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ANOTACIJA

Datubazes veiktsp€ja ir loti atkariga no optimizatora darbibas, zinamiem datubazes
defektiem un neprecizas statistikas. Saturigas statistikas palidz stradat un izvéléties atrakos
SQL pieprasijumu izpildes planus. Lai optimizators spétu atbilsto$i darboties, tam ir
nepiecieSsamas kvalitativas statistikas, bet biezi vien to vakSanas process ir laikietilpigs un
resursus patergjoss.

Saja darba tiek apskatiti un salidzinati popularako datubazu optimizatoru darbibas
principi un uzbive, statistiku vakSanas uzstadijumi un parametri gan teorétiski, gan praktiski.
Bakalaura darbs uzskatams par informativu materialu ar mérki apkopot informaciju par

datubazé€m un optimizacijas iesp&jam.

Atslégvardi — Oracle 11g datubaze, Microsoft SQL Server 2012 datubaze, optimizators,

statistikas, pieprasijumu izpildes plans



ABSTRACT

,»SQL database optimization options and comparison”

Database performance is dependent on query optimizer activity, certain database faults
and inaccurate statistics. Qualitative statistics help query optimizer to choose the fastest SQL
query execution plans. For optimizer to operate accurately, it is necessary to gather high-
quality statistics, but often this process is time and resources consuming.

In this work are examined and compared the most popular database optimizer principles
and structure, statistics gathering settings and parameters both theoreticaly and practicaly.
Thesis is considered to be informational material in order to gather information about

databases and optimization capabilities.

Keywords — Oracle 11g database, Microsoft SQL Server 2012 database, query

optimizer, optimizer statistics, execution plan
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APZIMEJUMU SARAKSTS

1. DBMS (ang. Database Management System) — savstarpéji saistitu informacionalu objektu
tematisks kopums, kas ar specialas parvaldibas sist€mas starpniecibu organiz€ts ta, lai
nodroSinatu €rtu informacijas izguvi, izdaritu tas atlasi un kartoSanu.

2. IT (ang. Information technology) — zinasanu, metozu, panémienu un tehniska aprikojuma
kopums, kas ar datoru un sakaru lidzeklu starpniecibu nodroSina jebkuras informacijas
iegtisanu, glabasanu un izplatiSanu.

3. Izpildes plans — (ang. Execution Plan) — Komanda, pieprasijuma vai programma paredz&to
darbibu veikSana.

4. SQL — (ang. Structured Query Language) — strukturéta vaicajumvaloda.

5. T-SQL (ang. Transact Structured Query Language) — strukturétas vaicajumvalodas
paplasinajums.

6. Optimizators — (ang. Query Optimizer) — datubazu parvaldibas sist€émas iebiivéta
programmatiira, kas atrod visefektivako veidu ka izpildit SQL pieprastjumus.

7. CPU — centralais procesors.

8. OUIl - (ang. Oracle Universal Installer) — programma, kas paredzéta Oracle datubazes
uzstadiSanai.

9. SQL Server Installation Center — programma, kas paredzéta Microsoft SQL Server
datubazes uzstadisanai.

10. SGA - (ang. System Global Area) - koplietojama atmina, kas satur datus un kontroles
informaciju vienai Oracle instancei.

11. PGA - (ang. Program Global Area) - atmina, kas satur datus un kontrol€ servera procesu
informaciju.

12. RAM - (ang. Random Access Memory) - atmina, kura datus var gan ierakstit , gan lasit no
tas.

13. Parbaude - (ang. Scan) — optimizatora SQL izpildes plana piekluves cela indeksa
parbaude.

14. SasniegSana - (ang. Seek) - optimizatora SQL izpildes plana piekluves cela indeksa
sasniegSana.

15. B koks - (ang. B-Tree) - Datu veidojums, kas satur hierarhiski sava starpa saistitus
mezglus ar ne vairak ka vienu virsmezglu katram mezglam un tikai vienu saknes mezglu.

16. Mezgls (ang. cluster) — Vienadu vai Iidzigu indeksu grupa datubazg, kas atrodas kopa vai

ir kopsaistiti.



IEVADS

Datubazes kvalitativa veiktsp€ja ir atkariga no tadiem lielumiem ka tikla uzstadijumiem,
datubazes parametru konfiguracijas, datubazes noslodzes utt. Ka vienu no galvenajiem
veiktspgjas raditajiem var min€t optimizatora darbibu, kas automatiski izv€las atrakos un
efektivakos SQL pieprasijumu izpildes planus un izmanto statistiku vaksanas tehnologijas.

