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Some projects | have worked on

 |talian Chambers of Commerce:
- Reporting engine (Visure/Certificati)
- Replication solution Oracle/Unix to DB2/MVS

e« 2000: one of the first browser based business
application development tools

 Java ERP development framework
 NebulaERP, italian ERP software
« Database Events notification system

* heterogeneous, over the Internet, data replication
solution

* |oT: PostgreSQL based Cloud API server



SQL Performance facets

Database design
- Logical, physical (indexing)
Application design

- How you interact with the rdbms (ORM?!)
- Functionality used (e.g. prepared statements, batching...)

Database tuning and management (e.g. statistics,
vacuum), O/S tuning

Optimizer related issues



SQL is a declarative language

« RDBMS reads your code, parses it and feeds
the result to the optimizer

* The optimizer figures out the best plan to
execute your query

* SQL optimization is a NP-complete problem

» Optimizers are imperfect so sometimes they
return (slow) sub-optimal plans



Manual SQL optimization

e Some RDBMS allow hints to be fed to the

planner

* PostgreSQL does not implement hints (proudly)
« BUT, most of the times, we can work around

the "issue" by rewriting t
* We will see two real wor

ne SQL

d examples



Reading a PostgreSQL plan

A plan is a tree shaped structure

Leaves correspond to data access operations (tables and
iIndexes)

Intermediate nodes correspond to operators applied to child
nodes (e.g. join, sort...)

To visualize plans | will use PEV from Alex Tatiyants, a handy
tool for the job

Use EXPLAIN (ANALYZE, COSTS, VERBOSE, BUFFERS,
FORMAT JSON) to generate JSON plan description

Paste result into browser based Ul
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Example 1:

or replace VIEW saldi sottoconti AS
rc.codice_azienda
CASE
WHEN rc.id diwvisione IS NULL
THEN '-"
ELSE rc.id diwvisione::text
END | TR d.id esercizio comp::text | "#' || rc.id sottoconto::
rc.id divisions
d.id_esercizic_comp
sum (CASE
WHEN rc.segno = 1
AND rc.extra_contabile = '0°
AND coalesce (tda.sottotipo, '-') <> 'CH®'
THEN rc.importo
ELSE O
END) AS totale_dare
sum (CASE
WHEN rc.segno = (-1)
AND rc.extra contabile = '0'
BND coalesce (tda.sottotipo, '-') <> 'CH"'
THEN rc.importo
ELSE 0O
END) A5 totale_avere
sum (CASE
WHEN rc.segno = 1
AND rec.extra contabile = "0
AND ceoalesce (tda.sottotipe, '-') = '"CH!
THEN rc.importo
ELSE 0O
END) AS totale_dare_ch
sum (CASE
WHEN rc.=segno = (-1)
AND rc.extra_contabile = '0°
AND coalesce (tda.sottotipe, '-') =
THEN rc.importo
ELSE O
END) AS totale avere_ch
sum (CASE
WHEN rc.segno = 1
AND rc.extra contabile = '1°'
BND coalesce (tda.sottotipo, '-') <> 'CH"'
THEN rc.importo
ELSE 0O
END) A5 totale_dare_ec
sum (CASE
WHEN rc.segno = (-1)
AND rec.extra contabile = "1°"
AND coalesce (tda.sottotipo, '-') <> 'CH'

THEN rc.importo
ELSE 0

END) AS totale_avere_ec

The oriaginal SQL

c.tipo mastro
s rc.codice part
¢, rc.codice_template fiscale
, rc.id pdc
, rc.id sottoconto

