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MaTepuanbl £tk N;}Sg

* CTtaTtbd «MeTOoAbl AOCTYyMNa UCMONb3yeMble
B Firebird»
 KHura «CekpeTbl onTMmnaaTtopa Firebird»

CekpeTbl
onTMMmM3aTopa




O yem bygeM roeopuTb?

e OTKNOYEeHMe nHpekca +0m || ©

e MHOXeCcTBO MHOEKCOB VS KOMMNO3UTHbIN MHOEKC
e YacTU4Hble MHOEKCHI

« MHOXecCTBO NMpeanKaToB GunbTpaLmnn

« QuterdoinConversion = true/false

« SubQueryConversion = true/false

*  ONTMMM3aLMa WNPOKMX FPYNMNNPOBOK

* YTO ecTb M BO3MOXHO byaeT B Firebird 6.0
 Yero He bygeT B FB 6.0, HO XO0Tenochb obl
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OTKNo4YeHUe ncnonb3oBaHUA UHOEKCa

« [lpeBpallleHne NHOEKCUPOBAHHOIO MONS B Bblpa)KeHne
c nomoubto +O nnm ||

SELECT * SELECT
T.FIELD,
FROM T
WHERE T.FIELD+0 = 1; .
’ FROM T

ORDER BY T.FIELD+O0;
SELECT COUNT (*)

§§?§ gé ON T2.ID+0 = T1.REF ID; SELECT
: = Llolkalk’ 17 T.FIELD+0 AS FIELD,

FROM T
ORDER BY 1;

HE
koHpeperuym EPELCO®T



[1ng Yyero oTKAOYalOT UHOEKC?

* W3MeHeHMe nopsgka coeguHerns (JOIN)

* [lpuHygutenbHbin HASH JOIN

* [lpuHygutenbHbin SORT BMecTo ORDER
 HepaBHOMepHOe pacnpeneneHme sHa4eHUn B MHOEKCEe
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HepocTtaTku oTKNo4YeHUsa nHaoekca +0

B 3anpocax co MHoxecTBoM JOIN TpygHo yragathb
nocnencTems. BMecTo Tode4YHOro BO34eNCTBUA MOXKET BbITb

nepecTpoeH Becb nnaH (M NopsaoK coegnHeHn)

« [lopckasku Bpoae +0 NULatoT JaHHbIX O CENEKTUBHOCTU
MHOeKca (Ha4YMHaKOT UCMOJIb30BAaTbLCH KOHCTAHTbI A1
npeanKaToB)

Korga ontummnsatop cam BbibnpaeT HASH JOIN, OH MOXXeT MCMNoNb30BaTb CENIEKTUBHOCTb
MHOEKCOB U3 Nosen yCnoBuin CBA3M AN pacyETa KapAnHanbHOCTU COeANHEHUS
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KoMMNo3nTHbIN MHAEeKC ‘2 FIREBIRD
g \&/ CONF 25

NJin HECKOJIbKO MHOEeKCOB

 CeNneKTMBHOCTb KOMMNO3UTHOIo MHAEeKca
TO4Hee, YeM CeJIeKTUBHOCTDb lNnepecevyeHus
BUTOBbLIX MAaCOK HECKOJIbKUX MHOEKCOB

° MHOFOKpaTHOe CKaHNpoBaHWe o4gHOIo
KOMMNO3NUTHOIoO MHAOEKCa AelleBrie, 4eM
HEeCKOJIbKUX NHOEKCOB

MUHyC:
* Hy)>XHO oyMaTb O NopsaakKe nosneu
B KOMMNO3UTHOM UHOEKCE.




KOMMO3UTHbIN MHOEKC OELWEBE MPU
MHOIMOKPATHOM CKAHUPOBAHUW

SELECT COUNT (*)
FROM
HORSE
WHERE HORSE.CODE_MOTHER > ©
AND HORSE.CODE_BREED = 65
AND NOT EXISTS(
SELECT * FROM COVER
WHERE COVER.CODE_MOTHER
AND COVER.CODE_FATHER
);

PLAN (COVER INDEX (FK_COVER_MOTHER, FK_COVER_FATHER))
PLAN (HORSE INDEX (FK_HORSE_BREED, FK_HORSE_MOTHER)

HORSE . CODE_MOTHER
742363

105824

Current memory = 557153984
Delta memory = 352

Max memory = 581203216
Elapsed time = 0.939 sec
Buffers = 32768

Reads = 0

Writes = ©

Fetches = 758223

Opranunsatop HHE
KoHpepeHym EPELCO®T



KOMMO3UTHbIN MHOEKC OELWEBE MPU
MHOIMOKPATHOM CKAHUPOBAHUW

CREATE INDEX IDX_ COVER_FATHER_MOTHER ON COVER (CODE_FATHER, CODE_MOTHER);

PLAN (COVER INDEX (IDX_COVER_FATHER MOTHER))
PLAN (HORSE INDEX (FK_HORSE_BREED, FK_HORSE MOTHER))

105824

Current memory = 555365664
Delta memory = 352

Max memory = 595697568
Elapsed time = 0.256 sec
Buffers = 32768

Reads = ©

Writes = ©

Fetches = 544101

HE
KoHpepeHym EPELCO®T



SIRD

Korpa 4acTU4YHbIM MHAEKC \2) Lijiir 26

« pyrl NT»