Optimizatora statistikas palidz stradat un izve€leties atrakos izpildes planus
optimizatoram. Lai tas spétu atbilstosi darboties, tam ir nepiecieSamas kvalitativas statistikas,
bet biezi vien to vaksanas process ir laikietipigs un resursus patérgjoss.

Darba pétama probléma — jaapzin un jasalidzina popularako datubazu (Oracle,
Microsoft SQL Server) optimizacijas iesp&jas, optimizatora darbiba, veidi, ka tiek izvEléts
konkréts izpildes plans.

Darba mérki:

1. Apzinat dazadas optimizacijas iesp&jas popularakajas datubazes.

2. Salidzinat datubazu optimizacijas iesp€jas pec izpildes atruma, parametriem un
kvalitates.

3. lIzveidot informativu materialu, kas aprakstis datubazu optimizacijas iespgjas,
palidzés vieglak izveleties piemérotako datubazi savam vajadzibam un dos
vispargju salidzinajumu.

Darbs sastav no apzim&jumu saraksta, ievada, teorétiskas dalas ar apak$nodalam, kuras
ir aprakstita informacija par Oracle un Microsoft SQL Server datubazu optimizatioru, ta
statistikim un parametriem, pieprasijuma izpildes planiem, un raktiskas dalas ar
apaksnodalam, kuras ir pétits Oracle un Microsoft SQL Server optimizacijas process pirms un
péc datu ievadeém tabulas un optimizatora statistiku vakSanas, rezultatiem, secindjumiem,

izmantotas literatliras saraksta un astoniem pielikumiem.



1. POPULARAKAS DATUBAZES

Veidojot popularako datubazu salidzinajumu, ir nepiecieSams noskaidrot izplatitakas
datubazes un to aprakstus. Pamata tieck nemta DB-ENGINES timekla vietne, kas tiek

atjauninata katru meénesi ar jaunako informaciju un grafikiem.

1.1. DB-ENGINES

DB-ENGINES veido datubazu parvaldibas sisttmu rangu, pamatojoties uz DBMS
popularitati, kas tick mérita péc sekojosiem parametriem:
1) sisttmu pieminéSanas skaits dazadas ftimekla vietn€s, izmantojot tadu
mekl&tajprogrammu ka Google un Bing vaicajumu skaitu;
2) visparja interese par sistému, izmantojot mekléSanas biezumu rika Google
Trends;
3) sisteému tehnisko stavoklu apsprieSanas biezums tadas diskusiju timekla vietn&s,
kas ir ciesi saistitas ar IT nozari, ka Stack Owerflow un DBA Stack Exchange;
4) sistému piemin&S$anas biezums personu prasmju aprakstos LinkedIn;
5) sisteému izplatiba socialajos tiklos un zinas, izmantojot Twitter.
Izpetot DB-ENGINES timekla vietnes saturu, tika noskaidrots, ka popularakas
datubazes gan 2014. gada maija, gan 2015. gada maija ir Oracle, MySQL un Microsoft SQL
Server. [ (skat. 1.1. tabulu) Citas DBMS datubazes $aja darba netick apskatitas.

1.1. tabula — DB-ENGINES rangs 2015. gada maija 2

Rangs
Maijs, | Aprilis, | Maijs, DBMS Datubazu modelis
2015 2015 2014
1. 1. 1. Oracle Relaciju DBMS, komerciala
2. 2. 2. MySQL Relaciju DBMS, atvérta
pirmkoda
3 3. 3 Microsoft SQL Server Relaciju DBMS, komerciala

Ir iesp&jams art iegiit vispar&ju informaciju par So tris datubazu popularitati, sakot ar

2013. gada janvari. B3I (skat. 1.1. att.)
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1.1. att. — DB-ENGINES rangs no 2013. gada janvara Iidz 2015. gada maijam !

Ka redzams 1.1. attéla Oracle, MySQL un Microsoft SQL Server jau paris gadus ir lideri

tirgll popularitates zina, apsteidzot citas datubazu parvaldibas sisteémas.

1.2. DBMS visparéjs salidzinajums

Tabula 1.2. attelots vispargjs Oracle un Microsoft SQL Server salidzinajums. ! Darba
netiek apskatita MySQL datubaze, jo ta kops 2014. gada ir Oracle produkts.

