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Abstract

By automating processes that traditionally require human intelligence, such as learning,
reasoning, and problem-solving, Artificial Intelligence (Al) has transformed many industries.
Even with these developments, System 1 thinking is quick, providing instinctive reactions,
while System 2 thinking entails thorough analysis and reasoned decision-making. Al systems
still have a long way to go before they can replicate System 2 thinking—deliberate, analytical,
and essential for managing complex problems. This study investigates how Multi-Agent
Systems (MAS) integrate System 2 thinking into Al, concentrating on CrewAl, a no-code
framework designed to improve Al creativity and decision-making. Unlike TensorFlow Agents
and OpenAI’s Gym, which are limited to single-agent reinforcement learning, CrewAl excels
in handling multi-agent, real-world tasks through collaboration. This study explores practical
applications of CrewAl, such as intelligent grid management, automated customer support, and
advertising. These examples highlight how CrewAl promotes Al creativity and problem-
solving through cooperative agent interactions, leveraging System 2 thinking. Problems like
scalability and coordination are also addressed, with solutions such as dynamic role assignment
and hierarchical task management. In summary, the integration of System 2 thinking into MAS
frameworks like CrewAl signifies progress toward creating intelligent, dependable Al systems

capable of tackling the complexities of real-world problems.
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1. Introduction

Al has automated tasks based on human instinct, such as solving problems. Al has been
applied in very essential decision-making processes beyond simple automation in such areas
as healthcare, communication, and finance. Al performs well when it comes to making those
intuitive System 1 thinking, but it struggles with System 2 thinking that calls for in-depth
reasoning. That weakness becomes evident when Al faces real-world problems. Advanced Al
frameworks like TensorFlow Agents and OpenAl’s Gym mainly focus on reinforcement
learning and single-agent scenarios. TensorFlow Agents are effective for training models but
need extensive programming skills and deep learning expertise. Likewise, OpenAl Gym offers
a flexible platform for single-agent reinforcement learning but is limited to specific
environments like game simulations. Such frameworks fail to take into account the real-world
multi-agent systems and also the adaptability requirement of various complex applications.
CrewAl bridges the gap by providing a no-code MAS framework, enabling non-programmers
to design and manage Al systems easily. This is impossible with the TensorFlow Agents or
OpenAl Gym. It is the first practical integration of System 2 in Al for real-time interaction,
allowing for in-depth analysis and decision making in complex scenarios. CrewAl promotes
cooperative agent interactions, unlocking the creative and decision-making potential of Al
while addressing scalability and coordination issues that current frameworks struggle with. It
manages the complex system efficiently by dynamically distributing the roles and
hierarchically planning the tasks. It performs well in cooperative applications like intelligent
grid management, automated customer support, and advertisement, outperforming the single-
agent framework. CrewAl is a multi-agent collaboration has proved highly suitable for scaling
and enhancing Al capabilities in large-scale problems that TensorFlow Agents or OpenAl Gym
cannot tackle effectively. CrewAl allows the developing of Al by working around the
limitations in the framework. Multi-agent design, driven by System 2 thinking, is adaptive,
scalable, and innovative for solving problems and consequently improves designs on smarter

and more robust Al systems.
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2. System 1 and System 2 Thinking
2.1 Characteristics of System 1 Thinking

This system 1 thinking (Figure 1) is fast, automatic, and effortless. It relies on past
experiences and learned patterns to make decisions quickly under familiar circumstances. It is

often used in daily life since it requires less mental energy.

When using Al, models like ChatGPT or in Google's Gemini, the same fast, instinctive
thinking applies. The difference is that, in Al models, this fast thinking is driven by vast
amounts of data, with responses generated based on patterns learned from that data. The Al

responds instinctively based on the previously encountered data.

