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[bookmark: _Toc165133370]Introduction.
The corporate climate is changing dramatically as a result of deregulation, fierce competition brought on by external pressures, and information technology advancements. Innovative methods including supply chain separation, time-based competition, and global market strategy have replaced traditional types of strategy. As a result of these changes virtual organisations emerged. A virtual organisation is composed of varied legal entities that are globally oriented and geographically distributed. They developed their own information systems, network structures, product market strategies, and corporate communication patterns. This report aims to evaluate the impact and development of virtual organisations.
[bookmark: _Toc165133371]Definition of Virtual Organisations.
Since its introduction in the early 1990s, the phrase "virtual organisation" has come to mean digital, network, or modular organisation. In essence, a virtual organisation is an information and communication technology (ICT). ICT enabled collaborative network with the flexibility to adjust to changing market conditions. In other words, a virtual organisation eliminates typical departmental and hierarchical divisions and functions as a boundaryless social network. It is made up of people who work from different places, even while on the go, and ICT acts as the vital infrastructure that supports the operations of the virtual organisation (Alawamleh et.al, 2011). According to Nami (2008), virtual organisations are cooperative networks created when different legal entities get together to work towards a similar goal. These businesses are renowned for their agility, as they quickly adjust to changes in the market, competitive dynamics, and international demands. Virtual organisations, in contrast to traditional businesses, place a higher value on teamwork and trust than on strict procedures.
[bookmark: _Toc165133372]Key Characteristics of Virtual Organisations (VO)

[bookmark: _Toc165133373]Flexibility and adaptability.
One quality that distinguishes virtual organisations from traditional business models is their flexibility. This quality enables them to quickly adapt to changing consumer tastes, developing technologies, and changing market situations (Turner, 2012). In reaction to changes in the economy and market trends, virtual organisations might modify their business plans and methods of operation. Their ability to adapt allows them to remain competitive and current (Mendoza,2023). In recent years, the ‘less is more’ approach has gained increasing popularity among business leaders. This concept emphasizes a minimalist approach, focusing on a select few impactful and significant elements. Rather than burdening organisations with complex administrative processes and rigid rules, this approach encourages a more effective and profound experience by allowing freedom and flexibility. In the context of business, it means that management should define what needs to be achieved while granting the organisation the autonomy to determine how to achieve it. By embracing this philosophy, companies can build adaptability into their DNA, enabling them to navigate crises and transform effectively (Esser, 2021). With their best-selling books Mass Career Customisation: Aligning the Workplace to Today's Nontraditional Workforce and the recently released The Corporate Lattice: Achieving High Performance in the Changing World of Work, both published by Harvard Business Review Press, Deloitte has practically written the book on workplace flexibility. Their approach to workplace flexibility is integrated and delivers positive results in three areas: talent brand, operational efficiency, and employee engagement and productivity. They found that workplace flexibility enables people to balance work and life on a daily and career-long basis and raises employee engagement and increases productivity (York, 2024).

[bookmark: _Toc165133374]Rapid Response.
They are adept at responding swiftly to competitive actions and market changes due to their streamlined decision-making processes and lack of bureaucratic layers. More than 85% of working professionals were thought to be a part of a virtual team by 2016, highlighting the critical role that these collaborations play in maintaining our interconnected social and economic landscape (Borja, 2024). In 2024, approximately 25% of all professionals in North America were expected to work entirely remotely as part of a virtual team (Fadiloglulari, 2023).  Additionally, by 2025, an estimated 32.6 million Americans are projected to be working remotely, which equates to about 22% of the workforce. This trend reflects the growing affinity towards the flexibility, autonomy, and work-life balance that remote work offers (Haan & Main, 2023). In virtual teams, flexibility has many benefits, including better work-life balance, higher employee satisfaction, and the ability to work beyond regular business hours. It encourages balance between work and personal commitments by giving team members more control over their calendars. In addition to improving personal well-being, autonomy increases productivity by coordinating work schedules with periods of maximum performance (Hall, 2023). However, virtual teams face more challenges to productive collaboration than co-located teams, despite having easier access to expert talent and paying less for travel. Natural communication can be hindered by physical distance and a reliance on technology, which can cause miscommunication, problems with coordination, and a general feeling of detachment among team members (Morrison-Smith & Ruiz, 2020).
[bookmark: _Toc165133375]Global Orientation.
With members potentially spread across different countries, virtual organisations can leverage a global perspective, accessing diverse markets and talent pools. Organisations today face the imperative to adapt swiftly in response to dynamic markets and evolving requirements. The traditional approach of acquiring or developing skills within specific geographic units is no longer sufficient. Instead, organisations must tap into their entire skill pool, leveraging the diverse expertise available across the entire organisation. This enables them to effectively address challenges and respond promptly to changing circumstances (Mockaitis, et.al., 2018). With members potentially spread across different countries, virtual organisations can leverage a global perspective, accessing diverse markets and talent pools (Morrison-Smith&Ruiz, 2020). For instance, a more diversified workplace resulted from The Contact Factory's adoption of a virtual model. Owner Kari DePhillips made the decision to run this digital PR agency entirely virtually, something she has never regretted. She clarifies, "I'm not restricted to looking for brilliant workers who live within a 20-mile radius of where I am. "No matter where they live, I get to hire the best candidate for the job"(Rise, 2022).
[bookmark: _Toc165133376]Advantages of Virtual Organisations.

