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Version Value Begin End

A0 123 0 -

T1 T2
BEGIN
R(A)

R(A)
COMMIT

BEGIN
W(A)

COMMIT

TS(T1)=1 TS(T2)=2
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Version Value Begin End
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T1 T2
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Version Value Begin End

A0 123 0 -

T1 T2
BEGIN
R(A)

R(A)
COMMIT

BEGIN
W(A)

COMMIT

-2456A1

TS(T1)=1 TS(T2)=2

T2 creates version A1 
and sets A0 End-TS. 
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Version Value Begin End

A0 123 0 -

T1 T2
BEGIN
R(A)

R(A)
COMMIT

BEGIN
W(A)

COMMIT

2

-2456A1

TS(T1)=1 TS(T2)=2

T2 creates version A1 
and sets A0 End-TS. 
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Version Value Begin End

A0 123 0 -

T1 T2
BEGIN
R(A)

R(A)
COMMIT

BEGIN
W(A)

COMMIT

2

T1 reads version A0.

-2456A1

TS(T1)=1 TS(T2)=2
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Version Value Begin End
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W(A)
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Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

-1456A1

TS(T1)=1 TS(T2)=2
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Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

-1456A1

TS(T1)=1 TS(T2)=2
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Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

-1456A1

TS(T1)=1 TS(T2)=2

T2 reads version A0
because T1 has not 
committed yet.
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Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

-1456A1

TS(T1)=1 TS(T2)=2

T2 has to stall until 
T1 commits.
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Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

T1 reads version A1
that it wrote earlier.

-1456A1

TS(T1)=1 TS(T2)=2
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http://15445.courses.cs.cmu.edu/


Version Value Begin End

A0 123 0

T1 T2
BEGIN
R(A)
W(A)

R(A)
COMMIT

BEGIN
R(A)
W(A)

COMMIT

1

-1456A1 2

-2789A2

TS(T1)=1 TS(T2)=2

Now T2 can create the 
new version.
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KEY VALUE

Ax XXX $111

POINTER

Ax+1 XXX $222 Ø

Bx YYY $10 Ø
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KEY VALUE

Ax XXX $111

POINTER

Ax+1 XXX $222 Ø

Ax+2 XXX $333 Ø

Bx YYY $10 Ø
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KEY VALUE

Ax XXX $111

POINTER

Ax+1 XXX $222

Ax+2 XXX $333 Ø

Bx YYY $10 Ø
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KEY VALUE

A2 XXX $222

POINTER

B1 YYY $10

KEY VALUE

A1 XXX $111

POINTER

Ø
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KEY VALUE

A2 XXX $222

POINTER

B1 YYY $10

KEY VALUE

A1 XXX $111

POINTER

A2 XXX $222

Ø

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


KEY VALUE

A2 XXX $222

POINTER

B1 YYY $10

A3 $333

KEY VALUE

A1 XXX $111

POINTER

A2 XXX $222

Ø
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KEY VALUE

A1 XXX $111

POINTER

B1 YYY $10
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KEY VALUE

A1 XXX $111

POINTER

B1 YYY $10

DELTA POINTER

A1 (VALUE→$111) Ø
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KEY VALUE

A1 XXX $111

POINTER

B1 YYY $10

DELTA POINTER

A2 (VALUE→$222)

A1 (VALUE→$111) ØA2 $222
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KEY VALUE

A1 XXX $111

POINTER

B1 YYY $10

DELTA POINTER

A2 (VALUE→$222)

A1 (VALUE→$111) ØA2 $222A3 $333
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TXN-ID BEGIN END

Ax 0 1 9

Bx 0 1 9

Bx+1 0 10 20

Tid=12

Tid=25
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TXN-ID BEGIN END

Ax 0 1 9

Bx 0 1 9

Bx+1 0 10 20

Tid=12

Tid=25
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TXN-ID BEGIN END

Ax 0 1 9

Bx 0 1 9

Bx+1 0 10 20

Tid=12

Tid=25

Dirty?
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Tid=12

Tid=25

Ax Ax+1 Ax+2 Ax+3

Bx Bx+1 Bx+2 Bx+3

INDEX
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Tid=25

Ax Ax+1 Ax+2 Ax+3

Bx Bx+1 Bx+2 Bx+3

INDEX
X
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DELETE

INSERT

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

INSERT

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://eng.uber.com/mysql-migration/
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PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax
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PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax

GET(A)

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


PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax

GET(A)
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SECONDARY INDEX

SECONDARY INDEX

SECONDARY INDEX

PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax

GET(A)
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PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax

GET(A)
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PRIMARY INDEX SECONDARY INDEX

Ax+3 Ax+2 Ax+1 Ax

GET(A)

TupleId→Address
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MV2PL Delta Vacuum Logical

MV-2PL/MV-TO Append-Only Vacuum Physical

MV-2PL Delta Vacuum Logical

MV-OCC Append-Only – Physical

MV-OCC Append-Only Cooperative Physical

MV-OCC Append-Only Vacuum Physical

MV-2PL Time-travel Hybrid Logical

MV-2PL Append-Only Vacuum Logical

MV-OCC Delta Txn-level Logical
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