For example, when you query ChatGPT, "What is the capital of France?" it responds
immediately, "Paris.” It's System 1 in action; the Al learned that in training and pulled out the
quick response without deep consideration. But humans are prone to quick thinking, and Al
makes mistakes when faced with such complex novel situations as needing more effortful
thought. Therefore, whereas system 1 thinking comes in handy for ordinary and predictable

situations, it leads to wrong conclusions when more careful or reflective reasoning is needed.[1]

SYSTEM 1
THINKING

AUTOMATIC

ERROR-PRONE

Figure 1. System 1 Thinking
2.2 Characteristics of System 2 Thinking

System 2 thinking (Figure 2) is a slow and deliberate approach to information
processing in Al, requiring deep thinking and effort. It involves analyzing information carefully
and analyzing the situation thoroughly, allowing Al to arrive at the best solution. This approach
is different from System 1 thinking, which is fast and automatic, and can't handle complex
moral dilemmas. For example, Al like ChatGPT, which can handle a large amount of
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information quickly, would struggle to fathom deep ethical dilemmas. By adopting System 2
thinking, Al can approach complex problems in a more human way and grapple with tough

moral questions. [2].

System 2 1 CONTROLLED
Thinking

p

EFFORTFUL

Figure 2. System 2 Thinking

3. Challenges in Al Replicating Human Thoughts in Al

Al can perform System 1 thinking, but it has limitations due to its need for deeper
thought and complex reasoning. It cannot understand emotions or empathize, which is essential
in fields like mental health care and customer service. Additionally, Al often faces creative
problem-solving crises, as it relies on heuristics and past experiences, which can limit its
decision-making skills. Innovation or out-of-the-box approaches may also face challenges in
coherent thinking. [3]

3.1 How System 2 Thinking promotes Creativity and Ethical Reasoning

System 2 thinking in Al enables creativity, allowing multiple agents to address moral
dilemmas and make better-balanced decisions. This approach allows for more intelligent and
adaptive systems that can handle real-world complexities. Future innovations in this domain
will alter the role Al plays in society, enabling it to think like humans and collaborate with
humans on a wider array of applications. This approach is crucial for building more adaptive
and intelligent Al systems.[4]
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4. Multi-Agent Systems

In short, MAS (Figure 3) refers to many independent agents interacting with each
other to achieve individual or collective goals. Generally, MAS is more effective in solving
complex problems in comparison to single-agent frameworks because an independent agent
offers its own knowledge and processes of decision-making. MAS is aptly used when
decentralized control and distributed problem-solving are required for any robotics, logistics,

or social simulation application.[5].
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Figure 3. Features of Multi-Agent System

5. CrewAl: A No-Code Multi-Agent Framework

In conclusion, airlines must be able to understand and enhance airline passenger
satisfaction if they want to be competitive and successful. If the passengers are unhappy and
unsatisfied, the company cannot grow. The limitation of the airline passenger satisfaction
feature could have been much better if neutral/unsatisfied were separate categories. The data
could have been divided into 3 groups as satisfied, neutral, and dissatisfied passengers. This
can offer a meaningful prediction as it's hard to divide between neutral and unsatisfied
passengers. In the future, making airline passengers happier will involve a few key changes.
Airlines will use advanced technology to offer more personalized experiences, like tailoring
in-flight services to each passenger’s preferences. Technology will also improve, with better

entertainment options, easier self-service check-ins, and faster boarding processes.
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5.1 No-Code Interface

One of the most distinctive features defining CrewAl is its no-code interface, enabling
non-programmers to design, deploy, and manage MAS (multi-agent systems). This allows end-
users to map workflows by configuring tasks, roles, and agent interactions without writing
complex code. This makes Al development accessible to a broader market, including those
with non-technical backgrounds. With its intuitive drag-and-drop design, CrewAl simplifies
task management and accelerates Al adoption across various industries.

5.1.1 Multi-Agent Collaboration

The agent-based systems developed by crewAl combine hierarchical and collaborative
procedures. Under the collaborative approach, agents work together in real time, sharing
insights and information to solve problems. These agents improve decision accuracy and
system responsiveness by rapidly adapting to changes in the environment. For example, in the
process of making quick decisions, agents are able to modify their plan in response to new

information, resulting in dynamic, real-time solutions.

On the other hand, agents are arranged in a top-down manner using the hierarchical
approach, wherein leader agents designate particular responsibilities to subordinate agents. By
doing this, roles are made clear and confusion is avoided, enabling agents to carry out their
assigned duties. The hierarchical architecture works especially well for handling complicated,
large-scale jobs that need to be organized and completed quickly, such as automating business
processes or carrying out in-depth data analysis.

