Hasso
Plattner
Institut

IT Systems Engineering | Universitat Potsdam

Merge

Prof. Hasso Plattner

Handling Write o
Plattner
Operations

Institut

O All destructive write operations, e.g. INSERT and UPDATE, are
stored within a differential buffer (delta) first

0 Read-operations on differential buffer are more expensive than
on main store
O Outdated tuples values in main store are invalidated

O To guarantee optimal performance the differential buffer needs
to be merged periodically into the main store
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O The merge process is working table wise

O Consists of:
1. Prepare merge
2. Attribute merge
3.  Commit merge

O Is triggered by:
= Amount of tuples in buffer
= Cost model, which e.g. takes query cost into account
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Online Merge |
O Working on data copies allows asynchronous merge

O Very limited interruption due to short lock
O But: At least twice the memory needed!

Before During the Merge Process After
Data Data Data
Modifying Merge Operation Modifying Modifying
Operations Operations Operations
A A A A LA L)
Table ¥ ¥ Table ¥
. Differential
Main Buffer
Store
(new)
Y v Y v Y Y v
| Read Operations | | Read Operations | | Read Operations |

! Prepare Attribute Merge Commit




. Hasso
Attribute Merge %
Step 1:
O Check validity vector of entries
O Merge main and differential buffer dictionaries
O Create mappings if valuelDs changed

Step 2:
O Create new main column (if needed)

O Rewrite main store column attribute vector if
O Dictionary increases over #bit value range

O Sort changed dictionary values

Example ﬂ i

Main Store
Dictionaries Attribute Vectors Validity Vector
valuelD | fname city reciD fname city reclD | wvalid
0 Albert Berlin 0 2 0 0 1
1 Michael London 1 1 1 1 1
2 Nadja 2 0 0 2 1

Differential Buffer

Dictionaries Attribute Vectors Validity Vector




Main Store

Example

7 syt

Michael moves from London to Berlin
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Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert Berlin 0 2 0 0 1
1 Michael London 1 1 1 I 1 0
2 Nadja 2 0 0 2 1
Differential Buffer
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
I 0 Michael Berlin 0 0 0 I 0 1
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Nadja moves from Berlin to Potsdam
Main Store
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert | Berlin 0 2 0 | o 0
1 Michael London 1 1 1 1 0
2 Nadja 2 0 0 2 1
Differential Buffer
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Michael Berlin 0 0 0 0 1
I 1 Nadja Potsdam I 1 1 1 I 1 1




Example

Michael moves from Berlin to Potsdam

7 syt
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Main Store
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert Berlin 0 2 0 0 0
1 Michael London 1 1 1 1 0
2 Nadja 2 0 0 2 1
Differential Buffer
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Michael Berlin 0 0 0 I 0 0
1 Nadja Potsdam 1 1 1 1 1
| > 0 1 | 2 1
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Hanna is added, she lives in Dresden
Main Store
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert Berlin 0 2 0 0 0
1 Michael London 1 1 1 1 0
2 Nadja 2 0 0 2 1
Differential Buffer
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Michael Berlin 0 0 0 0 0
1 Nadja Potsdam 1 1 1 1 1
2 Hanna Dresden 2 0 1 2 1
| s 2 2 | s 1
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First Step: 5
Validity Detection

Main Store
Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert Berlin 0 2 0 0 0
1 Michael London 1 1 1 1 0
2 Nadja 2 0 0 2 1

Differential Buffer

Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Michael Berlin I 0 0 0 0 0
1 Nadja Potsdam 1 1 1 1 1
2 Hanna Dresden 2 0 1 2 1
3 2 2 3 1

v

" Will be moved to history partition
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First Step: 5
Dictionary Merge

O Create combined dictionaries:

Dictionaries Combined Dictionaries
Differential Buffer Main
valuelD city valuelD city valuelD city
0 Berlin » Berlin 0 Berlin
1 Potsdam -><:_ondon ‘ 1 Dresden
2 Dresden = 2 London
3 Potsdam
valuelD fname valuelD fname valuelD fname
0 Michael = 0 Albert 0 Albert
1 Nadja = :Michael ‘ 1 Hanna
2 Hanna « 2 ®» Nadja 2 Michael
B 3 Nadja




First Step:

Dictionary Merge
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Main Store Combined Dictionaries
Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main
0 Michael Berlin OldMain fO 1|2
1 Nadja Potsdam New Main | 0
2 Hanna Dresden
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Main Store Combined Dictionaries
Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main
0 Michael Berlin OldMain [0 1|2
1 Nadja Potsdam New Main | O | 2
2 Hanna Dresden
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Main Store

First Step:
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Dictionary Merge

Combined Dictionaries

Dictionaries Dictionaries

valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London

3 Nadja Potsdam

Differential Buffer

Dictionaries Mappings

valuelD fname city fname: old to new Main
0 Michael Berlin OldMain |0 | 1|2
1 Nadja Potsdam New Main [0 | 2] 3
2 Hanna Dresden
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Main Store