+ S.tree_path
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cee.Lree

r CEE =

FRCOM documenti d
join tipi doc_az tda
on tda.ccdice azienda = d.codice arzienda
and tda.cocdice tipo doc = d.cocdice tipo doc
and tda.codice_ tipo doc_az = d.codice_tipo doc_a=z
JOIN reg_centabili re
ON d.codice_azienda = rc.codice _azienda
AND d.id documento = rc.id documento
JOIN sottoconti =
OW rc.codice part = s.codice_part
AND rc.codice template fiscale = s.codice template fiscale
AND rc.id pdc = s5.id pdc
AND rc.id sottocontc = s.id_sottoconto
JOIN conti c
ON s.codice part = c.codice part
AND s.codice template fiscale = c.codice_template fiscale
= c.id pdec
o = c.id conto
e cee
€.id cee = s.id cee
WHERE d.stato = 'C°
GROUP BY rc.codice_azienda

r d.1d esercizic comp

r C.tipo mastro

r roc.id divisione

r S.codice

r Fc.codice part

r roc.codice template fiscale
r rc.id pdc

r Yo.id sottoconto

r S.descrizione

r S.tree_path



The query

SELECT *
FROM saldi_sottoconti

WHERE
codice_azienda = 's0040scC'

AND 1d_esercizio_comp = 2017
AND 1d_divisione = 2



The (slow) plan

saldi_sottoconti_slow #

10.93 8.3 9.72 1,226,906 2,062.69

exerution time (s) planning time {ms) slowest node (s) largest node (rows) costliest node

SUBQUERY SCAN <1 0
AGGREGATE 37.08 0
rc.codice_azienda,d.id_esercizio_co

1]

mp,c.tipo_mastro,reid_divisione,s.co
dice,rc.codice_part.re.codice_template_fise
ale,rcid_pdc,reid_sottoconto,s.descrizion
a,5.tree_path

SORT 157.50 1

C.tipo_mastros.codicerc.codice p =

art,rc.codice_template_fiscale,rcid_pdcrci
d_sottoconto,s.descrizione,s.tree_path

MESTED LOOP 0.7z | 89
Inner =
siowest]
NESTED LOOP 964.5 9 INDEX SCAN 850z | 79
Inner - sodving.sottoconti (s) -
forgest soco.pk
NESTED LOOP 41.41 0

INDEX SCAN 546.93 5
Inner

solving.conti {c]
 cosuest | S

1]

111}

NESTED LOOP 12.96 0 INDEX SCAN 36.22 0
Inner B solving.req_contabili {rc) -
- rcon_doou_fk_ -
BITMAP HEAP SCAN <1 L[] INDEX SCAN 121 ]
sodving.tipi_doc_az (vda) = solving.documenti (d} =
- docu_dupl_i -
BITMAP INDEX SCAN <1 0
codice_az_ ug

1]



Have a look at the slowest node

INDEX SCAN

solving.sottoconti (5]

S4£.93 5 fvalue
1t Relat
rallel Awiare
an Direction
dex Mame
elation Mam
Schem.
Alias
Startup
Total Cost
Plan Rows
n Width
A | Startup Time
Actwal Total T
Actual Row
Actwal Loo

Index scan should be fast and it is
(0.007 ms)

But this node is executed
1,226,906 times (See Actual Loops)

So the problem is caused by the
left node in the join operation that
is feeding too much data into this
node



MNESTED LOOP

Inner

recorg

the first set and ¢

g ta find @ match in the second set. Al

matching records are returmed.

Node Type

Parent Relatiocnship
Parallel Aware

Join Type

Startup Cost

Total Cost

Plan Rows

Plan Width

Actual Startup Time
Actual Total Time
Actual Rows

Actual Loops

Output

Shared Hit Blocks

Thmrmd Dl Dl

MNested Loop
COuter

false
Inner

5.9

(]

4054.0
a0

it

0 10,

1019141
1226906
1

d.id_esercizio_comp,tda.sottotipo, re.codi
ce_azienda,rcid_divisione,ro.id_sottocont
o.rC.segno,reextra_contabile reimporto,
ice_part,re.codice_template_fiscal
e rc.id_pdc,c tipo_mastro,c.codice_part,c.
codice_temiplate_fiscale,c.id_pdc,c.id_con
to

144466

This node generates 1.2 million rows

So we descend to the
children nodes to
further investigate



MESTED LOOP

Inner

Here are the ch

MESTED LOOP

Inner

gt Jbed cxtimts)

41141 0

U LT T ol merges two record sefs by looping through every
record in the first set and trying to find o match in the second set. Al
rmatching records are refurned.

