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FETCH	FIRST (or LIMIT, TOP) 
applies per row from left tables.
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topics (“multi-source top-N”).

‣ Table function arguments 
 

(TABLE often implies LATERAL) 

Add proper index 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Schemaless 
‣ Introduced XML 
‣Non-uniform 

documents in 
a single column

Later: 
‣ Extended in SQL:2011 
‣ Popular among “New SQLs” 
‣ 2013: BigQuery, Hive 
‣ 2014: Impala 
‣ 2015: Spark SQL 
‣ 2016: NuoDB, MemSQL, 

Cockroach DB, VoltDB

Later: 
‣ JSON added with SQL:2016 
‣ Proprietary JSON support: 
‣ 2012: PostgreSQL 
‣ 2014: Oracle 
‣ 2015: MySQL 
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		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

SQL:2003 — Analytical (Median)



 

SELECT	d1.val	
		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

Pick middle one

SQL:2003 — Analytical (Median)



 

SELECT	d1.val	
		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

Pick middle one

SQL:2003 — Analytical (Median)



 

SELECT	d1.val	
		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

Pick middle one

SQL:2003 — Analytical (Median)



 

SELECT	d1.val	
		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

Pick middle one

SQL:2003 — Analytical (Median)Notice

All employees must
wash hands

after using
self-joins



 

SELECT	d1.val	
		FROM	data	d1	
		JOIN	data	d2	
				ON	(d1.val	<	d2.val	
							OR	(d1.val=d2.val	AND	d1.id<d2.id))	
	GROUP	BY	d1.val	
HAVING	count(*)	=		
							(SELECT	FLOOR(COUNT(*)/2)	
										FROM	data	d3)

Number rows

Pick middle one

SQL:2003 — Analytical (Median)Notice

All employees must
wash hands

after using
self-joins

Grab stickers 
and coasters!
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

SQL:2003 — Analytical (Median)



 
SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Median
SQL:2003 — Analytical (Median)



 
SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Median

Which value?

SQL:2003 — Analytical (Median)



 
SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

SQL:2003 — Analytical (Median)



 

 
SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)

SQL:2003 — Analytical (Median)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)

SQL:2003 — Analytical (Median)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)
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SELECT	PERCENTILE_DISC(0.5)	WITHIN	GROUP	(ORDER	BY	val)	
		FROM	data

Two variants: 

‣for discrete values 
(categories) 

‣for continuous values 
(linear interpolation)
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SQL:2016 — JSON

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip


SQL:2016 — JSON

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip


SQL:2016 — JSON

id a1

42 foo

43 bar
 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip

http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip


 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

SQL:2016 — JSON_TABLE

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar



 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

SQL:2016 — JSON_TABLE

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar

Bind 
Parameter



 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

SQL:2016 — JSON_TABLE

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar

SQL/JSON Path 
‣ Query language to 

select elements from 
a JSON document 
‣Defined in the 

SQL standard
Bind 

Parameter



 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

SQL:2016 — JSON_TABLE

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar

SQL/JSON Path 
‣ Query language to 

select elements from 
a JSON document 
‣Defined in the 

SQL standard
Bind 

Parameter



 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

SQL:2016 — JSON_TABLE

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar

SQL/JSON Path 
‣ Query language to 

select elements from 
a JSON document 
‣Defined in the 

SQL standard
Bind 

Parameter



SQL:2016 — JSON_TABLE — Use Case

 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar



SQL:2016 — JSON_TABLE — Use Case

 

SELECT	*	
		FROM	JSON_TABLE	
							(	?	
							,	'$[*]'	
									COLUMNS	
									(	id	INT								PATH	'$.id'	
									,	a1	VARCHAR(…)	PATH	'$.a1'	
									)	
							)	r				

INSERT	INTO	target_table

 

[	
		{	
				"id":	42,	
				"a1":	"foo"	
		},	
		{	
				"id":	43,	
				"a1":	"bar"	
		}	
]

id a1
42 foo
43 bar



 

SQL:2016 — JSON_TABLE
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SQL:2011 — Time Travelling

http://cs.ulb.ac.be/public/_media/teaching/infoh415/tempfeaturessql2011.pdf

http://cs.ulb.ac.be/public/_media/teaching/infoh415/tempfeaturessql2011.pdf


SQL:2011 — Time Travelling

 

Application Versioning 
‣Dedicated syntax added 
‣When did something 

happen in the 
real world?

http://cs.ulb.ac.be/public/_media/teaching/infoh415/tempfeaturessql2011.pdf

http://cs.ulb.ac.be/public/_media/teaching/infoh415/tempfeaturessql2011.pdf


SQL:2011 — Time Travelling

 

Application Versioning 
‣Dedicated syntax added 
‣When did something 

happen in the 
real world?