1.2. tabula — Vispargjs Oracle un Microsoft SQL Server salidzinajums

Nosaukums Oracle Microsoft SQL Server
Apraksts Plasi izmantota relaciju DBMS | Microsoft relaciju DBMS
Izstradatajs Oracle Microsoft
Sakotngjas versijas 1980 1989

izdoSanas gads

12 Release 1 (12.1.0.2), 2014. | SQL Server 2014, 2014.
Pasreizgja versija

gada jilijs gada aprilis
Licence Komerciala Komerciala
Servera operétajsistemu AlIX, HP-UX, Linux, Windows
atbalsts OS X, Solaris, Windows
SQL Ja Ja




Atbalstitas programmesanas

valodas

C, C#, C++, Clojure,
Cobol, Eiffel, Erlang,
Fortran, Groovy, Haskell,
Java, JavaScript, Lisp,
Objective C, Perl, PHP,
Python, R, Ruby, Scala,

Tcl, Visual Basic

.Net

Java

PHP

Python
Ruby
Visual Basic

Pamatojoties uz vispargjo Oracle un Microsoft SQL Server salidzinajumu, praktiskaja

dala tiks izmantotas sistému versijas, kas ir vecakas par 2014. gadu. Ka stabilas un darba tirga

izplatitas DBMS versijas ir uzskatamas Oracle 11g un Microsoft SQL Server 2012, [18]
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2. TEORETISKA DALA

Teoréctiskaja dala tiek apskatitas Oracle 11g un Microsoft SQL Server 2012 datubazu

optimizacijas iesp&jas un parametri.

2.1. Optimizatora statistikas

Statisktikas parada visparigas detalas par datubazi un tas objektiem, kuras izmanto
optimizators, lai izv€l€tos katra SQL pieprasijuma izpildes planu. Tas tiek glabatas datu
vardnica un ir pieejamas, izmantojot datubazes skatus. !

Optimizatora statistikas satur informaciju par tabulam, rindu un bloku skaitu tajas un
katras rindas vidgjo garumu. Tiek ievakta arT informacija par katras tabulas kolonnam, unikalo
vertibu skaitu tajas un histogrammam, ja tadas tiek lietotas. Optimizatora statistikas satur ar1

informaciju par indeksiem un sistémas uzstadijumiem. !

2.1.1. Oracle 11g datubaze

Oracle datubazes atrdarbiba ir liela méra atkariga no Oracle optimizatora darbibas. Bet,
lai tas spetu darboties korektak, ir nepiecieSams savakt saturigas un p&c iespgjas pilnigakas
datubazes statistikas. STm statistikam datu vardnica un sistéma ir jabut péc iespgjas
akuratakam un jaatspogulo apjomu un datu sadalijumu tabulas, indeksos un shémas. Ir
nepiecieSams statistikas vakt periodiski.

Vecakas Oracle versijas tiek lietota DBMS STATS procediira, lai savaktu statistikas,
bet jaunakas versijas izmanto FND STATS, kas savas darbibas laika, izmanto ari
DBMS STATS procediiru. (18]

Statistikas var vakt visai datubazei, fiksétiem objektiem, tabulam, shémam, kolonnam
val konkréti atseviSkiem objektiem ar dazadiem parametriem. Statistiku vakSanas procesu
raksturo katra uznémuma ideologija un darbinieku, atbildigo personu uzskati un vélmes.

Optimizatora statistikas ir iesp&jams vakt gan automatiski, gan manuali. [18]

DBMS STATS.GATHER DATABASE STATS JOB PROC procedira ir Oracle
ieteikta automatiskas statistikas vakSanas gadijumam. B 1 iespejams izvéeleties statistiku
vakSanas biezumu un dazadus parametrus, kas iegiist informaciju par visu datubazi kopuma
vai arT tikai par atseviSkiem objektiem. Izvele, vai atstat ieteicamos uzstadijumus, vai mainit
tos atbilstosi sisteémas vajadzibam, ir atkariga no datubazu administratoriem. g
Optimizatora statistiku manuala vakSana ari tick veikta ar DBMS STATS pakotni,

mainot parametrus péc nepiecieSamibas un ieskatiem. Atjauninot statistikas datu vardnica,

ieprieksgjas tiek saglabatas, lai nepiecieSamibas gadijuma biitu iesp€ja atjaunot iepriek$ejas
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statistikas. Ir iesp&jamas dazadas DBMS STATS pakotnes procediras un parametri, kas
veido dazada satura un apjoma datus par datubazi. Vacot statistikas, ir iesp&jams nenoradit
procediiras parametrus. Tada gadijuma Oracle izvélas parametru noklusétas vértibas. 5]