Node Type

Parent Relationship
Parallel Aware

Join Type

Startup Cost

Total Cost

Plam Rows

Plan Width

Actual Startup Time
Actual Total Time
Actual Rows

Actual Loops

Output

Shared Hit Blocks
Shared Read Blocks
Shared Dirtied Blocks
Shared Written Blocks
Local Hit Blocks

Local Read Blocks
Local Dirtied Blocks
Local Written Blocks
Temp Read Blocks

Temp Written Blocks

MNested Loop

Outer

false

Inmer

567

3986.72

187

59

0.079

54 604

14782

1
d.id_esercizio_comp,tda.sottotipo,re.codi
ce_arienda,rc.id_divisionercid_sottocont
o,rc.segno,rc.extra_contabile, re.importo,
recodice_part,recodice_template_fiscal
e.rc.id_pdc

26210

1]

1]

= -N - -

964.5

(-]

. I d
INDEX SCAN 8.5
solving sottoconti [s)
soco_pk
INDEX SCAN 54693 5
salving.conti {c) -
cnti_pk -

J bt T finds relevant records bosed on an Index. Index Soans
perform 2 reod operations: one to reod the index and another to read the
actiel wolue from the tabile.

Mode Type Index Scan

Parent Relationship Inner

Parallel Aware false

Scan Direction Forward

Index Mame cnti_pk

Relation Name conti

Schema solving

Alias c

Startup Cost 0.29

Total Cost 0.35

Plan Rows 1

Plan Width 29

Actual Startup Time 0oe

Actual Total Time 0037

Actual Rows a3

Actual Loops 14782
c.id_conto,c.codice,c.descrizione,c.id_con
to_parent,cstato,c.tipo_mastro,c.ca,coli_
for,cid_cee,c.id_riclass.c.tree_path.c.codi
ce_template_fiscale,cid_pde,cooodice_az

Output enda,c.codice_t pn_s:-_t'.:u:nn::-_anag.c."la
q_protetto,c.codice_part,c.flag_maostra_s
empre_sottoconti,c.tipo_cespite,c.oodice
_stampa,c.flag_hide_codice,c.descrizione
_totali,c.flag_totali,cflag_hide_titolo,cfla
g_totali_sul_titolo.c flag_conto
{{[c.codice_part):text = (rccodice_part):

Index Cond text) AMD ([c.codice_template_fiscale):te

xt = (re.codice_template_fiscal
WD [cid_pdc = rcid_pdc))

Jrtext] A

Rows Removed by Index R

79



The rlght node is the culprit

INDEX 5CAN

Total Cost

d on an Index. Index Scons

From the SQL query we expect the JOIN to the conti
table to be performed after the join to the sottoconti
table

BUT the optimizer decides to join conti to the result
of the preceding join operations before joining to
sottoconti

The node uses cnti_pk (PK index) but since it does
not have the sottoconti row data it can only use
three of the four primary key columns

The optimizer "thinks" this will return 1 row (Plan
rows) but this is NOT true (83 rows returned)

This is a BAD result | can only explain by the planner
assuming statistical independence on the index
columns. In this case these 3 columns are perfectly
correlated!

This causes the join to produce a cartesian product
between the 14,782 rows of the left node and the 83
rows of this node (14,782 * 83 =1,226,9006)



How can we rewrite the SQL?

e Observe: conti and sottoconti are not relevant
for filter and aggregation

* They are only used for projection

* \WWe can commute the aggregation with the conti
and sottoconti joins

- So we will join to a smaller cardinality set

* This can be done introducing a subquery in the
FROM clause (nesting)



The rewritten SQL

CREATE or replace VIEW saldi_sottoconti AS
SEELECT AO.*, Al.descrizione, Al.codice, Al.
(SELECT A2.tipo mastro FROM CONTI A2 WHERE
AND AZ.CODICE_TEMPLATE FISCALE =
AND AZ.ID FDC = Al.ID PDC

AND AZ2.ID CONTQ = AL.ID CONTO)

FROM |
SELECT d.codice_azienda
, CASE
WHEN d.id divisicne IS5 NULL
THEN '-'
ELSE d.id_divisicne::text
END | AN d.id_esercizio_comp |