* YacTU4HbIN MHOEKC — 3TO MHAEKC MO YaCTun 3anucen,
KOTOpPbIE YOOBNETBOPAIKOT NnpeanKaTy dunbTPaUnN,
3aflaHHOMY MNMpn Co3faHNN 3TOIro MHAOEKCa

 YacTM4yHble MHOEKCHI 3aHMMAIOT MEHbLLEe MecCTa,
YyeM ObBblYHbIe

MUWHYCBbI:
 Ero cenektMBHOCTb MeHee To4YHas

« [Ina ncnonb3oBaHUSA ONTUMM3ATOPOM HEOBXOAMMO
yKas3aTb B 3aMpoce ToXe ycnoBue GunbTpaLmm, 4To 1
npwu co3gaHum nHpekca (3a ncknodernem IS NOT NULL)




YACTUYHbIU MHOEKC OJ14 NMoNd C MHOXECTBOM

NULL SHAYEHAU

SELECT
COUNT (*)
FROM
HORSE
JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
WHERE HORSE.MICROCHIP IS NULL;

PLAN JOIN (HORSE INDEX (HORSE_IDX_MICROCHIP), COLOR
INDEX (PK_COLOR), FARM INDEX (PK_FARM))

521254

Elapsed time = 1.719 sec
Buffers = 32768

Reads = ©

Writes = ©

Fetches = 4237295

Opranunsatop HHE
KoHpepeHym EPELCO®T

SELECT
COUNT (*)
FROM
HORSE
JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
WHERE HORSE.MICROCHIP = '643094100413542"';

PLAN JOIN (HORSE INDEX (HORSE_IDX_MICROCHIP), COLOR
INDEX (PK_COLOR), FARM INDEX (PK_FARM))

Elapsed time =
Buffers = 32768
Reads = ©
Writes = ©
Fetches = 11



YACTUYHbIU MHOEKC OJ14 NMoNd C MHOXECTBOM
NULL SHAYEHAU

SELECT
COUNT (*)
FROM
HORSE
JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM

JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
WHERE HORSE.MICROCHIP || '™ IS NULL;

PLAN HASH (JOIN (COLOR NATURAL, HORSE INDEX (FK_HORSE_COLOR)), FARM NATURAL)

521254

Elapsed time =
Buffers = 32768
Reads = ©

Writes = ©
Fetches = 714470

HE
koHpeperuym EPELCO®T



YACTUYHbIU MHOEKC OJ14 NMoNd C MHOXECTBOM
NULL SHAYEHAU

-- CREATE INDEX HORSE_IDX MICROCHIP ON HORSE (MICROCHIP);
DROP INDEX HORSE_IDX MICROCHIP;
CREATE INDEX HORSE_IDX MICROCHIP ON HORSE (MICROCHIP) WHERE MICROCHIP IS NOT NULL;

SELECT COUNT(*) SELECT COUNT(*)
FROM FROM
HORSE HORSE
JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM
JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR
WHERE HORSE.MICROCHIP IS NULL; WHERE HORSE.MICROCHIP = '643094100413542"';
PLAN HASH (JOIN (COLOR NATURAL, HORSE INDEX (FK_HORSE_COLOR)), PLAN JOIN (HORSE INDEX (HORSE_IDX_MICROCHIP), COLOR INDEX (PK_COLOR),
FARM NATURAL) FARM INDEX (PK_FARM))
COUNT COUNT
521254 1
Elapsed time = 0.507 sec Elapsed time = 0.001 sec
Buffers = 32768 Buffers = 32768
Reads = 0 Reads = 0
Writes = © Writes = ©
Fetches = 714582 Fetches = 11

Opranunsatop HHE
KoHpepeHym EPELCO®T



MHO)XecTBO npeanKaToB unbTpaLmmn

 Ha4dunHaga c Firebird 5.0 y4ynTbiBaloTCA He TOJIbKO CENEKTUBHOCTb
MHOEKCMPOBaHHbIX NpeanKaToB, HO U He MHOEKCUPOBaHHbIX. Hanpumep
Ona npeaukaTta = oHa paBHa 0.1

« [lpegukaTbl CYNTAIOTCHA HEKOPPENNPOBaAHHLIMU MEXAY COBOW, MO3TOMY
KoHBbOHKUMA (AND) npegmMkaToB MMeeT CeNeKTUBHOCTb PaBHOWM
NpOn3BeOEHNIO CENEKTUBHOCTEN. Ha caMoM gene Koppenaumsa mexay
3HaYEeHUAMM OTAENbHbIX CTONB6L0B O6bIYHO ECTb.