[bookmark: _Toc165133377]Flexibility and work-life balance.
 A primary benefit of virtual organisations is their adaptable membership and engagement framework. In contrast to traditional organisations, where workers are restricted to set positions and long-term contracts, members of VO are free to join and leave whenever they choose. Because of this flexibility, businesses may put together expert teams that are suited for certain projects or activities, utilising a worldwide talent pool without regard to geographic limitations. VOs are dynamic in ways other than membership dynamics. These organisations' basic structures are meant to be flexible, enabling the creation and development of leadership positions over the course of a project or cooperative effort. Regardless of their official position within the company, the most competent and informed people can take the lead in this organic approach to leadership (Goggins& Valetto,2014). According to Mutebi & Hobbs (2023), employees view flexible work arrangements as having both advantages and disadvantages. Employee benefits from working remotely or in a hybrid environment may include improved health, self-reported productivity and job satisfaction, a decrease in work-life conflict, fresh approaches to teamwork, and more inclusive work practices through the use of technology. However, difficulties may include a greater workload, extended workdays, health problems, reduced social connections, fewer prospects for advancement and education, and difficulty disconnecting from work.
[bookmark: _Toc165133378]Cost Efficiency and access to a bigger talent pool.
By embracing a remote work setup, companies can effectively eliminate the need for a physical office altogether, freeing themselves from the financial burden of maintaining a dedicated workspace. This newfound flexibility translates into substantial cost savings, as businesses no longer have to allocate funds for rent, utilities, or regular cleaning services. Additionally, the elimination of on-site cafeterias and food expenses during work hours further contributes to the overall cost reduction (Borja, 2024). According to research by Global Workplace Analytics, employers can save nearly $11,000 annually per half-time virtual employee. This significant cost reduction opens up a world of opportunities for businesses to allocate their resources more strategically. With the additional capital freed up from the elimination of office expenses, companies can invest in growth initiatives, talent acquisition, or other areas that drive their organisation forward.The increasing need for flexibility and agility in today's quickly changing business landscape is posing a challenge to the old method of depending only on permanent, on-site staff. By employing temporary or project-based employment agreements with qualified people from around the globe, virtual organisations can acquire a wide range of specialisations and experience on an as-needed basis using this open talent approach. The capacity to quickly put together highly qualified and specialised teams that are suited to particular project objectives is one of the main advantages. Because of their adaptability, virtual organisations can take advantage of new opportunities, adapt quickly to changing market needs, and outperform their competitors. Virtual companies may attract in top individuals who value flexibility and might be hesitant to commit to traditional full-time positions by providing project- or contract-based opportunities. To manage and integrate these various talent pools, virtual organisations must, however, have strong systems and processes in place. Regardless of where team members are located, effective virtual leadership, clear communication routes, and collaboration technologies are necessary to create a supportive and productive work environment (Ozimek & Stanton,2023).

[bookmark: _Toc165133379]Challenges of Virtual organisations.

