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Relational Model
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Document Store

Fields £

B

first name:

‘Paul’, —
surname: ‘Miller’,
cell: 447557505611,
‘London’, e
[45.123,47.232],

‘finance’,

city:

location:
Fields can contain

‘trader’], arrays

Profession: [‘banking’,
cars: [
{ model:

year:

‘Bentley’,
1973,

100000, .. },

‘Rolls Royce’,
1965,

330000, ..} y

value:
{ model:
year:

\ Fields can contain an array of sub-
documents

value:



Clients

Config Servers
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“RDBMS nao escalam”

»Single-server

»Escala apenas verticalmente
>Flexibilidade X Performance
>Disponibilidade



Scaling a Relational Database

Expensive
single servers

Time to buy
and configure
hardware

O X
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MBs GBs



NoSQL cresceu!
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START TRANSACTION;

SELECT balance FROM checking WHERE customer id = 10233276;
UPDATE checking SET balance = balance - 200.00 WHERE customer id
UPDATE savings SET balance = balance + 200.00 WHERE customer id
COMMIT;

10233276;
10233276;



PostgreSQL: Melhorias




PostgreSQL: Melhorias

>Particionamento nativo
>FDW

>FTS para JSON e JSONB
»>Queries paralelas

>Quorum Commit



PostgreSQL + Vertical scaling

Como aliar PostgreSQL a
necessidade de escalar
horizontalmente?
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Distributed Postgres Database from Citus Data

METADATA

@ citusdata




> Multi-tenancy
> Real-time analytics



Multi-tenancy
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Ad Analytics

CREATE TABLE companies (

) ;

id bigserial PRIMARY KEY,

name text NOT NULL,

image url text,

created at timestamp without time zone
updated at timestamp without time zone

CREATE TABLE campaigns (

id bigserial PRIMARY KEY,

company id bigint REFERENCES companies
name text NOT NULL,

cost model text NOT NULL,

state text NOT NULL,

monthly budget bigint,
blacklisted site urls text[],
created at timestamp without time zone
updated at timestamp without time zone

NOT NULL,
NOT NULL

(id),

NOT NULL,
NOT NULL



Ad Analytics

CREATE TABLE ads (

)4

id bigserial PRIMARY KEY,

campaign id bigint REFERENCES campaigns (id),
name text NOT NULL,

image url text,

target url text,

impressions count bigint DEFAULT O,

clicks count bigint DEFAULT 0,

created at timestamp without time zone NOT NULL,
updated at timestamp without time zone NOT NULL

CREATE TABLE clicks (

id bigserial PRIMARY KEY,

ad id bigint REFERENCES ads (id),

clicked at timestamp without time zone NOT NULL,
site url text NOT NULL,

cost per click usd numeric(20,10),

user ip inet NOT NULL,

user data jsonb NOT NULL



Ad Analytics

CREATE TABLE impressions (
id bigserial PRIMARY KEY,
ad id bigint REFERENCES ads (id),
seen at timestamp without time zone NOT NULL,
site url text NOT NULL,
cost per impression usd numeric(20,10),
user ip inet NOT NULL,
user data jsonb NOT NULL
);



Ad Analytics

accounts

- id

- email

- encrypted password
- name

- image_url

- created_at

- updated_at

campaigns

- id

- account_id

- name

- cost_model

- state

- budget

- budget_interval
- blacklisted site urls
- created_at

- updated_at




Ad Analytics

ads o
- id
- campaign_id
~ name
- image url
- target _url
- created_at
- updated at
clicks :2 impressions :Z}
- id - id
- ad id - ad id
- clicked_at - seen_at
- site url - site url
- cost _per click usd - cost_per impression usd
- user_ip - user_ip
- user_data - user data
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CREATE TABLE companies (

id bigserial PRIMARY KEY,

name text NOT NULL,

image url text,

created at timestamp without time zone NOT NULL,
updated at timestamp without time zone NOT NULL

)

CREATE TABLE campaigns (

id bigserial, -- was: PRIMARY KEY
company id bigint REFERENCES companies (id),
name text NOT NULL,

cost model text NOT NULL,

state text NOT NULL,

monthly budget bigint,

blacklisted site urls text[],

created at timestamp without time zone NOT NULL,
updated at timestamp without time zone NOT NULL,
PRIMARY KEY (company id, id) -- added