Dictionary Merge

First Step:

Combined Dictionaries
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Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main  fname: Delta to new Main
0 Michael Berlin OldMain [0 | 1]2 Delta 0f1]|2
1 Nadja Potsdam New Main [0 | 2|3 New Main | 2
2 Hanna Dresden
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Main Store

First Step:
Dictionary Merge

Combined Dictionaries
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fname: Delta to new Main

Dictionaries Dictionaries

valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London

3 Nadja Potsdam

Differential Buffer

Dictionaries Mappings

valuelD fname city fname: old to new Main
0 Michael Berlin Old Main 0of(1(2 Delta
1 Nadja Potsdam New Main [0 | 2|3 New Main
2 Hanna Dresden
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Main Store

First Step:

Dictionary Merge

Combined Dictionaries

fname: Delta to new Main

Dictionaries Dictionaries

valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London

3 Nadja Potsdam

Differential Buffer

Dictionaries Mappings

valuelD fname city fname: old to new Main
0 Michael Berlin OldMain [0 | 1|2 Delta
1 Nadja Potsdam New Main [0 | 2|3 New Main
2 Hanna Dresden
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Main Store

First Step:
Dictionary Merge

Combined Dictionaries

Dictionaries

valuelD fname
0 Albert
1 Michael
2 Nadja

Differential Buffer

Dictionaries
city valuelD fname city
Berlin 0 Albert Berlin
London 1 Hanna Dresden
2 Michael London
3 Nadja Potsdam
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Dictionaries Mappings
valuelD fname city fname: old to new Main  fname: Delta to new Main
0 Michael Berlin OldMain |0 |12 Delta 0
1 Nadja Potsdam New Main [0 | 2|3 New Main | 2
2 Hanna Dresden
city: old to new Main
OldMain J 0|1
New Main | 0
19
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Main Store Combined Dictionaries
Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main  fname: Delta to new Main
0 Michael Berlin OldMain |0 |12 Delta 0
1 Nadja Potsdam New Main [0 | 2|3 New Main | 2
2 Hanna Dresden
city: old to new Main
OldMain |0 1

20

New Main [ O | 2




Hasso
Plattner

First Step: i
Dictionary Merge et

Main Store Combined Dictionaries
Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer

Dictionaries Mappings
valuelD fname city fname: old to new Main  fname: Delta to new Main
0 Michael Berlin OldMain |0 |12 Delta 0o(1]2
1 Nadja Potsdam NewMain | 0 |2 | 3 NewMain [ 2 |3 |1
2 Hanna Dresden
city: old to new Main city: Delta to new Main
OldMain |0 |1 Delta 0oj1]2
New Main | 0 | 2 New Main | O
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First Step: 5
Dictionary Merge

Main Store Combined Dictionaries
Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main  fname: Delta to new Main
0 Michael Berlin OldMain |0 |12 Delta 0o(1]2
1 Nadja Potsdam NewMain | 0 |2 | 3 NewMain [ 2 |3 |1
2 Hanna Dresden
city: old to new Main city: Delta to new Main
OldMain |0 |1 Delta ofj1|2
New Main | 0 | 2 New Main [ 0 | 3
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Main Store

First Step

Dictionary Merge

Combined Dictionaries

Dictionaries Dictionaries
valuelD fname city valuelD fname city
0 Albert Berlin 0 Albert Berlin
1 Michael London 1 Hanna Dresden
2 Nadja 2 Michael London
3 Nadja Potsdam
Differential Buffer
Dictionaries Mappings
valuelD fname city fname: old to new Main  fname
0 Michael Berlin Old Main 0of(1(2 Delta 0
1 Nadja Potsdam New Main [0 | 2|3 New Main | 2
2 Hanna Dresden
city: old to new Main city: Delta to new Main
OldMain |0 |1 Delta 0
New Main [ O | 2 New Main | O
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Main Store

Second Step:

Translation of Columns
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Original Attribute Vector

reclD fname city
0 2 0
1 1 1
2 0 0

Mappings
fname: old to new Main

OldMain [0 | 1]2
New Main | 0 | 2 | 3

city: old to new Main

OldMain |0 |1
New Main | 0 | 2

Attribute Vector translated

reclD
0
1
2

fname

city

Differential Buffer

Original Attribute Vector

reclD fname city
0 0 0
1 1 1
2 0 1
3 2 2

fname: Delta to new Main

Delta 01(2
New Main [ 2 [ 3| 1

city: Delta to new Main

Delta 01(2
NewMain [0 |3 |1

Attribute Vector translated

reclD

0

1
2
3

fname

city
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Main Store

Second Step:
Translation of Columns

Hasso
Plattner
Institut

8| Universitat Potsdam

Original Attribute Vector

Mappings

Attribute Vector translated

reclD fname city fname: old to new Main reclD fname city
0 2 e OldMain |0 | 1|2 /n__, 3
1 1 1 New Main [ 0 [ 2| 3 1
! 0 0 city: old to new Main !
OldMain | 0|1
New Main | 0 | 2
Differential Buffer
Original Attribute Vector fname: Delta to new Main Attribute Vector translated
reclD fname city Delta 0|12 reclD fname city
0 0 0 NewMain | 2 (3|1 0
1 1 1 1
, 0 1 city: Delta to new Main 5
3 2 2 Delta 0|1]2 3

