
1. Explain what a distributed system is. Discuss its key characteristics and how it differs from a 

centralized system. Provide examples. 

Answer: 

A distributed system is a collection of independent computers connected through a network 

that communicate and coordinate their actions to appear to users as a single coherent system. 

Key characteristics include resource sharing, concurrency, scalability, fault tolerance, and 

transparency. Unlike centralized systems, which rely on a single machine or control point, 

distributed systems spread computation and data across multiple nodes. Examples of 

distributed systems include the Internet, cloud computing platforms, and distributed databases. 

 

2. Describe the main goals and challenges of distributed systems. 

Answer: 

The main goals of distributed systems include transparency (hiding system complexity from 

users), scalability (ability to handle growth), reliability and fault tolerance (continued operation 

despite failures), and efficient resource sharing. Challenges include network latency, partial 

failures, security issues, maintaining data consistency, and coordinating processes across 

multiple machines. 

3. Explain the role of messaging in distributed systems and how it generalizes communication 

between processes. 

Answer: 

Messaging is a fundamental communication mechanism in distributed systems that allows 

processes running on different machines to exchange information. It generalizes communication 

by abstracting low-level details such as network protocols, data formats, and synchronization. 

Through messaging, systems support both synchronous and asynchronous communication, 

enabling loose coupling between components. This abstraction improves scalability, flexibility, 

and fault tolerance, as processes do not need to know the internal details or physical location of 

other processes. 

4. Discuss the differences between synchronous and asynchronous messaging in distributed 

systems. 

Answer: 

Synchronous messaging requires the sender to wait for a response from the receiver before 

continuing execution, leading to tighter coupling and potential blocking. Asynchronous 

messaging allows the sender to continue execution without waiting for a response, often using 



message queues or buffers. Asynchronous communication improves system scalability and 

resilience to failures, while synchronous communication is simpler to design but less flexible in 

highly distributed environments. 

5. Explain the concept of cloud computing and its main characteristics. 

Answer: 

Cloud computing is a model for delivering computing resources such as servers, storage, 

databases, networking, and software over the Internet on a pay-as-you-go basis. Its main 

characteristics include on-demand self-service, broad network access, resource pooling, rapid 

elasticity, and measured service. These features allow users to access scalable resources 

without managing physical infrastructure. 

 

6. Describe the different cloud service models. 

Answer: 

The main cloud service models are Infrastructure as a Service (IaaS), Platform as a Service 

(PaaS), and Software as a Service (SaaS). IaaS provides virtualized hardware resources, PaaS 

offers platforms for application development and deployment, and SaaS delivers complete 

software applications over the Internet. Each model provides different levels of control and 

responsibility for users. 

 

7. Discuss the advantages of cloud computing. 

Answer: 

Advantages of cloud computing include cost efficiency, scalability, flexibility, high availability, 

and reduced maintenance. Organizations can scale resources up or down based on demand, pay 

only for what they use, and reduce the need for on-premises infrastructure. Cloud services also 

support remote access and collaboration. 

 

8. Explain the disadvantages and challenges of cloud computing. 

Answer: 

Disadvantages of cloud computing include security and privacy concerns, dependency on 

Internet connectivity, limited control over infrastructure, and potential downtime. Data 

breaches, compliance issues, and vendor lock-in are also significant challenges that 

organizations must address before adopting cloud solutions. 



 

9. Explain virtualization technology and its role in cloud computing. 

Answer: 

Virtualization is the technology that allows multiple virtual machines to run on a single physical 

machine by abstracting hardware resources. It is enabled by a hypervisor, which manages and 

allocates resources to virtual machines. Virtualization improves resource utilization, scalability, 

isolation, and flexibility, making it a core foundation of cloud computing. 

10. Discuss the key drivers and benefits of migrating to the cloud. 

Answer: 

The key drivers for cloud migration include cost reduction, scalability, flexibility, and improved 

performance. Cloud computing eliminates the need for large upfront investments in hardware 

and infrastructure, allowing organizations to pay only for the resources they use. It enables 

scalability on demand, allowing businesses to quickly adjust resources based on workload 

needs. Cloud migration also improves accessibility and collaboration, as data and applications 

can be accessed from anywhere. Additionally, cloud providers offer high availability, disaster 

recovery, and automatic updates, which enhance reliability and operational efficiency. 