CREATE TABLE ads (

id bigserial, -- was: PRIMARY KEY
company id bigint, -- added
campaign id bigint, -- was: REFERENCES campaigns (id)

name text NOT NULL,
image url text,
target url text,
impressions count bigint DEFAULT 0O,
clicks count bigint DEFAULT 0,
created at timestamp without time zone NOT NULL,
updated at timestamp without time zone NOT NULL,
PRIMARY KEY (company id, id), - - added
FOREIGN KEY (company id, campaign id) -- added
REFERENCES campaigns (company id, id)
)i



CREATE TABLE clicks (

)5

id bigserial, -- was: PRIMARY KEY
company id bigint, -- added
ad id bigint, -- was: REFERENCES ads (1id),

clicked at timestamp without time zone NOT NULL,

site url text NOT NULL,

cost per click usd numeric(20,10),

user ip inet NOT NULL,

user data jsonb NOT NULL,

PRIMARY KEY (company id, id), -- added

FOREIGN KEY (company id, ad 1id) -- added
REFERENCES ads (company id, id)

CREATE TABLE impressions (

)i

id bigserial, -- was: PRIMARY KEY
company id bigint, -- added
ad i1d bigint, -- was: REFERENCES ads (id),

seen at timestamp without time zone NOT NULL,

site url text NOT NULL,

cost per impression usd numeric(20,10),

user ip inet NOT NULL,

user data jsonb NOT NULL,

PRIMARY KEY (company id, id), -- added

FOREIGN KEY (company id, ad id) -- added
REFERENCES ads (company id, id)



Distributed tables

SELECT create distributed table('companies', ‘1d? )

SELECT create distributed table('campaigns’', ‘company id');
SELECT create distributed table('ads', ‘company 1d');
SELECT create distributed table('clicks’, ‘company id');

SELECT create distributed table('impressions', 'company id');



Reference tables
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Reference tables

CREATE TABLE geo ips (
addrs cidr NOT NULL PRIMARY KEY,
latlon point NOT NULL
CHECK (-90 <= latlon[0] AND latlon[@] <= 90 AND
-180 <= latlon[1l] AND latlon[l] <= 180)
) ;
CREATE INDEX ON geo ips USING gist (addrs inet ops);

SELECT create reference table('geo ips');



ALTER TABLE ads
ADD COLUMN caption text;
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Data model

CREATE TABLE http request (
site id INT,
ingest time TIMESTAMPTZ DEFAULT now(),

urlt TEXT,
request country TEXT,
ip address TEXT,

status code INT,
response time msec INT

-

SELECT create distributed table('http request', 'site id');



Data model

DO 5%
BEGIN LOOP

INSERT INTO http request (
site id, ingest time, url, request country,
ip address, status code, response time msec

) VALUES (
trunc(random()*32), clock timestamp(),
concat('http://example.com/', md5(random()::text)),
('{China,India,USA, Indonesia}'::text[])[ceil(random()*4)],
concat(

trunc(random()*250 + 2), '.',
trunc(random()*250 + 2), '.',
trunc(random()*250 + 2), '.',
trunc(random() *250 + 2)

)::inet,
('{200,404}'::int[])[ceil(random()*2)],
5+trunc(random()*150)
J5
PERFORM pg sleep(random() * 0.25);
END LOOP;
END $%;



Dashboard query

SELECT

site_id,

date_trunc('minute', ingest_time) as minute,

COUNTAl AS request. count,

SE WHEN (status_code between 200 and 299) THEN 1 ELSE © END) as success_count,

SUM(CASE WHEN (status_code between 200 and 299) THEN O ELSE 1 END) as error_count,

RSUM response t%me _msec) / COUNT(1) AS average_response_time_msec
reques

HERE a%e trunc( minute', ingest_time) > now() - '5 minutes'::interval
ESUP BY site_id, minute

F
W
G
ORDER BY minute ASC



ROLLUPS

CREATE TABLE http request 1min (
site id INT,
ingest time TIMESTAMPTZ, -- which minute this row represents

error _count INT,

success count INT,

request count INT,

average response time msec INT,

CHECK (request count = error count + success count),
CHECK (ingest time = date trunc('minute', ingest time))

)
SELECT create distributed table('http request 1min', 'site id');

CREATE INDEX http request 1min idx ON http request 1min (site id, ingest_time);J



Co-location

http_request http_request _1min
site_id other columns site_id other columns
1 Worker 1 1
2 Worker 2 £
3 Worker 1 3
4 Worker 2 4
\____/ \\______/v/




