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1.
Background

Postgres and its Neighborhood



https://db-engines.com/en/ranking https://survey.stackoverflow.co/

o N . . (last 3 years)
en.wikipedia.org/wiki/DB-Engines_ranking

» 2017 - PostgreSQL osesaL
ostgre
2018 - PostgreSQL s PosteresQL
» 2019 - MySQL
» 2020 - PostgreSQL
e 2021 - Snowflake
———
» 2022 - Snowflake Redis
» 2023 - PostgreSQL MariaDB

» 2024 - Snowflake Elasticsearch Elasticsearch

MySQL

SQLite
SQLite

Microsoft SQL Server

Microsoft SQL Server

MongoDB
MongoDB

Redis

MariaDB

Dynamodb Oracle

Oracle DynamoDB

PostgreSQL is topping {BAgines rankings st
and gaining popularity on Stack Overflow. Microsoft SQL Server

MongoDB

A Postgres 4/8
A Snowflake 3/4 in last 4 years!
Get in the snowflake territory?

Elasticsearch

Oracle

Dynamodb


https://db-engines.com/en/ranking
https://survey.stackoverflow.co/

Postgres Is for OLTP, why OLAF

T> T

Apps often have OLAP needs before OLAP s
For most, Postgres is already in the stack
i Ly SEGN} 5. Aall f 258
The data is already there in Postgres. No ETL§
Of course, Postgres can do some analytics B
I Can do even more with custom indexes B
i More storage & writes for lesser latency s ¥

But can Postgres stretch more on OLAP? y
I Can we delay dedicated OLAP DB a bit more?



https://www.youtube.com/watch?v=2EvS9-8zvNg&list=PLA7KYGkuAD071myyg4X5ShsDHsOaIpHOq&index=22
https://www.youtube.com/watch?v=2EvS9-8zvNg&list=PLA7KYGkuAD071myyg4X5ShsDHsOaIpHOq&index=22
https://thenewstack.io/unleashing-postgres-for-analytics-with-duckdb-integration/

THE DATA
EXCHANGE

Postgres: The Swiss Army Knife of Databases
The Data Exchange with Ben Lorica




Done it In
past!

Oracle used to be gold standard for RDBMS
I Postgres adoption is taking off now!
MongoDB popularized JSON
I Postgres JSONB can take you quite far!
Vector DBs are getting popular now..
I pgvectorhas support for similarity search
I Find nearesheighboursof a given vector with indexes
Popular extensions & forksi{us, timescale, Greenpluratc)


https://tembo.io/blog/vector-indexes-in-pgvector

2.
Benchmarks

a! £t £ oSy Qieswd NJ &
52 @2dzNJ 26y LIS
In any caseperf is not enough

Take it with a grain of salt


https://motherduck.com/blog/perf-is-not-enough/

T

A benchmark for analytics databases.

T

Originally built to shovClickHous@erformance

I n trOd u C| n g A Evaluates databases on rambrld analytics workloads:

A Highvolume table scans

CIleBe nCh A Complex aggregations

Historically ClickHous& analytics databases dominated

o 3>

A lot of PostgreSOL compatibdatabases in the list now!

25 github.com/ClickHouse/ClickBench

[0 README 3[5 License

ClickBench: a Benchmark For Analytical Databases

https://benchmark.clickhouse.com/

Discussion: https://news.ycombinator.com/item?id=32084571

Overview

This benchmark represents typical workload in the following areas: clickstream and traffic analysis, web analytics,
machine-generated data, structured logs, and events data. It covers the typical queries in ad-hoc analytics and
real-time dashboards.

The dataset from this benchmark was obtained from the actual traffic recording of one of the world's largest web
analytics platforms. It is anonymized while keeping all the essential distributions of the data. The set of queries
was improvised to reflect the realistic workloads, while the queries are not directly from production.