[bookmark: _Toc165133380]Communication.
Effective communication is a crucial component of any work. For instance, employers need to communicate the organisational vision, provide progress updates, and let workers know what is expected of them. The flexibility to recruit people from anywhere in the world is one of the best aspects about working remotely. On the other hand, teams may be dispersed across multiple time zones, which could cause issues with remotely coordinating communication and coordinating business activities. The time difference may have an impact on how soon team members respond to communications, for instance, if one of them works from UK while the others are located in USA. This disparity may occasionally indicate that some team members are beginning their days while others are ending theirs (Carnduff, 2024). 
[bookmark: _Toc165133381]Technology Dependence.
Virtual organisations heavily depend on information and communication technologies to coordinate activities and maintain cohesion among geographically dispersed members. Virtual teams engage in a range of collaborative activities, much like co-located teams do. These activities include formal and informal meetings that utilise technologies like file transfers, application sharing, video conferencing, texting, and Microsoft Teams. Because of this, virtual teams find it challenging to collaborate, which hinders their ability to be as successful as co-located teams. Because of this, virtual teams have to invest a lot of time and money on moving team members for certain projects in order to overcome the challenges that come with distance on collaboration. Therefore, technology is a critical part of virtual organisations which allows them to support virtual teams more effectively and minimise the need for expensive relocations and prevent the issues that arise when relocation is not a practical option (Morrison-Smith&Ruiz, 2020).
[bookmark: _Toc165133382]Management.
Managing a remote development team is a challenging task, particularly when that team is working on potentially revolutionary software. The team's virtual structure means that task management and communication are facilitated by technology. Although these tools are intended to help with remote work, their effectiveness depends on the team following project milestones and job deadlines. The lack of physical supervision that is frequently associated with office settings can result in poor job management, which can cause delays and inefficiencies (Allen,2020).
[bookmark: _Toc165133383]Security.
In a virtual office, security and privacy are also important considerations. It might be challenging to guarantee the security of company data when employees use their own devices and work from multiple places. Because of this, companies must put strong security measures in place, like encryption, two-factor authentication, and safe cloud storage. Employees handling private information from their homes or public spaces raises privacy concerns as well. Employers must instil in their staff the value of privacy and provide them the resources and policies they need to protect the privacy of company data (Sant'Anna, 2023).

[bookmark: _Toc165133384]Importance of Trust in Virtual Organisations.
Trust plays a crucial role in the formation and development of virtual organisations. In this new business environment, where cooperation and collaboration are essential, trust becomes a critical factor in establishing and maintaining effective relationships among economic partners. Trust enables organisations to rely on each other's co-operative behavior, exhibit goodwill, and engage in fair dealing. It provides a foundation for long-term business relationships and facilitates the development of strategic alliances, integrated supply chain structures, and strategic webs (Nielsen, et.al., 2004). According to Esser, (2021) trust is the cornerstone of virtual organisations. In this new business environment, where cooperation and collaboration are essential, trust becomes a critical factor in establishing and maintaining effective relationships among economic partners. Trust enables organisations to rely on each other's co-operative behaviour, exhibit goodwill, and engage in fair dealing. It provides a foundation for long-term business relationships and facilitates the development of strategic alliances, integrated supply chain structures, and strategic webs (Das & Teng, 1998).

[bookmark: _Toc165133385]Conclusion
In conclusion, virtual organisations offer a unique and innovative way of operating in today's globalized business environment. Their key characteristics, such as leveraging digital technologies, remote collaboration, and a distributed workforce, provide significant advantages in terms of cost efficiency, access to global talent pools, and flexibility. However, virtual organisations also face challenges in building trust, fostering effective communication, and maintaining a strong organisational culture across geographically dispersed teams. Trust is paramount in virtual setups, as it underpins successful collaboration, knowledge sharing, and decision-making processes. Establishing trust through clear communication channels, transparent leadership, and robust virtual collaboration tools is crucial for virtual organisations to thrive. While the benefits of cost savings, innovation potential, and agility are compelling, virtual organisations must strike a balance between leveraging these advantages and cultivating a culture of trust, engagement, and cohesion among their virtual teams. As the future of work continues to evolve, those virtual organisations that can effectively navigate these complexities and build high-trust environments will be well-positioned to outperform their competitors in an increasingly digital and globalized marketplace.
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Précis (500 words)