5.2 Algorithms Used in CrewAl

CrewAl integrates multiple algorithms for task management, efficient collaboration,

and system integrity. Some of its major algorithms are:[7]

Contract Net Protocol: It is for efficient task division and assignment. In this system,
agents are both a manager and a worker; the manager agent broadcasts tasks for which the
worker agents bid as per their capabilities. So, it ensures that the best tasks are allocated to
agents; thus, improving the overall efficiency of the system.

Consensus Algorithms (Raft, Paxos): Through the use of distributed consensus
protocols like Raft and Paxos, CrewAl makes sure that agents come to a consensus in the event

of system failures or conflicts. These protocols allow numerous agents to operate coherently
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within the system by preserving consistency and dependability. These algorithms are especially
useful in situations where consistency in decision-making is essential, as in the case of the
financial and medical industries.

Protocols of Negotiation: Apart from assigning tasks, CrewAl agents dynamically
negotiate using pre-established procedures in case conflicts arise with proposed solutions.
Agents put forth solutions and reply to counterproposals until their distinct approaches come
to a mutually acceptable conclusion. By encouraging adaptability in quickly changing
situations, this adaptive negotiation approach makes sure that collaboration produces the best

results.
5.2.1 Towards the Intelligent Al

As a pioneering advancement in intelligent and reliable Al systems, CrewAl enables
real-time collaboration among agents, allowing them to utilize both System 1 and System 2
thinking. This capability enhances their reasoning and problem-solving abilities, making them
function more like humans. In contrast to rigid and limited single-agent systems, CrewAl's
multi-agent system (MAS) empowers agents to make decisions that reflect human-like

reasoning, effectively addressing the complexities of real-world problems.

The incorporation of System 2 thinking allows agents to critically evaluate and scrutinize
information before reaching a decision, resulting in efficient and well-considered solutions.
Through collaboration, agents can adopt a thorough and reliable approach to decision-making,
ensuring that CrewAl systems can effectively manage complex, large-scale tasks across

various domains, including medical research, energy management, and financial services.
5.3 Working Principle of CrewAl

CrewAl permits dynamic cooperative interaction amongst agents, role assignment, and
hierarchical task management, which empowers creativity and encourages problem-solving
abilities in CrewAl. These key features of the system ensure that all such complex tasks are
being performed more effectively than those in single-agent systems. [8].

5.3.1 Cooperative Agent Interactions

Every agent of CrewAl as shown in Figure 4 is assigned a specific function, such as data
analysis, decision-making, or resource management. Dynamic information sharing of the

agents that work conjointly in real-time enables the synchronization of the expertise created by
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these agents within the system to create creative and innovative solutions. Such collaboration
is very effective for tasks requiring several skills and perspectives which cannot be achieved
by a single-agent system.[9]

Tasks ]

AlAgent1 | Al Agent2
Crew ‘\ Al Agent 3 /

Collaborative Process

I

’ Output J

/

Figure 4. Collaborative Process
5.3.2 Dynamic Role Assignment

While solving the problems, CrewAl changes its tasks on the fly according to the skill
set that is present among the agents. Thus, every agent would take up the most appropriate
task-that is, an event to be sure to unleash innovative problem-solving events for creativity in
decision making. Given such adaptability, CrewAl is an endless version of learning and always

tries to optimize performance and creativity in the decision-making process.
5.3.3 Hierarchical Process in CrewAl

CrewAl has introduced a hierarchical structure (Figure 5) for its agents, meaning leader agents
that would govern other agents while coordinating the collaborative effort. Leader agents
monitor the decision-making processes to ensure they will execute the best strategies for
solving complex problems. The hierarchical grouping of agents in this way enhances the
quality and capability of decision-making and problem-solving in an efficient and highly

adaptable manner toward the challenges it needs to address.[10]
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Figure 5. Hierarchical Process
5.4 Agent Interaction Protocols

