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Hstore developers

= Sternberg Astronomical Institute of Moscow University
= Major contributions:

= PostgreSQL extendability: GiST, GIN, SP-GiST

" Full-text search, ltree, pg_trgm, hstore, intarray,..



Agenda

W

= Introduction to hstore

= History of hstore development
= Hstore internals

= [ imitations

= Hstore operators and functions
= Performance study

= Summary

= Development plans




B

3!

Introduction to hstore

-’

= Hstore — key/value storage (inspired by perl hash)
'a=>1, b=>2"'::hstore

= Key, value — strings
= Get value for a key: hstore -> text
= Operators with indexing support (GiST, GIN)

Check for key: hstore ? text
Contains: hstore @> hstore
......... check documentations for more ........

" Functions for hstore manipulations (akeys, avals,
skeys, svals, each,......)



Introduction to hstore
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History of hstore development

= May 16, 2003 — first version of hstore

Date: Fri, 16 May 2883 22:56:14 +84060

From: Teodor Sigaev <teodor@sigaev.ru>z

To: Oleg Bartunov <oleg@sai.msu.su>, Alexey Slynko <slynko@tronet.ru>
Cc: E.Rodichev <er@sai.msu.su>

Subject: hash type (hstore)

foTOoBA nepsaia BePCHA:
Zeus:~teodor/hstore.tgz

README HanucaTb He ycnen, no3ToMy 34ech:

1 i/o Tuna hstore

2 onepauns hstore->text - W3BNEUEHWE 3HAYEHUs NO KUY text
select 'a=»q, b=>g'->'a’;

- ==

3 isexists(hstore), isdefined(hstore), delete(hstore,text) - NonHuA NepnoBblid aHanor
4 hstore || hstore - KOHKaTeHauws, adHanor B nepne %a=( %b, %c ).
5 text=>text - Bo3BpawaeT hstore
select 'a'=>'b’";
?column?

Bce npumepbl ecTe B sgl/hstore.sql



Introduction to hstore

W

= Hstore benefits

= In provides a flexible model for storing a semi-
structured data in relational database

= Hstore drawbacks

= Too simple model !
Hstore key-value model doesn't supports tree-like
structures as json (introduced in 2006, 3 years
after hstore)



hstore vs json

= PostgreSQL already has json since 9.0, which
supports document-based model, but

= It's slow, since it has no binary representation
and needs to be parsed every time

= Hstore is fast, thanks to binary representation
and index support

= [t's possible to convert hstore to json and vice
versa, but current hstore is limited to key-value

= Need hstore with document-based model.
Share it's binary representation with json !



History of hstore development

W

= May 16, 2003 - first (unpublished) version of hstore
for PostgreSQL 7.3

= Dec, 05, 2006 - hstore is a part of PostgreSQL 8.2
(thanks, Hubert Depesz Lubaczewski!)

= May 23, 2007 - GIN index for hstore, PostgreSQL
8.3

= Sep, 20, 2010 - Andrew Gierth improved hstore,
PostgreSQL 9.0

= May 24, 2013 - Nested hstore with array support,
key->value model - document-based model
PostgreSQL 9.4(?)


http://www.postgresql.org/message-id/9e4684ce0605031006le37a9arca20816dd278f13@mail.gmail.com
https://www.pgcon.org/2007/schedule/events/22.en.html
http://www.postgresql.org/message-id/87hc1xi9gd.fsf@news-spur.riddles.org.uk
https://www.pgcon.org/2013/schedule/events/518.en.html

