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2-Phase Locking Protocol  
 

 2-Phase Locking: All lock requests precede all unlock requests.  
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Exercise 1: 2PL  
 

 For each of the following schedules, tell what the locking  
 scheduler would do, i.e., what requests would get delayed and  

 when would they be allowed to resume? Assume each lock is  
 taken immediately before the corresponding read or write and that  

all locks are released immediately after the last element access.  

 

a) R1(A); R2(A); W1(B); W2(B); R1(B); W2(C); W1(D);  
 b) R1(A); R2(A); R3(B); W1(A); R2(C); R2(B); W2(B); W1(C);  
 c) R1(A); W2(C); W1(B); R3(C); R2(B); W3(A);  
 d) W3(A); R1(A); W1(B); R2(B); W2(C); R3(C); R2(A);  
 e) R1(A); R2(A); R1(B); R2(B); R3(B); W1(A); W2(B);  
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Exercise 1: 2PL 

 a) R1(A); R2(A); W1(B); W2(B); R1(B); W2(C); W1(D); 

T1 T2 

L1(A); R1(A); 

L2(A); Denied 

L1(B); W1(B); 

R1(B); 

L1(D); W1(D); 

U1(A); U1(B); U1(D); 

L2(A); R2(A); 

L2(B); W2(B);  

L2(C); W2(C);  

 U2(A); U2(B); U2(C);  
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Exercise 1: 2PL 

 b) R1(A); R2(A); R3(B); W1(A); R2(C); R2(B); W2(B); W1(C); 

T1 T2 T3 

L1(A); R1(A); 

L2(A); Denied 

L3(B); R3(B); U3(B); 

W1(A); 

L1(C); W1(C); 

U1(A); U1(C); 

L2(A); R2(A); 

L2(C); R2(C); 

L2(B); R2(B); W2(B);  

U2(A); U2(C); U2(B);  
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Exercise 1: 2PL 

 c) R1(A); W2(C); W1(B); R3(C); R2(B); W3(A); 

T1 T2 T3 

L1(A); R1(A); 

L2(C); W2(C); 

L1(B); W1(B); 

U1(A); U1(B); 

L3(C); Denied 

L2(B); R2(B); 

U2(C); U2(B); 

L3(C); R3(C); 

L3(A); W3(A); 

U3(C); U3(A); 
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Exercise 1: 2PL 

 d) W3(A); R1(A); W1(B); R2(B); W2(C); R3(C); R2(A); 

T1 T2 T3 

L3(A); W3(A); 

L1(A); Denied 

L2(B); R2(B); 

L2(C); W2(C); 

L3(C); Denied 

L2(A); Denied 

DEADLOCK  
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Exercise 1: 2PL 

 e) R1(A); R2(A); R1(B); R2(B); R3(B); W1(A); W2(B); 

T1 T2 T3 

L1(A); R1(A); 

L2(A); Denied 

L1(B); R1(B); 

L3(B); Denied 

W1(A); 

U1(A); U1(B); 

L2(A); R2(A); 

L2(B); R2(B); 

L3(B); Denied 

W2(B); 

U2(A); U2(B);  
 L3(B); R3(B); U3(B);  
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Exercise 2: 2PL  
 

 T1: L1(A); R1(A); W1(A); L1(B); R1(B); W1(B); U1(A); U1(B);  
 T2: L2(B); R2(B); W2(B); L2(A); R2(A); W2(A); U2(B); U2(A);  

 How many legal schedules of all the read and write actions of these  
 transactions are there?  
 

 Suppose the schedule starts with T1 locking and reading A. If T2  

 locks B before T1 reaches its unlocking phase, then there is a  

 deadlock, and the schedule cannot complete. Thus, if T1  

 performs an action first, it must perform all its actions before T2  

 performs any. Likewise, if T2 starts first, it must complete before  

 T1 starts, or there is a deadlock. Thus, only the two serial  

 schedules of these transactions are legal.  
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Compatibility Matrix for Lock Modes  
 

 Compatibility matrix for shared, exclusive, update and increment  

 locks.  

 

Locks requested  

 S   X   U    I  

 
Locks held in  

 mode  

 

S  Y   N   Y   N  
 X  N   N   N   N  
 U  N   N   N   N  

I  N   N   N   Y  

 

Y - Yes  

N - No  
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Exercise 3: Other Lock Modes  
 

 Insert shared, exclusive and update locks, together with unlock  
 actions. Place a shared lock in front of every read action that is  
 not going to be upgraded, place an update lock in front of every  
 read action that will be upgraded and place an exclusive lock in  
 front of every write action. Place unlocks at the ends of  
 transactions.  
 

a) R1(A); R2(B); R3(C); W1(B); W2(C); W3(D);  
 b) R1(A); R2(B); R3(C); W1(B); W2(C); W3(A);  
 c) R1(A); R2(B); R3(C); R1(B); R2(C); R3(A); W1(A); W2(B);  
 W3(C);  
 d) R1(A); R2(B); R3(B); R1(C); R2(C); R3(C); W1(A); W2(C);  
 e) R1(A); R2(B); INC1(B); INC2(C); R3(B); INC3(C); W2(D);  
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Exercise 3: Other Lock Modes 

 a) R1(A); R2(B); R3(C); W1(B); W2(C); W3(D); 

T1 T2 T3 

SL1(A); R1(A); 

SL2(B); R2(B); 

