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Target audience for this talk

This talk is for you This talk is not for you

* Migrate from another database * Read -hackers daily

« Basic experience with data types * Use more than 7-10 different data
+ Want to learn something new types

« Just want a seat for Simen‘s the next talk

Simon's talk about "Replication &
Recovery” is cancelled

Replacement: Semantic Web with
PostgreS0QL




Data Types in PostgreSQL

Quick poll: how many data types in PostgreSQL?

llmwr 2 Follow

PLEASE & STOPY TWEETING ¢
QUOTES © FROM & CONFEREMCES 4
YOU'RFE & AT ¢

315 703 RivEBa ET



Data Types in PostgreSQL

SELECT COUNT(*) AS "Number Data Types"
FROM pg catalog.pg type;

Number Data Types

361

E Eantosh Kumar 2= Follow

#JavaScript provides seven different data types
which are undefined, null, boolean, string,
symbol, number, and object.



E

Data Types in PostgreSQL

SELECT COUNT(*) AS "Number Data Types"

FROM pg_catalog.pg_type 0 references another t
= rivpe
WHERE typelem =0 ‘4‘[ - ]

AND t'}"ﬂfEild = — L iy 0 references py_class ]
(table types)

Number Data Types

82

_ Einw. X Follow

| have learnt databases have 5 different data
types. They are: Text, Number, Date/Time,
Currency & Yes/No. #gcsecomputing

N ]
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E
Data Types in PostgreSQL

SELECT STRING_AGG(typname, ' ') AS "Data Types"
FROM pg_catalog.pg type

WHERE typelem =0
AND typrelid = 0;

Data Types

bool bytea char int8 int2 intd regproc text oid tid xid cid json xml pg_node tree smgr path polygon
float4 float8 abstime reltime tinterval unknown circle money macaddr inet cidr aclitem bpchar varchar
date time timestamp timestamptz interval timetz bit varbit numeric refcursor regprocedure regoper
regoperator regclass regtype uuid pg Isn tsvector gtsvector tsquery regconfig regdictionary jsonb
txid_snapshot intdrange numrange tsrange tstzrange daterange int8range record cstring any anyarray
void trigger event_trigger language handler internal opaque anyelement anynonarray anyenum
fdw_handler anyrange cardinal_number character_data sqgl_identifier time_stamp yes_or_no

Pivotal
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E
Data Types in PostgreSQL
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Data Types in PostgreSQL

Another poll: how many different data types are you using?

Christopher Spurlock 2: Follow
= tangyt

Holy crap, there are 400+ columns in this table
and 90% are VARCHAR2(2000)...

- ta L



Agenda

* Text Types

* Numeric Types

* Dates and Times

« XML

*+ JSON

* Boolean

* Bits

- Binary Data I Jonathan Reinink Frp—

* Network On the agenda today: upgrading a 8.5GB
« Arrays Postgres database. This should be fun! & &

» Create your own Data Type
bl yp e



Agenda

Text Types
Numeric Types
Dates and Times
XML

JSON

Boolean

Bits

Binary Data
Network

Arrays

Create your own Data Type

Pivotal



TéxtTypes

VARCHAR (optional: length)
* CHAR (optional: length)
» TEXT

* Internally: it's the same
* Note: text types are case sensitive

. Daniel Gustafsson &= Foliow

The next #postgres CHAR() conference is

organised in a new country, guess that makes it
a VARCHAR()?

charconference.org

5 7 AdAlaiERET 2

L



TéxtTypes

VARCHAR: string up to ~1GB
VARCHAR(Nn): string up to length ‘n’, except whitespaces
CHAR: 1 byte string

* CHAR(n): string with length 'n’

* TEXT: string up to ~1GB

. Ember Croocks 2 Follow

Pet peeve: Columns with a data type of

VARCHAR(1). Got a request to add some
today. Sigh. #DB2

b



Text Types: VARCHAR versus CHAR

SELECT octet length (' '::VARCHAR(1)) as "vc 1",
octet length (' oo VARCHAR (D)) as "we 0V,
octet length (' YedVARCHAERLLO)Y ) as “we 10%;
octet length(’ 2 SCHAR(T) ¥ a5 "& 1",
(
(

octet length (' '::CHAR (D)) as "¢ 5",

: '+:CHAR(10)}) as "c_10";

| ax Whitespace

octet length

Mo 1 | we 2 [ e 10 | €1 )] 3 | € 10
—————— s st B e
1| > | 5 | s | 5 | 10
(1 row)
L g

