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BEGIN
R(A)

W(A)

R(A)
COMMIT

BEGIN
R(A)

W(A)
COMMIT

T1 T2
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Granted (T1→A)
BEGIN
LOCK(A)
R(A)

W(A)
R(A)
UNLOCK(A)

COMMIT

BEGIN
LOCK(A)

R(A)
W(A)
UNLOCK(A)
COMMIT

T1 T2
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Granted (T1→A)

Denied!

BEGIN
LOCK(A)
R(A)

W(A)
R(A)
UNLOCK(A)

COMMIT

BEGIN
LOCK(A)

R(A)
W(A)
UNLOCK(A)
COMMIT

T1 T2
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Granted (T1→A)

Denied!

Released (T1→A)

BEGIN
LOCK(A)
R(A)

W(A)
R(A)
UNLOCK(A)

COMMIT

BEGIN
LOCK(A)

R(A)
W(A)
UNLOCK(A)
COMMIT

T1 T2
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Granted (T1→A)

Denied!

Granted (T2→A)

Released (T1→A)

Released (T2→A)

BEGIN
LOCK(A)
R(A)

W(A)
R(A)
UNLOCK(A)

COMMIT

BEGIN
LOCK(A)

R(A)
W(A)
UNLOCK(A)
COMMIT

T1 T2
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S-LOCK

X-LOCK

✔

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


BEGIN
X-LOCK(A)
R(A)
W(A)
UNLOCK(A)

S-LOCK(A)
R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)
W(A)
UNLOCK(A)

COMMIT

Granted (T1→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)
UNLOCK(A)

S-LOCK(A)
R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)
W(A)
UNLOCK(A)

COMMIT

Granted (T1→A)

Released (T1→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)
UNLOCK(A)

S-LOCK(A)
R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)
W(A)
UNLOCK(A)

COMMIT

Granted (T1→A)

Granted (T2→A)

Released (T1→A)

Released (T2→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)
UNLOCK(A)

S-LOCK(A)
R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)
W(A)
UNLOCK(A)

COMMIT

Granted (T1→A)

Granted (T2→A)

Released (T1→A)

Released (T2→A)

Granted (T1→A)

Released (T1→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)
UNLOCK(A)

S-LOCK(A)
R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)
W(A)
UNLOCK(A)

COMMIT

Granted (T1→A)

Granted (T2→A)

Released (T1→A)

Released (T2→A)

Granted (T1→A)

Released (T1→A)

T1 T2
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2PL Violation!
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BEGIN
X-LOCK(A)
R(A)
W(A)

R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)

W(A)
UNLOCK(A)
COMMIT

Granted (T1→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)

R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)

W(A)
UNLOCK(A)
COMMIT

Granted (T1→A)

Denied!

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)

R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)

W(A)
UNLOCK(A)
COMMIT

Granted (T1→A)

Denied!

Released (T1→A)

T1 T2
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BEGIN
X-LOCK(A)
R(A)
W(A)

R(A)
UNLOCK(A)
COMMIT

BEGIN
X-LOCK(A)

W(A)
UNLOCK(A)
COMMIT

Granted (T1→A)

Denied!

Released (T2→A)

Released (T1→A)

Granted (T2→A)

T1 T2
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→
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T1 T2

T2

BEGIN
X-LOCK(A)
X-LOCK(B)
R(A)
W(A)
UNLOCK(A)

R(B)
W(B)
ABORT

BEGIN

X-LOCK(A)
R(A)
W(A)

⋮
This is all wasted work!
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Release all locks 
at end of txn.
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T1

T2

→ A
→ B
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T1 T2
BEGIN
X-LOCK(A)
R(A)

A=A-50
W(A)
UNLOCK(A)

X-LOCK(B)

R(B)
B=B+50
W(B)
UNLOCK(B)
COMMIT

BEGIN

S-LOCK(A)

R(A)
UNLOCK(A)
S-LOCK(B)

R(B)
UNLOCK(B)
ECHO A+B
COMMIT
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T1 T2
A=100, B=100

A+B=150

BEGIN
X-LOCK(A)
R(A)

A=A-50
W(A)
UNLOCK(A)

X-LOCK(B)

R(B)
B=B+50
W(B)
UNLOCK(B)
COMMIT

BEGIN

S-LOCK(A)

R(A)
UNLOCK(A)
S-LOCK(B)

R(B)
UNLOCK(B)
ECHO A+B
COMMIT
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BEGIN
X-LOCK(A)
R(A)

A=A-50
W(A)
X-LOCK(B)
UNLOCK(A)