Hstore syntax

W

= Hash-like:

a=>1' {a=>1}’
'a=>b, b=>c| '{a=>b, b=>|lcn}|

= Array-like:
{a) Tal
{a,b}’ Ta,b]
= Scalar:

d



Hstore types support

= Numeric

=# select 'a=>10.2'::hstore, '{1E6,2E-3,3.123456789}'::hstore;
hstore | hstore

___________ F oo e e e e e e e e e e e e e e, e, e, - =
"a"=>10.2 | {1000000, 0.002, 3.123456789}

=# select pg typeof('a=>1E6'::hstore -> 'a');
pg _typeof
text

=# select pg typeof('a=>10.2'::hstore > 'a');
pg_typeof

numeric



Hstore types support

= Boolean

=# select 'a=>t'::hstore, '{TRUE,true,FALSE,f}'::hstore;
hstore | hstore

________ F oo e e e e e e e e e e = -

=# select pg typeof('a=>t'::hstore ?> 'a');
pg _typeof



Hstore types support

= NULL

=# select ('a=>NULL'::hstore -> '"a') IS NULL;
?2column?



Current: HStore's internals

Npairs:31 Array of strings

New version flag:1

Oleg Bartunov, Teodor Sigaev  Nested hstore with array support PGConf.EU, Dublin, Nov 1, 2013



Current: HEntry

Ending position of corresponding string,
relative to the beginning of array of strings.
(30 bit)

— ISNULL:1 (only for values)
ISFIRST: 1




Current: Summary

HEntry array String array

A AN

( Y

Varlena . Val endpos:

N S
\\\\\\ ~
\\ S

- Newversionflagl ~ ISNULLL |

i-th key HEntry[1*2 - 1] HEntry[1*2]

Pairs are lexicographically ordered by key



Nested: Layout

HStore
AL

[

Varlena
header

Nelems:28
OR
Npairs:28

N

[

A\ A\

ISHASH

HEntry's values

o \\ :;::\\"“*\\\‘ /’
 ISSCALAR:1
} ISARRAY too

\\‘ —

~ ISARRAYL |

1]

HEntry value could be an hstore itself
Scalar stored as a single-element array



Nested: HEntry

ISFIRST: 1

Ending position of corresponding value,
relative to the beginning of array of strings.
Non-aligned!

0001 - numeric
0010 - nested
0100 - null (compatibility)
0011 - bool (false)
- 0111 - bool(true)




Nested: Summary

HStore
HENtry array Element array
A A
[ Y \
Npairs:28
variena OR Elem's value
header
Nelems:28
| N\
\
. - \\\
f Flags:4 ¢ Flags:4 N ([
(new version, isarray, ishash, s isr?ulll isnest Optional align bytes
- isscalar) ~ isbool(istrue, isfalse), (only for nezte?izllnumerm):
isnumeric) o

N N




Nested: Access

For complex value start = INTALIGN(start)

1-th key HEntry[1*2 - 1] HEntry[1*2]

Pairs are lexicographically ordered by key

i-th elem align(HEntry[1 - 1]) HEntry[1i]

Elements are not ordered



Hstore limitations

W

= | evels: unlimited

= Number of elements in array: 228

= Number of pairs in hash: 2728

= | ength of string: 2728 bytes

= | ength of nested hash or array: 228 bytes

228 bytes = 256 MB



Compatibility

=
) U

!

%

= HStore as type is absolutely [pg_Jupgrade-
friendly

(ISHASH bit could be set automatically,
current version will always contains zeros)

= Tt's also true for GIN indexes: instead of KV
notation it uses KVE

= Tt's not true for GiST: old version doesn't uses KV

notation, now it uses KVE. Indexes should be
rebuilded




Hstore syntax cont.

W

=# select {{a=>1}, {1,2,3}, {c=>{d,f}}}'::hstore;
hstore

{{"a"=>1}, {1,2,3}, {"c"=>{"d", f}}}
= hstore.array_square_brackets [false],true

=# set hstore.array_square_brackets=true;
=# select '{{a=>1}, {1,2,3}, {c=>{d,f}}}'::hstore;
hstore

[{"a"=>1}, [1,2,3], {"c"=>["d", f1}]



s

Hstore syntax cont.

0

= hstore.root_hash_decorated true,[false]

=# select 'a=>1'::hstore;
hstore

|Ia||:>1
=# set hstore.root hash decorated=true;

=# select 'a=>1'::hstore;
hstore



Hstore syntax cont.

