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Thank You!

Earlier Work

From Evgen Potenkin <evgent@s.term nal.ru>
Subj ect: Proposal of hierachical queries (a la Oacle)
Date: 2002-11-14 11:52:28 GVI' (6

H therel

| want to propose the patch for adding the hierarchical queries
posibility. It allows to construct queries a la Oracle for ex:
SELECT a,b FROMt CONNECT BY a PRROR b START WTH cond; B

|'ve seen this type of queries often made by addi ng a new type, which
stores position of rowin the tree. But sorting such tree are very
tricky (i think).

Patch allows result tree to be sorted, i.e. subnodes of each node w ||
be sorted by ORDER BY cl ause.

with regards, evgen




Thank You!

Finally in 2008 Yoshiyuki Asaba-san steps forward:

From Tatsuo Ishii <ishii @ostgresql.org>
Subj ect: RFP: Recursive query in 8.4
Date: 2008-02-19 08:36:00 GMTI (1 year, 12 weeks, 6 days ago)

Hi,

As | prom sed before we would Iike to propose inplenenting the
recursive query as defined in the standard for PostgreSQ. 8. 4.

The work is supported by Sum tono Electric Information Systens Co.,
Ltd. (http://wwv. sei-info.co.jp/) and SRA GSS, |Inc. Japan
(http://ww. Sraoss. co.jp).

Reviewers efc:
David Fetter

Markus Wanner
Zoltan Boszormenyi

Hans-Juergen Schoenig
Jeff Davis



http://www.sraoss.co.jp/

Thank You!

And finally:

commt bc5d2de37¢5dd99c2057763f e24174deeleelblb
Aut hor: Tom Lane <tgl @ss. pgh. pa. us>
Dat e: Sat Cct 4 21:56:55 2008 +0000

| mpl enent SQL- standard W TH cl auses, i ncluding WTH RECURSI VE.

There are sone uni npl enent ed aspects: recursive queries nust use UN ON
ALL (should allow UNION too), and we don't have SEARCH or CYCLE cl auses.
These m ght or m ght not get done for 8.4, but even without themit's a
pretty useful feature.

There are also a couple of small |oose ends and definitional quibbles,
which I'll send a neno about to pgsql-hackers shortly. But let's |land
t he patch now so we can get on with other devel opnent.

Yoshi yuki Asaba, wth |ots of help from Tatsuo Ishii and Tom Lane




Non-recursive WITH

W TH acti ve _users
AS (SELECT * FROM users VWHERE acti ve)
SELECT *
FROM acti ve users
* cheap temporary table within a query

« convenient short-cut for writing queries

 useful for avoiding repeated work




Non-recursive WITH

W TH users_sanpl e
AS ( SELECT *
FROM users
VWHERE r andon{)< 0. 1)
SELECT a.*
FROM users _sanple as a
JO N users_sample as b
ON (a.parent = b.id)

WITH guarantees that the query will only be evaluated

once. This avoids duplicated work and guarantees the

same sample, but it also means indexes on users can't
be used to perform the join.




Recursion Basics

Recursive algorithms and data structures always have
two parts:

« Base Case

* Recursion




Recursive WITH

W TH RECURSI VE cte AS (

SELECT 1 AS | —~=q] == Base Case

UNI ON ALL

SELECT i+1 from ct e <= ssmmm Recursion

VWHERE I < 10

)
SELECT *

FROM cteé  The "RECURSIVE" keyword is
mandatory. Otherwise "cte" in the
WITH clause would refer to a table,
view, or alias in an outer level of the

query.




Danger: Infinite Recursion

W TH RECURSI VE cte AS (
SELECT 1 AS i
UNI ON ALL
SELECT 1+1 fromcte
WHERE i < 10
)

SELECT *
FROM ct e
LIMT 10




What is a query anyways?

SQL queries are not procedural

Queries describe the requested data

Queries mirror the data structures in the
database

So the question is: What kinds of data
structures do recursive queries describe?




What kinds of data structures?