LENGTH() and CHAR_LENGTH{) return 0’

Pivotal




Internals: Pages & TOAST

(srcfinclude/pg_config.h)

BLCKSZ = 8192 ]

TOAST _TUPLES PER_PAGE =4
TOAST _TUPLE_THRESHOLD = 2032
TOAST TUPLE TARGET = 2032
(srefincludelaccessituptoaster.h)

Page Header \

Pivotal



Internals: Pages & TOAST

Page TOAST Page
—

Row Header

~

4 Byte
Fointer

|

TOAST Page Header

Pivotal



What about CHAR(255)?

GODQ|E varchar(255) sql

All Videos Images Shopping Mews More

About 430 000 results (0 59 seconds)

Google  charess)sa

All Shopping Videos Images Maps More

About 417 000 resulis (0.45 seconds)

(®) searchcode

About 11,302 results:

Settings

Settings

“warchar 255)" sql”

of

Tonls

Tools

Pivotal



What about CHAR(255)?

* Does not apply to PostgreSQL
« Probably arbitrary choice: 255 = 28 -1 = FF,, = 11111111,

Back in the old days: some databases could only handle strings up to 255 bytes

* MySQL (without innodb_large_prefix) limits the index key to 767 bytes: 255
characters * 3 bytes for UTF-8 = 765 bytes

' Shannon Poola - Follow

Dev: "Can we have varchar(2048)7"

Me: "So you're going to have a referrer that
consumes 2048 characlers?"

v



Agenda

Text Types

* Numeric Types
Dates and Times
« XML
« JSON
* Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



Numeric Types

Integer (Smallint / INT2, Integer / INT4, Bigint / INT8)
Floating Point (Real, Double Precision)

Numeric

Sequence (Smallserial, Serial, Bigserial)

. Honest Status Page E- Foliow

We had to upgrade from float32 to floaté4 to
get enough precision to represent how down
we are.

a7 A4 BRAP <48~



Numeric Types: Integers

" Name | Storagesize | Range

SMALLINT / INT2 2 Bytes
INTEGER / INT4 4 Bytes
BIGINT / INT8 8 Bytes

Note: Alignment might ruin your day:

Smallint / Integer / Smallint / Integer = 16 Bytes
Smallint / Smallint / Integer / Integer = 12 Bytes

-32.768 to +32.767

-2.147.483.648 to
+2.147.483.647

-9.223.372.036.854.775.808 to
+9.223.372.036.854.775.807

Pivotal



Numeric Types: Floating Point

REAL 4 Bytes 6 decimal digits
DOUBLE PRECISION 8 Bytes 15 decimal digits

Note: Values can be inaccurate (rounded), even if shown exact

u Honest Status Page L+ Follow

A signed float.
13 47 BT . mEED@



Numeric Types: Floating Point

SELECT '100001'::REAL AS real;

real

S SR R N LEN SN W

100001

6 decimal digits

SELECT '10000001'::REAL AS real;
real

1e+07 7 decimal digits

SELECT '100001.5'::REAL AS real:;
real

N . N

100002 6+1 decimal digits

Pivotal



Numeric Types: Floating Point

SELECT '100000000000001'::DOQUBLE PRECISION AS double:
double

SN SR R S LA S N S L R S S .

100000000000001

15 decimal digits

SELECT '1000000000000001': :DOUBLE PRECISION AS double;
double

16 decimal digits

SELECT '100000000000001.5'::DOUBLE PRECISION AS double;
double

N L

100000000000002 15+1 decimal digits

Pivotal



Numeric Types: Floating Point

Conclusions:

* Floating point numbers are imprecise

* Never to use for exact values (like €€€ or $$9%)

* Ok for something like gauges in monitoring (but better round the result)

E Marc O'Morain

That feeling when you are
0.30000000000000004 up.

Honest Status Page
Gur e slatus page repissents “epnees” s & fom. Good luck!
testier. pomipinboandsisty..