=# select '{{a=>1},
hstore
{ +
{ +
"q'=>1 +
Y, +
{ +
1, +
2, +
3 +
Y, +
{ +
"c"=> +
{ +
ngn o+
f +
} +
} +
Y

{1,2,3},

=# set hstore.pretty print=true;

{c=>{d,f}}}'::hstore;



Operators and functions

W

= Get value by key

= text hstore -> text
=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore -> 'b’;
?column?

"C"=>3, "d"=>{4,5,6}

" hstore hstore %> text
=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore %> 'b";
?column?

"C"=>3, lldll=>{4I5,6}



Operators and functions

= Get value by path
" text hstore #> path

=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore #> '{b,d,0}";
?column?

= hstore hstore #%> path
=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore #%>'{b,d}";
?column?



Operators and functions

W

= Get array element by index
= text hstore->integer

=# select '{q,b,3,4,5}"::hstore->1;

?column?

b — negative index starts from the end
=# select {a,b,3,4,5}'::hstore-> -2;

?column?



Operators and functions

= Get array element by index
= hstore hstore%>integer

=# select '{aq,b,3,4,5}"::hstore%>1;

?column?
"b" — negative index starts from the end
=# select '{a,b,3,4,5}'::hstore%> -2,
?column?
4

Space is important :)




Operators and functions

W

= Chaining operators to go deep

=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore %> 'b'->'c/,
2column?

=# select 'a=>1,b=>{c=>3,d=>{4,5,6}},1=>f"::hstore #%> {b,d}'->0;
?column?



Operators and functions

W

= hstore hstore || hstore
=# select 'a=>1,b=>{c=>3,d=>{4,5,6}}'::hstore || 'b=>{c=>4}"::hstore;
?column?

"a'=>1, "b"=>{"c"=>4}
= Concatenation with path
hstore concat_path(hstore,text[],hstore)

=# select concat_path(‘a=>1,b=>{c=>3,d=>{4,5,6}}"::hstore,'{b,d}', '1");
concat_path

{Ilall=>1, |lbl|=>{llcll=>3’ lldll=>{4’ 5, 6, 1}}}



Operators and functions

W

= Concatenation with path
hstore concat_path(hstore,text[],hstore)

With empty path it works exactly as old || operator

=# select concat_path(‘a=>1,b=>{c=>3,d=>{4,5,6}}'::hstore,'{}', 'a=>2");
concat_path

{"a"=>2, "b"=>{"c"=>3, "d"=>{4, 5, 6}}}



Operators and functions

W

= Contains operators @>, <@ goes deep

=# SELECT 'a=>{1,2,{c=>3, x=>4}}, c=>b'::hstore @> 'a=>{{c=>3}}";
?column?

=# SELECT 'a=>{{c=>3}} <@ 'a=>{1,2,{c=>3, x=>4}}, c=>b'::hstore;
?column?



Operators and functions

setof hstore hvals(hstore)

=# SELECT * FROM
hvals('{{tags=>1, sh=>2}, {tags=>3, sh=>4}}'::hstore) AS q;

"Sh"= >2, |ltags|l= >1

llshll=>4l "tagS"=>3
=# SELECT g->'tags' FROM

hvals('{{tags=>1, sh=>2}, {tags=>3, sh=>4}}"::hstore) AS q;
?column?