Recursive data structures of course!
o Linked Lists
o Binary Trees

o Graphs




Linked Lists

TH RECURSI VE t hread AS (
SELECT *
FROM nsQs
VWHERE nsg id = 100
UNI ON ALL
SELECT nsgs. *
FROM t hr ead
JO N nsgs ON (nsgs.nsg _id = thread.in_reply_to)
)
SELECT *
FROM t hr ead;

[l




W TH RECURSI VE t hread AS (
SELECT *, 0 as | evel
FROM nsQgs
VWHERE nsg 1d =1 20
UNI ON ALL
SELECT nsgs. *, |evel +1
FROM t hr ead
JO N nsgs ON (thread.nsg _id = nsgs.in_reply_to)

)
SELECT *

FROM t hr ead;
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W TH RECURSI VE x AS (
SELECT *

FROM enp
VHERE enpi d=5 a B

UNI ON ALL

SEIIEFEQE:]T\/I emp. * dogbert pointy-hair

JON emp ON (enp.enpid = x.ngrid) a%
SELECT * FROM x: wally dilbert

A

)

di | bert aSOk

poi nty-hair
ceo




W TH RECURSI VE x AS (
SELECT *

FROM enp
VWHERE enpi d=1 a B
UNI ON ALL

SEIIEFEQE:]T\/I emp. * dogbert pointy-hair

JON emp ON (enmp.ngrid = x.enpid) a%
SELECT * FROM x: wally dilbert

A

)

poi nty-hair
di | bert asok

wal |y
asok




Unsupported Features

W TH cte AS ()

SEARCH { DEPTH BREADTH} FI RST BY <sort specification |ist>
SET sequence_col umm

CYCLE col 1,... SET <cycle mark col um> TO <expressi on>
DEFAULT <expressi on> USI NG <col um>

Postgres doesn't support DEPTH FIRST or
BREADTH FIRST. The implementation effectively
always does breadth first.

Postgres doesn't support CYCLE to detect loops




Workarounds

W TH RECURSI VE x AS (
SELECT *, 0 AS n, array[enpid] AS chain
FROM enp
VWHERE enpi d=0
UNI ON ALL
SELECT enp.*, n+l, chain||enp.enpid

FROM x detect cycles
JON enp on (enp.ngrid = x.enpid)
VWHERE NOT enp. enmpid = ANY (chain)

)
sel ect * from x depth-first order
order by chain

| | ceo | | {0}

| | poi nty-hair| | {0, 1}
| | dil bert | | {0,1, 3}
I I I I
I I I I
I I | |

asok {0, 1, 3,5}
wal |y {0,1, 4}
dogbert {0, 2}




Workarounds

W TH RECURSI VE x AS (
SELECT *, 0 AS n, array[ RO nane, enpid)] AS chain
FROM enp
VWHERE enpi d=0
UNI ON ALL
SELECT enp.*, n+l, chain|| RON enp. nane, enp. enpi d)
FROM X
JON emp ON (epn wmrid = v annaid) :
) Simulate Oracle-style ORDER SIBLINGS BY using
SELECT * an array of ROW()s containing the sort key.
FROM x

ORDER BY Note that Postgres still does a breadth-first
search and then sorts afterwards.

ceo | ,0)"}

dogbert | ,0)","(dogbert, 2)"}

poi nty-hair| ,0)","(pointy-hair,1)"}

di | bert | " ,0)","(pointy-hair,1)","(dil bert,3)"}
asok | "(ceo,0)","(pointy-hair,1)","(dilbert,3)","(asok, 5)"}
wal |y | "(ceo,0)","(pointy-hair,1)","(wally,4)"}




Explaining Recursive Queries

EXPLAI N W TH RECURSI VE x AS (
SELECT *
FROM enp
VWHERE enpi d=0
UNI ON ALL
SELECT enp. *
FROM x
JON enp ON (enp.ngrid = x.enpid)
)
SELECT * FROM X;

QUERY PLAN

CTE Scan on x (cost=408.02..477.74 rows=3486 w dt h=40)
CTE x
-> Recursive Union (cost=0.00..408.02 rows=3486 w dt h=40)

-> Seqg Scan on enp (cost=0.00..24.50 rows=6 w dt h=40)
Filter: (enpid = 0)

