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Use multiple storage 
devices to approximate.
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T1 T2

A=1 B=9 C=7

A=1 B=9 C=7

BEGIN
R(A)
W(A)

⋮
ABORT

BEGIN
R(B)
W(B)
COMMIT
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Do we force T2’s changes to 
be written to disk?
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R(A)
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⋮
ABORT

BEGIN
R(B)
W(B)
COMMIT

A=3

Do we force T2’s changes to 
be written to disk?

Is T1 allowed to 
overwrite A even though 
it hasn’t committed?
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A=1 B=9 C=7B=8
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⋮
ABORT
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Do we force T2’s changes to 
be written to disk?

Is T1 allowed to 
overwrite A even though 
it hasn’t committed?

B=8A=3
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⋮
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What happens when we 
need to rollback T1?
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⋮
ABORT

BEGIN
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FORCE means that T2 changes must 
be written to disk at this point.

NO-STEAL means that T1 changes 
cannot be written to disk yet.

B=8
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T1 T2

A=1 B=9 C=7

A=1 B=9 C=7B=8

BEGIN
R(A)
W(A)

⋮
ABORT

BEGIN
R(B)
W(B)
COMMIT

A=3

Now it’s trivial 
to rollback T1.

B=8
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Txn T1

Read-only txns access 
the current master.

Active modifying txn
updates shadow pages.
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Master
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Txn T1
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Active modifying txn
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BEGIN
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W(B)
⋮

COMMIT

T1
<T1 BEGIN>

A=1 B=9 C=7
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BEGIN
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⋮

COMMIT
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BEGIN
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W(B)
⋮

COMMIT

T1
<T1 BEGIN>
<T1, A, 1, 8>
<T1, B, 5, 9>
<T1 COMMIT>

Txn result is now safe to 
return to application.

B=9

A=1 B=9 C=7

<T1 BEGIN>
<T1, A, 1, 8>
<T1, B, 5, 9>
<T1 COMMIT>  
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⋮CRASH!

Txn result is now safe to 
return to application.

B=9

A=1 B=9 C=7

<T1 BEGIN>
<T1, A, 1, 8>
<T1, B, 5, 9>
<T1 COMMIT>  
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<T1 BEGIN>
<T1, A, 1, 8>
<T1, B, 5, 9>
<T1 COMMIT>

X
X
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<T1 BEGIN>
<T1, A, 1, 8>
<T1, B, 5, 9>
<T1 COMMIT>

X
X

<T1 BEGIN>
<T1, A, 8>
<T1, B, 9>
<T1 COMMIT>
CRASH!

<T1 BEGIN>
<T1, A, 8>
<T1, B, 9>
CRASH!

Replay the log and 
redo each update.

Simply ignore all of 
T1's updates.
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Undo + Redo

No Undo + No Redo
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<CHECKPOINT>

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


<T1 BEGIN>
<T1, A, 1, 2>
<T1 COMMIT>
<T2 BEGIN>
<T2, A, 2, 3>
<T3 BEGIN>
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<T2 COMMIT>
<T3, A, 3, 4>

⋮
CRASH!
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<T2 COMMIT>
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⋮
CRASH!

T1
T2 T3

→ T2

→ T3
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→ UPDATE DELETE INSERT
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UPDATE foo SET val = XYZ WHERE id = 1;

<T1,
Table=X,
Page=99,
Offset=4,
Before=ABC,
After=XYZ>

<T1,
Index=X_PKEY,
Page=45,
Offset=9,
Key=(1,Record1)>

<T1,
Query="UPDATE foo

SET val=XYZ
WHERE id=1">

<T1,
Table=X,
Page=99,
ObjectId=1,
Before=ABC,
After=XYZ>

<T1,
Index=X_PKEY,
IndexPage=45,
Key=(1,Record1)>
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