Operators and functions

W

setof hstore hvals(hstore, text[])

=# SELECT * FROM
hvals('{{tags=>1, sh=>2,a=>{tags=>4}},
{tags=>3,sh=>4}}"'::hstore, '{null,tags}');

= setof text svals(hstore,text[])



Operators and functions

W

= Replace with path
hstore replace(hstore,text[ ],hstore)

=# select replace('a=>1,b=>{c=>3,d=>{4,5,6}}'::hstore,'{b,d}', '1");
replace

{llall=>1’ "b"=>{"C"=>3, lldll=>1}}



Operators and functions

W

= hstore <-> json conversion

" json hstore_to_json(hstore)
=# select hstore_to_json(‘a=>1,b=>{c=>3,d=>{4,5,6}}"::hstore);

hstore_to_json

= hstore json_to_hstore(json)
=# SEIGCt json_to_hstore(l{ﬂall: |I1II’ llbll: {"C": II3II’ Ildll: [ll4ll, ll5|l’
"6"]}}"::json);
json_to_hstore

{"a"=>1, "b"=>{"c"=>"3", "d"=>{"4", "5", "6"}}}



Operators and functions

W

= hstore <-> json cast

= hstore::json
=# select 'a=>1"::hstore::json;
json

" json::hstore
=# select {"a": 1}'::json::hstore;
hstore



Operators and functions

W

= hstore <-> json cast
= Hstore had no types support as json, so :(

=# select '{"a":3.14}"::json::hstore::json;
json

json



Operators and functions

W

= hstore <-> json cast
= Hstore has now types support and casting is fine !

=# select '{"a":3.14}"::json::hstore::json;
json

=# select '3.14'::json::hstore::json;
json



Operators and functions

=# set hstore.pretty print=true;
=# select hstore to json('{{a=>1}, {1,2,3}, {c=>{d,f}}}'::hstore);
hstore to _json

[ +
{ +
a": "1" +

}, +
[ +
" n
"y "

" "

], +
{ +
e "

[ +
qn o+

g

] +

} +



Operators matrix
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|%>, - [%>, -| - | #%>, /
oo - +----- o m e e oo o m e oo
|7 | 7 | &, 7| | #7

S p—— +----- e U e U
| > | N> | N> | #>

S p—— +----- e U e U

---------- +
hstore |

|

---------- +
|

---------- +
AL
---------- +
<@I@>I=I<>|
---------- +



Operators and functions

| Operator |Returns| Description | Example | Result
-|hstore -> text [[text |get value for key (nurs if not present) |'a=='xr b=»y'::hstore -» 'a’ |==

h;::;:r"‘ cext get value for array index (suL if not present) '{fo0,bar,baz}": :hetore -> 1 par

store *> text |[numeric get numeric value for key (wure if not numeric or not \a=>42.0, be>y'::hstore *> 'a’ 42.0
present)

hstore *> umeric get nulrnenc value for array index (wuLw if not (£00,null, 44} ' 1 shetore > 2 44

integer numeric or not present)

store 75 cexe |numeric get boc;l)ean value for key (xuwt if not boolean or not ‘a => 2.0, b => trua’::hstore 7> ‘b’ N
presen

hstore 7> umeric get boolean value for array index (surc if not (false,null,44} ' s thetore 7> 0 £

integer boolean or not present)

. . £ => [h => 11 ‘rrhst >
f::fﬁ *> cext get value for key path (wure if not present) .[Egnfmi}?r yellow}':shesore yellow
hstore #°> umeric [9€T NUMeric value for key path (suiw if NOt NUMeEric  |'fo0 => {bar => 39} ::hstore #°> 95
cext(] or not present) {fes,bar}t’
hetore #7> bootean |96 DoOle@n value for key path (wure if not booelan foo => (bar => true} ::hstore #2> N
text[] or not present) {£oa, bar}
hstore %> text |hstore get hstore value for key (wuwe if not present) |'fuo => {bar => 99} ::hstore %> ‘foo “bar”=>39
h;:z;:r‘} hstore get hstore value array index (st if not present) '[1, 2, {foo=>hi}]":shstore &> 2° “foo"=>"hi"

- ) ‘a => 1, b == => [44,44]} ::hst #u> .
hetora #4> hstore  |get hstore value for key path (wuwe if not present) boo}' fe =7 154,881} s shetore {44, 44}
taxt[] {b,c}