~100 million records 42 OLAP style queri&dots oflimitations, of course!


https://github.com/ClickHouse/ClickBench/tree/main?tab=readme-ov-file
https://github.com/ClickHouse/ClickBench/blob/main/postgresql/queries.sql
https://github.com/ClickHouse/ClickBench/tree/main?tab=readme-ov-file

Postgres vs Snowflake for OLA

System & Machine Relative time (lower is better)

Snowflake (XS):
PostgreSQL (c6a.4xlarge, 500gb gp2):

FF ! O2YLI NRazy fA1S OUKAA )\

** Timing Is based on gegmetric mean of latencies of 42 que
LY NBXIf tAFSET eé2dz ySSR (K2 a

A Ay



Tuned PostgreSQL?

System & Machine Relative time (lower is better)

Snowflake (XS):
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

*Timing Is based on geometric mean of latencies of 42 que
LY NbBFIt tAFTSXE ez2dz YySSR azy



Tuned PostgreSQL?

<« C M 25 benchmark.clickhouse.com/#eyJzeXNOZWO0iOnsiQWxsb3IEQil6ZmFsc2UsIkFsbGO5REIGKHR1bMVKKSI6ZmFsc2UsIkFOaGVUYSAocGFy... & ¥t O 2 T & Relaunch to update :

System & Machine Relative time (lower is better)

Snowflake (XS):
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

ClickBench / postgresql-tuned / index.sql (&
. .
Configuration Parameters 2 patriclauer postaresd-tuned: Add ndrcs
This postgresgl runs with the following values of postgresql parameters changed. | Code | Blame 24 lines (18 loc) - 967 Bytes
1 CREATE INDEX adveng on hits (advengineid);
Parameter Old Configuration | New Configuration 2 CREATE INDEX regid on hits (RegionID);
3 CREATE INDEX cid on hits (counterid);
4 CREATE INDEX eventtime on hits (eventtime);
shared_buffers 128MB 8GB 5 CREATE INDEX eventdate on hits (eventdate);
6 CREATE INDEX mobile on hits (mobilephonemodel);
7 CREATE INDEX refresh on hits (isrefresh, dontcounthits);
max—para"el—workers 8 16 8 CREATE INDEX resolutionwidth on hits (resolutionwidth);
9 CREATE INDEX search on hits (searchphrase);
max_para||e|_workers_per_gather 2 8 10 CREATE INDEX userid on hits (userid);
11
. 12 CREATE INDEX useridsearch on hits (userid, searchphrase);
max_wal_size 1GB 13 CREATE INDEX widcip on hits (watchid, clientip);
14 CREATE INDEX mobileuser on hits (MobilePhoneModel,UserID);
15 CREATE INDEX regionuser on hits (RegionID,UserID);
) ) 16
Change Conflgs and add |ndexes 17 CREATE INDEX mobile2 on hits (mobilephonemodel) WHERE mobilephonemodel <> ''::text;
18 CREATE INDEX search2 on hits (searchphrase) WHERE searchphrase <> ''::text;
19
20
21 CREATE INDEX trgm_idx_title ON hits USING gin (title gin_trgm_ops);
22 CREATE INDEX trgm_idx_url ON hits USING gin (url gin_trgm_ops);

More insights ahttps://github.com/shiv4289/peplap-recipies/blob/main/benchmarking/postagresql_tuned/benchmark.md



https://github.com/shiv4289/pg-olap-recipies/blob/main/benchmarking/postgresql_tuned/benchmark.md

Tradeoff: Storage vs latency

test=# SELECT
i.1indexname AS index_name,
i.indexdef AS index_def,
pg_size_pretty(pg_relation_size(s.indexrelid)) AS index_size
FROM pg_indexes i
JOIN pg_stat_user_indexes s ON i.indexname = s.indexrelname
WHERE 1i.tablename = 'hits'
ORDER BY pg_relation_size(s.indexrelid) DESC;
index_name index_def index_size

trgm_idx_url CREATE trgm_idx_url ON public.hits USING gin (url gin_trgm_ops)

trgm_idx_title CREATE trgm_idx_title ON public.hits USING gin (title gin_trgm_ops)

widcip CREATE widcip ON public.hits USING btree (watchid, clientip)