* [IpMeHeHMe MHOXecTBa NpeauKaToB A GunbTpaLmm ogHoOW Tabnuubl
NPUBOOUT K HEOOOLLeHKN KapauHanbHOCTMU
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MHo)XecTBO npeaukaTtoB dunbTpaumm ooveguHeHHbiXx AND

SELECT
COUNT (*)
FROM
HORSE

JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM

JOIN COLOR ON COLOR.CODE_COLOR

JOIN BREED ON BREED.CODE_BREED
WHERE HORSE.BLOOD IS NULL

AND HORSE.FAMILY IS NULL

AND HORSE.BLOOD_EN IS NULL

AND HORSE.REF_GPB_SUN IS NULL

AND FARM.ZIP IS NOT NULL

Elapsed time = 1.039 sec
Buffers = 32768

Reads = 0

Writes = 0

Fetches = 2586111

Per table statistics:

HORSE . CODE_COLOR
HORSE . CODE_BREED

S S +
| Natural | Index |
LR T L LR T +
| |  194819|
| |  194819|
| |  194819|
| 570122] |
S S +

570000 * 9.1 * 9.1 * 9.1 * 0.1 = 57 3anucei

OpraHusaTop
KOoHepeHumnn

PLAN JOIN (HORSE NATURAL, COLOR INDEX (PK_COLOR), BREED INDEX
(PK_BREED), FARM INDEX (PK_FARM))

Select Expression
-> Aggregate
-> Nested Loop Join (inner)

-> Filter
-> Table "HORSE" Full Scan
-> Filter
-> Table "COLOR" Access By ID
-> Bitmap
-> Index "PK_COLOR" Unique Scan
-> Filter
-> Table "BREED" Access By ID
-> Bitmap
-> Index "PK_BREED" Unique Scan
-> Filter
-> Table "FARM" Access By ID
-> Bitmap
-> Index "PK_FARM" Unique Scan
COUNT
40106

PEACO®T



MHo)XecTBO npeaukaTtoB dunbTpaumm ooveguHeHHbiXx AND

SELECT PLAN HASH (HASH (JOIN (COLOR NATURAL, HORSE INDEX (FK_HORSE_COLOR)), BREED

COUNT(*) NATURAL), FARM NATURAL)
FROM

HORSE Select Expression

JOIN FARM ON FARM.CODE_FARM = HORSE.CODE_FARM -> Aggregate

JOIN COLOR ON COLOR.CODE_COLOR = HORSE.CODE_COLOR -> Filter

JOIN BREED ON BREED.CODE_BREED = HORSE.CODE_BREED -> Hash Join (inner)
WHERE (HORSE.BLOOD IS NULL -> Hash Join (inner)

AND HORSE.FAMILY IS NULL -> Nested Loop Join (inner)

AND HORSE.BLOOD_EN IS NULL -> Table "COLOR" Full Scan

AND HORSE.REF_GPB_SUN IS NULL OR FALSE) -> Filter

AND FARM.ZIP IS NOT NULL -> Table "HORSE" Access By ID

-> Bitmap

Elapsed time = -> Index "FK_HORSE_COLOR" Range Scan (full match)
Buffers = 32768 -> Record Buffer (record length: 25)
Reads = © -> Table "BREED" Full Scan
Writes = @ -> Record Buffer (record length: 81)
Fetches = 714782 -> Filter
Per table statistics: -> Table "FARM" Full Scan
-------------------------------- B e =

Table name | Natural | Index | COUNT
LT L DT Fom - F--- - + e
BREED | | | 40106
COLOR | | |
FARM | | |
HORSE | | 570122
-------------------------------- B e =

Selectivity(<pred> OR FALSE) = ©.5 -> 570000 * 0.5 = 235000

Opranunsatop HHE
KoHpepeHym EPELCO®T



OuterJoinConversion

 [loaBunocsk B Firebird 5.0

« [lpeobpasyeT LEFT/RIGHT JOIN B INNER JOIN ecnu no
BegoMou Tabnuue, ectb punbTp He yymTbiBatowmm NULLs

« Pa3Ba3blBaeT pyKn oNTUMMU3ATOPY: NOPAOOK COeaNHEHUN,
pa3Hble anroputmbl coegmnHeHns (Nested Loop vs Hash)

 [lopTUT XXM3Hb TeM KTO ucnonb3oan LEFT JOIN B kavecTBe
NOACKAa3KM ONA YKa3aHuga nopagka coeguHeHnsa

» QuterJoinConversion = false BbIKNOYaeT 3Ty ONTUMU3ALNIO
rnobanbHo
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OuterdJoinConversion=true

SELECT
COUNT (*)

FROM
TRIAL

JOIN TRIAL_LINE TL ON TL.CODE_TRIAL = TRIAL.CODE_TRIAL
LEFT JOIN HORSE H ON H.CODE_HORSE = TL.CODE_HORSE

WHERE H.CODE_DEPARTURE = 1
AND H.CODE_BREED = 65
AND TRIAL.CODE_DEPARTURE

AND TRIAL.BYDATE >= date '2005-01-01';

Elapsed time = 0.383 sec
Buffers = 32768

Reads = 0

Writes = 0

Fetches = 748340

Per table statistics:

TRIAL

100854 |

11423 |
185012 |

Opranunsatop HHE
KoHpepeHym EPELCO®T



OuterdJoinConversion=true

PLAN HASH (JOIN (H INDEX (FK_HORSE_BREED, FK_HORSE_DEPARTURE), TL INDEX (FK_TRIAL_LINE_HORSE)), TRIAL INDEX (IDX_TRIAL_ BYDATE,
FK_TRIAL_DEPARTURE))