Virtual enterprise - organisation, evolution and control M.T. Martinez*, P. Fouletier, K.H. Park, J. Favrel 
In the contemporary business landscape, characterized by unprecedented levels of complexity and uncertainty, traditional organizational structures often struggle to keep pace with the rapid changes and dynamic market demands. In response, the concept of virtual enterprises (VEs) has emerged as a transformative paradigm, offering a flexible and collaborative approach to project execution and resource utilization.
At the heart of the VE concept lies virtual engineering (VE), a framework that enables diverse companies to seamlessly collaborate on common projects by leveraging their collective resources and competencies. VE not only enhances adaptability, resource efficiency, and time-to-market responsiveness but also fosters innovation and strategic partnerships in an increasingly interconnected global economy.
Within the realm of virtual enterprises, three primary categories delineate the varying degrees of collaboration and organizational structure:
1. Short-term VEs: These agile entities are designed to capitalize on specific market opportunities or address short-term projects. With a lightweight and adaptable structure, short-term VEs empower partners to coordinate relatively independent sub-projects with minimal need for extensive co-engineering. This flexibility allows them to swiftly respond to emerging market trends and capitalize on fleeting opportunities.
2. Expanded Business VEs: Unlike their short-term counterparts, expanded business VEs transcend traditional organizational boundaries and involve complex interactions with a multitude of stakeholders, including suppliers, consumers, and partners. This type of VE requires sophisticated coordination mechanisms to manage high levels of synchronous and asynchronous cooperative engineering work across diverse stakeholders, ensuring alignment with overarching strategic objectives.
3. Consortium VEs: Consortium VEs represent long-term collaborations aimed at maximizing partner capabilities while retaining internal flexibility. These collaborations are characterized by distributed, non-hierarchical control mechanisms, enabling dynamic resource allocation and adaptation to changing market conditions. Consortium VEs prioritize resilience and adaptability, allowing partners to navigate fluctuations in demand and market dynamics effectively.
Central to the success of consortium VEs is the systematic process of task decomposition and allocation based on product functions. Partners evaluate each other's capabilities through internal bidding mechanisms, ensuring alignment with cost, quality, and timing criteria. A structured product development cycle, encompassing task allocation, co-engineering/manufacturing, co-maintenance, and feasibility pre-study stages, guides concurrent engineering efforts within the consortium.
However, implementing dynamic, real-time control mechanisms presents a significant challenge for consortium VEs. To address this challenge, the paper proposes the adoption of multi-agent systems (MAS) as an architectural solution. MAS leverages autonomous agents to represent production activities, resources, and final goods across partner companies. These agents utilize negotiation protocols to self-organize and dynamically allocate tasks in response to changing circumstances, thereby optimizing resource utilization, and enhancing adaptive capacity.
While MAS offers numerous advantages, including self-organization, distributed decision-making, and real-time reactivity, challenges persist in standardizing interface protocols, information sharing models, and cooperative engineering tools across diverse partner systems.
In conclusion, virtual enterprises, underpinned by virtual engineering principles, offer a promising avenue for collaborative innovation and resource optimization in today's dynamic business environment. By embracing the nuances of different VE types and leveraging advanced technologies like multi-agent systems, organizations can navigate complex collaboration landscapes with agility and resilience, driving sustainable growth and competitive advantage in an increasingly interconnected world.
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Summary of chosen paper (1,000 words)


The study examines the newly popular idea of virtual enterprises (VEs) and suggests an architecture for a distributed control system designed especially for a particular kind of VE known as a "Consortium VE". By offering a thorough analytical framework to comprehend various VE structures based on market factors, production processes, and strategic aims of the partner organisations, the authors significantly contribute to the field.
The paper's realisation that VE structures are not static and can change and evolve throughout the course of a virtual partnership is one of its strongest points. A useful lens to examine real-world manifestations of these networked organisational forms is provided by the classification into three categories: consortium VEs balancing robustness and flexibility, extended enterprise VEs pursuing integration across the supply chain, and short-term VEs focused on specific opportunities.

The article describes in commendable detail the various stages of the product development cycle under this distributed control paradigm - from initial feasibility assessment by a coordinating board, to decomposing tasks based on product functions, partner firms bidding on tasks, and eventual co-development and manufacturing across the network. The authors' emphasis on an iterative process where task boundaries can be dynamically adjusted based on offers from partners is a pragmatic approach to negotiating the complex interdependencies involved. The suggestion to employ a multi-agent system with various cooperating agent kinds, such as product agents, activity agents, and resource agents arranged in an egalitarian structure, is especially strong. Localised decision-making and self-organization are made possible by this bottom-up strategy, which has major benefits over hierarchical centralised control in such an unpredictable and dynamic setting.

The authors present their suggested multi-agent system-based, non-hierarchical distributed control structure as an appropriate means of handling the complex and dynamic product development lifecycle in a "Consortium Virtual Enterprise" setting. They seem to see a number of strategies as essential to enabling the desired agility, robustness, and reactivity that such a partnered network would need, including task decomposition based on product functions, iterative partner bidding, concurrent engineering principles during co-development, and self-organizing agent interactions.

The formal research question is not stated in the study clearly. The question "How can effective control and coordination be achieved in a consortium virtual enterprise involving multiple partners cooperating in an agile, non-hierarchical manner?" appears to be the driving force behind this, nevertheless. This implicit research topic is addressed conceptually by the architecture of the proposed multi-agent control system.

In a designated section, the authors do not explicitly state which restrictions apply to their study or methodology. They do, however, recognise some of the issues and required capabilities, including the requirement for coordination protocols amongst agents, the modelling of product and process information, and assuring interoperability between partner systems. This suggests a few of the technological difficulties in implementing their proposed solution.