PFORTEEA&EA

L

% Follow



Money Type

PostgreSQL has a Money type:

* Only one currency ($lc_monetary), always shown

* Can be represented with NUMERIC + formatting as well

* Uses 8 bytes of storage

* Handles: -92233720368547758.08 to +92233720368547758.07 (92 Quadrillion)
Current US depth (Jan 2017): 19,939,760,263,983.42 ($19 Trillion)
Maybe 2 users in the world

* Deprecated twice, resurrected

. I-I‘-nnn_rl S»h'_tu: Page % Follow
java.lang.OutOfMoneyException
158 182 TFaOREBRYVER

L



Numeric Types: Numeric

* Up to 1000 numbers precision
* Definition: NUMERIC(10, 3) = 1234567.123
* Handied in software (no hardware support)

'_. Brian Fitzgerald P

java.sql.SQLException: Numeric Overflow
You had one job.

- i )



Do you know Sissa ibn Dahir?

Hint: lived in India, in 3rd or 4th century
The king's name at this time was: Shihram

2 Fallow

Orain on a chess board
e the amount for each

h 9,223,372,036,854,776



Numeric Types: Numeric

Number of rice grains:
1+2+27242%4...2763 = 2764 - 1

SELECT power (2::DOUBLE PRECISION, &4::DOUBLE PRECISION) - 1;

7column?

1.84467440737096e+15

SELECT power (2::NUMERIC, 64d::NUMERIC) - 1;

‘column’y

18446744073709551615.0000000000000000

\I 20 decimal digits (980 left) Pivotal




Data Types: Sequences

" Name | Storagesize | Numeric Type

SMALLSERIAL 2 Bytes INT2
SERIAL 4 Bytes INT4
BIGSERIAL 8 Bytes INT8

« Sequences start (by default) with “1”

Step “17 (by default) forward (by default)

Sequence can cycle (default: no)
* Sequence name can be used in multiple tables T R 2 Flow
* Seguence can only be owned by one table When you get a SQL sequence to work on

g ; Oracle, it's hard not to get excited. 750
Sequence is NOT transactional



Data Types: Sequences

SELECT currxval ('my segquence’)}; —- current wvalue

currval

Sequence must be used

723 before in current session
SELECT nextwval ('my sequence’); -- next value
nextval

"""" ' “E o

How have | never learned of Sequence
alternative to ldentity in SQL server before
today??



Data Types: Sequences

SELECT setval ("my sequence’, 50); -- set new wvalue

SELECT setwal (‘my sequence’,
(SELECT MAX {id)
FROM table));

Ii‘: Hal.Prym &+ Follow

The solution to not having ranges or sequence
comprehensions in SQL is, apparently, to
create a table of "enough” numbers to join
against.

1 (= |



Data Types: Sequences

CREATE TABLE public.seq |

id SERIAL PRIMARY KEY
-

SELECT pg get serlial sequence|('public.seq', 'id');
pg get serial seguence

Table name
{with or without
schema)

public.seq id seq

Column name
(1 row)

Pivotal



Data Types: Sequences

SELECT * FROM public.seq_id_seq;
-l RECORD 1 |+

sequence name | seq id seq
1a.3t_ﬁfa'lue | 1

start value | A

increment by | 1

max value | 9223372036854775807
min value | 1

cache value | 3

log ent | O

1s cyecled | L

1s called | £

Pivotal



Agenda

Text Types
* Numeric Types

* Dates and Times
« XML
* JSON
* Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



What’s shown in this picture?

Pivotal



Question

* What's the time at South Pole right now?

%; lceCube Live T

South Pole temperature at 10:40 PM UTC is
-31.3C (-24.34 F)

L 5 =



Date and Time Types

TIMESTAMP WITHOUT TIME ZONE (short: TIMESTAMP): stores date and time

* TIMESTAMP WITH TIME ZONE (short: TIMESTAMPTZ): stores date and time
plus time zone

TIME WITHOUT TIME ZONE (short: TIME): stores a time

TIME WITH TIME ZONE (short: TIMETZ): stores a time plus time zone
 DATE: stores a date
* INTERVAL.: stores a time difference (between two times)

Note: TZ types will deal with DST , i o o
* Note: will NOT deal with leap seconds Yes, please, store all your timestamps as

VARCHAR(255)...
1 2 & 8



Date and Time examples

SELECT "2016-10-11'::TIMESTAMP; -- simple timestamp

timestamp

2016-10-11 00:00:00

SELECT 'January 5 20177 ::TIMESTAMF; -- silly U5 format

timestamp

i e’ i " e e, e - " i e il g e i i il i i ‘i

2017-01-05 00:00:00

" Shown as time, because
of the TIMESTAMP cast

Pivotal



Date and Time examples

SELECT "2016-08-10 03:25:00PM UTC’ : :TIMESTAMPTZ; -- Summer

timestamptz

2016-08-10 17:25:00+02

SELECT "2016-12-12 10:23:00 UTC’ : : TIMESTAMPTZ; -- Winter

timestamptz

T i PP Ty Syl S S et By S S P, TS el oy P PRI SR S WSy Sy

2016-12-12 11:23:00+01

4 Shown as local time
(to the database server)

Pivotal



Date and Time examples

SELECT "2016-04-12 00:00:00 Europe/Moscow’ : : TIMESTAMPTZ;

timestamptz
. Time zone name
——————————————————————— DTS handling ]