DBMS_STATS pakotnes proceduram ir iesp&jami dazadi parametri. To pielietojums ir

at8kirigs, un ir noderigi zinat, ko katrs parametrs dara. (skat. 2.1. tabulu) 561

2.1. tabula — DBMS_STATS pakotnes procediiru parametru apraksti

Parametrs Apraksts

ESTIMATE_PERCENT Procentualais rindu novértéjums. Vertibas ir
iesp&jamas no 0.000001 Iidz 100. Ir ieteicams
izmantot procediiru
DBMS_STATS.AUTO_SAMPLE_SIZE, kas
automatiski izvélas procentualo rindu novertg§jumu
katrai tabulai, nemot veéra dazadus oper&tajsistémas

un datubazes uzstadijumus.

BLOCK_SAMPLE Norada, vai statistiku vakSana izmantot nejausu

bloku vai rindu iztver$anu.

METHOD_OPT Norada, vai tiks vaktas arT kolonnu histogrammas.

DEGREE Statistiku vakSanas paral€lisma pakape. Ir atkarigs

no sistéma noradito CPU skaita.

CASCADE Norada, vai tick vaktas indeksu statistikas. Sis
parametrs ir pielidzinams
DBMS_STATS.GATHER_INDEX_STATS.

STATTAB Norade uz tabulu, kura tiks glabatas pasreizejas
statistikas.

STATID STATTAB parametra unikals identifikators.

OPTIONS Norada, ka un kadiem objektiem vakt statistikas:

- GATHER - visiem objektiem;

-  GATHER AUTO - Oracle noverte, kuriem
objektiem ir nepiecieSams savakt statistikas un
to izdara automatiski;

-  GATHER STALE — sen neizmantotiem
objektiem, pamatojoties uz
* TAB_MODIFICATIONS skatiem;

- GATHER EMPTY - objektiem, kuriem

12



paslaik nav vaktas statistikas;

- LIST AUTO — atgriez sarakstu ar objektiem,
kas tiktu apstradati ar GATHER AUTO
parametru;

- LIST STALE - atgriez sarakstu ar objektiem,
kas tiktu apstradati ar GATHER STALE
parametru;

- LIST EMPTY - atgriez sarakstu ar objektiem,
kas tiktu apstradati ar GATHER EMPTY

parametru;
OBJLIST Saraksts ar objektiem, kam nevakt statistikas un
kas ir uzskatami par tuksSiem vai neizmantotiem.
STATOWN STATTAB parametra shémas nosaukums.
GATHER_SYS Norada, vai vakt statistikas objektiem, kas pieder

SYS jeb galvenajam sisteémas lietotajam.

GRANULARITY

Nosaka statistiku vaksanas detalizaciju. Attiecas

tikai uz tabulam, kas ir sadalitas nodalijumos.

NO_INVALIDATE

Ja parametra vertiba noradita ka TRUE, atkarigie

kursori netiek padariti par nederigiem.

OBJ_FILTER_LIST

Norada statistiku vakSana iesaistito objektu filtru.

COMP_ID Analiz&jamas shémas sastavdalas identifikators.

OWNNAME Analiz&jamas tabulas shémas nosaukums.

INDNAME Indeksa nosaukums.

PARTNAME Particijas nosaukums.

FORCE Norada, vai vakt statistikas tabulai, ja arT ta sistéma
ir uzradita ka aizturéta.

TABNAME Tabulas nosaukums.

STATTYPE Statistiku tips. Vieniga vértiba ir DATA.

GATHERING_MODE

Iesp&jami 4 dazadi sist€mas statistiku vakSanas
parametri — NOWORKLOAD, INTERVAL,
START, STOP.

INTERVAL

Laiks minutés, kad vakt statistikas. Var noradit

tikai tad, ja GATHERING_MODE="INTERVAL".
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DBMS STATS.GATHER DATABASE STATS procediira tiek lictota gadijumos, ja ir
nepiecieSams savakt optimizatora statistikas visiem objektiem, tabulam un indeksiem
datubazge. Pieejamo parametru uzskaitijums ir redzams 2.2. tabula. Parametru pilnu aprakstu
skatit 2.1. tabula.

DBMS STATS.GATHER DICTIONARY STATS procediira tiek lietota gadijumos,
kad ir nepiecieSsams savakt optimizatora statistikas tiesi datu vardnicas un galvenajam lietotaju
shemam SYS un SYSTEM. Pieejamo parametru uzskaitijums ir redzams 2.2. tabula.
Parametru pilnu aprakstu skatit 2.1. tabula.