. o . ‘a=> b=>y, c==z'::hst == o wma
f:ifﬁ = cext[] ||get values for keys (wurs if not present) m‘{m; .c."-'.'u.?  meers " =
hstore - . ‘a=>b, c=>d'::hstore | 'o=>x, a"=>"h "pt=nTy"
hatore I hstore  ||concatenate nstores i=>q' - shstore P '
|hstore 7 text |bnulean does hstore contain key" ‘a=>1'::hstore ? “a’ t
EEZEES boolean ||dOES nstore cONtain array index? ‘asb,c’sshstore 7 2 =
E:;ET? * boolean  |does nstore CcONntain key path? ‘[1, 2, {foo=>hi}]'::hstore #7 '{Z,foo}’ -

f::ﬁ * boolean  |\does nstore contain all specified keys? 'a=»1,b=>2"::hstore 7& ARRAY['a','b'] =
f:;fﬁ ? boolean |dOES nstore CcONtain any of the specified keys? ‘a=>1,b=>2"::hstore 7| ARRAY['b' 'c'] t
heore & poolean ‘does left operand contain right? ‘a=*b, b=>1, e=>NULL'::hetore #> 'b=>1' B




Operators and functions

i:::ﬁ - boolean |is left operand contained in right? ‘a=rc'::hstore <@ 'a=>b, b=>1, c=>NULL' t
lhetore - text |[hstore |delete key from left operand [a=1, b=>2, e=>3'sihstore - ‘bistext  ['a'=>'17, "¢’
hstore - hstore  |\delete index from left operand {2, 3, 4, 6, B} '::hstore - 1; {2, 4, 6, 8
integer
|hsto:e - text[]|[hstore |de|ete keys from left operand “aﬂl. b=>2, e=>1"::hstore - RRRA¥['a','b'] ‘"c"==~"3“

] . ‘a=>1, b=»2, c=23"::hst - 'a=»4 W W_a Wy mm_oman
hstore - hstore (hstore  |delete matching pairs from left operand b+ shatane SRaRe T A a"=>"1", "c"=>"3

] _ 1 = b = = 1,2 ) "r:rhet #— W ny W W

h::uﬁ ! hstore (delete key path from left operand 'f:,:cfg}-” { &= [1,21}}} +shatore a'=>{"b"=>{"e"=>{2}}}
record #= Lecora  |rEplace fields in recara with matching values from see Examples section
hstore hstore
%% hstore toxz(] E‘;H:Srt nstore tO array of alternating keys and 8% ‘a=>foo, b=>bar'::hstore {a,%00,b, bar}
¥ hstore text[] |cun‘-.fert hstore tO two-dimensional key/value array  |## 'a=>foo, b=>bar’'::hstore {{a,foo}, {b,bar}}




Operators and functions

Table F-7. hstore Functions

. Return I
Function Description Example Result
Type
hstore(record) hstore construct an nstore from a hstore (ROW(1,2)) £1=>1,£2=>2
record or row
construct an hstere from an
hstore(text[]) hstore array, which may be either m:'ture[mm”I?‘fl}‘flhlfl?l?].l | a=>1, b=>2, c=>1, d=>4
a key/value array, or a hetore(ARRAY[['c','3"],['d","¢"]])
two-dimensional array
construct an nstore from
hstore(text[], text[]) hstore separate key and value hstore (ARRAY['a','b'], ARRAY['1',"2']) "at=»l", "h=>"2"
arrays
hstore(text, text) hstore make 5ir‘|g|e-item hatore hstore('a’, "b') "a"=="p"
akeys(hstore) text|] gEt hatore'S kEYS as an akeys('a=>1,b=>2") {a,b}
array
skeys(hstore) setof text |get hetore'S kevs as a set skeys('a=>1,b=>2") ;
T
avals(hstore) text|] gEt nstore's values as an avals('a=>1,b=>2") {1,2}
array
svals{hstore) setof text get hetore'S values as g set |svals('a=>1,b=>2") ;
T
hvals(hstore) ;Etg:e get nstore's values as a set hvals('a=>[1,2],b=>{foo=>1}") i}écﬁi}]
of hetores
get nstore's keys and values
hstore_to_array(hstore) text[ ) as an array of alternating hstore_to_array('a=»l,b=>2") {a,1,b,2}
keys and values
get nstore's keys and values
hstore_to_matrix(hstore) text|] ) A hstore_to_matrix('a=»1,b=>2") {{a,1},{b,2}}
as a two-dimensional array
2 key™: "1°, "B": "t",
hstore to jeon(hstore) - . | hstore_to_json{’"a key"=>1, b=»t, ec=»null, "e": null, 23457,
_*o_1 J get hstore @5 @ json Value d=>12345, e=>012345, £=>1.234, g=>2.34&5e+di') "e": "Dl2345%, "£":
"1.234", "g": "2.345e+4"}