Select Expression
-> Aggregate

-> Filter

-> Hash Join (inner)
-> Nested Loop Join (inner)
-> Filter
-> Table "HORSE" as "H" Access By ID
-> Bitmap And

-> Bitmap
-> Index "FK_HORSE_BREED" Range Scan (full match)
-> Bitmap
-> Index "FK_HORSE_DEPARTURE" Range Scan (full match)
-> Filter
-> Table "TRIAL_LINE" as "TL" Access By ID
-> Bitmap

-> Index "FK_TRIAL_LINE_HORSE" Range Scan (full match)
-> Record Buffer (record length: 41)
-> Filter

-> Table "TRIAL" Access By ID
-> Bitmap And

-> Bitmap
-> Index "IDX TRIAL_BYDATE" Range Scan (lower bound: 1/1)
-> Bitmap
-> Index "FK_TRIAL_DEPARTURE" Range Scan (full match)
COUNT
71560

Opranunsatop HHE
KoHpepeHym EPELCO®T



OuterJoinConversion=true (nepenucbiBaeM 3anpoc)

SELECT

COUNT (*)
FROM

TRIAL

JOIN TRIAL LINE TL ON TL.CODE_TRIAL = TRIAL.CODE_TRIAL

LEFT JOIN HORSE H ON H.CODE_HORSE = TL.CODE_HORSE

AND H.CODE_DEPARTURE = 1 AND H.CODE_BREED = 65

WHERE H.CODE_HORSE IS NOT NULL

AND TRIAL.CODE_DEPARTURE = 1

AND TRIAL.BYDATE >= date '2005-01-01';

Elapsed time = 0.249 sec
Buffers = 32768

Reads = 0

Writes = 0

Fetches = 460043

Per table statistics:

———————————————————————————————— T TR
Table name | Natural | Index |
———————————————————————————————— T TR
HORSE | | 71581 |
TRIAL | | 11423 |
TRIAL_LINE | | 71581 |
———————————————————————————————— T TR

Opranunsatop HHE
KoHpepeHym EPELCO®T



OuterJoinConversion=true (nepenncaHHbIX 3anpoc)

PLAN JOIN (JOIN (TRIAL INDEX (IDX_TRIAL_BYDATE, FK_TRIAL_DEPARTURE), TL INDEX (FK_TRIAL_LINE_TRIAL)), H INDEX (PK_HORSE))

Select Expression
-> Aggregate
-> Filter
-> Nested Loop Join (outer)
-> Nested Loop Join (inner)
-> Filter
-> Table "TRIAL" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_TRIAL_BYDATE" Range Scan (lower bound: 1/1)
-> Bitmap
-> Index "FK_TRIAL_DEPARTURE" Range Scan (full match)
-> Filter
-> Table "TRIAL_LINE" as "TL" Access By ID
-> Bitmap
-> Index "FK_TRIAL_LINE_TRIAL" Range Scan (full match)
-> Filter
-> Table "HORSE" as "H" Access By ID
-> Bitmap
-> Index "PK_HORSE" Unique Scan

Opranunsatop HHE
KoHpepeHym EPELCO®T



A ecnu nogyMmatb, To U 6e3 LEFT JOIN 6yaeT xopouwio

SELECT
COUNT (*)
FROM
TRIAL
JOIN TRIAL LINE TL ON TL.CODE_TRIAL = TRIAL.CODE_TRIAL
JOIN HORSE H ON H.CODE_HORSE = TL.CODE_HORSE
WHERE H.CODE DEPARTURE = 1
AND H.CODE_BREED+@ = 65
AND TRIAL.CODE_DEPARTURE = 1
AND TRIAL.BYDATE >= date '2005-01-01';

PLAN JOIN (TRIAL INDEX (IDX_TRIAL BYDATE, FK_TRIAL DEPARTURE), TL INDEX (FK_TRIAL_LINE_TRIAL), H INDEX (PK_HORSE))

Elapsed time = 0.242 sec
Buffers = 32768

Reads = ©

Writes = ©

Fetches = 460043

Per table statistics:

———————————————————————————————— T TR
Table name | Natural | Index |
———————————————————————————————— dmmmmmm e —fmm ey
HORSE | | 71581 |
TRIAL | | 11423 |
TRIAL_LINE | | 71581 |
———————————————————————————————— dmmmmmmm e —fmm ey

Opranunsatop HHE
KoHpepeHym EPELCO®T



OuterJoinConversion=true
Korpa aTo nnoxo pabortaeT?