 

11. Explain the main challenges and risks associated with cloud migration. 

Answer: 

Cloud migration presents several challenges, including data security, privacy concerns, and 

compliance issues. Organizations may face risks such as data breaches, unauthorized access, 

and data loss during or after migration. Downtime and service disruption can occur if migration 

is poorly planned. Compatibility issues between legacy systems and cloud platforms are also 

common challenges. To mitigate these risks, organizations should conduct thorough planning, 

implement strong security controls, ensure compliance with regulations, and train staff in cloud 

technologies. 

 

12. Compare and contrast different cloud migration strategies. 

Answer: 

Cloud migration strategies include rehosting, replatforming, refactoring, repurchasing, and 

retiring. Rehosting, also known as lift-and-shift, involves moving applications to the cloud with 

minimal changes. Replatforming makes minor optimizations to improve performance without 

changing the core architecture. Refactoring involves redesigning applications to fully leverage 



cloud-native features, offering the greatest long-term benefits but requiring more effort. 

Repurchasing replaces existing applications with cloud-based SaaS solutions, while retiring 

involves decommissioning applications that are no longer needed. The choice of strategy 

depends on business goals, cost, and technical complexity. 

13. Explain the three main cloud service models: SaaS, PaaS, and IaaS. 

Answer: 

Software as a Service (SaaS) delivers complete software applications over the internet, 

eliminating the need for installation or maintenance by users. Examples include email services 

and online office tools. Platform as a Service (PaaS) provides a development environment with 

tools, operating systems, and databases that allow developers to build, test, and deploy 

applications without managing underlying infrastructure. Infrastructure as a Service (IaaS) offers 

virtualized computing resources such as servers, storage, and networking, giving users control 

over operating systems and applications while the provider manages the physical hardware. 

 

14. Compare Public, Private, and Hybrid cloud deployment models. 

Answer: 

A public cloud is owned and operated by a third-party provider and delivers services over the 

internet to multiple users, offering high scalability and cost efficiency. A private cloud is 

dedicated to a single organization, providing greater control, security, and customization but at 

a higher cost. A hybrid cloud combines both public and private clouds, allowing data and 

applications to move between them, offering flexibility, improved security, and optimized 

performance. 

 

15. Discuss the advantages and disadvantages of SaaS. 

Answer: 

The advantages of SaaS include low upfront costs, easy accessibility, automatic updates, and 

reduced need for IT maintenance. Users can access applications from any device with an 

internet connection. However, disadvantages include limited customization, dependence on 

internet connectivity, and potential data security and privacy concerns since data is stored with 

the service provider. 

 

16.  Explain how PaaS supports application development and deployment. 



Answer: 

PaaS supports application development by providing pre-configured environments, 

development tools, databases, and middleware. This allows developers to focus on writing and 

testing code rather than managing servers or operating systems. PaaS accelerates development 

cycles, improves collaboration, and enables easy scalability of applications while reducing 

infrastructure management complexity. 

 

17. Describe scenarios where a hybrid cloud model is most suitable. 

Answer: 

A hybrid cloud model is suitable for organizations that need to balance security and scalability. 

For example, sensitive data can be stored in a private cloud while less critical applications run in 

a public cloud. Hybrid clouds are also ideal for handling variable workloads, disaster recovery, 

and gradual migration from on-premises systems to the cloud. 

18. Explain the concept of virtualization and its benefits. 

Answer: 

Virtualization is the technology that allows multiple virtual machines (VMs) to run on a single 

physical server by using a software layer called a hypervisor. Each virtual machine operates as an 

independent system with its own operating system and applications. The main benefits of 

virtualization include improved resource utilization, reduced hardware costs, better scalability, 

isolation between systems, and easier backup and disaster recovery. 

 

19. Compare virtualization and containerization. 

Answer: 

Virtualization uses virtual machines that each include a full operating system, managed by a 

hypervisor. This provides strong isolation but requires more system resources. Containerization, 

on the other hand, runs applications in lightweight containers that share the host operating 

system kernel. Containers are faster to start, use fewer resources, and are ideal for 

microservices architectures, while virtual machines are better suited for running multiple 

different operating systems on the same hardware. 