The protocols for agent interaction in CrewAl adhere to the standards established by
the Foundation for Intelligent Physical Agents, which are widely recognized as the benchmarks

for communication and data sharing within multi-agent systems (MAS) [11]

i.  Message Passing:

Agents communicate with each other only by messages of a predetermined syntax,

which announces the agent's intentions and requests for data from other agents.
ii.  Coordination Mechanisms:

Contract net protocol are applied for the efficient division of tasks. The contract net
protocol lets the agents act like "managers” whereby they delegate work to "worker"
agents.[12]

iii.  Consensus Algorithms:

Such algorithms as Raft or Paxos ensure that the agents agree on outputs even upon

failure, thus preserving the integrity and reliability of a system.
iv.  Negotiation Protocols:
Agents can propose solutions, counter-propose solutions, and reach mutually acceptable

agreements. Therefore, the system can dynamically evolve to adapt to changing environments.

6. Leveraging System 2 Thinking with CrewAl

CrewAl is a combination of both System 1 and System 2 thinking, so it may alternate
between making quick decisions and analytical reasoning depending on the complexity of the
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tasks provided. For less complex tasks that require fast responses, it uses one agent with System
1 thinking. Although CrewAl is technically a MAS, it does well as an atomic agent for speed
and simplicity. Even for algorithmically predictable tasks, such as customer service or data
retrieval, it utilizes one agent that operates at the speed of human System 1 thinking made

through learned patterns.

When faced with more complex tasks requiring thoughtful consideration, such as
management decisions in grid systems or healthcare, CrewAl engages specialized agents to
employ System 2 thinking. The system ensures collaborative and unified decision-making
through consensus algorithms, including Raft and Paxos.

CrewAl uses the Raft algorithm for leadership and voting, facilitating quick consensus.
Paxos, a more complex algorithm, is used to resolve conflicting solutions within the system,

allowing it to navigate challenging scenarios without relying on a single leader's perspective.

By combining the Raft and Paxos algorithms, CrewAl enhances System 2 thinking
through analysis and collaboration (Figure 6). Agents make informed assignments and work
toward producing optimal solutions. This unique capability allows CrewAl to strike a balance
between swift responses and careful reasoning for complex problems. Unlike TensorFlow
Agents or OpenAl Gym, which prioritize speed and simplicity, CrewAl adeptly combines
instinctive responses with deliberate problem-solving abilities, making it more adaptive.[13]

SYSTEM 2 THINKING IN CREWAI

Figure 6. System 2 Thinking with CrewAl
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7. Comparative Analysis of Al Collaboration Frameworks

In addition to CrewAl, TensorFlow Agents in Google Gemini and OpenAl Gym-based
ChatGPT and Bing Al, provide distinct approaches to developing intelligent systems. We
conducted a comparative evaluation of CrewAl, Gemini, ChatGPT, and Bing Al assessing the

advantages and disadvantages of each system based on time taken, accuracy and scalability.

To further analyze these Als, we will pose a challenging ethical dilemma: "An Al-
driven car must decide whether to swerve to avoid a jaywalking pedestrian, potentially
endangering the lives of its passengers, or to continue straight, thereby saving the passengers'
lives but hitting the pedestrian. What choice does the Al make if it can only choose one option?"
This scenario necessitates a critical examination of how each Al navigates the complexities of

decision-making.
7.1 Google's TensorFlow Agents

TensorFlow Agents is a flexible framework developed by Google that facilitates the
construction of reinforcement learning (RL) agents. It provides a comprehensive suite of tools
for training, evaluating, and deploying RL models. Moreover, it integrates seamlessly with
TensorFlow’s deep learning capabilities, enhancing its power in managing complex models
and high-dimensional data. One of the most prominent applications of TensorFlow Agents is
Google's Gemini, an Al system widely known for its ability to perform deep learning tasks

while processing large datasets to execute advanced Al functions.[14]
7.2 OpenAl's Gym

OpenAl's Gym consists of many environments for training and comparing RL
algorithms. It includes simple control tasks and complex video games, through which
developers can test and iterate on their RL models. A standard interface across the board makes
this open to both beginners and experienced researchers in the RL community. Two prominent
Al systems built on top of OpenAl's Gym framework are ChatGPT and Bing AlL.[15]