« MHoxecTtBo LEFT JOIN mn B INNER JOIN npeBpallaeTca He
nepBbIn
LEFT JOIN 3asucAaTt gpyr ot apyra
LEFT JOIN He 3aBuCAT Apyr OoT Apyra

- LEFT JOIN <table expr> (cnoxxHoe npenctasneHune, CTE,
NPOM3BOAHasA TabnmLa)
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INNER JOIN u LEFT JOIN ¢ Tabnn4HbiMu Bbipa)keHNaMuU
paboTaloT no pasHoOMy

« <table expr> A JOIN T ON T.Fieldl = A.Field2

* Ecnum gna Fieldl HeT nHaekca, To ucnonblyetca HASH JOIN. Mopaaok BbibnpaeTtcsa
ONTUMM3ATOPOM

* Ecnun ana Fieldl ectb nHAeKc, To Taban4HOE BbiparkeHMe Bceraa Bblbupaerca
BeAyLLMM NOTOKOM M ucnonb3yetca anropntm Nested Loop

« TLEFT JOIN <table expr> A ON A.Field2 = T.Field1

* [lopAaoK NOTOKOB HE MOXET ObITb U3MEHEH
 Bcerga ncnonbayetcsa anroputm Nested Loop

e TabnnyHoe BbiparKeHMe BbINOJHAETCAS MHOTOKPATHO, HO NpeAnKaT coegnHeHUs
npobpacbiBaeTcsa MaKCMMaabHO ryboKo
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SubQueryConversion

« [MosiBunocsk B Firebird 5.0.1 (akcnepnMeHTanbHas GYyHKLMS)
« [lo ymonyaHuio oTknoveHo (SubQueryConversion = false)
« [lpeo6bpasyeT IN/EXISTS/ANY B semi-join

« [lpeobpasoBaHMe NPOUCXOONT, ECNN BCe NPeanKaTbl COedNHEHUS ABNAIOTCS
paBeHCTBOM (=) nnu akemBaneHTHocTbio (IS NOT DISTINCT FROM). N B
noa3anpoce OTCYTCTBYIOT KOHCTPYKLIMK NNOMaloLLME CEMaHTUYECKYIO
akBMBaneHTHocTb FIRST/SKIP/FETCH FIRST/OFFSET/ROWS/

« B Firebird 5.0.4 npoeepeHo Ao yma (nopTupoBaHo 13 6.0)

e« Semi-join MOXXeT b6bITb BbINONIHEH KakK Hash semi join nnn Nested Loop semi join
(cToMMoCTHas oueHKa)

« [lo Firebird 5.0.4 Mor BbINONHATLCA TONMBbKO KakK Hash semi

i/ 1 I . |_| I\I FI 2 E Scfﬁiﬁiif’mi CO®T



SubQueryConversion: Kak paboTaeT npeobpasoBaHMe B semi-join?

SELECT -- nceBdo-ko0d

COUNT(*) AS CNT SELECT
FROM SUM(*) AS CNT

T1 FROM
WHERE EXISTS( T1

SELECT * FROM T2 SEMI JOIN (

WHERE T2.FIELD2 = T1.FIELD1 SELECT T2.FIELD2 FROM T2
)5 ) T ON T.FIELD2 = T1.FIELD1;
-~ U -- Hukakoro SEMI B SQL He cymecTtsyeT!!!
SELECT

COUNT(*) AS CNT
FROM

T1

WHERE T1.FIELD1 IN (
SELECT T2.FIELD2 FROM T2

)5

Opranunsatop HHE
KoHpepeHym EPELCO®T



SubQueryConversion=false

SELECT COUNT (*)
FROM HORSE
WHERE EXISTS(

SELECT * FROM COVER
WHERE COVER.CODE_MOTHER

HORSE .CODE_HORSE

AND EXTRACT(YEAR FROM COVER.RESULTDATE) = 2000

AND COVER.CODE_MOTHER > ©

)
AND HORSE.CODE_SEX = 1;

Elapsed time = 30.657 sec
Buffers = 32768
Reads = 0

Writes = 0

Fetches = 2648094
Per table statistics:

12430 |
324416 |

Opranunsatop HHE
KoHpepeHym EPELCO®T



SubQueryConversion=false

Select Expression
-> Aggregate

-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "FK_HORSE_SEX" Range Scan (full match)
COUNT
12430

@ FIREBIRD CONF 25 | X BB oo
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SubQueryConversion=true

SELECT COUNT (*)
FROM HORSE
WHERE EXISTS(

SELECT * FROM COVER
WHERE COVER.CODE_MOTHER

HORSE .CODE_HORSE

AND EXTRACT(YEAR FROM COVER.RESULTDATE) = 2000

AND COVER.CODE_MOTHER > ©

)
AND HORSE.CODE_SEX = 1;

Elapsed time = 0.229 sec
Buffers = 32768
Reads = 0

Writes = 0

Fetches = 350498

Per table statistics:

13080 |
324416 |

Opranunsatop HHE
KoHpepeHym EPELCO®T



SubQueryConversion=true

Select Expression
-> Aggregate
-> Filter
-> Hash Join (semi)
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap
-> Index "FK_HORSE_SEX" Range Scan (full match)
-> Record Buffer (record length: 41)
-> Filter
-> Table "COVER" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_COVER_RESULTYEAR" Range Scan (full match)
-> Bitmap
-> Index "FK_COVER_MOTHER" Range Scan (lower bound: 1/1)

Opranunsatop HHE
KoHpepeHym EPELCO®T



[Mpo6nembl SubQueryConversion

« Bbibop Hash Semi Join BMecTo Nested Loop Semi Join
 Bbibop Nested Loop Join BMecTo Hash Semi Join
e AnbTepHaTuBa JOIN (SELECT DISTINCT ...) MoXeT 6bITb 6bICTpee