, d.id_divisione
;, d.id_esercizic_comp
;, sSum(CASE
WHEN rc.segno = 1
g

AND ccalesce(tda.sottotipeo,

AND rc.extra_contabile =

THEN rc.importo
ELSE 0O
END) AS totale_dare
, sum(CASE
WHEN rc.segno = (-1}
AND rc.extra_contabile = '0°'
AND ccalesce (tda.sottotipo,
THEN rc.importo
ELSE 0
END)
, sum(CASE
WHEN rc.segno = 1

A5 totale_avere

L
AND coalesce (tda.sottotipo,

AND rc.extra_contabile =

THEN rc.importo
ELSE 0
END) AS totale_dare_ch
, sum(CASE
WHEN rc.segno = (-1)
AND rc.extra contabile = '0'
AND coalesce (tda.sottotipo,
THEN rc.importo
ELSE 0O
END)
;, sum(CASE
WHEN rc.segno = 1

AS totale avere_ch

R
AND coalesce(tda.sottotipo,

AND rc.extra_ contabile =

THEN rc.importo
ELSE 0
END)

e S CR T

A5 totale_dare ec

Al.CODICE_

tree_path,
22 .CODICE_PART =
TEMPLATE _FISCALE

A1.CODICE_PART

AS tipo_mastro

AN rc.id sottoconto AS record key

'-') <> 'CH'
"-') <> 'CH'
-1y = 'cH'
"-v) = cH'
-1y <> 'CH!

FROM
join
on
and
and
JOIN
ON
AND

, Ssum (CASE
WHEN rc.segno = (—-1)
MND rc.extra contabile = '1°

AND coalesce (tda.sottotipo, <

I_'|J
THEN rc.importo
ELSE 0

END)

s Cc.codice part

A5 totale_avere_ec

s Cc.codice template fiscale
, rc.id pdc

s Cc.id sottoconto
documenti d

tipi doc az tda
tda.codice azienda = d.codice azienda
tda.codice tipo doc = d.cocdice tipo doc
tda.codice tipo doc az = d.codice tipo doc az
reg_contabili rc
d.codice_azienda = rc.codice_azienda

d.id documenteo = rc.id documento

WHEEE d.stato = 'C°

GROU

) AS
JOIH

F BY

d.codice_azienda
r d.1d esercizio_ comp
r d.1id diwisicne
s rc.codice part
r Fc.codice template fiscale
r Fc.id pdc
r Fc.id sottoconto
RO
SOTTOCONTI Al

CON Al.CODICE PART = AOD.CODICE_ PART

AND Al.CODICE TEMPLATE FISCALE =
AND Al1.ID PDC =
AND Al.ID SOTTOCONTO =

AO.ID PDC
AD.ID SOTTOCONTO

"CH*

AD.CODICE TEMPLATE FISCALE



The optimal plan

saldi_sottoconti_fast #

150.07 5.69 56.54 14,782 1,554.74
execution time (ms)  planning time (ms)  slowestnode (ms)  largest node (rows)  costliest node
MESTED LOOP 13.39 9
Inner =
bad estimate
AGGREGATE 34.56 3 INDEX SCAMN 6.94 5 INDEX S5CAN L 3
d.codice_azienda,d.id_esercizio co = solving.sottoconti (al) = solving.conti (a2) =
mp,d.id_divisione,rc.codice_part,reeo soco_pk - cnti_pk -
dice_template_fiscale,rc.id_pdc,rcid_sotboc
onto
SORT 56.54 38
rc.oodice_part,ro.codice_template, =
fiscale,re.id_pdc,rc.id_sottoconto -
[siaveest Jiargest |
MNESTED LOOP 34.06 3
Inner =
costitest ] iargest
MESTED LOOP 10.79 7 INDEX 5CAN 2717 18
Inmer = sohving.reg_contabili [rc) =
- rcon_docu_flk_i -
BITMAP HEAP SCAN <1 ] INDEX SCAN 10.22 7
solving.tipi_doc_az (tda) = solving.documenti (d) =
- docu_dcfg_fk_i -
BITMAP INDEX SCAN <1 0

codice_az_ug

This plan is more than 76x faster than the original



The pattern | used

* Move joins used only for projection outside the
aggregation

- need to check the rewrite preserves semantics!

