Lock-Based Concurrency Control Protocols, especially Two-Phase Locking (2PL), using a clear diagram and example to illustrate how transactions behave.

[bookmark: _heading=h.vrz1y663uwc4]🔐 Lock Types
	Lock Type
	Symbol
	Purpose

	Shared Lock
	S
	Allows read-only access by multiple transactions

	Exclusive Lock
	X
	Allows read/write access by only one transaction



🔄 Two-Phase Locking (2PL)
2PL ensures serializability by enforcing two distinct phases:
1. Growing Phase:
· Transaction acquires locks (S or X)
· No locks are released during this phase
2. Shrinking Phase:
· Transaction releases locks
· No new locks can be acquired

🧪 Example: Transactions T1 and T2 on Data Items A and B
	Transaction
	Timestamp
	Operations

	T1
	10
	Read(A), Write(B)

	T2
	20
	Write(A), Read(B)



🔄 Execution with 2PL
Time → →
┌────────────┬────────────────────────────┬────────────────────────────┐
│ Step       │ T1                         │ T2                         │
├────────────┼────────────────────────────┼────────────────────────────┤
│ 1          │ Acquire S-lock on A        │                            │
│ 2          │ Read A                     │                            │
│ 3          │ Acquire X-lock on B        │                            │
│ 4          │ Write B                    │                            │
│ 5          │ Release locks (A, B)       │                            │
│ 6          │                            │ Acquire X-lock on A        │
│ 7          │                            │ Write A                    │
│ 8          │                            │ Acquire S-lock on B        │
│ 9          │                            │ Read B                     │
│ 10         │                            │ Release locks (A, B)       │
└────────────┴────────────────────────────┴────────────────────────────┘

✅ Observations
· T1 follows growing phase (acquires S-lock on A, X-lock on B) and then shrinking phase (releases both).
· T2 waits until T1 releases locks before acquiring its own.
· No deadlock occurs, and serializability is preserved.

📊 Diagram Summary
        Lock Timeline (2PL)
        ┌──────────────┐
T1      │ S(A) ──> X(B)│───┐
        └──────────────┘   │ Shrinking Phase
                           ▼
        ┌──────────────┐
T2      │ X(A) ──> S(B)│───┐
        └──────────────┘   ▼

✅ Benefits of 2PL
· Guarantees conflict-serializable schedules
· Prevents inconsistent reads/writes
· Simple to implement with lock managers

⚠️ Limitations
· May cause deadlocks if transactions wait indefinitely
· Requires careful lock acquisition order

