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Figure 1.3 Architecture of a DBMS
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Process PostgreSQL wire protocol requests
SQL Layer Parse and optimize SQL statements
Map SQL to key-value operations

SQL
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Transaction Layer Optimize for distributed transactions
Handle transaction conflicts
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Executor
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Replication Layer

Implements key-value storage using LSM trees (Pebble)

Storage Layer MVCC, caching, garbage collection
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Default DB Pa’ge Sizes KN B ubuntu@primary: ~

ubuntu@primary:~$ getconf PAGESIZE

4KB ? . ORACLE 4096
| SQthC ubuntu@pr‘imar‘y:~$

“ RocksDB

--------------------------------------------------------------------------------------------------------------------------------------

SKB =G server  pagesize

16384

PostgreSQL :
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Example of Hash File Organization

bucket 4
12121 | Wu Finance {90000
76543 | Singh Finance |80000
bucket 5
76766| Crick Biology |72000

bucket 6
10101 [Srinivasan ComP. Sci.|65000
45565 (Katz Comp. 5ci.|75000
83821 [Brandt Comp. S¢i.192000
bucket 7

bucket 0

bucket 1

15151| Mozart Music (40000
bucket 2

32343| El Said History 80000
58583| Califieri | History 60000
bucket 3

22222 Einstein Physics 95000
33456| Gold Physics 87000
98345| Kim Elec. Eng.[80000

Hash file organization of instructor file, using dept _name as key.
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record 0
record |
record 2 0000

record 11
record 4
record
record 6
record 7
record 3
record 9
record 10
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©Silberschatz, Korth and Sudarshan

Database System Concepts - 7th Edition



header
record O
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8
record 9
record 10
record 11

Database System Concepts - 7t" Edition

10101 | Srinivasan Comp. Sci. 65000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
33456 | Gold Physics 87000
y -
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. 92000
98345 | Kim Elec. Eng. 80000
13.6

©Silberschatz, Korth and Sudarshan




Null bitmap (stored in 1 byte)

0000
21,5 26, 10| 36,10 | 65000 10101 | Srinivasan [Comp. Sci.
Bytes 0 4 8 12 20 21 26 36 45
Database System Concepts - 7t" Edition 13.7 ©Silberschatz, Korth and Sudarshan
| Header | INT [ INT[size] 1ocgtion |
001. 55t Overflow Page
e rKeyrrrr Value crikeyrrer|  Value |rrrKeyrrcr|  Value VARCHAR DATA
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(a) Sequential Scan (b) Index Scan

SELECT * FROM tbl; SELECT * FROM tbl WHERE col ="'Queen';
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(a) Sequential Scan (b) Index Scan

SELECT * FROM tbl; SELECT * FROM tbl WHERE col ="'Queen';
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10101

12121

10101

Srinivasan

Comp. Sci.

65000

15151

22222

32343

33456

45565

58583

76543

76766

83821

98345

12121 |Wu Finance 90000
15151 |Mozart Music 40000
22222 |Einstein Physics 95000
32343 |EIl Said History 60000
33456 |Gold Physics 37000
45565 |Katz Comp. Sci. 75000
58583 |Califieri History 62000
76543 |Singh Finance 30000
76766 |Crick Biology 72000
83821 |Brandt Comp. Sci. 92000
98345 |Kim Elec. Eng. 30000
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10101

32343

76766

Figure 14.2 Dense index.
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10101 |[Srinivasan | Comp. Sci. | 65000
12121 |Wu Finance 90000
15151 |[Mozart Music 40000
22222 | Einstein Physics 95000
32343 |El Said History 60000
33456 |Gold Physics 87000
45565 |Katz Comp. Sci. | 75000
58583 |Califieri History 62000
76543 |Singh Finance 80000
76766 |Crick Biology 72000
83821 |Brandt Comp. Sci. | 92000
98345 |Kim Elec. Eng. 30000
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Figure 14.3 Sparse index.
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Figure 14.5 Two-level sparse index.



Secondary Indices Example
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10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein | Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 |Katz Comp. Sci. | 75000
58583 |Califieri | History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 |Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. | 80000
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Secondary index on salary field of instructor
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Bitmaps for gender

ID gender | income_level m 10010
76766 | m L1 ¢ [onion
22222 f L2
12121 f [1
15151| m [4
58583 | f -

Database System Concepts - 7th Edition
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For each Column Family

4 p
Wri
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Memory 5 ~---7
Persistent Media
Flush
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(thruWriteOptions. 4 A AtLO. SST il
disableWAL) ite- , 951 files may
Write-Ahead Log contain overlapping key | LO SST file
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Log-Structured Merge (LSM) Trees )

e Pebbleimplements a log-structured merge tree

e Fileformatisa Sorted String Table (SSTable)
e SSTables exist on multiple levels, numbered LO to L6
o L0 (MemTable) contains an unordered set of SSTables, A
which receives new values. T it it ot P e i
o Compaction: Periodically, SSTables are compacted into Y e
larger consolidated stores in the lower levels N S S
o L1to L6:SSTables are ordered and nonoverlappingso 2| “___ ST vt
only one SSTable per level could possibly hold agiven & ©“ " —
key e et e
e SSTables are internally sorted and indexed _
e Writes are fast since the SSTables are append-only Key ordering

e \Write-ahead log (WAL) ensures that data is not lost in node
failure




Log-Structured Merge (LSM) - Writes 5

[CRDB node} Wn‘teQ?l,
1. Writes from higher CRDB layers are applied e
to the write-ahead log (WAL) wite (D
2. Then applied to the MemTable

3. Once MemTable reaches a certain size, it is
flushed to disk to create a new SSTable

4. WAL can be purged after the MemTable is
flushed to disk Compaction(5)

5. Multiple SSTable are routinely merged
(compacted) into larger SSTables

SSTable

Compacted SSTable

LSM Writes




SSTables & Bloom Filters - LSM Reads Q’

e SSTables areindexed but... (croBnode}e
o Searching through every SSTable index l’*“"@ Read (D) Reod )
can be expensive with a large number [ MemTable Bloom filter N | | Bloom flter N1 | {Bloomfiter N-2] [Memory
of tables
o  Bloom Filters reduce number of lookups
e Bloom Filters

O

Compact and quick-to-maintain

Disk
structure sSTable
. . N N-1 N-2
Indicate whether an SSTable might

con.tams a key LSM Reads. First, MemTable is checked, then the
Indicate whether an SSTable does not bloom filters from the LO layer down. If a bloom filter

contain a key (can be skipped) returns a possible match, the index is examined and
result returned
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parser and relational-algebra
query > .
translator expression
ﬁ <
quety evaluation engine ' ]
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data statistics
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Hname, title

cya'ept_name = Music | name, titie

X X
PN N

instructor / P \ Odept_name = Musw/
teaches M course ia sitte instructor teaches W ourse ia sirie
course course
(a) Initial expression tree (b) Transformed expression tree

Figure 16.1 Equivalent expressions.