- _ . . Time Zone number
2016-04-11 22:00:00+02 L‘ymham“ng ]

SELECT "2016-04-12 00:00:00 +4'::TIMESTAMPTZ;

timestamptz

T i PP Ty Syl S S et By S S P, TS el oy P PRI SR S WSy Sy

2016-04-11 22:00:00+02

. Honest Status Page 2 Fallow

Let me tell you about time zones and why an
hour of your data is missing...

190 186 CTEHE D™



Date and Time examples

BEGIN; % X . ]
Transaction stops time
SELECT HDW(};

Now

201°7-01-11 13:55:57.162307+01

SET TIME ZONE 'Europe/Moscow’;

SELECT NOW { } ; ﬁ Juhic Friman X Foflow

NnNow
#postgresqgl catcha: now() returns value from

beginning of transaction (i.e when transaction
2017-01-11 15:55:57.1623074+03 started) and clock_timestamp() returns current

w



Date and Time examples

SELECT NOW() AT TIME ZONE ’Europe/Moscow’;

Now
% Just for this Qquery ]

201 7-01-+11 I5:35:57 162307

S Modern SOL 2 Follow
Eol -
b g

The local time where I'm living Is:

current_timestamp AT TIME ZONE
‘Europe/Vienna'

SQL-92 (only numeric time zones)

Oracle «
PostgreSQL «

8 4 AsEREPNTR



Interval examples

SELECT *2000-01-05"
7column?

-
L=

t tTIMESTAMP ~

Interval

|

SELECT "2000-01-01f ::TIMESTAMP -

7column?

r2000-01-01" : : TIMESTAMP;

r2000-01-04' : : TIMESTAMP;

Pivotal



Interval examples

SELECT "2016-10-23 00:23:12' : : TIMESTAMP -
r2016-10-12 07:05:25" : : TIMESTAMP;
2column?

10 days 17:17:47

Pivotal



Interval examples

SELECT "2000-02-28 00:00:00'
INTERVAL '1 day 02:00:00';

Tcolumn?

2000-02-29 02:00:00

rr TIMESTAME +

x{ Leap year

Pivotal



Interval examples

SELECT "2001-01-01'::DATE - "2000-01-01' ::DATE;
7column?

-
L=

3 E E EET— f
“l 2000 is a leap year J

SELECT *2002-01-01'::DATE - "2001-01-01' ::DATE;
7column?

P i pRrer Py L S Lk S e Y

% 2001 is not a leap year ]

Pivotal



What’s the time at South Pole?

* In theory, North Pole and South Pole have all times of the day

* Depending on the direction where one is looking
Amundsen-Scott Station (USA) is supplied from New Zealand
Therefore they use the same time zone (NZ — New Zealand)

- Andy Kirkpatrick T

"How did captain Scott know he was at the

South Pole?"
"Erm... there was a flag there?"

3 8 TEIeEHER



Date and Time types: time at South Pole

SELECT NOW() AT TIME ZONE "NZ';

T10W

2017=01-12 01:55:57.162307

Pivotal



Date and Time types: time at South Pole

SELECT NOW() AT TIME ZONE ’Antarcticafﬂnuth_Pole’;

T10W
Depends on what time
___________________________ zones your O35 knows

2017=01-12 01:55:57.162307

Pivotal



Agenda

Text Types
* Numeric Types
* Dates and Times

- XML
« JSON
* Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



XML Type

« XML (Extensible Markup Language) defines a document structure

* Hot stuff from the 90s ... last century

* PostgreSQL does simple validation (like correct syntax), but no DTD validation
* Content can be a XML document, or a XML fragment

* Encoding is assumed to be in “client_encoding”, encoding specification in XML is
ignored

« Exception: binary mode (encoding specification is observed, or UTF-8 is
assumed)

It is not possible to directly search in XML types

n Tr!amp DBEA 2 Follow

The concept of XML is absolutely terrible, and
statistically I've been proven right.

