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→

→

→

→
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flushedLSN

pageLSN

recLSN

lastLSN

MasterRecord

http://db.cs.cmu.edu/
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pageLSN
→

flushedLSN
→

i

→ pageLSNi flushedLSN
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

Log Sequence Numbers
Log Sequence Numbers

http://db.cs.cmu.edu/
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

?

Safe to unpin because
pageLSN ≤ flushedLSN
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T4 BEGIN>
011:<T4, X, 5, 6>
012:<T4, Y, 9, 7>
013:<T3, B, 4, 2>
014:<T3 COMMIT>
015:<T4, B, 2, 3>
016:<T4, C, 1, 2>

017:<T5 BEGIN>
018:<T5, A, 9, 8>
019:<T5, B, 5, 1>
020:<T5 COMMIT>

⋮

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

?
Not safe to unpin because

pageLSN > flushedLSN

http://db.cs.cmu.edu/
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pageLSN

flushedLSN

http://db.cs.cmu.edu/
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→
→
→
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COMMIT

COMMIT

→

→

TXN-END
→
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T3, B, 4, 2>
011:<T3, COMMIT>
012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

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


001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T3, B, 4, 2>
011:<T3, COMMIT>
012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

flushedLSN = 015
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T3, B, 4, 2>
011:<T3, COMMIT>
012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

⋮
016:<T4 TXN-END>

We can trim the in-memory 
log up to flushedLSN
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001:<T1 BEGIN>
002:<T1, A, 1, 2>
003:<T1 COMMIT>
004:<T2 BEGIN>
005:<T2, A, 2, 3>
006:<T3 BEGIN>
007:<CHECKPOINT>
008:<T2 COMMIT>
009:<T3, A, 3, 4>
010:<T3, B, 4, 2>
011:<T3, COMMIT>
012:<T4 BEGIN>
013:<T4, A, 9, 8>
014:<T4, B, 5, 1>
015:<T4 COMMIT>

MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

⋮
016:<T4 TXN-END>

We can trim the in-memory 
log up to flushedLSN

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


→ prevLSN
→

http://db.cs.cmu.edu/
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MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012|nil:<T4 BEGIN>
013|012:<T4, A, 9, 8>
014|013:<T4, B, 5, 1>
015|014:<T4 ABORT>

⋮
016|015:<T4 TXN-END>

LSN|prevLSN

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


MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012|nil:<T4 BEGIN>
013|012:<T4, A, 9, 8>
014|013:<T4, B, 5, 1>
015|014:<T4 ABORT>

⋮
016|015:<T4 TXN-END>

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


MasterRecord
flushedLSN

pageLSN recLSN

A=9 B=5 C=2

pageLSN recLSN

A=9 B=5 C=2

012|nil:<T4 BEGIN>
013|012:<T4, A, 9, 8>
014|013:<T4, B, 5, 1>
015|014:<T4 ABORT>

⋮
016|015:<T4 TXN-END>

Important: We need to record what 
steps we took to undo the txn.

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


→
undoNext
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LSN prevLSN TxnId Type Object Before After UndoNext

001 nil T1 BEGIN - - - -

002 001 T1 UPDATE A 30 40 -

⋮

011 002 T1 ABORT - - - -

⋮

026 011 T1 CLR A 40 30 001

http://db.cs.cmu.edu/
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LSN prevLSN TxnId Type Object Before After UndoNext

001 nil T1 BEGIN - - - -

002 001 T1 UPDATE A 30 40 -

⋮

011 002 T1 ABORT - - - -

⋮

026 011 T1 CLR A 40 30 001

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


LSN prevLSN TxnId Type Object Before After UndoNext

001 nil T1 BEGIN - - - -

002 001 T1 UPDATE A 30 40 -

⋮

011 002 T1 ABORT - - - -

⋮

026 011 T1 CLR A 40 30 001

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


LSN prevLSN TxnId Type Object Before After UndoNext

001 nil T1 BEGIN - - - -

002 001 T1 UPDATE A 30 40 -

⋮

011 002 T1 ABORT - - - -

⋮

026 011 T1 CLR A 40 30 001

The LSN of the next log 
record to be undone.

