastructure’s security [3].
These platforms attract skilled white hat hackers from diverse backgrounds leveraging their
expertise to identify and address vulnerabilities at a reduced cost compared to traditional
hiring practices [79]. Unlike fixed employment costs, bug bounty programs operate on a
pay-for-results basis, where companies only pay for valid vulnerabilities discovered [28].
This approach not only minimizes expenses associated with vulnerability disclosure but
also enhances the overall security resilience of blockchain applications and platforms.

Moreover, harnessing diverse skill sets is a hallmark of bug bounty programs within
blockchain ecosystems. These platforms attract a diverse array of ethical hackers each
bringing unique expertise in various domains which enhances the program’s ability to
identify critical vulnerabilities effectively [28]. Ethical hackers gain diverse skills during
bug bounty programs, motivating them to work hard and acquire more skills. They actively
participate in various communities, sharing knowledge and insider tips, and take part in
effective learning of roadmaps and collaborations. This helps them gain new approaches to
a bug bounty program and encourages them to earn ethically [80]. When hackers encounter
difficulties with a particular program, they explore similar vulnerability reports or blogs by
other hackers to gain insight [81]. Learning through online platforms by playing CTFs and
other online pen testing labs can also increase their knowledge and change their approach
towards a bug bounty program.

Flexibility in the work environment allows individuals to choose when, where, and
how they want to work. Bug bounty programs offer this flexibility, enabling bug hunters to
work anytime, anywhere, according to their schedule. This flexibility helps bug hunters
balance their work and personal lives, leading to better job satisfaction. It also increases
their productivity and reduces stress, allowing them to invest quality time in finding critical
vulnerabilities. Cybersecurity experts often start their careers by participating in Capture
The Flag (CTF) competitions and exploring vulnerable environments. However, the real
world of cybersecurity is far more complex and unpredictable [82]. Unlike CTFs, real-world
testing involves navigating through a myriad of challenges and uncertainties. This transi-
tion is crucial for cybersecurity experts to hone their skills and expertise. Investing quality
time in real-world testing allows bug hunters to refine their problem-solving abilities, de-
velop a deeper understanding of complex systems, and enhance their overall cybersecurity
knowledge, especially in the blockchain security ecosystem [3]. Bug bounty programs offer
valuable real-world testing opportunities and provide bug hunters with earning opportuni-
ties. Successful identification and reporting of vulnerabilities can lead to monetary rewards,
making bug bounty programs beneficial for cybersecurity professionals. This combination
of skill enhancement and earning potential makes bug bounty programs attractive.

8. Discussion

The primary aim of this study was to evaluate the effectiveness of bug bounty pro-
grams in strengthening cybersecurity and privacy within the blockchain industry. Through
a comprehensive comparison of various bug bounty programs, company-based platform-
based, and open-source initiatives, we analyzed their strengths, weaknesses, and overall
success in addressing vulnerabilities. This evaluation also extended to the challenges and
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opportunities that these programs encounter, which can sometimes become challenges in
the enhancement of blockchain security.

Our analysis revealed that while bug bounty programs play a crucial role in identifying
and mitigating vulnerabilities in blockchain systems, they are not without their challenges.
Unreasonable reports, limited scope, communication issues, and misaligned incentives
are some of the key obstacles that these programs face. Addressing these issues is crucial
for organizations to maximize the benefits of bug bounty programs and foster a robust
security ecosystem.

To overcome these challenges, organizations are increasingly integrating advanced
technologies, such as artificial intelligence (AI) and blockchain, to enhance transparency
and implement more effective methodologies. For instance, AI can be used to filter out
invalid reports and prioritize genuine threats, thereby improving the efficiency of bug
bounty programs. Here, we will discuss some great innovations to address these challenges
and offer proposals to enhance the bug bounty ecosystem.

8.1. AI Application

One of the most important AI applications is the integration of the GenAI copilot, Hai.
Launched by HackerOne on 27 February 2024, Hai builds on extensive security knowledge
and provides reviews on submission reports with strong reasoning [83]. It uses a craft nuclei
template for vulnerabilities, reducing the time to submit a report. It helps in understanding
the vulnerabilities, their impacts, and other related details. It also offers remediation
advice on vulnerabilities and can write a response message after reading the submission
report. This innovation plays a role in handling all the challenges discussed in Section 4.
Organizations on HackerOne use this latest innovation to increase the efficiency of bug
bounty programs. Smartretro is an example of real-world implementation of AI in which
vulnerabilities are detected using algorithms that scan the devices for any retrospective
vulnerability after installation to uncover any security vulnerability [84].