Although the control system design is quite detailed, the authors fail to address a number of non-technical factors that are essential to a successful consortium cooperation, including: -Creating contractual frameworks and governance processes.
     -Methods for fostering incentive alignment and trust among partners.
     -Managing organisational cultural diversity strategies.
     -Considerations for data security and intellectual property protection
     -Potential problems, such as exit strategies, risk mitigation, and obligations.
A more thorough approach to their care would have resulted from investigating these socio-organizational factors.

The necessity to test the concepts through real-world implementations is well-aligned with the next phase that is being proposed as part of a nationwide project: performing cross-organizational experiments in real-world settings. Remote co-design, manufacturing, and operations involving several partners using various modalities of collaboration are all part of these experiments. Based on the knowledge gained from this practical research, the objective is to explicitly identify requirements for techniques and tools that enable such remote collaborative engineering. More information about the suggested experimental design, the various collaboration modes to be investigated, and the evaluation standards to gauge the effectiveness of the control system solution, however, should have been included in the paper.

The authors' proposal to transition from conceptual design to practical multi-partner experimental implementations is a logical and valuable next step. Validating and refining their ideas in real-world operational environments is essential to uncover blind spots, identify unforeseen issues, test assumptions, and gather insights to improve the approach iteratively. Nevertheless, bureaucratic, technological, and cultural challenges may arise during the setup of such distributed collaborative projects, which should be proactively addressed. Planning should be done properly for things like synchronising infrastructures, creating data sharing guidelines, matching partner incentives, etc.
Furthermore, the authors should have included more specific information about the suggested experimental design, like:
     -The particular partnership types and modalities of collaboration to be investigated.
     -The measurements and evaluation criteria used to gauge the control system's effectiveness.
     -Comparative benchmarking with alternatives or current procedures.
     -Risk minimization and backup measures in case something goes wrong. 
     -A plan for assimilation to update the conceptual models after the experiment.
Their suggestion for the following stages may have been more solid and useful if the experimental methods part had been strengthened.

In conclusion, the authors persuasively explain the concept of their multi-agent control system and argue that it is a good fit for the consortium VE setting. However, their work could have been more thorough if they had been more explicit about their limitations, had looked into socio-organizational factors in addition to technical control, and had included a more thorough experimental plan for validation. Having said that, they appropriately and appropriately highlight the need for real-world empirical experimentation as the necessary next step to putting their theories into practice. All things considered, the effort is a good first step towards creating adaptable control systems for the increasingly important field of dynamic cross-enterprise partnerships and networked organisational structures.
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Multi-Agent System 
Control for Consortium 
Virtual Enterprise



• Research Question:
• How can effective control and coordination be achieved in a consortium 



virtual enterprise involving multiple partners cooperating in an agile, non-
hierarchical manner?



• Proposed Solution: 
• Non-hierarchical Distributed Control System Based on Multi-Agent 



System (MAS) architecture



• Key Strategies:
• Task decomposition based on product functions
• Iterative partner bidding process
• Concurrent engineering principles for co-development
• Self-organizing agent interactions



• Desired Capabilities:
• Agility and reactivity to changes
• Robustness through partner redundancies
• Distributed decision-making without central control










Multi-Agent System 

Control for Consortium 

Virtual Enterprise

•

Research Question:

• How can effective control and coordination be achieved in a consortium 

virtual enterprise involving multiple partners cooperating in an agile, non-

hierarchical manner?

•

Proposed Solution: 

• Non-hierarchical Distributed Control System Based on Multi-Agent 

System (MAS) architecture

•

Key Strategies:

• Task decomposition based on product functions

• Iterative partner bidding process

• Concurrent engineering principles for co-development

• Self-organizing agent interactions

•

Desired Capabilities:

• Agility and reactivity to changes

• Robustness through partner redundancies

• Distributed decision-making without central control


image10.emf



Experimental Validation 
and Future Work



• Proposed Next Step: Real-world Cross-Organizational Experiments
• Validate conceptual approach through practical multi-partner implementations
• Explore different collaboration modes (co-design, co-manufacturing, etc.)



• Experimental Design Considerations:
• Detailed plan for various partnership models and collaboration types
• Evaluation criteria and metrics for assessing control system effectiveness
• Comparative benchmarking against current practices or alternatives
• Risk mitigation and contingency plans
• Post-experiment model updates based on insights



• Challenges and Limitations:
• Interoperability and coordination protocols among partner systems
• Non-technical aspects: governance, trust, incentives, cultural differences
• Need for socio-organizational factor analysis beyond technical control



• Future Work:
• Refine control system based on experimental learnings
• Address socio-organizational challenges for successful consortium
• Develop adaptable control solutions for dynamic cross-enterprise collaborations
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