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


LSN prevLSN TxnId Type Object Before After UndoNext

001 nil T1 BEGIN - - - -

002 001 T1 UPDATE A 30 40 -

⋮

011 002 T1 ABORT - - - -

⋮

026 011 T1 CLR A 40 30 001

027 026 T1 TXN-END - - - nil

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


ABORT

→ CLR
→

TXN-END
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→ Page #1

Page #2

Page #3
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→ Page #1

Page #2

Page #3Page #3

Page #1 Page #2 Page #3
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→

→
→

Page #1

Page #2

Page #3Page #3

Page #1

Page #1 Page #2 Page #3
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→ txnId
→ status
→ lastLSN

→ R
→ C
→ U

http://db.cs.cmu.edu/
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→ recLSN

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


<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT

ATT={T2},
DPT={P10,P12}>

<T3 START>
<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT

ATT={T3},
DPT={P10,P33}>

<T3, B, 10, 12>

http://db.cs.cmu.edu/
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT

ATT={T2},
DPT={P10,P12}>

<T3 START>
<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT

ATT={T3},
DPT={P10,P33}>

<T3, B, 10, 12>
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT

ATT={T2},
DPT={P10,P12}>

<T3 START>
<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT

ATT={T3},
DPT={P10,P33}>

<T3, B, 10, 12>
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT

ATT={T2},
DPT={P10,P12}>

<T3 START>
<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT

ATT={T3},
DPT={P10,P33}>

<T3, B, 10, 12>

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


→ CHECKPOINT-BEGIN
→ CHECKPOINT-END
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT-BEGIN>
<T3 START>
<CHECKPOINT-END

ATT={T2},
DPT={P10,P12}>

<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT-BEGIN>
<T3, B, 10, 12>
<CHECKPOINT-END

ATT={T3},
DPT={P10,P33}>

CHECKPOINT-BEGIN
MasterRecord
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT-BEGIN>
<T3 START>
<CHECKPOINT-END

ATT={T2},
DPT={P10,P12}>

<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT-BEGIN>
<T3, B, 10, 12>
<CHECKPOINT-END

ATT={T3},
DPT={P10,P33}>

CHECKPOINT-BEGIN
MasterRecord
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<T1 BEGIN>
...
<T1 COMMIT>
...
<T2, C, 100, 120>
<CHECKPOINT-BEGIN>
<T3 START>
<CHECKPOINT-END

ATT={T2},
DPT={P10,P12}>

<T2 COMMIT>
<T3, A, 200, 400>
<CHECKPOINT-BEGIN>
<T3, B, 10, 12>
<CHECKPOINT-END

ATT={T3},
DPT={P10,P33}>

CHECKPOINT-BEGIN
MasterRecord

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


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


MasterRecord

→

→
→

recLSN
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→
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TXN-END

→ UNDO
→ COMMIT

UPDATE
→ P P

recLSN LSN

http://db.cs.cmu.edu/
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→

→
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010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!

LSN ATT DPT

010

020 (T96, U) (P33)

030 (T96,U), (T97,U) (P33), (P20)

040 (T96,C), (T97,U) (P33), (P20)

050 (T97,U) (P33), (P20)
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010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!

LSN ATT DPT

010

020 (T96, U) (P33)

030 (T96,U), (T97,U) (P33), (P20)

040 (T96,C), (T97,U) (P33), (P20)

050 (T97,U) (P33), (P20)
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010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!

LSN ATT DPT

010

020 (T96, U) (P33)

030 (T96,U), (T97,U) (P33), (P20)

040 (T96,C), (T97,U) (P33), (P20)

050 (T97,U) (P33), (P20)

(TxnId, Status)
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010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!

LSN ATT DPT

010

020 (T96, U) (P33)

030 (T96,U), (T97,U) (P33), (P20)

040 (T96,C), (T97,U) (P33), (P20)

050 (T97,U) (P33), (P20)

Modify A in page P33
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http://15445.courses.cs.cmu.edu/


010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!

LSN ATT DPT

010

020 (T96, U) (P33)

030 (T96,U), (T97,U) (P33), (P20)

040 (T96,C), (T97,U) (P33), (P20)

050 (T97,U) (P33), (P20)
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010:<CHECKPOINT-BEGIN>
⋮

020:<T96, A→P33, 10, 15>
⋮

030:<CHECKPOINT-END
ATT={T96,T97},
DPT={P20,P33}>

⋮
040:<T96 COMMIT>

⋮
050:<T96 TXN-END>

⋮
CRASH!
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