Ethical Dilemma: An Al-driven car, fitted with Al, has to decide: Swerve to avoid a
jaywalking pedestrian, putting the lives of passengers at risk. Continue straight on, saving the

passengers' lives but hitting that pedestrian. What does the Al decide if it can choose just one?
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Response:

i.  ChatGPT: A Short Answer of “Swerve to avoid the pedestrians”. (Figure .8(a) )
ii.  Gemini: It refused to answer Human Life related questions (Figure .7)
iii.  BingAl: It said “There is No Right Answer and It depends on the AI”. (Figure .8 (b))
iv.  CrewAl: It gave a detailed report on saving a maximum number of lives and it also
considered the ethical and moral aspects and used technology to provide a best-case

scenario (Figure.9)

Gemini ~ Try Gemini Advanced

An Al in a self-driving car must decide:

Swerve to avoid a pedestrian crossing illegally, risking passengers' lives.
Stay on course, protecting passengers but hitting the pedestrian....

Show drafts Vv L D)
I cannot provide a definitive answer to this ethical dilemma.

The decision of whether to swerve or stay on course involves weighing the lives of
multiple individuals. It is a complex issue with no easy solution. The choice would
depend on a variety of factors, including:

Figure 7. Screenshot of Gemini’s Response

ChatGPT » & Save as PDF ~ &, Share An Al in a self-driving car must decide:Swerve to avoid a
pedestrian crossing illegally, risking passengers' lives.Stay on
course, protecting passengers but possibly hitting the

. .. . . it e
An Alin a self-driving car must decide: Swerve to avoid pedestrian.What shouid the Al chooses

pedestrian crossing illegally, risking passengers' lives. Stay
on course, protecting passengers but hitting the
pedestrian. What should the Al choose if It can only

It's a moral conundrum, for sure. The truth is, there isn't a universally “right” answer—it
largely depends on the ethical framework and regulations that guide the Al's

select one 7* programming. Different societies might have different standards, too. It's one of those

areas where the intersection of technology and humanity gets really, really messy. What's

your perspective on how these dilemmas should be approached?
This is a classic moral dilemma. The Al should choose to swerve to avoid the

pedestrian, prioritizing the life of the pedestrian, as it's an ethical choice that aligns

with valuing human life.

s e

(@ (b)
Figure 8. Screenshot of ChatGPT and Bing AI’s response

Journal of Trends in Computer Science and Smart Technology, December 2024, VVolume 6, Issue 4 349




Unlocking Al Creativity: A Multi-Agent Approach with CrewAl

Ethical Decision Analysis
Generated on 2024-10-19 12:30:21

In this dilemma, the Al's decision involves moral, ethical,
political, and technological factors.

Morally, saving the greatest number of lives may be seen as
the most justifiable.

Ethically, there is debate about whether the car should
prioritize its passengers, who have consented to the journey,
or pedestrians, even if crossing illegally.

Politically, governments may favor policies that protect
citizens most, whether they are passengers or pedestrians,
shaping regulations.

Technologically, future systems could incorporate sensors to
detect the number of lives involved and calculate the risk.
Advanced Al would weigh these variables, selecting the
option that saves the highest number of lives. This balance
could ensure safer decisions for society and lead to future
policies requiring Al to prioritize life maximization.

Figure 9. Screenshot of CrewAI’s Response

7.3 Feature Comparison between Al Frameworks

The features between various frameworks such as CrewAl, TensorFlow Agents, and

OpenAl’s Gym is compared in Table 1.