INSERT INTO SELECT

-- single-row_table to_store when we rolled up last
CREATE TABLE latest_rollup
minute timestamptz PRIMARY KEY, . .
-- "minute" should be no more precise than a _minute
CHECK (minute = date_trunc('minute', minute))

4 . . . . .
-- injitialize to a time long ago
INSERT INTO latest_rolluE VALUES ('10-10-1901'");
-- function to do the rollup .
BEEQXEEOR REPLACE FUNCTION rollup_http_request() RETURNS void AS $$
current_time timestamptz := date_trunc('minute', now());
Eé%ﬁt_roIlup_tlme timestamptz := minute from latest_rollup;

INSERT INTO http_request_1min (
site_id, ingest_time, request_count, _
success_count, error_count, average_response_time_msec
) SELECT
site_id, . . ]
date_trunc('minute', ingest_time),

COUNT&l% as request_count,

SUM(CASE WHEN (status_code between 200 and 299) THEN 1 ELSE O END) as success_count,
SUM(CASE WHEN (status_code between 200 and 299) THEN 0 ELSE 1 END) as error_count,
SUM(response_time_msec) / COUNT(1) AS average_response_time_msec

FROM http_request . .

-- roll up only data new since last*rollug_tlme

WHERE date_trunc('minute', ingest_time) < ]
tstzrange(last_rollup time, current_time, '(]')

GROUP BY 1, 2; . )

-- update the'value in latest rollup so that next time we run the

-- rollup it will operate on data newer than current_time

ENBPDATE latest_rollup SET minute = current_time;

$$ LANGUAGE plpgsql;



DISTRIBUTED TRANSACTIONS




DEADLOCK DETECTION

|: Explain us deadlock and we'll hire you

Ashwani Gautam
Yesterday at 08°14

Me: Hire me and I'll explain it to you

e Like ¥ Comment



S2:

DEADLOCK DETECTION

BEGIN; // session 1 starts transaction block
UPDATE accounts

SET balance = balance - '100.00' _

WHERE id = Allce // S1 takes 'Alice' lock

BEGIN; // session 2 starts transaction block
UPDATE accounts

SET balance = balance + '100.00'

WHERE id = 'Bob'; // S2 takes 'Bob' lock

UPDATE accounts
SET balance = balance + '100.00'
WHERE key = 'Bob'; // waits for 'Bob' lock held by S2

UPDATE accounts
SET balance = balance - '100.0

WHERE key = 'Alice' // deadlocks on 'Alice' lock held by S1



DEADLOCK DETECTION

Node \ N de 2 oo """"’3



DEADLOCK DETECTION




Admission
Control

Dispatch
and
Scheduling

Process
Manager
(Section 2)

Por que'extender?

Local Client Remote Client

Protocols Protocols Catalog

Manager

Client Communications Manager

Memory
Query Parsing and Authorization Manager

Query Rewrite

Administration,

DDL and Utility s
Q Optimizer Monitoring &
— Processing Utilities

Plan Executor

Replication and
Loading
Services

Access Methods Buffer Manager

Batch Utilities

Lock Manager Log Manager Shared
Components and
Utilities (Section 7)

Transactional Storage Manager (Sections 5 & 6
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Bloomberg
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Casos de uso

,, Hoje uma de nossas tabelas do PostgreSQL ultrapassou meio
trilhdo de registros [mais de 541B de dados]. E ainda assim a
maior parte de nossas queries rodam em menos de 600ms.
Somente gracas a @citusdata e o seu apoio incrivel“ - Pex CEO



> Posso criar PKs?

> Posso adicionar mais nos?

> Falha dos workers?

> Falha dos coordinators?

> Posso misturar tabelas distribuidas e locais?

> Como criar roles, functions, extensions em
workers?



F.A.Q.

> E se um s6 mudar de endereco?
> Posso distribuir por multiplas colunas?

> Falha dos coordinators?



Conclusao

...Quando escolhemos extender Postgres, nos disseram que SQL
ndo escala. E acontece c% ue é muito facil dispensar um problema
aparentemente intratavel ao afirmar algo que banaliza o
problema. E melhor forma de se resolver um problema complexo
ndo e ao descarta-lo e szm quebra-lo em pedacos menores e
resolvé-los um por um...“ - Ozgun Erdogan, Citusdata CTO
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