AI is not only used in detecting vulnerabilities but is also being used in triage. AI
models like CNNs, neural networks, and word embedding are being used for automatic
bug triage which helps save time and additional workforce and automates everything [85].
Nowadays, AI is doing all the tough work—machine learning and deep learning are being
trained on datasets to perform automated security testing to detect common vulnerabilities
that can be detected using the datasets. Some vulnerabilities are difficult to find with AI
but if trained well with enough data it can detect all kinds of vulnerabilities [86].

8.2. Smart Contracts

Bug bounty programs, serve as the primary motivation for bug hunters to invest
quality time and effort in discovering vulnerabilities. However, when bug hunters do
not receive rewards promptly, it can lead to frustration and dissatisfaction within the
community. This dissatisfaction can result in a decline in the quality of vulnerability reports
submitted to the bug bounty program, ultimately compromising the program’s success
and effectiveness. Additionally, the lack of transparency and accountability in traditional
reward systems can exacerbate these challenges, making it difficult for bug hunters to track
their rewards’ status and ensure fair compensation for their efforts.

To address these challenges, a blockchain-based reward system utilizing smart con-
tracts can be introduced. Smart contracts can automatically reward bug hunters when
specific conditions are met, creating a transparent and secure environment that enhances
the security of the platform by leveraging a decentralized framework. These contracts
are immutable and transparent, performing predefined actions without the need for man-
ual intervention once the conditions are satisfied. Algorithm 1 presents the blockchain
smart contract system that demonstrates how smart contracts can perform actions and
call functions:
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Algorithm 1 Blockchain-Based Smart Contracts Working Algorithm

1: Initialization:
2: Define a state variable bugStatus to store the status of the reported bug.
3: Initialize an event BugReported(status) to log when a bug is reported.
4: Initialize an event RewardIssued(hunter) to log when a reward is issued.
5: Define a mapping rewards to keep track of reward balances for different addresses.
6:
7: procedure REPORTBUG(status)
8: Validate the input status: it must be either 0 (unverified) or 1 (verified).
9: if status is valid then

10: Update bugStatus to the new status.
11: Emit the BugReported event with the new status.
12: else
13: Revert the transaction with the message “Invalid status value”.
14: end if
15: end procedure
16:
17: procedure REWARDBUGHUNTER
18: Check if bugStatus is equal to 1 (bug is verified).
19: if bugStatus is 1 then
20: Increment the reward balance for the caller (msg.sender) by 1.
21: Emit the RewardIssued event for the caller.
22: else
23: Revert the transaction with the message “Bug has not been validated”.
24: end if
25: end procedure
26:
27: function GETREWARDBALANCE(hunter)
28: return the reward balance for the specified hunter.
29: end function
30:
31: procedure WITHDRAWREWARD
32: Retrieve the reward balance for the caller (msg.sender).
33: if reward balance is greater than 0 then
34: Reset the caller’s reward balance to 0.
35: Transfer the reward (in Ether) to the caller.
36: else
37: Revert the transaction with the message “No rewards available”.
38: end if
39: end procedure
40:
41: procedure RECEIVEETHER
42: Allow the contract to accept Ether transfers.
43: end procedure

The pseudo-code for Algorithm 1 defines a blockchain-based bounty reward system
using smart contracts. It includes functions for reporting bugs (ReportBug), checking their
status (GetBugStatus), and rewarding users who verify bugs (RewardBugHunter). The
ReportBug function updates the bugStatus, while GetBugStatus provides transparency
by returning the current status. The RewardBugHunter function checks if the bug is
verified (bugStatus is 1) and rewards the user by updating their balance. Users can view
(GetRewardBalance) and withdraw (WithdrawReward) their rewards securely. The system
utilizes smart contracts for automated, decentralized reward management, ensuring secure
transactions [87]. This mechanism is akin to the SmartRetro system, which also leverages
blockchain to assess vulnerabilities and distribute rewards transparently [84,88]. The
Hydra framework is also an excellent example of smart contracts as it enables detection
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of vulnerabilities at a very low cost ensuring honest detection of vulnerabilities with less
self-profit. The framework detects at run time by running the programs several times at
once to detect security issues overall [89].

