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101259797 SMITH | 88 |899 FIRST ST

892375862 CHIN 16137 MAIN ST POMONA
318370701 HANDU 42 JUNE ST CHICAGO

101259797 |SMITH|88| 899 FIRST ST|JUNO|AL |892375862|CHIN|37|16137 MAIN ST|POMONA|CA 318370701 |HANDU |12 |42 JUNE ST|CHICAGO|IL
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101259797 |892375862| 318370701 468248180 |378568310|231346875|317346551 | 770336528 | 277332171 | 4551245088 | 735885647 | 387586301
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|/ O Utilization

4GB data using PostgreSQL 9.3 on ml .xlarge

Disk 1/0 (MiB)
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Scalar vs Vectorized Processing in Column Stores

Scalar Processing

Vectorized Processing

Process (30)

Process (25)

Process Vector
(30, 25, 35, 28, 40)

| Scalar Processing Time

Performance

Vectbrized Processing Time
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Early vs Late Materialization in Column Stores

Early Materialization Late Materialization

Name Age Name Age

l

1| Alice | 30
2| Bob |25
3| Carol | 35

1 | Alice | 30
2| Bob |25




Run-length encoding (RLE):
Dictionary encoding: 1! 5= &t
Bit-packing: &2 & =3g!
Delta encoding: &1
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Dictionary encoding
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Run-length encoding (RLE)
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Bit-packing

2= H|0|E{ (0-3 HL))

Bit-packing

H|E miZ El H|o|E
10 (2)
01 (1)
11 (3)
00 (0)
10 (2)
01 (1)
11 (3)

100111001001 11




Delta Encoding

Delta Encoding
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Join Optimization in Column Stores

Traditional Row Store Join Column Store Optimized Join

Table A Table B Name Dept Dept Location
ID | Name | Dept Dept | Location 1 Alice HR HR New York
1| Alice | HR HR | New York 2 Bob IT IT London
2| Bob | IT IT | London

Hash Table Optimize sh Table
HR - New York HR - 0
IT - London IT-1

Join Result
ID | Name | Dept | Location
1| Alice | HR | New York
2| Bob | IT | London
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Query Optimization in Column Stores

]

flers.amount) FROM custom orders.custt WHERE order:

Logical Plan Generator

Column-Store Spetific Optimizations
Late Materialization Predicate Pushdown Column Pruning Vectorized Execution

Bloom Filter Zone Map Adaptive Execution Compression-Aware Ops

Physical Pldn Generator

Optimized Execution Plan
1. Scan & Filter orders.date column 2. Hash Join with customer.id (using only relevant columns) 3. Group & Aggregate 4. Apply HAVING ffilter




TABLE SCAN

FILTER (age > 30)
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Data Skipping Al 2! 3}

Data Skipping in Columnar Databases
cioje 5 HELCi| O] E

Block 1 Block 2 Block 3 Block 1: Min Age = 20, Max Age = 30
Age: 20-30 Age: 31-40 Age: 41-50 Block 2: Min Age = 31, Max Age = 40
Block 3: Min Age = 41, Max Age = 50

SELECT * WHERE Age > 35

Block 1:
Block 2:

Block 3:

Data Skipping2| 0| H:
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cstore_fdw(Columnar Store Foreign Data Wrapper)
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https://github.com/citusdata/cstore_fdw
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Apache AGE (Automatic Graph Extension):
e MloleH € 1 Cypher #H 2l A3 = PostgreSQLN| S&t
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https://age.apache.org/
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TimescaleDB:
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https://github.com/timescale/timescaledb
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PostgreSQL AHAl IS
BRIN (Block Range INdex) @1 A: (=& HIOIS0ll (ol e =& Q! elEl Al S
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Table Access Method: PostgreSQL 122 H S & JIs2 2, &= UI0lElE
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Hydra:
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https://www.hydra.so/

https://qithub.com/hydradatabase/hydra
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cstore_fdw

-- After adding adding shared_preload_libraries = 'citus'
-- to postgresgl.conf and restarting:
CREATE EXTENSION IF NOT EXISTS citus;

-- Create a table using the columnar access method, with the same columns
-- as an existing cstore_fdw table
CREATE TABLE customer_reviews_am (
LIKE customer_reviews_fdw INCLUDING ALL
) USING columnar;

-- Copy data from an old cstore_fdw table to an access method table
INSERT INTO customer_reviews_am SELECT * FROM customer_reviews_fdw;

-- cstore_fdw data size
SELECT pg_size_pretty(cstore_table_size('customer_reviews_fdw'));
pg_size_pretty |

100 MB |

-- Citus Columnar data size
SELECT pg_size pretty(pg_table_size('customer_reviews_am'));

| pg_size_pretty |

| 64 mB |
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e  heap: J| 2 row-oriented X & Al
e  AOCS (Append-Optimized Columnar Storage): 2/ 5 HI 0| =S </ &t columnar M & &4l

CREATE TABLE columnar_table (id int, data text) USING columnar;



Table Access Method

PostgreSQL BRIN Index and Table Access Method

BRIN Index Table Access Method

T T

T
Taple Data (sorted by timestamp) SQL Interface

Table Acces*ethod Layer
Heap Columnar Custom

BRIN Index +
Block 1 Block 2 Block 3 Block 4 Physical Storage

Row-based Columnar Custom




Hydra

CREATE EXTENSION IF NOT EXISTS columnar;
CREATE TABLE columnar_table (...) USING columnar;
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HII0A &0te Columnar 2|0l CHE Columnar DB

Apache Parquet

Apache Cassandra (=& 2 2 columnar)
Google BigQuery

Google AlloyDB

Amazon Redshift

Vertica
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