 

20. Describe the role of containers in modern application deployment. 

Answer: 

Containers play a key role in modern application deployment by packaging applications and 



their dependencies into a single, portable unit. This ensures consistency across development, 

testing, and production environments. Containers support rapid deployment, scalability, and 

continuous integration and delivery (CI/CD). Tools such as Docker and Kubernetes are commonly 

used to create, manage, and orchestrate containers in cloud-native environments. 

21. Explain the concept of data replication in distributed systems and its benefits. 

Answer: 

Data replication in distributed systems involves maintaining copies of the same data across 

multiple nodes or servers. The main benefits of replication include improved data availability, 

fault tolerance, and system reliability. If one node fails, another replica can continue to serve 

requests. Replication also improves read performance by allowing users to access the nearest or 

least-loaded replica. However, replication introduces challenges in maintaining data consistency 

among replicas. 

 

22. Describe different consistency models used in distributed systems. 

Answer: 

Consistency models define the rules for how and when updates to data become visible to all 

nodes in a distributed system. Strong consistency ensures that all nodes see the same data at 

the same time after an update. Eventual consistency allows replicas to temporarily differ but 

guarantees that all replicas will converge to the same value over time. Other models include 

causal consistency, which preserves cause-and-effect relationships, and weak consistency, which 

provides fewer guarantees but improves system performance and availability. 

 

23. Discuss the trade-off between consistency and availability in distributed systems. 

Answer: 

The trade-off between consistency and availability is described by the CAP theorem. According 

to the theorem, a distributed system cannot simultaneously guarantee consistency, availability, 

and partition tolerance. During a network partition, a system must choose between consistency 

and availability. Systems that prioritize consistency may reject requests to ensure all nodes have 

the same data, while systems that prioritize availability continue serving requests but may 

return stale data. The choice depends on application requirements. 

24. Explain the concept of fault tolerance in distributed systems. 

Answer: 

Fault tolerance is the ability of a distributed system to continue operating correctly even when 



one or more components fail. Since distributed systems consist of multiple interconnected 

nodes, failures such as hardware crashes, network issues, or software errors are common. Fault-

tolerant systems are designed to detect, isolate, and recover from these failures to ensure 

reliability, availability, and continuous service. 

 

25. Describe different types of faults that can occur in distributed systems. 

Answer: 

Distributed systems can experience several types of faults, including crash faults where a node 

stops functioning, omission faults where messages fail to be sent or received, timing faults 

where operations exceed expected time limits, and Byzantine faults where components behave 

unpredictably or maliciously. Understanding these fault types helps in designing effective fault-

tolerance mechanisms. 

 

26. Discuss common fault-tolerance techniques used in distributed systems. 

Answer: 

Common fault-tolerance techniques include replication, where data or services are duplicated 

across multiple nodes; redundancy, which provides backup components; and checkpointing, 

which saves system states for recovery after failure. Other techniques include failure detection, 

leader election, and consensus algorithms. These methods help systems recover quickly and 

minimize service disruption. 

 

27. Explain the role of fault tolerance in ensuring high availability. 

Answer: 

Fault tolerance plays a critical role in achieving high availability by ensuring that system services 

remain accessible despite failures. Through techniques such as replication and automatic 

failover, fault-tolerant systems can redirect requests from failed components to healthy ones. 

This reduces downtime and ensures continuous operation, which is essential for mission-critical 

and real-time applications. 

 

 

 

 



Multiple Choice Questions with Answers 

1. Which of the following best defines a distributed system? 

A. A system that runs on a single powerful computer 

B. A collection of independent computers that appears to users as a single system 

C. A system that only supports parallel processing 

D. A system with no network communication 

Correct Answer: B 

 

2. Which of the following is not a characteristic of distributed systems? 

A. Resource sharing 

B. Scalability 

C. Centralized control 

D. Fault tolerance 

Correct Answer: C 

 

3. What is the primary purpose of transparency in a distributed system? 

A. To increase network speed 

B. To hide the complexity of the system from users 

C. To prevent system failures 

D. To reduce hardware costs 

Correct Answer: B 

4.  What is the primary purpose of messaging in distributed systems? 

A. To eliminate network failures 

B. To enable communication between distributed processes 

C. To ensure centralized control 

D. To reduce hardware costs 

Correct Answer: B 

 

5.  Which type of messaging allows the sender to continue execution without waiting for a 

reply? 