Ba)kHO:

 Nested Loop Semi Join No4YTn HNYEM He OTNIMYAETCS OT BbINOJIHEHUS
KoppennpoBaHHOro nogsanpoca
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SubQueryConversion=true.
Hash BMecTo Nested Loop

SELECT COUNT(*) Select Expression
FROM COLOR -> Aggregate
WHERE EXISTS( -> Filter
SELECT * FROM HORSE -> Hash Join (semi)
WHERE HORSE.MICROCHIP IS NULL -> Table "COLOR"™ Full Scan
AND HORSE.CODE_COLOR = COLOR.CODE_COLOR -> Record Buffer (record length: 129)
); -> Filter

-> Table "HORSE" Full Scan
Elapsed time = 0.305 sec

Buffers = 32768 COUNT
Reads = © o e e e e e e e e e = =
Writes = © 222

Fetches = 608692
Per table statistics:

-------------------------------- s
Table name | Natural | Index |
-------------------------------- s
COLOR | 242 | |
HORSE | 570122 |
-------------------------------- s

Opranunsatop HHE
KoHpepeHym EPELCO®T



SubQueryConversion=true. Hash BMecTo Nested Loop.
[lenaeM npeobpa3oBaHMe B Semi-join HEBO3MOXXHbIM.

SELECT COUNT(*) Sub-query
FROM COLOR -> First N Records
WHERE EXISTS ( -> Filter . .
SELECT * FROM HORSE -> Table "HORSE" Access By ID

-> Bitmap

WHERE HORSE.MICROCHIP IS NULL -> Index "FK_HORSE_COLOR" Range Scan (full match)

AND HORSE.CODE_COLOR = COLOR.CODE_COLOR Select Expression
FETCH FIRST ROW ONLY -> Aggregate
); -> Filter
-> Table "COLOR" Full Scan

Elapsed time =
Buffers = 32768 ETTT
Reads =0 e
Writes = ©
Fetches =
Per table statistics:

Opranunsatop HHE
koHpeperuym EPELCO®T



HE OENAUTE TAK!!

SELECT COUNT(*)

FROM COLOR

WHERE COLOR.CODE_COLOR IN (
SELECT HORSE.CODE_COLOR FROM HORSE
WHERE HORSE.MICROCHIP IS NULL

)
-- He 3KBUBaJIeHTHO

SELECT COUNT(*)

FROM COLOR

WHERE COLOR.CODE_COLOR IN (
SELECT HORSE.CODE_COLOR FROM HORSE
WHERE HORSE.MICROCHIP IS NULL
FETCH FIRST ROW ONLY

)5

( ) FIREBIRD COl o =F.>E/J,co¢T
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SubQueryConversion=true.
Nested Loop BMecTOo Hash

SELECT COUNT(*) Select Expression

FROM HORSE -> Aggregate . .
WHERE EXISTS( -> Nested Loop Join (semi)

-> Filter
SELECT * FROM COVER -> Table "HORSE" Access By ID
WHERE COVER.CODE_MOTHER = HORSE.CODE_HORSE -> Bitmap
AND EXTRACT(YEAR FROM COVER.RESULTDATE) = 2000 ) -> Index "FK_HORSE_DEPARTURE" Range Scan (full match)
AND COVER.CODE_MOTHER > © - Filier )
) -> Table "COVER" Access By ID
-> Bitmap And
AND HORSE.CODE_DEPARTURE = 1; -> Bitmap
-> Index "FK_COVER_MOTHER" Range Scan (full match)
Elapsed time = 6.475 sec -> Bitmap
Buffers = 32768 -> Index "IDX_COVER_RESULTYEAR" Range Scan (full match)
Reads = © COUNT
Writes = © SESESEERTEERRR
Fetches = 699238 2026
Per table statistics:
-------------------------------- e TP
Table name | Natural | Index |
-------------------------------- e TP
COVER | | 2026 |
HORSE | | 101058]
-------------------------------- e TP

Opranunsatop HHE
KoHpepeHym EPELCO®T



SubQueryConversion=true.

Nested Loop BMmecTo Hash. PewueHue.

SELECT COUNT (*)
FROM HORSE
WHERE EXISTS(
SELECT * FROM COVER
WHERE COVER.CODE_MOTHER+© = HORSE.CODE_HORSE
AND EXTRACT(YEAR FROM COVER.RESULTDATE) = 2000
AND COVER.CODE_MOTHER > ©

)
AND HORSE.CODE_DEPARTURE = 1;

Elapsed time = 0.117 sec
Buffers = 32768
Reads = 0

Writes = 0

Fetches = 123374

Per table statistics:

________________________________ e e e em e m
Table name | Natural | Index |
———————————————————————————————— T TR
COVER | | 13080 |
HORSE | | 101058|
———————————————————————————————— T TR

Opranunsatop HHE

KoHpepeHym EPELCO®T

Select Expression
-> Aggregate
-> Filter

-> Hash Join (semi)
-> Filter
-> Table "HORSE" Access By ID

match)

-> Bitmap
-> Index "FK_HORSE_DEPARTURE" Range Scan (full

-> Record Buffer (record length: 41)
-> Filter

(full match)