Operators and functions

get nstore @5 8 json Value,

but attempt to dlStlngL‘IISh hetore to_json_leoose(|'"a key"=>1, b=>t, f o '{EYll “h ..b
hstore to_json_loose(hstore) json numerical and Boolean c=>null, d=»>12345, e=»012345, f==1.234, ..G..: 1};12;45% )
g=>2.345e+4") B Myt :
values so they are 1.234, "g": 2.345e+4}
unguoted in the JSON
"B =>"t", "c'=>NULL,
json_to_hstore(’ {"a key": "1", "b": "t", "c": "2"=>"6T;:ii"'
json_to_hstore(json) hstore get json @S @N hstore value ||null, "d": "12345", "e": "012345", "£": TET=3"1,234" !
" woomemom Wy =>"1. "
1.23&"%, "g": "Z2.345e+2"}") Ngt=»"2,345e+4", "a
key"=>"1"
slice{hstore, text[]} hators extract a subset of an slice('a=>1,b=>2,c=>3"::hstore, =2, tetmne3e

hstore

BRRAY['b",'c','x'])

setof [ key

get nstore's keys and values

key | wvalue

each(hstore) text, value select * from each{'a=»1,b=>2"y [ 77777 i
taxt) as a set a 1
b 2
\ key | value
setof [ key e 1,
each hstore(hstore) text, value get nscore’s keys and values select * from each_hstore('a=»>1,b=>2"') _;___+_; _____
text) as a set 5 | -
exist(hstore,text) boolean does hstore CONtain kev'-’ exist('a=>1"','a") |t
defined{hstore,text) boolean does hstore CONtain NON-yULL defined{ a=>NULL','a’} £
value for key?
get the type of an nstore
hstore typeof{hstore) text 5 r hstore typeof('[1]') array
_ value, one of hash, array, B ‘[’
string, numeric, bool, OF null
replace(hstore, text| ], hstore) hstore replace value at the replace{:a=}:l-.,b=3{?=.>3,.dl=} . ::a::f}ll “pf=x{"c"=>3,
r r .. r r L =1
SpECiﬁEd path {4,5,6}} " ::hestore, '{b,d} 1) d"==}
concat_path(hstore,text[],hstore)||hstore concatenate hstore value at concat_p::lth{'_b=>[cT>.3,c':‘=:l: . "b":;j"c"=}3r "d"=>{4, &,
r ] " r r . ’ B
the SPECiﬁEd path {%,5,6}}":s:hstore, '{b,d} 1) G, 1}}
delete{hstore, text) hstore EEllEEte pair with matChlng delete|'a=>1,b=>2"',"5") fat=m="1"
cy
delete(hstore,text[]) hstore iE'EtE pairs with matchlng delete('a=>1,b=>2,c=>3" ,ARRAY["a','b']) "gt=x"3"
eYys
delete{hstore, hstore) hstore .dE't'it'E palrs ;ﬂatChlng t:OS'E delete|'a==1,b=>2", "a=>4 b=>2"::hstore) "a'=="1"
n e S5econd argumen
replace fields in recora with
populate record(record,hstore) record

matching values from

see Examples section




Performance

W

= Data
= 1,252,973 bookmarks from Delicious in json format
= The same bookmarks in hstore format
" The same bookmarks as text
= Server
= desktop Linux, 8 GB RAM, 4-cores Xeon 3.2 GHz,
= Test
= Input performance - copy data to table
= Access performance - get value by key
= Search performance contains @> operator