» Eventually force join order using subqueries in the
SELECT clause

- Only if 1 column selected
- Otherwise introduce additional subquery level



What about WITH?

While WITH could be used to bring the original query
to 1.6s

It can’t be used in this VIEW since predicate
pushdown does not happen for WITH (at the moment)

The codice azienda restriction cant’ be hard coded!

Without the restriction the query takes >16s which is
worse than the original



Another example

CREATE OR REPLACE VIEW intrastat lc AS JOIN righe_documentc rd LEFT JOIN bolle_righe br2
SELECT m.codice azienda, ON rd.cocdice azienda = d.codice arienda ON brZ.codice_azienda = brl.codice_azienda
m.num rif, - AND rd.id documento = d.id documento AND br2.numero bolla = brl.numerc _bolla
d.codzce_part, RND rd.tipo_ocmaggic IS NULL AND br2.numerc riga padre = brl.numerc_riga
d.id anagrafica, JOIN articoli warianti awv AND br2.numerc_riga_padre IS5 NOT NULL
date_part ('year', d.data_comp) - 2000 AS anno_com  ON av.cedice azienda = rd.codice azienda WHERE brl.numerc_riga_padre IS NULL
CASE AND awv.id articeole = rd.id_articolo GROUF BY brl.codice_arzienda, brl.id fattura, brl.numero_riga_:
WHEN m.periodicita = 'M' THEN date part({'month’ AND av.codice_wariante = rd.codice_variante 3 pr
WHEN m.perieodicita = 'T' THEN date part('quarte JOIN codici_intrastat i ON br.codice azienda = rd.codice azienda
END AS periodo comp, ON av.intra id = i.intra_ id AND br.id fattura = rd.id documento
COALESCE(i.codice, "MANCA') AS codice_intrastat, | JOIN articoli a AND hI.nuaero_riga_fattur; = rd.id riga_documento
round (sum( (rd.importo + rd.costoc_trasporto_rip) * ON a.codice_azienda = av.codice_azienda WHERE m.tipo_riepilogo = 'C’
round (sum(br.mnl + br.mn2), J) AS massa netta, AND a-id_articolo = av.id_articolo GROUP BY m.codlce_azienda, m.num_rif, d.codice_part, d.id_anaqra:
round (sum(br.gta um sec), 0) A5 gta um sec JOIN tipi articolo ta date part('year', d.data comp) - 2000,
FROM mod_intra m ON ta.codice azienda = a.codice azienda CASE
JOIN documenti d ON m.codlce azlenda = d.codlce_az  AND ta.codice tipo articolo = a.codice tipe WHEN m.periodicita = 'M' THEN date part('month', d.data comp
CAS? _ o . AND ta.tipo = 'M* WHEN m.pericdicita = '"T' THEN date part('guarter', d.data cor
WHEN m.periodicita = 'M' THEN (('0l-" || m.per LEFT JOIN ( PR ey i
WHEN m.periodicita — 'T' THEN (('01-' || ((m.p CELECT Brl.codice asiends END, COALESCE(i.codice, 'MANCA'), i.codice um sec;
—b - - _ r
END brl.id fattura,
AND d.data doc < brl.numero riga fattura,
CASE COALESCE (sum |
WHEN m.periodicita = '™M" THEN (("01-" || (mod( CASd
CASE WHEN brl.peso > 0 THEN brl.peso
WHEN m.pericde = 12 THEN m.anno + 1 WHEN av_1.peso unitaric IS NOT NULL AND av_l.um pesc =
ELSE m.anno WHEN a_l.codice um = 'KG' THEN brl.gta
END WHEN brl.codice_um_acgven = 'KG' THEN brl.gta acquisto
WHEN m.periodicita = *T' THEN ({*0l-" || (mod({ WHEN a_1.codice um acquisto = 'KG' THEN brl.gta * av 1.
CASE