6 11 L e p el b o |



XML Type

SELECT XMLPARSE (DOCUMENT '<7?xml wversion="1.0"7
><database><name>PostgreSQL</name><vendor>PostgreSQL Glocbal
Development Group</vendor></database>"');

xmlparse

D N R S R B . S NS S A S S N SIS S S S S s R S S S B R G S S B N NN S D GEE S B . D L B . S B S . . S S A S S S S .

<databasc><namc>PostgreSQL</ name><voendor>PostgreSQL Global
Development Group</vendor></database>

Pivotal



XML Type

SELECT XMLPARSE (CONTENT '<name>PostgreSQL</name>");

xmlparse

<name>Postgre3QL</name>

Pivotal



XML Type

SELECT XMLSERIALIZE (CONTENT '{rlamE}PDstqreEQL{fname‘;' AS
TEXT)
xmlserialize

\{ That's a string now J

- Trumip I_.'I_BA A Follow

Every day you work with XML is Labor Day.
14 18 HiREfnEan

<name>PostgreSgoL</name>




Agenda

Text Types
* Numeric Types
* Dates and Times
« XML
* JSON
* Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



JSON Type

JSON (JavaScript Object Notation) defines an open format to exchange attribute-
value pairs

* Used in many web frameworks and loT data exchange, among others
Many NoSQL databases use JSON as native format
PostgreSQL offers two JSON data types:

+ JSONB: stores data in decomposed binary, supports indexing

« JSON: stores raw data, must be processed on each request

« Uses regular transactions

> Tobias Kalbitz 2 Fallow

Quotes from #FOS0EM  JSOMN the XML of the
21st cenlury

1 2>



JSONB Type

SELECT ""abc"'::jsonb;

Jsonb

Extra quotes for
text in JSON

- loreii £ Follow

people storing json in a varchar[4000] shall be
flogged

* i L



JSONB Type

SELECT ' [®ahe"; "def"; "ghi"]'i:ijsonb:;
Jsonkb

[”L:-lb{:h-”lr 'I'l'l:.je-lzﬂ" llgh-ill]

SELECT: T{M1%: Yakhel, "3%: "defh, M3V Mohitllsijgonb;
jsonb

{Illll: Ilabcllr I‘IEII: Ildefllr ‘"3": Ilqhi"'§

ﬁ KeyValue Pairs ]

Pivotal



JSONB Type
BELECT T{"LT YabeVe "MEWr WaeefMe UEWy Nghi"™Eviv)sonb=sta v

Access Element
“ael®™ with key "2"

' Trump DEA & Foliow

QOur data is in serious trouble! We don't have
schemas anymore! We used to have schemas,

but now we don't. It's all JSON now, VERY
BADN

; 18 OERFSRIAD



JSONB Type

SELECT ' [Mabho"; "def™,; Mghiv]Yisjsenb @3> Y [Yghi™] “suysonb;
Tcolumn?

12 Is the right element
in the left?

Pivotal



JSONB Type

SELECT ' ["abo", "def"™; "ghi"]'::ijsonb ? Tdef':
Tcolumn?

I |s the right value
in the left data?

SEEECT: T4£71%: Yalhel, "Ml NaesfW, ety MgheMetesggenk F EY;

Tcolumn? I\

£ [ Is the right key ]

in the left data?

Pivotal



JSON Type with GIN index

The GIN index supports JSON queries
*  Only works with JSONB, not the JSON type Bee e

*Ekologick” - Let's make the world o better
place and drink more Swadish gin! Thanks so
much E@mickem. Fosme




JSON Type with GIN index

CREATE INDEX 1dx gin ON nosgltable USING gin ((data—->"name’));

SELECT * FROM nosgltable

WHERE data->"name’ ? ‘Scherbhaum’:;

N\

[ Search directly in ]

JSON data

 Follow

! Takeshi Yamamuro

Everybody, say "Don't use JSON in hadoop”
: 1 Bo



Agenda

Text Types
* Numeric Types
* Dates and Times
« XML

JSON

* Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



Boolean Type

PostgreSQL supports a real Boolean type — please use it!

Values for True: TRUE, true, 1, 't', 'y’ and 'yes’
Values for False: FALSE, false, 0, 'f', 'n’ and 'no’

- Mike Figdior 2. Follow

OH:

A: "What's the scariest datatype?”
B: "What?"