NewMain [0 |3 |1
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Main Store

Second Step:
Translation of Columns
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Original Attribute Vector

reclD
0
1
2

fname city
2 0
1 T
0 0

Mappings
fname: old to new Main

OldMain [0 1]2

[—
ew Main | 0| 2 3\»

city: old to new Main

OldMain |0 |1
New Main | 0 | 2

Attribute Vector translated

reclD fname city
0 3
2

2

Differential Buffer

Original Attribute Vector

reclD

0

1
2
3

fname city
0 0
1 1
0 1
2 2

fname: Delta to new Main

Delta 01(2
New Main [ 2 [ 3| 1

city: Delta to new Main

Delta 01(2
NewMain [0 |3 |1

Attribute Vector translated

reclD

0

1
2
3

fname

city
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Second Step: i
Translation of Columns =™

Main Store

Original Attribute Vector Mappings Attribute Vector translated
reclD fname city fname: old to new Main reclD fname city
0 2 0 OldMain JO 1|2 0 3

=~
1 1 1 W 0 2}\ -
2 0 0 2 0

city: old to new Main

OldMain |0 |1
New Main | 0 | 2

Differential Buffer

Original Attribute Vector fname: Delta to new Main Attribute Vector translated
reclD fname city Delta 0|12 reclD fname city
0 0 0 New Main [ 2 [ 3| 1 0
1 1 1 1
city: Delta to new Main
2 0 1 2
3 2 2 Delta 0|1]2 3
NewMain [0 |3 |1
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Main Store

Original Attribute Vector Mappings Attribute Vector translated
reclD fname city fname: old to new Main reclD fname city
0 2 0 OldMain |0 |12 0 3 0
1 1 1 1 2
2 0 0 0
Differential Buffer
Original Attribute Vector fname: Delta to new Main Attribute Vector translated
reclD fname city Delta 0|12 reclD fname city
0 0 0 New Main | 2 (3| 1 0
1 1 1 1
, 0 1 city: Delta to new Main 5
3 2 2 Delta 0|1]2 3
NewMain | 0 |3 [ 1
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Translation of Columns =™

Main Store

Original Attribute Vector Mappings Attribute Vector translated
reclD fname city fname: old to new Main reclD fname city
0 2 0 OldMain |0 | 1|2 0 3 0
1 1 1 New Main | 0 | 2 | 3 1 2 2
2 0 0 2 0 0

city: old to new Main

OldMain |0 |1
New Main | 0 | 2

Differential Buffer

Original Attribute Vector fname: Delta to new Main Attribute Vector translated
reclD fname city Delta 0|12 reclD fname city
0 0 0 New Main [ 2 [ 3| 1 0 2 0
1 1 1 1 3 3
city: Delta to new Main
2 0 1 2 2 3
3 2 2 Delta 0|1]2 3 1 1
NewMain [0 |3 |1
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Second Step: -
New Main Columns

Main Store

Dictionaries Attribute Vectors Validity Vector
valuelD fname city reclD fname city reclD valid
0 Albert Berlin 0 3 0 0 0
1 Hanna Dresden 1 2 2 1 0
2 Michael London 2 0 0 2 1
3 Nadja Potsdam 3 2 0 3 0
4 3 3 4 1
5 2 3 5 1
6 1 1 6 1
Differential Buffer
Dictionaries Attribute Vectors Validity Vector
valuelD reclD m reclD
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Inputs Step 1 Outputs Step 1
D, . D, AUX,
| Dictionary Entries Dictionary Entries new valuelD
' 0| anna | (0] anna of o
| o1 ' 31 4| bernd 1
g = g2
s 2 | daniel | £2 s 3
. & 23| 4
53| frank ) %3 | daniel N
| 4| hans 4> frank 5 6
. 5 | isabell | 5 hans
| Dy ' 6 | isabell AUX,
Dictionary Entries | new valuelD
" 20| bernd sop i
| gi 1| frank %1 4
2 o2
., “2| hans | “ 5
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Second Step:
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Attribute Vector Rewriting ="
Inputs Step 2 Output Step 2
. T S .
AV, AUX,, AV,
| valuelD new valuelD | valuelD
of 4 ]o Ow . of s
1] 2 | ol | N E
| 2 3 2 P 2 4
53| 4 .
. 3 2 3 ‘4 5 3 3
| 4] 0 |4 5[ 6 | 41 0
5 5 , 5
"6 6 | 6
EEa g [
. AV, AUX, gv| 1
| valuelD new valuelD | 9 1
of o | & 261 . i o
1 0 g % 1 4 | 11 4
| G2 5
2 2 10
N R
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