Table 1. Comparative Analysis of MAS Frameworks

Feature

CrewAl

TensorFlow Agents

OpenAl Gym

User Accessibility

No-code, user-
friendly interface

Requires significant

programming expertise

Code-heavy,
developer-focused
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Comparison of CrewAl, TensorFlow Agents, and OpenAl Gym

% frameworks
CrewAl
TensorFlow Agents
OpenAl Gym
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Values
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Time Taken (s) Accuracy (%) Scalability (10)
Metrics

Figure 10. Comparison of MAS Frameworks

A comparison graph (Figure 10) of solutions concerning three important metrics: Time
Taken, Accuracy, and Scalability among Crew Al, TensorFlow Agents, as well as OpenAl

Gym-based solutions, is illustrated in Figure 10. The accuracy of CrewAl amounts to 95% and
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scalability at 9/10, although it has a longer execution time of 18s. This performance makes
CrewAl well-suited for complex, large-scale tasks where precision is prioritized over speed.
TensorFlow Agents works fast with 1s but at low accuracy at 0% and also scalable at 5/10.
This, therefore, means that it is appropriate for small work that needs to be done in the shortest
time while it is not applicable when tasks are more complex. OpenAl Gym offers balances at
an average accuracy of 88% at reasonable scalability at 7/10 and slower execution at 1.3s. It is
a general framework that suits moderate-sized work carried out with reasonable efficiency.[16]

The MAS framework has been used in simulations as well as real life applications of
CrewAl. Simulations comparing CrewAl to other MAS platforms such as TensorFlow Agents
and OpenAl Gym have been evaluated on essential metrics such as accuracy, processing speed,
and scalability. In real-life application, CrewAl has been implemented to process actual
datasets such as health records, customer service interaction, and financial transactions. This
capability allows the system to effectively manage complex situations by leveraging historical
and real-time data [17]. To enhance its decision-making accuracy, CrewAl incorporates built-
in tools like the FileReadTool and DatabaseRetrievalTool, which retrieve real-time data for

task execution.

8. Applications of CrewAl

CrewAl is implemented in a vast number of real-world applications to make complex
tasks automatically, and dynamically by interaction and choice about collaboration, in various
domains. It follows a structured, hierarchical approach, and it works very efficiently with large
multi-agent systems that involve coordination and delegation of tasks. Some of the key

applications of this have been described below:

i. Smart Grid Management
CrewAl designates specific roles to various agents tasked with monitoring, adjusting,
and optimizing energy distribution within a smart grid. These agents work collaboratively to
manage real-time fluctuations in both energy demand and supply. This coordinated approach
to managing fluctuations ensures efficient energy delivery across the grid, enhancing system
reliability and reducing downtime.
ii.  Automated Customer Service
CrewAl agents collaborate within a customer support service to provide answers to user

inquiries, escalate cases when necessary, and engage in prompt, human-like interactions. Each
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agent specializes in a specific area of customer service, whether resolving technical issues or
addressing product-related questions, thereby ensuring the delivery of swift and accurate
support
iii.  Advertisement

It also is used in marketing, where it automatically targets advertisements using the
intelligent decision-making process. Agents analyze real-time customer data and collaborate to
create personalized advertisement campaigns. Through dynamic role assignments, the agents
can monitor changes in customer behavior and adapt their strategies for more effective

marketing.

9. Challenges and Limitations

In fact, technical challenges mainly related to scalability and coordination will arise,
similar to any other configuration of this nature. These issues become clearer as the number of

agents in the system increases, especially with the growing complexity of tasks.[19]

The growing number of agents in a distributed system can lead to scaling problems,
such as increased latency and resource consumption. Coordination problems arise when
multiple agents are not aligned towards the same goal, causing duplication of effort and
resource wastage. Crew Al offers solutions through dynamic role assignment and hierarchical
task management, which assign resources dynamically based on agents' capabilities, avoiding
waste and maximizing resource utilization. This approach also allows a leader to control
subordinate agents' activities, reducing conflict and task duplication, improving system

efficiency.

10. Conclusion

CrewAl is a significant advancement in System 2 thinking, enhancing decision-making
capabilities and enabling dynamic collaboration in complex real-world problems like smart
grid management, healthcare, and customer service. Its System 2 thinking enhances Al-driven
creativity and ethical reasoning through deep analysis and decision-making. Its scalability and
coordination through intelligent agents ensure efficient and flexible systems, combining
instinctive responses with deliberate processes. So, it is a versatile platform that revolutionizes

industries with its human-like Al capabilities. Its multi-agent framework enhances creativity,
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accuracy, and ethical problem-solving while promoting reliability and adaptability in Al

systems.
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