A: "a BOOlean"

C: "It's funny, because it's "True™

EroeHaHDE

L



Boolean Type

SELECT true: :BOOLEAN;
bool

SELECT false: :BOOLEAN;

bool

Pivotal



Boolean Type: Partial Index

CREATE TABLE boolean index (

id INTEGER NOT NULL PRIMARY EKEY,
content FLOAT NOT NULL,
error BOOLEAN NOT NULT,

)

INSERT INTO beoolean index (id, content, error)

SELECT generate series (1, 1000000), RANDOM(),
CASE WHEN RANDOM() < 0.02
THEN TRUE ELSE FALSE END;

Pivotal



Boolean Type: Partial Index

EXPLAIN SELECT COUNT(*) FROM boolean index WHERE error = TRUE;
QUERY FPLAN

Aggregate (cost=16422.42..16422.43 rows=1 width=0)
-> Beq Scan on boolean index (cost=0.00..16370.00
rows=20967 width=0)
Filter: error
(3 rows)

Pivotal



Boolean Type: Partial Index

CREATE INDEX planer index test fehler
ON booclean index (error)

WHERE error = TRUE;

EXPLAIN SELECT COUNT (*) FROM boolean index WHERE error = TRUE;

QUERY PLAN

Aggregate (cost=68.41l..68.42 rows=1 width=0)

-> Index Only Scan using planer index test fehler on
boolean index (cost=0.29..15.98 rows=20967 width=0)
Index Cond: (error = true)

(3 rows)

Pivotal



Boolean Type: Partial Index

CREATE INDEX planer index test fehler komplett

ON booclean index (error);

SELECT pg relation size('boolean index') / 8152 AS "Pages",
pg relation size('planer index test fehler') / 8192 AS
"Pages partial Index",
pg relation size('planer index test fehler komplett') /
8192 AS "Pages full Index";
Pages | Pages partial Index | Pages full Index

Pivotal



Agenda

Text Types
* Numeric Types
* Dates and Times
« XML
JSON
Boolean
* Bits
* Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



Bits
* BIT(n): stores a bit string with length ‘'n’
* BIT VARYING(n): stores a bit string up to the length of ‘n’

« BIT: equals BIT(1)
Logical operations like AND, OR, XOR possible

B ik 2 Follow

| just realized that null is the "meh" of the SQL
bit type.

b -



Bits

CREATE

INSEERT

TABLE bit test (id SERIAL,
INTO bit_test (data) VALUES
1d, data FROM bit test;

data

data BIT(3));

(B"10101'} ;

B modifier allows
spec:ifying Bits

I HAlhart £+ Follow

SQL Server doesn't accept true or false string
for a bit type, C# SQL connector return true
and false string! ARE YOU FUCKING KIDDING
ME M$



Bits

SELECT id, data & B’00001’ FROM bit test;
1d | data

I S §
1 | 00001 AND ]

SELECT id, data | BE"01011" FROM bit test;

1d | data
——
1 | 11111 OR ]

Pivotal



Bits
SELECT id, data # B"11111’" FREOM bit_teat;
1d | data

____+ _______
1 | 01010 XOR ]

SELECT id, data << 1, data FROM bit test;

id | Zcolumn? | data

1 | 101010 | 10101 AhIEE" 2

&

Pivotal



Bits

SELECT 1d, data FROM bit test

WHERE (data & B'00001') ::INTEGER > 0;
id | data
_____ 1._______
1 | 10101 Search for Bit ]

SELECT id, data FEOM bit_te&t
WHERE (data & B'00010') ::INTEGER > 0;
1d | data

Pivotal



Bits

SELECT 23::BIT(3);
bit

Cast INT to BIT

SELECT B’10101' ::BIT(35) : : INTEGER; X'FE' ::BIT(8B)::INTEGER;

intd | intd
_______ S ﬁ Adrian Sanatria-Diaz rori

71 | 754 Anybody know how 1o insert a '"MULL" into
' #50L via #JavaScripl? ‘Conversion failed when
converting the varchar value 'NULL' to data
type bit’

. 7 OD4iBRER
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Agenda

Text Types
* Numeric Types
* Dates and Times
« XML

JSON

Boolean
* Bits
* Binary Data
* Network

Arrays

Create your own Data Type

Pivotal



Binary Data: ByteA

Binary data (unprintable characters) can’t be stored in TEXT types

Binary data might contain 0 bytes (no bits set), however that is the “end of string”
sign in C

PostgreSQL offers ByteA for binary data

PostgreSQL understands 2 output formats: HEX (new) and ESCAPE (old)
Please use functions in your programming language to transfer data

ﬁ I’“"F_ £ Folow

crawling the web and storing results... when all
else fails dump to bytea.

i L4 w



Binary Data: ByteA

SET bytea output TO hex;
SELECT E'A\\O0O0'::bytea;
bytea

SET bytea output TO escape;
SELECT E'\\000": :bytea;

bytea

Iilmmm

See "bytea_output” parameter.