useridsearch CREATE useridsearch ON public.hits USING btree (userid, searchphrase)

regionuser CREATE regionuser ON public.hits USING btree (regionid, userid)

search CREATE search ON public.hits USING btree (searchphrase)

mobileuser CREATE mobileuser ON public.hits USING btree (mobilephonemodel, userid)

userid CREATE userid ON public.hits USING btree (userid)

eventtime CREATE eventtime ON public.hits USING btree (eventtime)

cid CREATE cid ON public.hits USING btree (counterid)

regid CREATE regid ON public.hits USING btree (regionid)

resolutionwidth CREATE resolutionwidth ON public.hits USING btree (resolutionwidth)

mobile CREATE mobile ON public.hits USING btree (mobilephonemodel)

eventdate CREATE eventdate ON public.hits USING btree (eventdate)

refresh CREATE refresh ON public.hits USING btree (isrefresh, dontcounthits)

adveng CREATE adveng ON public.hits USING btree (advengineid)

search2 CREATE search2 ON public.hits USING btree (searchphrase) WHERE (searchphrase <> ''::text)
mobile2 CREATE mobile2 ON public.hits USING btree (mobilephonemodel) WHERE (mobilephonemodel <> ''::text)
(18 rows)

test=# SELECT pg_size pretty(pg_indexes_size('hits')) AS indexes_size;
indexes size

36 GB

| tuned/benchmark.md



https://github.com/shiv4289/pg-olap-recipies/blob/main/benchmarking/postgresql_tuned/benchmark.md

Insert time improved by almo22%
Table size reduced BGb( ~ 4%)
Indexing Time improved by 2%
Query time improved by ~10%

Improving
Postgresgbn
ClickBench

To o To Io

Postgresql Tuned Postgresql Tuned Padding Aligned
- (16 vCpu, 32 Gb, 500Gb) (16 vCpu, 32 Gb, 500Gb)

Load time:
Data size:
Indexing time:
Index size:

i~ Add pg_duckdb benchmarking for existing postgres tables.

#311 by saurabhojha was merged 1 hour ago

i~ Update create.sql query in pg_duckdb to comply to r['colname'] syntax introduced in pg_duckdb
0.3.0

#307 by saurabhojha was merged last week

f Refactor postgresql-tuned Benchmark: Optimize Data Insertion with Column Padding
Alignment

#310 by somratdutta was merged last week

f> Refactor postgresql/benchmark.sh to Wrap COPY FREEZE in a Transaction Block

#309 by somratdutta was merged last week




<« C M 25 benchmark.clickhouse.com/#eyJzeXNOZWO0iOnsiQWxsb3IEQil6ZmFsc2UsIkFsbGO5REIGKHR1bmVKKSI6ZmFsc2UsIkFOaGVUYSAocGFy... & ¥ © 2 D &  Relaunch to update }

System & Machine Relative time (lower is better)

Snowflake (XS):
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

<« C M 25 benchmark.clickhouse.com/#eyJzeXNOZW0iOnsiQWxsb3IEQil6ZmFsc2UsIkFsbG95REIgKHR1bmVKKSIBZmFsc2UsIkFOaGVUYSAocGFy... & ¥y (DI D Q Relaunch to update |

System & Machine Relative time (lower is better)

DuckDB (memory) (c6a.metal, 500gb gp2):
Snowflake (XS):
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

SQf f DAKDBN judt Dvhile2 v
a cltkBanchstaiitie more??



Postgresc DuckDBCombo!

C M °s benchmark.clickhouse.com/#eyJzeXNOZWO0iOnsiQWxsb3IEQiI6ZmFsc2UsIkFsbG95REIgKHR1bmVKKSIEZmFsc2UsIkFOaGVuYSAocGFydGI0aw9uZWQpljp... & ¥t O &% O g

System & Machine Relative time (lower is better)

ClickHouse (c6a.4xlarge, 500gb gp2): x2.
PostgreSQL with pg_mooncake (c6a.4xlarge, 500gb gp2): x3.
Snowflake (2xS): x3.