END}, 0) AS mnl,

WHEN m.periocdec = 4 THEN m.anno + 1 COALESCE (sum(

ELSE m.anno

CASE
END -
WHEN br2Z.peso > 0 THEN brZ.peso
END
WHEN brz.codice um acgven = 'KG' THEN brZ.gta acguisto
JOIN tipi doc az taz - -
— — END}, 0) AS mn2,
ON taz.codice azienda = d.codice azienda (
- - sum
AND taz.codice tipo doc = d.codice tipo doc
- - - - CASE

AND taz.codice tipo doc_az = d.codice_tipo doc_a

AND £ g1 . 4 VRN WHEN a l.codice um = i l.codice um sec THEN brl.gta
I az.codice tipo doc = 'V - - - - -

. WHEN brl.codice um acgven = i 1l.codice um sec THEN brl.
JOIN numeratori nu - - - =
. . . WHEN & l.codice um acquisto = i l.codice um sec THEN b:
OM nu.codice azienda = d.codice azienda - - - - - =
— — - -
AND nu.annoc = d.anno END% AS qt?_pm_sec
AND nu.id numeratore = d.id numeratore FROM bolle righe brl

R - JOIN articoli wvarianti av 1
AND nu.tipe protocollo <> 2 — -
ON av_l.codice azienda = brl.codice azienda

AND av_1.id articolo = brl.id articolo
AND av_l.codice wariante = brl.codice wvariante
JOIN articeoli a 1

ON a_l.codice_azienda = av_l.codice_azienda

JOIN anagrafiche wvr vr
ON wr.cocdice_part = d.codice_part
AND wr.id_anagrafica = d.id_anagrafica
AND wvr.prog vr = d.prog_vr_anag

JOIN nazioni n

ON n.codice nazione = vr.codice nazione AND a_1l.id articele = av_l.id articolo

AND n.cee = '1" JOIN codici_intrastat i_1

AND n.codice nazione <> '"ITA' ON av_l.intra id = i l.intra id



The query

SELECT *
FROM 1ntrastat_1c
WHERE codice_azienda = 'S00321IC'

AND num_rif = 451

This 1s the PRIMARY KEY of the mod_intra table



SUBQUERY STAN

MESTED LODP

a
WESTED LGP v SHIDEXSCAM 1B [
NESTED LOOR INDER SCAN o
2 | 0 I
WEETED LOOP <1 | 0 " ’
MESTED LOOP ® a
NESTED LOOF ENEEN SCAN 0
3z i@
3

HESTED LODF INCEE SCAN

WESTED LOOR INDEX SCAN

nEsTED [ INDEKSCAN 1371 | 0
NDEXSEAN <1 MATEREALIZE o
- S SCAN 0

This is the slow plan. Takes 1T min and 16 seconds.

NEETED LOOR

500 SCAN »
MESTED LOOF IMCEK SCAN "
2.07ma | @ rizhe
HESTED LOTF INDEX SCAN 5.4 #
¥ B ENDECSCAN °
»

BOEN SCAN




NESTED LOOP 1.15

Left

INDEX SCAN 278
sohving.articoli_varianti {av)
vari_pk

100
INDEX SCAN
g.articoli (a)
arti_pk
INDEX SCAN 1 0
0

[111]

Let’s zoom in

AGGREGATE 8
bri.c azienda,brlid fattura, =
brl.nu ga_fattura B
) . [ baa cstimote
1.63ms | 0 - . SORT <1ms | -20708
= brl.id_fatturabri.numero riga fat =
. tura -
NESTED LOOP 1.03 89
Inner =
SEQ SCAN 1 0 MATERIALIZE -23466
ving.codici_intrastat (i_1) s bad estimate =
NESTND LOOP 60= | 86
Left -
costiiest Jiorgest [ bad estimate :
NESTED LOOP 0
Inner -
[0ad estimate
NESTED LOOP 3 0 INDEX SCAN
Inner s solvin _righe (br1)
bad estimate
INDEX SCAN 1.41 0 INDEX SCAN 14.55 0
solving.articoli {a_1) = solving.a _varianti (av_1)
arti_pk -

vari_pk

095.45

1}

86



Continue zooming...

gbaiak Here the developer had the join wrong

< e (0 o h ndex and ancthr 1o read e and forgot to add a condition. This
causes the index to be used inefficiently
R (see large value of Shared Hit Blocks).