DBMS STATS.GATHER FIXED OBJECTS STATS procedira tiek lietota tikai p&c
datubazes atjauninasanas, jauna modula implementéSanas, datubazes parametru mainiSas
(pieméram, SGA, PGA) un ja tiek novérota vaja datubazes veiktsp&ja. Pieejamo parametru
uzskaitjums ir redzams 2.2. tabula. Parametru pilnu aprakstu skatit 2.1. tabula.

DBMS STATS.GATHER INDEX STATS procedira vac datubazes indeksu
statistikas. Pieejamo parametru uzskaitfjums ir redzams 2.2. tabula. Parametru pilnu aprakstu
skatit 2.1. tabula.

DBMS STATS.GATHER SCHEMA STATS procedira veido objektu statistikas par
konkrétu shému. Pieejamo parametru uzskaitijums ir redzams 2.2. tabula. Parametru pilnu
aprakstu skatit 2.1. tabula.

DBMS_STATS.GATHER_SYSTEM_STATS  procedira vac  datubazes un
operétajsistémas statistikas, pieméram, par CPU atrumu. Ir divu veidu iesp&jamas sist€émas
statistikas — vaktas darba slodzes reZima un atslodzes reZima. Sistémas statistikas var vakt
tikai vienreiz, ierikojot sistemu. Pieejamo parametru uzskaitijums ir redzams 2.2. tabula.
Parametru pilnu aprakstu skatit 2.1. tabula.

DBMS STATS.GATHER TABLE STATS procedira veido tabulas, tas kolonnu un
indeksu statistikas. Pieejamo parametru uzskaitfjums ir redzams 2.2. tabula. Parametru pilnu
aprakstu skatit 2.1. tabula.

Ir svarigi izvéléties, ka un cik daudz ir nepiecieSsams vakt optimizatora statistikas
datubaze. Ja tas tiks darits parak biezi, statistiku vakSanas process var noslogot sisttmu un
samazinat datubazes sniegumu. NoO otras puses, ja statistikas netiek veidotas vispar vai reti,
sist€mas sniegums biis neapmierinoss, laikietilpigs un resursus aiznemoss.

DBMS STATS pakotne ir bitiska sastavdala SQL pieprasijumu izpildes snieguma
kontrolésana. Procediiras un parametri ir viegli lietojami un parveidojami atbilstosi
nepiecieSamajiem uzstadijjumiem. Ir ieteicams lietot vairak DBMS STATS pakotnes

procediiras optimizatora statistiku vaksana un lietot mazak inicaliz€Sanas parametru mainu.
[18]
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2.2. tabula — DBMS_STATS pakotnes procediiru un parametru uzskaitijums 58]

OBJECTS_STATS

STATS

STATS
GATHER_FIXED

STATS

STATS

STATS

GATHER_SCHEMA
STATS

GATHER_SYSTEM

X! GATHER INDEX

ESTIMATE_PERCENT

BLOCK_SAMPLE

METHOD_OPT

DEGREE

CASCADE

STATTAB

STATID

X X| X| X| X| X| X| X| GATHER TABLE

OPTIONS

OBJLIST

XX X X X X X X X X| GATHER_DICTIONARY

X X X| X| X| X| X| X| X| X

STATOWN

GATHER_SYS

GRANULARITY

NO_INVALIDATE

X X X| X| X| X| X| X| X| X| X| X| X| X| GATHER DATABASE

OBJ_FILTER_LIST

X X| X| X
X

COMP_ID

OWNNAME

INDNAME

PARTNAME

X X| X| X

FORCE

TABNAME

X| X| X| X

STATTYPE

GATHERING_MODE X

INTERVAL X

Datubaz€ esoSie dati parasti mainas regulari, tapec ir nepiecieSams vakt statistikas

atbilstosi datu izmainu bieZumam. [18]
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2.1.2. Microsoft SQL Server 2012 datubaze

Microsoft SQL Server 2012 datubaze piedava iesp&ju vakt optimizatora statistikas gan
automatiski, gan manuali. Sis statistikas palidz optimizatoram izveidot augstas kvalitates
pieprasijumu izpildes planus.

Microsoft piedava veidot pilnas tabulas statistikas vai atlasitas statistikas, noradot
konkr&tus atlases kriterijus. Saturigi izveidotas atlasitas statistikas salidzinajuma ar pilnam
tabulu statistikam dazos gadijumos var uzlabot pieprasijumu izpildes plana atrdarbibu. 9]

Optimizators Microsoft SQL Server datubazeé vac statistikas automatiski, ja parametrs
AUTO_CREATE STATISTICS ir ieslégts. Gadijumos, kad tiek izveidots jauns indeks
datubazg, optimizators arT automatiski savac statistikas par $o indeksu, tabulu vai skatu. !

