Scenario: In a railway ticket booking system, multiple agents try to update the number of available seats at the same time.
Question: Which synchronization tool would you use to prevent race conditions, and why?
Scenario: A university library database allows multiple students to read records simultaneously, but only one librarian can update them at a time.
Question: Identify the synchronization problem this represents and explain how it can be solved.
Scenario: A banking application allows multiple customers to deposit and withdraw money from their accounts. To ensure consistency, operations must be synchronized.
Question: How can monitors be used to implement safe deposit and withdrawal operations in this system?
Scenario: In a hospital management system, two processes request access to patient records and billing files simultaneously. Each process holds one resource and waits for the other.
Question: Explain how deadlock can occur in this situation and how the Banker’s Algorithm can be applied to avoid it.
Scenario: Five researchers in a lab share limited computing resources. Each researcher needs two resources to run simulations. Only one resource can be asked at a time.
Question: Model this situation as the Dining Philosophers problem and suggest a strategy to avoid deadlock.
Situation: In a food delivery app, multiple delivery agents try to update the number of available orders at the same time. Sometimes the count becomes inconsistent.
Question: What mechanism would you design to ensure only one agent updates the order count correctly at a time?
Situation: A university exam results portal allows thousands of students to check their marks simultaneously, but only the exam cell staff can update the marks database.
Question: How would you design the system so that students can read results together, but updates happen safely?
Situation: In a research lab, five scientists share limited computing devices. Each scientist needs two devices to run simulations. If everyone picks one device and waits for another, no one can proceed.
Question: Model this situation and suggest a strategy to ensure all scientists eventually complete their work without indefinite waiting.
Situation: An airline reservation system allows multiple users to book tickets online. Sometimes two users end up booking the same seat.
Question: What mechanism would you introduce to ensure that once a seat is booked, no other user can book it at the same time?
Situation: In an online auction, bidders place bids simultaneously. The system must always record the highest bid correctly, even if multiple bids arrive at the same instant.
Question: How would you design the system to ensure fairness and correctness in recording bids?



Scenario: Railway ticket booking system, multiple agents updating seat count.
Question: Which synchronization tool would you use to prevent race conditions, and why?
Explanation & Solution:
· Multiple agents (threads) are trying to update a shared variable (available seats).
· This is a critical section problem.
· Mutex lock is the best tool here because it ensures mutual exclusion — only one agent can update at a time.
· Semaphores could also be used, but they are more general and complex.
· Monitors are higher‑level constructs, but for a simple shared counter, a mutex is sufficient.
Answer: Use a mutex lock to prevent race conditions, ensuring only one agent updates the seat count at a time.
Scenario: Library database allows multiple readers but only one writer.
Question: Identify the synchronization problem and explain how it can be solved.
Explanation & Solution:
· This is the Readers–Writers problem.
· Multiple readers can access simultaneously, but writers need exclusive access.
· Solution: Use reader–writer locks or semaphores. 
· Readers increment a counter when entering.
· Writers wait until no readers are present.
· Ensures consistency while maximizing concurrency.
Answer: This is the Readers–Writers problem, solved using reader–writer locks or semaphores to allow concurrent readers but exclusive writers.
Scenario: Banking application with deposit/withdraw operations.
Question: How can monitors be used to implement safe deposit and withdrawal?
Explanation & Solution:
· Deposits and withdrawals update a shared balance variable.
· Without synchronization, race conditions may occur (e.g., two withdrawals at the same time).
· Monitors encapsulate shared data and operations, automatically enforcing mutual exclusion.
· Condition variables inside monitors can handle special cases (e.g., blocking withdrawal if balance < amount).
Answer: Monitors ensure mutual exclusion for deposit/withdraw operations and use condition variables to block withdrawals when funds are insufficient.
Scenario: Hospital system, two processes request patient records and billing files simultaneously.
Question: Explain how deadlock can occur and how Banker’s Algorithm avoids it.
Explanation & Solution:
· Deadlock occurs when: 
· Process A holds patient records and waits for billing files.
· Process B holds billing files and waits for patient records.
· Both wait indefinitely → deadlock.
· Banker’s Algorithm avoids this by checking if resource allocation keeps the system in a safe state.
· If granting a request leads to unsafe state, it is denied until resources are available.
Answer: Deadlock occurs when processes hold one resource and wait for another. Banker’s Algorithm prevents this by ensuring allocations always leave the system in a safe state.
Scenario: Five researchers share limited computing resources (like philosophers sharing chopsticks).
Question: Model this as Dining Philosophers and suggest a strategy to avoid deadlock.
Explanation & Solution:
· Each researcher needs two resources (like two chopsticks).
· If all pick one resource and wait for the other, deadlock occurs.