‘ i So we fix the query adding the missing

Relation bolle_righ
Schema zolvin Clause .
Alias bra
Startup ( 042
Total Cost 331.04
Plan Rows 1
Plan Width 4
sta



This is MUCH better

EEEEEEEEEE

INDEX SCAN 63 0

NESTED LOOP 289.8ms | 4
Left
[ bad estimate |
NESTED LOOP 47.42ms | 1 INDEX SCAN

Inne

Aside: this is a multi-tenant o ’
database. The faCt We See Nssu:oop 18.9ms | 0 INDEX SCAN 7424ms | 1
INDEX SCANs does not mean S =

things are working optimally

This fixed version talkes 7.83 seconds. Are we done?

We can observe that the query has two main branches and the right one depicted
here actually does not depend on the restriction criteria we have in the query.
PostgreSQL does its best to optimize this subquery but here we have a case of linear
complexity where the query time is going to grow steadily as more data is added to

the bolle_righe table. This is going to be a problem in the future assuming the
current performance result is acceptable.

We should rewrite the query so that the right branch can be bound in size depending
on the results from the left branch which actually depends on the query restriction.



The strategy

* Rewrite the query to force a particular join order

* This can be done using the nesting trick, using
subqueries in the FROM clause to our advantage

* The rewritten query is more complex sintactically and
less readable, but is much faster, as we will see




The new VIEW definition

CREATE OR REPLACE VIEW intrastat lc AS END AS pericdo_comp, JOIN articoli a
SELECT ccdice azienda, rd.importo + rd.costo_trasporto_ rip * taz.segno ! ON a.codice_azienda = av.codice_azienda

num_rif, FROM mod_intra m ‘ AND a.id articolo = av.id articolo

codice_part, i documenti d ON m.codice azienda = d.codice azienda JOIN codici_ intrastat i
id anagrafica, AND d.data_doc >= CESE ON av.intra id = i.intra_id
anno_comp, WHEN m.periodiﬂita = 'M' THEN {(('01-" | m.periodo) LEFT JOIN bolle_ righe br2
periodo_comp, WHEN m.periodiﬁita = U THEN {(“01-" | ((m.periodc ON br2.codice azienda = brl.codice azienda
codice_intrastat, END: :date AND br2.codice_magazzino = brl.codice magazzino
codice um_sec, AND d.data_doc < CASE AND br2.numero_bolla = brl.numerc_bolla
ROUND (SUM (ammcntare), 0) AS ammontare, WHEN m.periodiciﬂa = '™M' THEN (('01-' || (mod(m.perioc AND br2.numerc_riga padre = brl.numerc_riga
ROUND (SUM (pesc), 0) AS massa_netta, CASE WHERE brl.numerc riga padre IS NULL
ROUND (SUM(gta_um_sec), 0) AS gta_um sec WHEN m.periodo = 12 THEN m.anno + 1 AND brl.id fattura IS NOT NULL
FROM ( ELSE m.anno GROUP BY tl.codice azienda,
SELECT tl.codice_ azienda, END tl.num :i;,
tl.num rif, WHEN m.periodicita = 'T' THEN (('01-' || (mod(m.perioc tl.id documento,
tl.id documento, CASE tl.id riga_documento,
tl.id riga_documento, WHEN m.periodo = 4 THEN m.anno + 1 tl.codice_part,
tl.cedice_part, ELSE m.anno tl.id_anagrafica,
tl.id anagrafica, END ‘ tl.annoc_comp,
tl.anno_comp, END: :date tl.periodo comp,
tl.periodo_comp, JOIN tipi_doc_az taz i.codice,
i.codice AS codice intrastat, ON taz.codice azienda = d.codice azienda i.codice um sec
i.codice um sec, = AND taz.codice_tipo_doc = d.codice_tipo_doc ) AS RESULT -
MIN(tl.ammontare) AS ammontare, AND taz.cadice_tip#_doc_az = d.codice tipo doc az GROUP BY codice azienda,
sum (COALESCE b AN AND taz.codice_tipp_doc = 'VEN' num ri;,
WHEN brl.peso > 0 THEN brl.peso o ) JOIN numeratori nu codice part,
MHEN|iavipesol nnEaeio:-ES. SO TN . ON nu.codice_azien&a = d.codice_azienda id anagrafica,
AND av.um peso = 'KG' THEN av.peso_unitario ¢ | AND nu.anno = d'anEO an;o comp,
WHEN8-codice umi= “EGTHEN bri.gta AND nu-id _numeratore = d.id numeratore per;gdo comp,
WHEN brl.codice_um acgven = 'KG' THEN brl.gta_: AND nu.tiﬁc:protocL;lo <> 2 R In::astat,
WHEN a.codice_um_ acquistc = 'KG' THEN brl.gta * N anagrafiche Vr-vr ccdice_un cec
END, ON vr.codice_part d.Eodicg_part : o
CASH AND vr.id anagrafica = d.id éhag:afica
WHEN br2.peso > 0 THEN br2.peso AND Vr.prgg‘w _ q‘pr_ag_“,r_;nag .
WHEN br2.codice_um_ acgven = 'KG' THEN br2.gta_:z