Agenda

Text Types
* Numeric Types
* Dates and Times
« XML
JSON
Boolean
* Bits
Binary Data
* Network
Arrays
Create your own Data Type

Pivotal



Data Types: Network Address Types
" “Namo | StoragoSize | Storos

INET 7 /19 Bytes IPv4 / IPv6 host/network
CIDR 7 /19 Bytes IPv4 / IPv6 network
MACADDR 6 Bytes MAC Ethernet address

* Uses classless routing convention

'_t; Mick Craver ¢ & Folow

How are you storing IP Addresses in your
database? char, varchar({16), varchar(45), int,
bigint, binary, varbinary, other?

Al=TEuE&FE



Data Types: Network Address Types

SELECT '192.168.0.1/24'::INET; -- store address and network
inet

192.168.0.1/24

SELECT '192.168.0.1'"::CIDR; -- asgssume network mask
C1Ldr

e e e e L By

192.168.0.1/32

SELECT '192.16B.5'::CIDR; -- assume network mask
oldr

192.168.5.0/24
Pivotal



Data Types: Network Address Types

CREATE TABLE idr (
idr INET PRIMARY KEY

—
S

CREATE INDEX idr idr ON idr (idr);

INSERT INTO idr ({idr)
VALUES ('192.168.0.1'), ('192.168.0.99'), ('10.0.0.1"'):;

Pivotal



Data Types: Network Address Types

SELECT * FROM 1idr
WHERE idr << '192.168.0.0/24'::CIDR;

1dr
______________ Limit to certain
192 .168.0.1 network range

152,168 .0.99

Pivotal



Data Types: Network Address Types

EXPLAIN SELECT * FROM idr
WHERE idr << '192.168.0.0/24'::CIDR;
QUERY PLAN

Bitmap Heap Scan on idr (cost=4.22..14.37 rows=1l width=32)
Filter: (idr << '192.168.0.0/24"::inet)
-> Bitmap Index fcan on idr idr (cost=0.00.,.4.22 rows=7 width=0)
Index Cond: (1dr > '1892.168.0.0/24"'::1inet) AND
pdr <= '192. 168.0.2558!':1net))

[ Will use Index ]

Pivotal



Agenda

Text Types
* Numeric Types
* Dates and Times
« XML
JSON
Boolean
* Bits
Binary Data
* Network
* Arrays
* Create your own Data Type

Pivotal



Arrays

Every tuple can be a multi-dimensional array

Can be any built-in, user-defined, enum or composite type (no domains)
Dimensions can be specified, but are ignored

Creation by either using curly brackets, or ARRAY() constructor

Very flexible (think: predecessor to JSON)

' Wes Richardet —

@postgresql keeps moving faster than most
database access libraries can keep up with,
Most SQL abstractions libs don't handle json or
array



Arrays

SELECT ARRAY[['abe';, 'def'], ['123', '[456']]:
array

{{abc,def}, {123, [456}}

2 x 2 dimensions

SELECT array_dims (ARRAY[['abc', 'def'], ['123', '[456']]);
array dims

Pivotal



Arrays

SELECT (ARRLY['abe', 'def', 'ghi'])[1l]:

1% Element ]

SELECT (ARRAY['abc', 'def', 'ghi'])[2:3];
array

{def,ghi] Element 2 to 3 ]

Pivotal



Arrays

SELECT array dims (ARRAY[['abec', 'def'], ['123', '[456']]);
array dims

SELECT array length(ARRAY[['abc', 'def'],['123', '[456']], 1);
array length

2 elements in
outer array

Pivotal



Arrays

SELECT TREUE WHERE (ARRAY['abc', 'def', 'ghi'])[2] = 'def';
bool
£ Search in 2 elemenl]

Pivotal



Arrays

SELECT array prepend(0, ARRAY[1l, 2, 3]);
array prepend

Prepend this to
the array

{0,1,2,3)

(1 row)