DuckDB (c6a.4xlarge, 500gb gp2): x4,
ParadeDB (Parquet, single) (c6a.4xlarge, 500gb gp2): x5,
Snowflake (XS): x5.
pg_duckdb (c6a.4xlarge, 500gb gp2): x5,
PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2):

A What are these other DBs?

A Why are they performing better than even tuneastgre®

A Are some really better than snowflake? Or is the benchmark lying (again)?
A So, clickhouse is the fastest OLAP DB?



To explore how

Objective of PostgreSQL

extensions bridge

the Talk
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Characteristics of OLAP System

A Key features include:
1. Columnar storage

Td Name Dq:mtmmt Salavyl Td . Name Deporrtment Sl
o | Somrer Design | 20,000 6 | Zomrat Design | 20,000
1 Sauvabl Developel 50,000 L Zqu~ably Developer 50,000
e Shivi fiience 10,009 Z Shivji Finante 10,000
% Milay Sales 40,000 Y MV coles 20,000

COLUMNAR STORAC(
SSD SSD

O | Somrat | Deagn | 20,000 | 1| Sauxably | Developel | 50,000

[ o] 1] 2] 3] Sonrat [ Savvabh] Shivji [Miniv

{Q_ Shivjt Finance | 10,000 | % My Sales 40,000\

rDesign Devafnpe)'t_ Finance [ Soles 20,ooo| 50,000 | 16,000 | Yo,000




Characteristics of OLAP System

A Key features include:
1. Columnar storage
A Easier fetching by column

Td. Name De[nTtM¢nt Sauma Td Name De(n'rlmf_nt gawvra
0 [ Somrat bedign | 20,000 o [ Somrat Design | 25,0600
1 Savvabl DevelopeX’ | 50,000 1 Sauxably DevelopeX | 50,000
2 Shivji Finance 10,000 2 Shivji Finance 10,000
= Mi by Sales 40,000 Y Mi by Sales 40,000
s5sD SSD

O | Bomrat | Deagn | 20,000 | 4 [Sauxably | Developer | 50,000 l O‘ l| 2 3' Sowrm‘l:l Saumbh| Shivji |Milni‘r

{g_ Shivji | Finance | 10,000 | 2| My | sales | 40,000 \ { Design| Developert | Finance | Sales| 20,000| 52,000 18,000 uo,000

https://news.ycombinator.com/item?id=37247945


https://news.ycombinator.com/item?id=37247945

Characteristics of OLAP System

A Key features include:
1. Columnar storage
A Allows for better compression ratios

File Format/System Relative Size Multiplier
hits.parquet 13.76 GIiB 1.0
hits.tsv 69.67 GiB

hits.csv 75.56 GiB

hits.json 216.75 GiB

https://news.vcombinator.com/item?id=37247945


https://news.ycombinator.com/item?id=37247945

Characteristics of OLAP System

e —..

A Key features include:

1.

Columnar storage
A Allows for better compression ratios

Database

Snowflake (XS)

PostgreSQL with pg_mooncake (c6a.4xlarge, 500gb gp2)

Crunchy Bridge for Analytics (Parquet) (Analytics-256GB, 64 vCores)

ParadeDB (Parquet, single) (c6a.4xlarge, 500gb gp2)

pg_duckdb (c6a.4xlarge, 500gb gp2)

PostgreSQL (c6a.4xlarge, 500gb gp2)
DuckDB (memory) (c6a.metal, 500gb gp2)

PostgreSQL (tuned) (c6a.4xlarge, 500gb gp2)

Relative Size

11.46 GiB

13.62 GiB

13.76 GIiB

13.76 GiB

13.80 GiB

72.45 GiB

95.29 GiB

120.02 GiB

Size Multiplier
x1.00

x1.19

x1.20

x1.20

x1.20

x6.32

x8.32

x10.48


https://news.ycombinator.com/item?id=37247945

Columnar Store: Apache Parquet

Spec https://github.com/apache/parqgueformat

A Afree, opensource, widely adopted data storage format.