Atlasitas statistikas var vakt ar komandu CREATE STATISTICS, noradot dazadus
parametrus. (skat. 2.3. tabulu) So komandu ir ieteicams lietot, ja programma Database Engine
Tuning Advisor iesaka, ja pieprasijuma atlases kritérija kolonnas nav saistitas ar vienu

indeksu, ja SQL pieprasijuma nepiecieamajam tabulam nav vaktas statistikas. [*

2.3. tabula — CREATE STATISTICS parametri !

Parametra nosaukums Apraksts
STATISTICS_NAME Tiek noradits statistiku nosaukums.
TABLE_OR_INDEXED_VIEW_NAME | Norade uz tabulu vai indeksu, kam javac

statistikas.
COLUMNI,..n] Norade uz tabulas vai indeksa kolonnu vai

kolonnam, kam javac statistikas.

WHERE <filter predicate> Norada atlases kriteriju tabulas datiem, kam
vakt statistikas.

FULLSCAN Aprékina  statistikas  visai tabulai.  Sis

parametrs ir vienads ar sample 100 percent

parametru.

SAMPLE  <number> {PERCENT /| Norada aptuveno procentualo vértibu vai
ROWS} rindu skaitu tabula optimizatoram statistiku
vakSanas preciz€Sanai. PERCENT var biit
robezas no 0 lidz 100, bet ROWS parametrs
var but robezas no 0 Iidz patiesajam rindu
skaitam tabula.

NORECOMPUTE Izsledz automatisko  statistiku  vakSanu
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(AUTO_STATISTICS _UPDATE) konkré&tai
statistikai. Optimizators savaks statistikas un

péc tam izslegs tas nakotnes atjauninasanu.

Ja nesen ir veikta datubazes atjaunosana, uzlabosSana vai pieprasijumu izpildes atrums ir
lens, ir ieteicams vakt statistikas datubaz€ manuali, izmantojot UPDATE STATISTICS
komandu, ja statistikas jau kadreiz ir vaktas objektos, vai izmantojot CREATE STATISTICS,
ja statistikas datubazes objektiem nav veidotas vispar. Ta tiks nodroSinats, ka statistikas nav

novecojusas un pieprasijumu izpildes plans biis korektaks.

2.2.  Optimizators

Optimizators ir iebtiveta DBMS programmatiira, kas, izanaliz&jot dazadus parametrus,
nosaka visefektivako un labako veidu, ka izpildit konkrétu SQL pieprasijjumu datubaze.

Optimizators parasti darbojas sisteémas fona, un lietotajiem nemédz bt tieSa saskare ar to. [5]

2.2.1. Oracle 11g datubaze

Datubaze SQL pieprasijumus var izpildit dazados veidos, pieméram, ar pilnu tabulu
parbaudi, priek§metu indeksa parbaudi, ligzdstruktiiras cikliem, jaucgjsavienoSanu. SQL
pieprasijuma izpildes atrums ir atkarigs no optimizatora izvéleta pieprasijuma izpildes plana.
[8]

Oracle optimizatora darbiba péc lietotaja SQL pieprasijuma iesnieg$anas datubazg visos
gadijumos ir vienada. Pirmaja karta iebiivéta programmatiira izveido vairakus iespgjamos
izpildes planus, balstoties uz pieejamajiem piekluves celiem. Otraja karta optimizators katram
izpildes planam noveérté vertibu, balstoties uz datubazes statistikam, kas tiek iegiitas no
datubazes datu vardnicas un parada ieprieks ievaktu informaciju par sist€mu, tas tabulam un
rindu skaitu tabulas. Izpildes plana vértiba ir automatiski aprékinats lielums, kas atspogulo
SQL pieprasyjjuma izpildes atrumu, aprékinos tiek ieklauti ar1 tadi sist€émas un
operétajsisttmas uzstadijumi ka atminas, centrala procesora, operativas atminas lielumi u.c.
TreSaja karta optimizators salidzina pirmaja karta iegiitos izpildes planus. SQL pieprasijums
tiek izpildits péc plana, kam ir viszemaka otraja karta aprékinata vertiba. [°]