-> Hash Join (cost=1.95..31.38 rows=348 w dt h=40)
Hash Cond: (public.enp.ngrid = x.enpid)
-> Seqg Scan on enp (cost=0.00..21.60 rows=1160 w dt h=40)
-> Hash (cost=1.20..1.20 rows=60 w dt h=4)

-> WorkTable Scan on x (cost=0.00..1.20 rows=60 w dt h=4




Useful examples

PostgreSQL internal dependency graph. Explains what
objects a DROP command will cascade to:

postgres=# select * from pg depend
where refclassid = 'pg class'::regclass
and refobjid = 'messages'::regclass;




Useful examples

TH RECURSI VE tree AS (
SELECT ' nessages' ::regcl ass::text AS tree,
0O AS | evel,
'pg_cl ass' ::regcl ass AS cl assi d,
'messages’' ;. regclass AS objid
UNI ON ALL
SELECT tree ||
o<
get _obj description(pg_depend. cl assid, pg _depend. objid),
| evel +1,
pg_depend. cl assi d,
pg_depend.objid
FROM tree
JO N pg _depend ON ( tree.classid pg_depend. refcl assi d
AND tree.objid pg_depend. ref obji d)
)
SELECT tree.tree
FROM tree
VWHERE | evel < 10




Useful examples

messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages
messages

CONSTRAI NT

CONSTRAI NT

in_reply to_fkey
in_reply_to_fkey
CONSTRAI NT i
CONSTRAI NT i
CONSTRAI NT i
CONSTRAI NT i
CONSTRAI NT i
CONSTRAI NT i
CONSTRAI NT i
in_reply to_fkey

n_reply to fkey
n_reply to fkey
n_reply to fkey
n_reply_to_fkey
n_reply_to_fkey
n_reply_to_fkey
n_reply to fkey

DEFAULT nessages. nessage_id
TYPE nessages
TYPE nessages <-- TYPE nessages|]

i dX_nsgs

i dX_negs <--
i dx_nsgs <--
I dx_nsgs <--

CONSTRAINT in_reply to_fkey
CONSTRAINT in_reply to_fkey
CONSTRAINT in_reply_to_fkey

TRI GGER
TRI GGER
TRI GGER
TRI GGER
TRI GGER
TRI GGER
TRI GGER

Rl _Constr ai
Rl _Constr ai
Rl _Constra
Rl _Constra
Rl _Constra
Rl _Constr ai
Rl _Constr ai
Rl _Constr ai

TRI GGER RI _Constrai nt Tri gger 16405
TRI GGER RI _Constrai nt Tri gger 16406

nt Tri gger 16405
nt Tri gger 16405
nt Tri gger 16406
nt Tri gger _16406
nt Tri gger _16407
nt Tri gger _16407
nt Tri gger 16408
nt Tri gger 16408

TRI GGER RI _Constrai nt Tri gger 16407
TRI GGER Rl _Constrai nt Tri gger 16408

nessages
nmessages
nessages
nessages
nessages
nmessages
nmessages
nessages
nessages

i dx_nmegs <-- CONSTRAINT in_reply to fkey
i dx_megs <-- CONSTRAINT in_reply_to_fkey
nessages_nessage i d_seq
nmessages_nessage i d_seq
nmessages_nessage i d_seq
pg_toast.pg_toast_ 16395
pg_toast.pg_toast_ 16395
pg_toast.pg _toast 16395
pg_toast.pg_toast 16395

DEFAULT nessages. nessage_id
TYPE nessages_nessage i d_seq

TYPE pg_toast.pg_toast 16395
pg_toast.pg_toast 16395 i ndex
pg_toast. pg_toast 16395 i ndex




Not so useful examples...