A Efficiency

A

A Parquet is optimized for direct querying.
A Can read specific columns without the need to proces
entire datasets.
A Zone Maps: Uses statistical metadata to skip over
unnecessary data blocks, reducing latency and 1/O.
A Use Case
A Ideal for quick reads of specific columns, making it hig

Traditional databases load data in rawiented formats
for analysis.

effective for analytical querying and dairgtensive
applications.

LY

hly

[AWS Blog] Adapting to Change with Data Patterns on AWS

A Widespread Adoption of Parquet

A Major data lake customers (Netflidubank Lyft, Pinterest) use|
Apache Parquet for storing business data.

A Parquet stores data in a table format and is highly compressed.

A Scale and Growth of Parquet on AWS

A One of the fastesgrowing data types in Amazon S3.

A Exabytes of Parquet data stored on AWS.

A AWS handles 15M+ requests per second and serves hundrads

of petabytes o
A Case study: Standardization with Apache Iceberg at Pinterest

A Pinterest standardizes storage using S3 (storage layer), Par
(tabular data format), and Apache Iceberg (open table formg
OTF).

A Thousands of businessitical Iceberg tables.

uet



https://aws.amazon.com/blogs/storage/adapting-to-change-with-data-patterns-on-aws-the-aggregate-cloud-data-pattern/
https://aws.amazon.com/blogs/storage/adapting-to-change-with-data-patterns-on-aws-the-aggregate-cloud-data-pattern/
https://github.com/apache/parquet-format

Characteristics of OLAP System

A Key features include:
1. Columnar storage
2. Vectorized Execution



Characteristics of OLAP System

A Key features include:
1. Columnar storage
2. Vectorized Execution

Takes advantages of modernj @il == = = =
CPUs, which can perform = =— f — = ’
operations on multiple values = == = v E
simultaneouslusing SIMD == 7 BB = 2
(Single instruction, Multiple _ ‘ A | B89
Data) instructions. 7 -




Characteristics of OLAP System

. Td : Name l_)e[x?‘rlmzn’c Saloviy
A Key features include: EML bedy 20000
hivgi inance 0,000 COLUMNAR STORA
1. Columnar storage I T _

2. Vectorized Execution

SsD

[ O\ ll 2 | ?)l Sowr-ra'tl 5auvahln| Shivji |M3hi~r|

(De§3n| De.ve'npm | F'l'nancg| Sales | 20,000| %,Doo| 1o, DOO| lw,DoOl

Select id, Salowy where Salary 715,000;

| RAM CPUCSIMB)
Cache R<8is+e_'\”
1 50,000 50,000 :50, 000
72 10,000 10,000 :
' )
2 40,000 40,000 Beas F—
=
() |Inshoc|"lom Foo L Ii

Columnar storage & SIMD is a match made in heaven



Characteristics of OLAP System

A Key features include:
1. Columnar storage
2. Vectorized Execution

3. Custom OLAP Indexes
a. We will look at sparse indexing in clickhouse



CREATE TABLE hits_UserID URL

(

"UserID” UInt32,
"URL" String,

ClickHouse B S

)

Storage Layout S

PRIMARY KEY (UserID, URL)
ORDER BY (UserID, URL, EventTime)

INSERT INTO hits_UserID_URL SELECT

intHash32(UserID) AS UserlID,

URL,

EventTime
FROM url('https://datasets.clickhouse.com/hits/tsv/hits_v1l.tsv.xz',
WHERE URL != '"';

Y Lickhouse/stor
du -h * | sort -hr
161M URL.bin

27M EventTime.bin
J04K UserID.bin

76K primary. idx Prlmary |ndeX

0K serialization. json

. 0K metadata version.txt

. 0K default_compression_codec.txt
. OK count.txt

. OK columns.txt

. OK checksums.txt

.0K  UserID.cmrk cmrkfiles

0K URL.cmrk

.ok eventtime.cnrk  Offset for primary index granules

EEEE S I - IR I I R~ -


https://clickhouse.com/docs/en/guides/best-practices/sparse-primary-indexes

ClickHouseColumn Granules