R(B)
B=B+50
W(B)
UNLOCK(B)
COMMIT

BEGIN

S-LOCK(A)

R(A)
S-LOCK(B)

R(B)
UNLOCK(A)
UNLOCK(B)
ECHO A+B
COMMIT

T1 T2
A=100, B=100

A+B=200
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BEGIN
X-LOCK(A)
R(A)
A=A-50
W(A)
X-LOCK(B)
R(B)
B=B+50
W(B)
UNLOCK(A)
UNLOCK(B)
COMMIT

BEGIN

S-LOCK(A)

R(A)
S-LOCK(B)
R(B)
ECHO A+B
UNLOCK(A)
UNLOCK(B)
COMMIT

T1 T2
A=100, B=100

A+B=200
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T1 T2
BEGIN
X-LOCK(A)

R(A)
X-LOCK(B)

BEGIN

S-LOCK(B)
R(B)
S-LOCK(A)

Granted (T1→A)
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T1 T2
BEGIN
X-LOCK(A)

R(A)
X-LOCK(B)

BEGIN

S-LOCK(B)
R(B)
S-LOCK(A)

Granted (T1→A)

Granted (T2→B)
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T1 T2
BEGIN
X-LOCK(A)

R(A)
X-LOCK(B)

BEGIN

S-LOCK(B)
R(B)
S-LOCK(A)

Granted (T1→A)

Denied!

Granted (T2→B)
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T1 T2
BEGIN
X-LOCK(A)

R(A)
X-LOCK(B)

BEGIN

S-LOCK(B)
R(B)
S-LOCK(A)

Granted (T1→A)

Denied!

Granted (T2→B)

Denied!
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→
→ Ti Tj Ti Tj
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T1 T2

T3

BEGIN
S-LOCK(A)

S-LOCK(B)

BEGIN

X-LOCK(B)

X-LOCK(C)

BEGIN

S-LOCK(C)

X-LOCK(A)

T1 T2 T3
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T1 T2

T3

BEGIN
S-LOCK(A)

S-LOCK(B)

BEGIN

X-LOCK(B)

X-LOCK(C)

BEGIN

S-LOCK(C)

X-LOCK(A)

T1 T2 T3
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T1 T2

T3

BEGIN
S-LOCK(A)

S-LOCK(B)

BEGIN

X-LOCK(B)

X-LOCK(C)

BEGIN

S-LOCK(C)

X-LOCK(A)

T1 T2 T3
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→ T1 T2

→ T1 T1 T2
→ T1

→ T1 T2
→ T1
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BEGIN

X-LOCK(A)
⋮

BEGIN
X-LOCK(A)

⋮

BEGIN
X-LOCK(A)

⋮ BEGIN
X-LOCK(A)

⋮

T1 T2

T2 T2

T1 T2

T1 T2
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T1

T2
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T1

T2
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→

IX
→
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SIX
→
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✔ ✔ ✔ ✔ ×

✔ ✔ × × ×

✔ × ✔ × ×

✔ × × × ×

× × × × ×

T 1
T2
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T1

Read

R
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T1

S
T1

IS
T1

Read

R
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T1

S
T1

IS
T1

T2

Write

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


T1

S
T1

IS
T1

T2

X
T2IX

T2

Write
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→ T1 R
→ T2 R
→ T3 R
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T1

Read Read+WriteRead

R
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T1

SIX
T1

X
T1

R
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T1

SIX
T1

T2

X
T1

Read

R
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T1

S
T2

SIX
T1

T2

X
T1IS

T2

R
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T1

S
T2

SIX
T1

T2

X
T1IS

T2

Read

T3

Read Read

R
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T1

S
T2

SIX
T1

T2

X
T1IS

T2

T3

S
T3

R
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→ IS S

→ IX X

→ SIX S
IX
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S IS
IS

X IX SIX
IX
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→ SHARE EXCLUSIVE
→ READ WRITE

LOCK TABLE <table> IN <mode> MODE;

LOCK TABLE <table> <mode>;

SELECT 1 FROM <table> WITH (TABLOCK, <mode>);
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http://15445.courses.cs.cmu.edu/


→ FOR SHARE
→ LOCK IN SHARE MODE

SELECT * FROM <table>
WHERE <qualification> FOR UPDATE;
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BEGIN

COMMIT

BEGIN

COMMIT

INSERT INTO people
(age=96, status='lit')

72

96

T1 T2

SELECT MAX(age)
FROM people
WHERE status='lit'

CREATE TABLE people (
id SERIAL,
name VARCHAR,
age INT,
status VARCHAR

);

SELECT MAX(age)
FROM people
WHERE status='lit'
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