New syntax (excerpt) 
‣ FOR	PORTION	OF in 
UPDATE and DELETE  
‣ WITHOUT	OVERLAPS in UNIQUE 

constraints & PRIMARY	KEYS	
‣ [IMMEDIATELY]	PRECEDES,	
OVERLAPS in WHERE,HAVING,…	



SQL:2011 — Time Travelling

 

System Versioning 
‣Fully automatic and 

(almost) transparent 
‣When did we learn 

about something 

 

Application Versioning 
‣Dedicated syntax added 
‣When did something 

happen in the 
real world?

New syntax (excerpt) 
‣ FOR	PORTION	OF in 
UPDATE and DELETE  
‣ WITHOUT	OVERLAPS in UNIQUE 

constraints & PRIMARY	KEYS	
‣ [IMMEDIATELY]	PRECEDES,	
OVERLAPS in WHERE,HAVING,…	



SQL:2011 — Time Travelling

 

System Versioning 
‣Fully automatic and 

(almost) transparent 
‣When did we learn 

about something 

 

Application Versioning 
‣Dedicated syntax added 
‣When did something 

happen in the 
real world?

New syntax (excerpt) 
‣ FOR	PORTION	OF in 
UPDATE and DELETE  
‣ WITHOUT	OVERLAPS in UNIQUE 

constraints & PRIMARY	KEYS	
‣ [IMMEDIATELY]	PRECEDES,	
OVERLAPS in WHERE,HAVING,…	

Transparent changes,  
new syntax for queries 
‣ INSERT, UPDATE & DELETE 

use the system time 
automatically 
‣ SELECT can use FOR	
SYSTEM_TIME	AS	OF



SQL:2011 — System Versioning
CREATE	TABLE	t	(	
			...	
	,	from	TIMESTAMP(9)	GENERATED	ALWAYS 
																					AS	ROW	START	
	,	till	TIMESTAMP(9)	GENERATED	ALWAYS 
																					AS	ROW	END 

	,	PERIOD	FOR	SYSTEM_TIME	(from,	till)	
)	WITH	SYSTEM	VERSIONING
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SQL:2011 — System Versioning
INSERT	INTO	t	(id,	data) 
							VALUES	(1	,	'X'	)

id data from till
1 X 10:00



SQL:2011 — System Versioning
INSERT	INTO	t	(id,	data) 
							VALUES	(1	,	'X'	)

id data from till
1 X 10:00

UPDATE	t	
			SET	data	=	'Y'	
	WHERE	id	=	1

id data from till
1 X 10:00 11:00
1 Y 11:00



SQL:2011 — System Versioning
INSERT	INTO	t	(id,	data) 
							VALUES	(1	,	'X'	)

id data from till
1 X 10:00

UPDATE	t	
			SET	data	=	'Y'	
	WHERE	id	=	1

id data from till
1 X 10:00 11:00
1 Y 11:00

DELETE	FROM	t	
	WHERE	id	=	1

id data from till
1 X 10:00 11:00
1 Y 11:00 12:00



SQL:2011 — System Versioning
id data from till
1 X 10:00 11:00
1 Y 11:00 12:00



SQL:2011 — System Versioning
id data from till
1 X 10:00 11:00
1 Y 11:00 12:00

SELECT	*	
		FROM	t id data from till



SQL:2011 — System Versioning
id data from till
1 X 10:00 11:00
1 Y 11:00 12:00

SELECT	*	
		FROM	t id data from till

SELECT	*	
		FROM	t	
			FOR	SYSTEM_TIME	AS	OF 
			TIMESTAMP'…10:30:00'

id data from till
1 X 10:00 11:00
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SQL:2011 — Application Time Periods

CREATE	TABLE	t	(	
			...	
	,	from	TIMESTAMP(9)		
	,	till	TIMESTAMP(9)	
	,	PERIOD	FOR	a	(from,	till)	
)



SQL:2011 — Application Time Periods

 
ID Data From Till
1 X 10:00:00 12:00:00

INSERT	t	(id,	data,	from						,	till						)			  
		VALUES	(	1,		'X',	'10:00:00',	'12:00:00')



SQL:2011 — Application Time Periods

 

UPDATE	t 
			FOR	PORTION	OF	a	FROM	'10:30:00'	TO	'11:30:00'	
			SET	DATA	=	'Y'

ID Data From Till
1 X 10:00:00 10:30:00
1 Y 10:30:00 11:30:00
1 X 11:30:00 12:00:00

 
ID Data From Till
1 X 10:00:00 12:00:00

INSERT	t	(id,	data,	from						,	till						)			  
		VALUES	(	1,		'X',	'10:00:00',	'12:00:00')
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https://webstore.iec.ch/publication/59685

https://webstore.iec.ch/publication/59685


 
A lot has  
happened 

since SQL-92



 
SQL has evolved 

beyond 
the relational idea

 
A lot has  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SQL has evolved 

beyond 
the relational idea

 
If you use SQL for 

CRUD operations only, 
you are doing it wrong
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https://modern-sql.com 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Training: 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