AT i nazioni n o ~
END, 01) &S pesoc; ON n.codice_nazion‘e = vr.codice_nazione e We have tWO GROUP BY

sum (COALESCE (CASE

WHEN a.codice_um = i.codice_um sec THEN brl.gte M:J:I peoes = * C|auses in Order to get

-codice nazifhe <> "ITA'
Ly amounts correct. We have
R B g AND rd.id docimento = d.id documento one amount but mUIt|p|e

FROM
( AND rd.tipe gmaggic IS NULL

WHERS m.tigp ricpilogo = 1C’ weights coming from

m.num_rif,

e SRS bolle_righe. A single GROUP

rd.id_riga_documento,

R ON brl.codice azienda = tl.codice azienda BY Would sum amou nts

. . AND brl.id fattura = tl.id documento
d.id_anagrafica, — —

ouple | AND brl.numero riga_fattura = tl.id_riga_documento multlple tlmes_

WHEN brl.codice_um_ acgven = i.codice_um_sec THE
WHEN a.codice_um_ acquistec = i.codice_um_sec THE

date part('year', d.data comp) - 20
FAC“— - JOIN articoli wvarianti awv
CASE —
i o ON av.codice azienda = brl.codice azienda
WHEN m.periodicita = "M' THEN date part ('mor = -
. L. _ - AND av.id articeolo = brl.id articolo
WHEN m.pericdicita = 'T' THEN date_part ('qu: = e

AND av.codice variante = brl.codice variante

a1 nc 3 =



The OPTIMAL plan

o eacimaee |
SUBQUERY SCAN
oo cacimace |
[izrguns Jadt astimara
[iowane [imrgmnt] tac autimace |
oo cacimace ]
Aside: at <50 ms i
execution time, planning o]
time can become
significant if not eepm
dominant. If query is
executed frequently —
Consider using prepared NESTED LODP 3 INDEX SCAN
statements —
coviex: ]

scaN 0 MATERIALL

This plah takes 19ms for execution + 24ms for planning. This is 178x ;-) faster than the

previous solution and, even more importantly, it maintains constant performance as the data
Size grows.

So, to RDBMS deterrents we can say that a 12-way join can take a few milliseconds... ;-)




Summary and thoughts

Perform these optimizations only when required
Optimal SQL sometimes needs to be written in a less declarative way

For views, beware of multiple use cases. You may optimize one but
worsen others

Think about expected data flows and check if the plan matches. Many
times the planner does better than you, but sometimes it gets things
wrong

Don’t be afraid of using nesting when it can be useful. PostgreSQL is
good at pushing down predicates (WITH is currently an exception)

Think about branch complexity: avoid linear complexity (branches that
don’t take advantage of query restrictions)

Could PostgreSQL do these rewrites by himself?
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