Performance

= Data
= 1,252,973 bookmarks from Delicious in json format
= The same bookmarks in hstore format
= The same bookmarks as text

=# \dt+
List of relations
Schema | Name | Type | Owner | Size | Description
-------- T
public | hs | table | postgres | 1379 MB |
public | js | table | postgres | 1322 MB |
public | tx | table | postgres | 1322 MB |



Performance

=# select h from hs 1limit 1;

"id"=>"http://delicious.com/url/b5b3cbf9a%9176fed3c27d7b4af94ad22#mcasasl”,
"link"=>"http://www.theatermania.com/broadway/",

"tags"=>
{
{
"term"=>"NYC",
"label"=>NULL,
"scheme"=>"http://delicious.com/mcasasl/"
b,
{
"term"=>"english",
"label"=>NULL,
"scheme"=>"http://delicious.com/mcacasl/"
b,
b,
"links"=>
{
{
"rel"=>"alternate",
"href"=>"http://www.theatermania.com/broadway/",
"type"=>"text/html"
}
}

itle"=>"TheaterMania",

"author"=>"mcasasl",

"source"=>NULL,

"updated"=>"Tue, 08 Sep 2009 23:28:55 +0000",
"comments"=>"http://delicious.com/url/b5b3cbf9a9176fed43c27d7b4af94a422",
"guidislink"=>"false",

"title_detail"=>
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{
"base"=>"http://feeds.delicious.com/v2/rss/recent?min=1&count=100",
"type"=>"text/plain",
"value"=>"TheaterMania",
"language"=>NULL
}

"wfw_commentrss"=>"http://feeds.delicious.com/v2/rss/url/b5b3cbf9a9176fed3c27d7b4af94a422"+



Performance

= Input performance
= Copy data (1,252,973 rows) as text, json,hstore

copy tt from '/path/to/test.dump’

Text: 575
Json: 61s
Hstore: 76 s — there is some room to speedup
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Performance
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= Access performance — get value by key

= Base: select h from hs;

= Hstore: select h->'updated' from hs;
= Json: select j->>'updated’ from js;
= Regexp: select (regexp_matches(t,

"updated":"([~"]*)"))[1] from tx;
Base: 0.3s
hstore: 0.5s
Json: 11. s
regexp: 18.8 s



Performance

= Access performance — get value by key

Base: 0.35s
hstore: 0.5s
Json: 11. s
regexp: 18.8 s

= Hstore is ~ 50x faster json
thanks to binary representation !
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Performance

-’

= Search performance — contains @> operator
= Hstore - seqgscan, GiST, GIN

select count(*) from hs where h @> 'tags=>{{term=>NYC}}’;

= Json — estimation, GiST, GIN (functional indexes)
exact time > estimation (there are may be many tags)

select count(*) from js where j#>>"{tags,0,term}' = 'NYC’;



Performance

W

= Search performance — contains @> operator

= Hstore - seqgscan, GiST, GIN
100s 400s - create index
64MB 815MB
0.98s 0.3s 0.1s
3x 10x

= Json — estimation, GiST, GIN (functional indexes)
130s 500s - create index

12s 2s 0.1s
6x 120x

Recheck (GiST) calls json_to_hstore()



Summary

W

= Hstore is now nested and supports arrays
Document-based model !

= Hstore access to specified field is fast
(thanks to binary representation)

= Hstore operators can use GiST and GIN
indexes

= Json users can use functional GIN index
and get considerable speedup

= Hstore's binary representation can be used
by json



B

Development plans

]

= Speedup hstore input

= Hstore query language - hpath, hquery ?