WTH RECURSI VE z(ix, iy, cXx, cy, X, VY, i) AS (
SELECT ix, iy, x::float, y::float, x::float, y::float, O
FROM (sel ect -1.88+0.016*i, i fromgenerate series(0,150) as i) as xgen(Xx,ix),
(select -1.11+0.060*i, i fromgenerate series(0,36) as i) as ygen(y,iy)
UNI ON ALL
SELECT ix, iy, cXx, cy, X*X - y*y + cX, y*x*2 + cy, i+l
FROM z
WHERE x * x +y * y < 16::fl oat
AND | < 27
)
SELECT array_to_string(array_agg(substring(' .,,, ++++0000/@RABHHHHE ',
greatest(i,1), 1)),'")
FROM (
SELECT ix, i1y, max(i) AS i
FROM z
GROUP BY iy, iX
ORDER BY iy, iX
) AS zt
GROUP BY iy
ORDER BY iy

Original idea and T-SQL query by Graeme Job



Not so useful examples...

o Trrrrrrrrrrrrrrrrrrrr

+ + ¥ + F + + #F o v v o
0+ F + F F F F v i it
+ + ¥+ + F F + F o " oo v
F o+ F + F F F M n it
+ + ¥ + F F + oo oo Y
F o+ F + F F F M n it
+ + ¥ + F F + oo oo Y
F o+ F + F F F M n it
+ + # + F F 9 v oo v v
F o+ F 4+ F F oM n ittt
+ + # + F F 9 v oo v v
F o+ F 4+ F F oM n ittt
+ + # + F F 9 v oo v v
F o+ F 4+ F F oM n ittt
+ + F + F v v v o o v
F o+ F 4+ F v oM Mttt et

+ + # + F v v v o o vy

F o+ F 4+ F v oM Mttt et

+ + # + F v v v o o vy
L e T T T T T T T T T T

+ + # # v v o o

I I T T T T T T

+ + # # v v o o

I I T T T T T T

postgres=#

a
HiZ 24
F+HEE He
T P EE EEEE +EEd—— TR
bR+ a4 Lara
i 194+ I
rr ++ ok FoA P
a
rrr ror = x"'
F++EE
L N N NN NN NN NN R EEr T
LHH ey
FE R RN R PR PR P RN R PR F IR FNFF P FFFIFPSSS R L
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr———====+ § # F ++++¥ e EH  EEd-————————t
——————+§ FHER PR
PP PR N R PR PR N RPN F R PR RN PR F NP FFEIFPSSS et e
O F P F F F F PP R P F PR I F F F PR T N P F PR T N FF IR T X FF I NI FF R I XL rr 2 B o= i rrrer
F R PR P F FFF R PR FFIF N FFRI N rFFF I FF RN F IR rFFFLCFSFFFFFCFSFFFRFFES +i# Ea#—————— rrrrrrrrrrrrr
i & T L
N NN +i rrrrrrrrrrrrrrrrrr
e L C e T 3 S T
T
P R R N N NN Ny TR rrrrrrrrrrrrrrrrrrrrrr

b I B I B B I B I R I IR I I B I I A A S G L R S G
L o N N r NN NN RN NN NN NN N NN NNy
+++++++++++++++++++++++++f."f."f."f."f-"f-"f-"f-"f-"f."f."f."f-"f-"f-"f-"f."f."f."f."f-"f-"f-"f-"f."f."f."f."f.’f."f."f_______+x++++@
T it o
RN I I B B I I IR I S A T S G A x
b bR BRI E IR EE PP P EEEIFrr s rr s rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr————#———+§ H+++ R
O I # # & ++H++E 2
L N NN N NN N N RN N NN NN RN NN NN NN NN NN RN HiH#
CaC i S S R S G :::XE
FrFFFRrFrFFrFrFFFEIrIrIFFFIIrIIFrISELCSF rr @
GG N P P G i :: ::XE

FE A+ 2+ -+
rrFFrFrrrFrFrFrIFFFIIrIIFrFIFELIFISSS
rrrrrrrrrrrrrrrrrr T ————++ ¥ PR EFEH# +EEH——+++ER
rrrrrrrrrrrrrrrrrILSS F++ER BEH++E
CaC A A P S  a a :: ::E @#
- S

+i {4
@

FRFFFFFFFFFFIFESISSSE
tt———————— i rrrrrrrrrrrrrs
BEf——————rrrrrrrrrrrrr

m———————————

FrrFrrFrrrrr

B EH—————————+
HEE

et