SELECT array append(ARRAY[1, 2, 3], 4);
array append

Append this to

the array

Pivotal



Arrays

SELECT array to string (ARRAY['abec', 'def', 'ghi'], ' - ');
array to _string

Fill in between
array elements

abec — def - ghi

(1 row)

SELECT unnest (ARRAY['abc', 'def', 'ghi']):

unnest
abo

Transform array
def into rows
ghi

Pivotal



Agenda

Text Types
* Numeric Types
* Dates and Times
« XML

JSON

Boolean
* Bits

Binary Data
* Network

Arrays
* Create your own Data Type
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Create your own data type

Composite type

Enumerations (ENUM)
« WYODT — Write your own base data type
* Use EXTENSIONS (like PostGIS)

Pivotal



Composite Types

Composite a new type from existing data types
Same as ROW type

Pivotal



Composite Types

CREEATE TYPE currency_?alue AS |

CV _currency CHAR(3), FormrE
cv_other currency CHAR(3), a table
cv_date DATE,
av_value NUMFERTC (10, 3)

)

CREATE TAEBLE currency history (
id SERIAL PRIMARY EKEY,
data currency value

)i Used like any
other data type

Pivotal



Composite Types

INSERT INTO currency history (data)

VALUES (ROW('EUR', 'UsD', '2017-01-31"',
(BOW(“EUR", "USD', "2017=01=30", 063Q) ),
(ROW(*EUR", 'USD', "2017-01-2Z7", LLO681L)) ,

1:0455)).,
1
1
(ROW('FURY,; "USDY; Y2OT=01=28"; T:0I00)) ;
1
1
1

Use ROW
operator to
build a row

(ROW(*EUR'; 'USD', '2017=01=23", 1.0743));
(ROW('EUR', 'USD', '2017-01-24', 1.0748)),
(BOW(*EURY; "WabY; Y2Oil=01-23"' 1.0715));

Pivotal



Composite Types

SELECT * FROM currency history;
id | data

EUR,USD, 2017-01-31,1.076)
FUR, USTH 2071 7-01=-30,1.063)

%
|

o :

| (EUR,USD,2017-01-27,1. ﬁﬁﬂjﬁﬂmmsa]

row set

| {BUOR,USD,2017-01-26,1.070]

|

| (E

||

EUE, USD, 201 7-01-25,1.074]
UR,USD,2017-01-24,1.075)
EUR,USD,2017-01-23,1.072)
(7 rows)

-] o N ol Lo M

Pivotal



Composite Types

SELECT {data}.c?_date, (dataj.cv_value FROM currency history;

cv_date | ev_value
____________ P
2017-01-31 | 1.076 SHey T
2017-01-30 | 1. 63
2017-01-27 | 1.068
2017-01-26 | 1
2017=-01-25 | 1.074
201 T7=01=24 | L85
Z017-01=-23 | 1.072
(7 rows)

Pivotal



Enumerations

 Predefined list with values

* List is (should) not to change
» |f the list is to chance, consider a 1:n table instead

i Johan Lindstrom + Follow
#postgres It's a disgrace that you need to run a
two-table SQL query just to list enum values. A
disgrace | tell you!



Question

ENUM is often used for gender
How many different gender value do you know?

Pivotal



Gender types

male/female
unknown

* hybrid

* today male/female

* denied (different from “unknown”)
not applicable

» See ISO/IEC 5218
« Facebook currently allows 56 different gender types

* Conclusion: Think beforehand if your data type really is an ENUM or might change
in the future.

Pivotal



Enumerations

CREATE TYPE card;culurs

AS ENUM ('Diamondas’,

—

CREATE TABTE card results |

1d SERIAL

color card colors
wilnner THAT

"Hearts’,

LA i - « F
Spades’,

PRIMARY EKEY,

NOT
NOT

NULL,
NULL

T Clul

o

Lo
A

3");

Pivotal



Enumerations

INSERT INTO card results (color,
VALUES (’'Hearts’, 'Paul’);:

INSERT INTO card results (color,
VALUES ('Diamonds’, "'Jim’);

SELECT id, eolor, winner

FROM card results
WHERE color = ’'Hearts';
1d | eoclor | winner

winner)

winner)

Pivotal



What’s missing?

* Range Types

* Geometric Types

= UUID Type

« OID

* Create your very own types (write some code)

s il

Can somebody send me the database
passwords, | don't have my agenda

W

2 Follow
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