A. Synchronous messaging 

B. Blocking messaging 

C. Asynchronous messaging 

D. Direct messaging 

Correct Answer: C 

 

6. Which of the following is a key advantage of generalizing communication through 

messaging? 

A. Increased hardware dependency 

B. Reduced scalability 

C. Loose coupling between components 

D. Elimination of latency 

Correct Answer: C 

7. What is cloud computing? 

A. A type of local storage system 

B. Delivery of computing services over the Internet 

C. A networking protocol 

D. A programming language 

Correct Answer: B 

 

8. Which of the following is a key characteristic of cloud computing? 

A. Fixed capacity 

B. Manual resource allocation 

C. On-demand self-service 

D. Single-user access 

Correct Answer: C 

 

9. Which cloud service model provides virtual machines and storage? 

A. SaaS 

B. PaaS 



C. IaaS 

D. DaaS 

Correct Answer: C 

 

10. Which of the following is an advantage of cloud computing? 

A. High upfront hardware cost 

B. Limited scalability 

C. Pay-as-you-use pricing 

D. No Internet dependency 

Correct Answer: C 

 

11. Which of the following is a disadvantage of cloud computing? 

A. Resource pooling 

B. Scalability 

C. Security concerns 

D. On-demand access 

Correct Answer: C 

 

12. What is virtualization? 

A. Running one operating system on one machine only 

B. Sharing physical resources among multiple virtual machines 

C. A cloud service model 

D. A network security technique 

Correct Answer: B 

13. Which component manages virtual machines in virtualization? 

A. Operating system 

B. Cloud provider 

C. Hypervisor 

D. Application server 

Correct Answer: C 



 

14. Which type of cloud deployment model is owned and used by a single organization? 

A. Public cloud 

B. Private cloud 

C. Hybrid cloud 

D. Community cloud 

Correct Answer: B 

 

15. Virtualization mainly helps cloud computing by improving: 

A. Internet speed 

B. Hardware utilization 

C. Data encryption 

D. User authentication 

Correct Answer: B 

 

16. Which of the following best describes SaaS? 

A. Virtual hardware resources 

B. Development platforms 

C. Complete software delivered over the Internet 

D. Network infrastructure 

Correct Answer: C 

17. What is the primary goal of cloud migration? 

A. To eliminate all on-premises hardware 

B. To move applications and data to cloud-based infrastructure 

C. To reduce employee workload 

D. To increase network complexity 

Correct Answer: B 

18. Which cloud migration strategy involves moving applications without major changes? 

A. Refactoring 

B. Replatforming 



C. Rehosting (Lift-and-Shift) 

D. Retiring 

Correct Answer: C 

19. Which of the following is a major benefit of cloud computing? 

A. Fixed hardware capacity 

B. High upfront capital costs 

C. Scalability on demand 

D. Manual system updates 

Correct Answer: C 

20. Which cloud service model provides virtual machines, storage, and networking 

resources? 