= Better indexing - SP-GIST-GIN hybrid index
= Statistics support (challenging task)

= Types support (+)

= Documentation (+), thanks David Wheeler !
= Submit patch for 9.4, David Wheeler review
= Add binary representation to json, Dunstan ?
= Add index support for json, Dunstan ?



GIN Fast-scan

= Observation

= GIN indexes separately keys and values

= Key 'tags' is very frequent -1138532,
value {{term=>NYC}}' is rare — 285

= Current GIN: time (freq & rare) ~ time(freq)
Fast-scan : time (freq & rare) ~ time(rare)

=# select count(*) from hs where h::hstore @>
'‘tags=>{{term=>NYC} }'::hstore;
count

Time: 17.372 ms



Performance

W

= Search performance — contains @> operator

= Hstore - seqgscan, GiST, GIN GIN++
100s 400s - create index
64MB 815MB
0.98s 0.3s 0.1s 0.017s
3x 10x 60X



MongoDB 2.4.7

=" | oad data - ~8 min SLOW !

mongoimport --host localhost -c js --type json < delicious-rss-1250k
Mon Oct 28 19:16:47.025 7400 2466/second

Mon Oct 28 19:24:38.030 1250800 2638/second
Mon Oct 28 19:24:38.902 check 9 1252973
Mon Oct 28 19:24:38.902 imported 1252973 objects

= Search - ~ 1s (segscan) THE SAME

db.js.find({tags: {$elemMatch:{ term: "NYC"} } }).count()
285
-- 980 ms



MongoDB 2.4.7

= Search — 1ms (index) WOW !

db.js.ensurelndex( {"tags.term" : 1} )
db.js.find({tags: {$elemMatch:{ term: "NYC"} } }).explain()
{
"cursor" : "BtreeCursor tags.term_1",
"IsMultiKey" : true,
"n" : 285,
"nscannedObjects" : 285,
"nscanned" : 285,
"nscannedObjectsAllPlans" : 285,
...... m|II|sl
"iIndexBounds" : {
"tags.term” : [
[
IINYCII’
IINYCII



GIN hstore hash index

W

= Idea: index hash(full paths to elements and
values)

{a=>{b=>{c=>1}}, d=>{1,2,3}}
path-keys: a.b.c.1, d..1, d..2,d..3
GIN: {hash(path-key)}




GIN hstore hash index

=# create index gin_hs hash_idx on hs using gin(h gin _hstore hash ops);
CREATE INDEX
Time: 68777.418 ms
=# explain analyze select count(*) from hs
where h::hstore @> 'tags=>{{term=>NYC}}'::hstore;
QUERY PLAN
Aggregate (cost=4733.21..4733.22 rows=1 width=0)
(actual time=0.647..0.647 rows=1 loops=1)
-> Bitmap Heap Scan on hs (cost=33.71..4730.08 rows=1253 width=0)
(actual time=0.128..0.614 rows=285 loops=1)
Recheck Cond: (h @> '"tags"=>{{"term"=>"NYC"}}'::hstore)
-> Bitmap Index Scan on gin_hs hash_idx
(cost=0.00..33.40 rows=1253 width=0)
(actual time=0.085..0.085 rows=285 loops=1)
Index Cond: (h @> '""tags"=>{{"term"=>"NYC"}}'::hstore)

Total runtime: ©0.672 ms WOW"“" '
(6 rows)



Performance

= Search performance — contains @> operator
= MongoDB uses very «narrow» index
= Hstore's indexes are general

Hstore - seqgscan, GiST, GIN GIN++ GINhash MongoDB
64MB 815MB 349MB 100MB
0.98s 0.3s 0.1s 0.017s 0.0007s 0.001s
3X 10x 60X 1400x 1000x



Availability

W

= Patch to master branch is available

http://www.sigaev.ru/misc/nested hstore-0.36.patch.gz


http://www.sigaev.ru/misc/nested_hstore-0.36.patch.gz

Thanks !

%Ensige Yard'
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