(lower bound: 1/1)

-> Table "COVER" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_COVER_RESULTYEAR" Range Scan

-> Bitmap
-> Index "FK_COVER_MOTHER" Range Scan



AnbtepHatuBa IN/EXISTS

SELECT COUNT (*)
FROM
HORSE
JOIN (
SELECT DISTINCT
COVER.CODE_MOTHER AS CODE_HORSE
FROM COVER
WHERE EXTRACT(YEAR FROM COVER.RESULTDATE) = 2000
AND COVER.CODE_MOTHER > ©
) T ON T.CODE_HORSE = HORSE.CODE_HORSE
WHERE HORSE.CODE_DEPARTURE = 1;

Elapsed time = 0.085 sec
Buffers = 32768

Reads = ©

Writes = ©

Fetches = 70842

Per table statistics:

-------------------------------- e
Table name | Natural | Index |
-------------------------------- e
COVER | | 13080|
HORSE | | 12430 |
-------------------------------- e

Opranunsatop HHE
KoHpepeHym EPELCO®T

Select Expression
-> Aggregate
-> Nested Loop Join (inner)
-> Unique Sort (record length: 44, key length: 12)
-> Filter
-> Table "COVER" as "T COVER" Access By ID
-> Bitmap And
-> Bitmap
-> Index "IDX_COVER_RESULTYEAR" Range Scan
(full match)

-> Bitmap
-> Index "FK_COVER_MOTHER" Range Scan (lower
bound: 1/1)
-> Filter
-> Table "HORSE" Access By ID
-> Bitmap

-> Index "PK_HORSE" Unique Scan



LLHnpokne GROUP BY \@ L&lﬁﬁﬂgg

« GROUP BY Mo)eT BbIMONTHATLCS
anropuntMamm ORDER n SORT

 BO3HMKaOT KOrga MHOro rnoJsien BKAKDYEHO
B npepgnoxxeHne GROUP BY u atn nonga
He BXOOAT B OAUH NHOEKC

* Hauxygwmin cnydan, ecnu BCTpedatoTcs nons
c Tunammn VARCHAR(N), roe N Benuko

* [1pOBOLMPYIOT LLUMPOKNM BHELLHUE
copTupoBku (SORT B Legacy nnaHe)

B oTnnydmne ot wmpokmx coptmupoeok B ORDER
BY, He MoryT 6biTb ONTUMU3UNPOBaHbI
C noMoulbto anropuntma Refetch




BbluncneHue arperatoe C LIMPOKUMMU IpynnmMpoBKaMu

SELECT
FARM.CODE_FARM,
FARM. NAME,
FARM.NAME_EN,
FARM.ADDRESS,
COUNT(*) AS CNT
FROM
COVER
JOIN FARM ON FARM.CODE_FARM = COVER.CODE_FARM
GROUP BY 1, 2, 3, 4;

Select Expression
-> Aggregate
-> Sort (record length: 2686, key length: 1828)
-> Filter
-> Hash Join (inner)
-> Table "COVER" Full Scan
-> Record Buffer (record length: 1441)
-> Table "FARM" Full Scan

Opranunsatop HHE
KoHpepeHym EPELCO®T



BbluncneHue arperatoe C LIMPOKUMMU IpynnmMpoBKaMu

Current memory = 554646368
Delta memory = 288

Max memory = 1092118992
Elapsed time = 11.670 sec
Buffers = 32768

Reads = 0

Writes = ©

Fetches = 846691

Per table statistics:

———————————————————————————————— s
Table name | Natural | Index |
———————————————————————————————— fmmmmmmmmefmemme—ang
COVER | 767959| |
FARM | 41356 | |
———————————————————————————————— fmmmmmmmmefeemmeaaang

Opranunsatop HHE
KoHpepeHym EPELCO®T



BbluncneHue arperatoe C LIMPOKUMMU IpynnmMpoBKaMu

* OcTtaBnAem B GROUP BY no KOTOpbIM MOXHO YHWUKa/NbHO UAEHTUOUULUPOBATL CYWHOCTb. [AnA ocTanbHbix MIN/MAX
* B Firebird 6.0 ucnonb3yem HoByw arperaTHyw ¢yHkuuiwo ANY_VALUE

SELECT
FARM.CODE_FARM AS CODE_FARM,
MIN(FARM.NAME) AS NAME,
MIN(FARM.NAME_EN) AS NAME_EN,
MIN(FARM.ADDRESS) AS ADDRESS,
COUNT(*) AS CNT
FROM
COVER
JOIN FARM ON FARM.CODE_FARM = COVER.CODE_FARM
GROUP BY 1;

Select Expression
-> Aggregate
-> Filter
-> Hash Join (inner)
-> Table "COVER" Access By ID

-> Record Buffer (record length: 1441)
-> Table "FARM" Full Scan

Opranunsatop HHE
KoHpepeHym EPELCO®T



BbluncneHue arperatoe C LIMPOKUMMU IpynnmMpoBKaMu

Current memory = 555886896
Delta memory = 320

Max memory = 1092118992
Elapsed time = 1.456 sec
Buffers = 32768

Reads = 0

Writes = ©

Fetches = 1745358

Per table statistics:

———————————————————————————————— s
Table name | Natural | Index |
———————————————————————————————— fmmmmmmmmefmemme—ang
COVER | | 767959|
FARM | 41356 | |
———————————————————————————————— fmmmmmmmmefeemmeaaang

Opranunsatop HHE
KoHpepeHym EPELCO®T



HoBoe B onTumMmaaTope
Firebird 6.0
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Y)Ke peaim3oBaHoO

 CtommocTHagda oueHka Mexxgy ORDER index n SORT

* [lpeobpasoaHue IN/EXISTS B semi-join (5.0.1) n cToMMOCTHaA
oLeHKa Mexxgy Hash Semi Join 1 Nested Loop Semi Join
(nopTnpoBaHo B 5.0.4)

* [ponyck NULL npu HaBuraumm no nHaekcy (ORDER)
C rpaHvLamm

e YnyylieHHas oLeHKa CeNneKTUBHOCTM KOHbIOHKTOB (AND).
Anroputm exponential back-off

« [leTepMMHUCTUYECKME PYHKLMM C MapaMeTpaMn MHBapUaHTaMU
— ABIAOTCH MHBaPMaHTaMU

Z/ KD LU I\I FI 2 E SCTJ@ZE?HL‘L‘; CODT



CtoumMocTHada oueHka mexxay ORDER n SORT

SELECT SELECT
HORSE . CODE_HORSE, COVER.CODE_FATHER,
HORSE . NAME COUNT(*) AS CNT
FROM FROM
HORSE COVER
WHERE HORSE.BRAND = '’ WHERE COVER.IS_ARTIFICIAL IS TRUE
ORDER BY HORSE.NAME; GROUP BY 1;

Opranunsatop HHE
koHpeperuym EPELCO®T



AnroputMm exponential back-off

« [lnga Tabnuubl ecTb GUNLTP BMUOA ,roe P -
npegukaTt euUnbTpaunn.

« [lo Firebird 6.0 npegnkaTbl CYUTANIUCb HE KOPPENUPOBAHHbLIMU, XOTH
06bI4YHO 3TO He Tak. PopMyna CyMMapHOW CENEKTUBHOCTU Bblnla TaKoW:

S =S(P) *S(P,) * ..S(P,)

 Ha4dumHaga c Firebird 6.0 npeankKaTbl CHUTAIOTCHA YaCTUYHO

KoppesinpoBaHHbIMA.
e [lpon3BoaUNTCA COPTUPOBKA CENEKTUBHOCTEN OT MEHbLLIEN K Bonbluen (OT Aydllen K xyalwen)

1 1 1

1
S=8; xS,2x S* .« ST

Opranunsatop HHE
koHpeperuym EPELCO®T



OeTepMUHUCTUYECKME PYHKLUN

* [lo Firebird 6.0 mapkupoBka ¢yHKUUM Kak DETERMINISTIC nmMena cmbich
TOMbKO ONsa GYHKLMMN 6e3 BXOOHbIX MapaMeTpoOB;

 HauymHaga c Firebird 6.0 nMeeT cMbicn co3aaBaTb AeTEPMUHUCTUYECKUME
OYHKLUMM C NapaMeTpaMu, eCcniv B HUX NnepeparoTcd MHBaAPUaHTDI

 VIHBaApMaHT - 3Ha4YeHMEe KOTOPOE HE MEHSETCH B TEYEHMU BbINMOJIHEHUSA
3anpoca, To ecTb nnTeparn, U1 BXogHOW napamMeTp.

SELECT *

FROM T

WHERE T.NAME = FIRST UPPER(?);
= o OnmUMusupyemc,q KdK

X = FIRST UPPER(?);

SELECT *

FROM T

WHERE T.NAME = :X;

Opranunsatop HHE
KoHpepeHym EPELCO®T



Kakux MeTogoB AoCTyna He XBaTaeT

e SKip index scan

* Only index scan

« Hash/Merge Outer Join
 Hash group by

* [lapannenbHbin full table scan
 MaTtepmanmnsayma CTE npm MHOroKpaTHOM UCMNOJIb30BaHUN

 TpaHcdopMaLlnm 3anpoca
« elimination join (ycTpaHeHue nuwHMx JOIN Ha oCHOBe OorpaHuU4YeHuin)
* nepeMeuleHune outer join nocne inner join

i/ 1 I . |_| I\I FI 2 E Scfﬁiﬁiif’mi CO®T



HOpyrue npo6nembl

. Fny60Kaﬂ CTOMMOCTHa4d OoueHKa CJTO>XXHbIX 3arpocoB

*  YYET TeKyLUMX OrpaHnyeHnn N3 KoHpura (CTpaHNYHbIN KelLl
orpaHuyeH, pasmep temp B NaMATU OrpaHMNYeH)

* HeT HeKoTOpbIX run-time cTaTUCTUK: HaNpPUMepP CTaTUCTUKMU
MCNONb30BaHMA MHOEKCOB (0bpalleHN, Kakoe CKaHMpOoBaHME,
KaKune 3a4encTBOBaHbl CErMeHTbl)

i/ 1 I . |_| I\I FI 2 E Scfﬁiﬁiif’mi CO®T
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