· Solutions: 
· Impose an ordering (e.g., odd philosophers pick left first, even pick right first).
· Use a resource hierarchy to avoid circular wait.
· Limit the number of philosophers allowed to pick resources simultaneously.
Answer: This is the Dining Philosophers problem. Deadlock can be avoided by imposing resource ordering or limiting simultaneous access, ensuring no circular wait.
Situation: In a food delivery app, multiple delivery agents try to update the number of available orders at the same time. Sometimes the count becomes inconsistent.
Answer & Explanation:
· This is a critical section problem: multiple threads updating a shared variable.
· If two agents update simultaneously, the counter may be corrupted.
· Solution: Use a mutual exclusion mechanism (like a lock) so only one agent updates at a time.
· This ensures consistency of the order count.
Situation: A university exam results portal allows thousands of students to check their marks simultaneously, but only the exam cell staff can update the marks database.
Answer & Explanation:
· This is the Readers–Writers problem: many readers, one writer.
· Readers can safely access together, but writers need exclusive access.
· Solution: Use a reader–writer synchronization mechanism. 
· Readers increment a counter when accessing.
· Writers wait until no readers are present.
· This balances concurrency and safety.
Situation: In a hospital management system, one process is using patient records while another is using billing records. Each process now requests the other file, and both are stuck waiting.
Answer & Explanation:
· This is a deadlock situation: each process holds one resource and waits for another.
· Neither can proceed → system stuck.
· Solution: Prevent deadlock by: 
· Enforcing resource ordering (always request in same order).
· Using Banker’s Algorithm to check safe state before granting requests.
· This avoids indefinite waiting.
Situation: An airline reservation system allows multiple users to book tickets online. Sometimes two users end up booking the same seat.
Answer & Explanation:
· This is a race condition on shared seat data.
· Two users simultaneously booking leads to inconsistency.
· Solution: Use synchronization (lock) on seat records.
· Once a seat is booked, lock prevents others from booking it until update completes.
· Guarantees correctness of reservations.
Situation: In an online auction, bidders place bids simultaneously. The system must always record the highest bid correctly, even if multiple bids arrive at the same instant.
Answer & Explanation:
· Shared variable = current highest bid.
· Multiple updates at the same time can cause incorrect results.
· Solution: Synchronize bid updates with mutual exclusion.
· Each bid is compared and updated atomically.
· Ensures fairness and correctness in recording bids.
[bookmark: _GoBack]Situation: In a food delivery app, restaurants (producers) place new orders into a shared queue, while delivery agents (consumers) pick them up. Sometimes the queue becomes full, and restaurants cannot add new orders. Other times, the queue is empty, and agents have nothing to pick up.
Question: How should the system handle these situations to ensure smooth operation?
Answer:
· When the queue is full, producers must wait until consumers remove orders.
· When the queue is empty, consumers must wait until producers add new orders.
· This requires synchronization between producers and consumers using tools like semaphores or condition variables.
· The bounded buffer ensures no overflow or underflow occurs.
Situation: A video streaming service stores video chunks in a buffer. The server (producer) loads chunks into the buffer, while the client (consumer) plays them. If the buffer is empty, playback pauses; if the buffer is full, the server must wait.
Question: What mechanism ensures smooth streaming without data loss or pauses?
Answer:
· The buffer must be managed so producers wait when it’s full and consumers wait when it’s empty.
· Synchronization ensures correct sequencing of load and play operations.
· This avoids buffer overflow (lost chunks) and underflow (playback pauses).
Situation: In a factory, machines produce parts and place them in a storage bin. Workers take parts from the bin to assemble products. The bin has limited capacity.
Question: What happens if machines produce too fast or workers consume too slowly, and how can this be managed?
Answer:
· If machines produce too fast, the bin fills up and they must wait.
· If workers consume too slowly, machines are blocked until space is available.
· If workers consume too fast, they must wait until machines produce more.
· Synchronization ensures balance between production and consumption.
Situation: In a chat app, messages are stored in a buffer before being delivered. Senders (producers) add messages, and receivers (consumers) read them. The buffer has limited size.
Question: How does the system avoid message loss or delivery delays?
Answer:
· If the buffer is full, senders must wait until receivers read messages.
· If the buffer is empty, receivers must wait until new messages arrive.
· Synchronization ensures messages are delivered in order without loss.
Situation: In an office, multiple employees send documents to a printer queue. The printer consumes documents one by one. The queue has limited capacity.
Question: How should the system handle simultaneous print requests and avoid lost jobs?
Answer:
· If the queue is full, employees must wait until the printer processes jobs.
· If the queue is empty, the printer waits until new jobs arrive.
· Synchronization ensures fairness and prevents job loss.