Optimizators katra SQL pieprasijuma izpildes plana izvele pateré paris sekundes, tapec
ir svarigi iegut precizakas tabulu statistikas. Ja tabulas rindu skaits, ko redz sist€éma, ir péc
iesp€jas tuvaks patiesajam tabulas rindu skaitam datubaze, optimizators ir sp&jigs aprékinat

péc iesp€jas precizaku SQL pieprasijuma izpildes plana atrumu.
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Oracle optimizators sastav no tris galvenajam sastavdalam — SQL pieprasijumu

parveidotaja, aprekinataja un izpildes plana generatora. (skat. 2.1. att.) g

Farced Cuary
{fram Parser)

Query
Transfarmer

lTransfcurrmd query

T L 3 Estimator -4 Statetics Drictionary

lﬂuary +estimates

Plan
Generatar

Cuery Plan
[to Row Soume Generatan

2.1. att. — Oracle optimizatora uzbiive

SQL pieprasijumu parveidotajs SQL pieprasijumu sadala blokos. Pieméram, ieksgjs
SELECT pieprastjums tiek uzskatits par vienu bloku, bet aréjs SELECT pieprasijums tiek
uzskatits par otru bloku. Ta SQL pieprasijumu parveidotajs redz, ka optimizatoram tiek padoti
divi bloki, un lemj, vai Sos blokus parveidot un apvienot, lai pieprasijuma izpilde biitu
efektivaka. SQL pieprasijjumu transformators izmanto tadas tehnikas ka datubazes skatu
apvienoSanu, predikatu parveidoSanu, apakSpieprasijumu atdaliSanu un pieprasijumu
parrakstiSanu uz materializetajiem skatiem. g

Talak optimizators parveidotu SQL pieprasijumu nodod talak aprékinatajam, kas nosaka
izpildes plana vertibu, nemot vera selektivitati, kardinalitati un vertibu. Selektivitate parada
filtru no rindam, ja tiek izmantots kads WHERE pieprasijums. Kardinalitate parada kopgjo
rindu skaitu, vértiba parada darba vai resursu izmantoganas vienibas.

Saja optimizatora darbibas dala loti liela loma ir statistikam. Aprekinatajs izmanto
peédgjas savaktas statistikas, kas atrodas datu vardnica, lai aprékinatu izpildes plana
selektivitati, kardinalitati un veértibu. Jo svaigakas un akuratakas ir statistikas, jo Sie
aprékinataja lielumi ir precizaki. Aprékinataja procesa laika optimizatora statistikas parada,
cik daudz bloku ir tabula, cik daudz bloku lasijumu ir nepiecieSami SQL pieprasijuma izpildei

utt, @
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Talak optimizators pieprasijumu ar aprékiniem nodod izpildes plana generatoram, kas

izveido dazadus pieprasijuma izpildes planus, nemot véra piekluves celus tabulam, kolonnam,

. v . ¥ = 5
savienoSanas metodes un savienoSanas secibas. [

]

Piekluves celi ir veidi, ka dati tiek izgiiti no datubazes pieprasijuma izpildes plana laika.

Tabula 2.4. ir apkopoti Oracle piekluves celu veidi. 5l

2.4. tabula — Oracle piekluves celu veidi ™

Piekluves celu veidi

Apraksts

Kad optimizators izmanto?

Pilna tabulas parbaude

(ang. Full Table Scan)

Parbauda visas rindas
tabula un iznem no saraksta
tas rindas, kas neatbilst
SQL pieprasijuma atlases
kriterijiem. Pilna tabulas
parbaude ir labaka par
indeksu parbaudi, ja tiek
parbauditas apjoma lielas
tabulas. Pilna tabulas
parbaude lieto apjomigakus
levadizvades izsaukumus,
un tie ir efektivaki ka
lietojot vairak mazus

ievadizvades izsaukumus.

e Optimizators izmanto pilno
tabulas parbaudi, ja tabulai ir
parak maz indeksu un SQL
pieprasijums nevar izmantot
esoSos indeksus tabula.

e  Optimizators izmanto pilno
tabulas parbaudi, ja tiek
uzskatits, ka pieprasijuma
izpilde ir nepiecieSams atlasit
lielako dalu no tabulas.

e Optimizators izmanto pilno
tabulas parbaudi, ja tabula ir
mazaka par inicializacijas
parametra
DB_FILE_MULTIBLOCK
_READ_COUNT lielumu,
kuru datubaze var nolasit
viena ievadizvades

izsaukuma.