SL3(C); R3(C); 

XL1(B); Denied 

XL2(C); Denied 

XL3(D); W3(D); 

U3(C); U3(D); 

XL2(C); W2(C); 

U2(B); U2(C); 

XL1(B); W1(B); 

U1(A); U1(B); 12  
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Exercise 3: Other Lock Modes 

 b) R1(A); R2(B); R3(C); W1(B); W2(C); W3(A); 

T1 T2 T3 

SL1(A); R1(A); 

SL2(B); R2(B); 

SL3(C); R3(C); 

XL1(B); Denied 

XL2(C); Denied 

XL3(A); Denied 

DEADLOCK  
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Exercise 3: Other Lock Modes 

 c) R1(A); R2(B); R3(C); R1(B); R2(C); R3(A); W1(A); W2(B); W3(C); 

T1 T2 T3 

UL1(A); R1(A); 

UL2(B); R2(B); 

UL3(C); R3(C); 

SL1(B); Denied 

SL2(C); Denied 

SL3(A); Denied 

DEADLOCK  
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Exercise 3: Other Lock Modes 

 d) R1(A); R2(B); R3(B); R1(C); R2(C); R3(C); W1(A); W2(C); 

T1 T2 T3 

UL1(A); R1(A); 

SL2(B); R2(B); 

SL3(B); R3(B); 

SL1(C); R1(C); 

UL2(C); R2(C); 

SL3(C); Denied 

XL1(A); W1(A); 

U1(A); U1(C); 

XL2(C); W2(C); 

U2(B); U2(C); 

SL3(C); U3(B); U3(C);  
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Exercise 3: Other Lock Modes 

 e) R1(A); R2(B); INC1(B); INC2(C); R3(B); INC3(C); W2(D); 

T1 T2 T3 

SL1(A); R1(A); 

SL2(B); R2(B); 

IL1(B); Denied 

IL2(C); INC2(C); 

SL3(B); R3(B); 

IL3(C); INC3(C); 

U3(B); U3(C); 

XL2(D); W2(D); 

U2(B); U2(C); U2(D); 

IL1(B); INC1(B); 

U1(A); U1(B); 
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Exercise 4: Other Lock Modes  
 

 T1: R1(A); R1(B); INC1(A); INC1(B);  

 T2: R2(A); R2(B); INC2(A); INC2(B);  

 How many interleavings of these transactions are serializable?  
 

 First, let us count the number of serializable orders that are conflict- 
 equivalent to the order (T1, T2). In order for a schedule to be equivalent  

to (T1, T2), INC1(A) must precede R2(A). Thus, the first three steps of  

T1 must be first in the schedule.  

 Also, INC1(B) must come before R2(B), so the former can either be the  

fourth action of the schedule, or it can be fifth, coming after R2(A).  

Thus, there are two serializable schedules equivalent to (T1, T2).  

 By symmetry, there will be the same number equivalent to the opposite  

order, (T2, T1). Thus, there are four serializable schedules altogether.  
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Tutorial on  
 Snapshot Isolation  
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Snapshot Isolation - Basic Idea  
 

 Every transaction reads from its own snapshot (copy) of the  

 database (will be created when the transaction starts).  

 
 Writes are collected into a writeset (WS), not visible to concurrent  
 transactions. Two transactions are considered to be concurrent if  
 one starts (takes a snapshot) while the other is in progress.  
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Snapshot Isolation - Conflict Resolution  
 

 At the commit time of a transaction its writeset WS is compared to  

 those of concurrent committed transactions. If there is no conflict  

 (overlapping), then the WS can be applied to stable storage and  

 is visible to transactions that begin afterwards.  

  However, if there is a conflict with the WS of a concurrent, already  

 committed transaction, then the transaction must be aborted. →  

 “First Committer Wins Rule“  
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Example Transactions on SI Database  
 

 T1 is read-only and will never conflict with any other transaction.  
 Updates from concurrent transactions (like T2, T3, T4 and T6) are  
 invisible to T1.  
 
 T4 must be aborted, because its writeset overlaps with that from T3  
 which has already committed.  
 
 Due to this fact, the overlapping sets of T6 and T4 do not impose a  
 conflict.  
 21  
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Implementation of SI in real Systems  
 

 Of course, making a copy of the database and managing and  

 comparing (possibly huge) writesets for every transaction is not  

 that efficient…  

 
 Real SI implementations use an incremential variant of Snapshot  
 Isolation, using  
 � Different versions of the same data row (to simulate  

snapshots)  

 � Row level (tuple) locks (to detect write-write conflicts between  

concurrent transactions).  
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Implementation of SI in real Systems  
 

 Snapshots are implemented by having multiple versions (hence,  

 multi version concurrency control) of the same data item (e.g.,  

 data rows). A transaction that modifies a row generates  

 automatically a new version of this row (which is only visible to  

 transactions that begin (i.e., take a snapshot) after this transaction  

 has committed).  
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Implementation of SI in real Systems  
 

 Oracle and PostgreSQL offer two variants of Snapshot Isolation:  

 SERIALIZABLE (as described so far) and READ COMMITTED  

 (the default isolation level in both products)  

 
 READ COMMITTED: the main difference to SERIALIZABLE is the  

 implementation of the snapshot: a transaction running in this  

 isolation mode gets a new snapshot for every issued SQL  

 statement (every statement sees the latest committed values  

 (generated versions) of the database).  
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