9. Conclusions and Future Work

Bug bounty programs play a pivotal role in enhancing cybersecurity, network secu-
rity, and privacy. By identifying and addressing software vulnerabilities, they provide
a cost-effective and innovative solution to the ever-evolving landscape of cyber threats.
This paper serves as a guide for newcomers in the field of cybersecurity or bug bounty
hunting, providing a detailed review of the best platforms available to kick-start their
bug-hunting journey. Bug hunters having difficulty choosing a single platform to test their
skills can refer to this paper and choose a platform that aligns with their interests and needs.
This paper provided an in-depth analysis of both platform-based and company-based bug
bounty programs. It explored the unique challenges and opportunities inherent in each,
offering a comparative analysis. The study identified several challenges and proposed
solutions to address them. Each platform and company-provided bug bounty program
offers unique benefits and drawbacks. Platform-based programs manage bug bounty pro-
grams efficiently, providing an effective communication pathway, secure and transparent
monetary rewards, and a defined scope of testing. They also utilize AI algorithms to handle
bug bounty programs effectively. On the other hand, company-based programs may lack
clear scope and have limitations, leading to potential legal issues. Based on this analysis,
platform-based programs offer a better way to protect against out-of-scope testing, with
their advanced AI algorithms making them more adept at managing bug bounty programs.

In analyzing company-based programs, such as the Google vulnerability reward
program, GitHub bounty program, Microsoft program, Facebook bug bounty program, and
the Apple bounty program, we found that these programs are not beginner-friendly. They
lack proper communication channels, leading to frustration and demotivation among bug
hunters. Among the programs compared, HackerOne emerged as a notable option due to
its exceptional ability to overcome challenges and its extensive public reward programs. It
is not only beneficial for organizations but also provides a platform for beginner enthusiasts
to improve their skills. HackerOne stands out for its exceptional management in terms
of submission handling and its transparent reward system. Simultaneously, Synack is
recognized for its remarkably rapid response time and bounty payouts. However, it is
less accessible to a broader audience due to its focus on experienced professionals. Some
state-sponsored or government-funded programs remain anonymous and less transparent.
Unfortunately, sufficient data were not available to include this crucial aspect in the current
study due to the confidentiality of platforms and programs.

Future Research Directions

In the future, we aim to enhance our research by providing a more comprehensive
comparison of bug bounty platforms and adding more platforms to the list for automated
feature comparison through practical bounty hunting. We also plan to conduct surveys
to gather opinions from experienced ethical hackers and bug hunters, which will help us
gather the most accurate information for comparison. Additionally, future research could
explore the impact of transparent bug-hunting policies and resource sharing among sectors.

Bug bounty programs face various challenges, including the inability of some plat-
forms to handle a large number of vulnerabilities and the need for a prioritization system
to address them effectively. Security teams must also perform penetration testing them-
selves to understand what to expect during these programs. Another challenge is lack of
engagement from the hacker community, which can be due to low financial compensa-
tion for reporting bugs. It is essential to find an average cost of bounties and adjust our
program accordingly.

Effective communication is also crucial to avoid misinterpretation or misunderstand-
ing. Providing an easy and user-friendly way for bounty hunters to communicate with
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the platform is necessary. Furthermore, there are regulatory issues that need to be ad-
dressed. For instance, healthcare data must adhere to regulatory compliance, such as
HIPAA. Therefore, it is necessary to develop a system that ensures zero-trust blocks fol-
low these regulations. Finally, research on motivation structures could be conducted to
determine the optimal reward amount to attract top-notch bounty hunters who can identify
vulnerabilities in critical blockchain structures.

Finally, future research can extend the scope of our study by exploring the application
of bug bounty programs in other domains, such as healthcare and finance, where data secu-
rity and privacy are critical concerns. The study can also be extended to the ZeroTrustBlock
framework which leverages blockchain technology to provide a decentralized, secure, and
private platform for managing health data, addressing limitations in current healthcare in-
formation systems. A comparative analysis of bug bounty programs in different industries
can identify best practices, challenges, and potential solutions. Additionally, investigating
the role of artificial intelligence and machine learning in enhancing bug bounty programs
can improve their effectiveness and efficiency.
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