A. Software as a Service (SaaS) 

B. Platform as a Service (PaaS) 

C. Infrastructure as a Service (IaaS) 

D. Function as a Service (FaaS) 

Correct Answer: C 

21. What is a common security concern during cloud migration? 

A. Increased physical server space 

B. Data breaches and unauthorized access 

C. Excessive local backups 

D. Reduced internet usage 

Correct Answer: B 

22. Which cloud service model delivers complete applications over the internet? 

A. IaaS 

B. PaaS 

C. SaaS 

D. Hybrid Cloud 

Correct Answer: C 

23. Which cloud model provides virtual machines, storage, and networking? 

A. SaaS 

B. PaaS 

C. IaaS 

D. Private Cloud 

Correct Answer: C 



24. Which cloud deployment model is shared among multiple organizations? 

A. Private Cloud 

B. Public Cloud 

C. Hybrid Cloud 

D. Community Cloud 

Correct Answer: B 

25. Which cloud model offers the highest level of control over infrastructure? 

A. SaaS 

B. PaaS 

C. IaaS 

D. Public Cloud 

Correct Answer: C 

26. Which cloud computing model is best suited for developers building applications? 

A. SaaS 

B. PaaS 

C. IaaS 

D. Private Cloud 

Correct Answer: B 

27. A cloud model that combines public and private clouds is called: 

A. Public Cloud 

B. Private Cloud 

C. Hybrid Cloud 

D. SaaS 

Correct Answer: C 

28. Which is a major advantage of the public cloud? 

A. High security and full control 

B. Limited scalability 

C. Cost efficiency and scalability 

D. Dedicated infrastructure 

Correct Answer: C 

29. Which cloud deployment model is dedicated to a single organization? 

A. Public Cloud 

B. Hybrid Cloud 

C. Private Cloud 



D. PaaS 

Correct Answer: C 

30. Which of the following is a disadvantage of SaaS? 

A. Automatic updates 

B. High maintenance costs 

C. Limited customization 

D. On-premises installation 

Correct Answer: C 

31. Which cloud model is most suitable for sensitive or regulated data? 

A. Public Cloud 

B. Private Cloud 

C. SaaS 

D. PaaS 

Correct Answer: B 

32. What is virtualization? 

A. Running applications without an operating system 

B. Running multiple virtual machines on a single physical machine 

C. Storing data in the cloud only 

D. Sharing files between computers 

Correct Answer: B 

33. Which component manages virtual machines in virtualization? 

A. Container engine 

B. Hypervisor 

C. Web server 

D. Load balancer 

Correct Answer: B 

34. How do containers differ from virtual machines? 

A. Containers require more resources 

B. Containers include a full operating system 

C. Containers share the host operating system kernel 

D. Containers cannot be scaled 

Correct Answer: C 

35. Which tool is commonly used to create and manage containers? 

A. VMware 

B. Hyper-V 



C. Docker 

D. VirtualBox 

Correct Answer: C 

36. What is a major advantage of containers over virtual machines? 

A. Slower startup time 

B. Higher hardware cost 

C. Lightweight and fast deployment 

D. Limited portability 

Correct Answer: C 

37. What is the primary purpose of data replication? 

A. To reduce network speed 

B. To increase data availability and fault tolerance 

C. To eliminate consistency issues 

D. To reduce storage costs 

Correct Answer: B 

38. Which consistency model guarantees that all nodes see the same data at the same 

time? 

A. Eventual consistency 

B. Weak consistency 

C. Strong consistency 

D. Causal consistency 

Correct Answer: C 

39. In eventual consistency, replicas: 

A. Are always identical 

B. Never synchronize 

C. May temporarily differ but eventually become consistent 

D. Update only once 

Correct Answer: C 

40. Which theorem explains the trade-off between consistency and availability? 

A. ACID theorem 

B. BASE model 

C. CAP theorem 

D. Brewer’s law 



Correct Answer: C 

41. What happens when a system prioritizes availability over consistency during a network 

partition? 

A. The system stops responding 

B. The system may return outdated data 

C. Data replication stops permanently 

D. All replicas are immediately synchronized 

Correct Answer: B 

42. What is fault tolerance in a distributed system? 

A. The ability to prevent all failures 

B. The ability to continue operation despite failures 

C. The ability to increase system speed 

D. The ability to reduce system cost 

Correct Answer: B 

43. Which type of fault occurs when a node stops working completely? 

A. Timing fault 

B. Byzantine fault 

C. Crash fault 

D. Omission fault 

Correct Answer: C 

44. Which technique involves creating copies of data or services? 

A. Checkpointing 

B. Replication 

C. Load balancing 

D. Scheduling 

Correct Answer: B 

45. Which fault is the most difficult to detect and handle? 

A. Crash fault 

B. Omission fault 

C. Timing fault 

D. Byzantine fault 

Correct Answer: D 



46. What is the purpose of checkpointing? 

A. To stop system execution 

B. To save system state for recovery 

C. To increase network traffic 

D. To remove failed nodes 

Correct Answer: B 

47. Which mechanism automatically switches to a backup system after failure? 

A. Replication 

B. Load balancing 

C. Failover 

D. Synchronization 

Correct Answer: C 

48. Fault tolerance mainly improves which system property? 

A. Security 

B. Availability 

C. User interface 

D. Scalability 

Correct Answer: B 

 