Tabulas rindas
identifikatora parbaude

(ang. Table Rowid Scan)

Katrai tabulas rindai ir
identifikators, kas apraksta
datu failu un datu bloku,
kura ir konkréta rinda un
kur ta atrodas konkrétaja
bloka. Pieprasijuma
izpildes laika meklgjot

tabulas rindu p€c rindas

Parasti tabulas rindas
identifikatora parbaude seko péc
indeksa rindas identifikatora
parbaudes. Tabulas piekluve un
rindas identifikatora parbaude var
biit nepiecieSama dazadam
tabulas kolonnam, uz kuram
nenorada indeksi. Ja SQL
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identifikatora, ir atrakais
veids ka atlasit konkrétu
rindu, jo §1s rindas

atraSanas vieta ir jau

noradita datubaze. Vispirms

Oracle optimizators atrod
mekl&jamo rindu
identifikatorus no
pieprasijuma atlases
krit€rijiem vai no indeksu
parbaudes vienam vai
vairakiem tabulas

indeksiem.

pieprasijuma izpildes laika

indekss satur visas kolonnas un
rindas, kas atbilst SQL

pieprasijuma atlases kritérijiem,

tad tabulas rindas identifikatora

parbaude var tikt neizsaukta.

Indeksu
parbaude
(ang.
Index

Scan)

Unikalo
indeksu
parbaude
(ang. Index

Unique Scan)

Parasti $is parbaudes veids
atgriez vienu rindas
identifikatoru. Oracle
datubaze izmanto unikalo
indeksu parbaudi, ja SQL
pieprasijums satur
UNIQUE vai PRIMARY

KEY ierobezojumu.

Optimizators izmanto unikalo

indeksu parbaudi, ja SQL

pieprasijuma ir defin€tas kolonnas

ar unikaliem indeksiem.

Indeksu
diapazona
parbaude
(ang. Index
Range Scan)

Parasti tiek lietots izlases
datu piekluvei. Atlasitie
dati tiek atgriezti augosa
seciba péc indeksiem.
Vairakas vienadas atlasitas
rindas tiek kartotas augosa
seciba péc rindas

identifikatora.

Optimizators izmanto indeksu

diapazona parbaudi, ja indeksa

kolonnas ir noraditas

pieprasijuma atlases kritérija Sada

veida:

col = :bl;

col <:bl;

col > :bl;

iepriekSminétas col
vienadibas ir savienotas ar

AND kombinaciju.

Indeksu

diapazona

Parasti tiek lietots izlases

datu piekluvei. ST parbaude

Optimizators izmanto indeksu

diapazona parbaudi dilstosi, ja
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Descending)

indeksiem.

parbaude ir identiska indeksu indekss apmierina pieprasijuma
dilstosi diapozona parbaudei, tikai | atlases kritériju ar noraditu
(ang. Index atlasttie dati tick atgriezti dilstoso parametru.

Range Scan | dilstosa seciba péc

atra parbaude

parbauda visus indeksus

Indeksa pilna | Pilna indeksu parbaude Optimizators izmanto pilno
parbaude parbauda visus indeksus indeksu parbaudi, ja:
(ang. Index péc kartas. Ta izslédz e ORDER BY nosacijuma
Full Scan) kartoSanas operacijas, jo visas noraditas kolonnas ir
dati tiek sakartoti p&c indeksa;
indeksa identifikatora. e GROUP BY nosacijuma
visas noraditas kolonnas ir
indeksa.
Indeksa pilna | Pilna indeksa atra parbaude | Optimizators izmanto pilno

indeksu atro parbaudi, ja SQL

(ang. Index sajaukta seciba, kada tie pieprasijums atlasa informaciju
Fast Full atrodas uz diska. tikai no indeksa.
Scan)

Oracle optimizators izvélas SQL pieprasijuma izpildes piekluves celu, izvertgjot visus
iesp€jamos variantus. Vispirms optimizators atrod iesp&jamos piekluves celus, kas apmierina
pieprasijuma atlases krit€rijus, tad izveido dazadus izpildes planus un nosaka tiem vértibu.
Beigas optimizators izvélas izpildes planu ar viszemako veértibu un atrako izpildes laiku. Ir
lespejams ari iegiit informaciju par izvéléto izpildes planu, izmantojot EXPLAIN PLAN
komandu. (skat. 2.3. nodala) [5]

Piekluves cela izvele loti liela nozime ir optimizatora statistiku atbilstibai esoSajai
situacijai datubaze. Ja tabulai statistikas nav vaktas sen, LAST ANALYZED kolonna tabula
ALL_TABLES bas ar jau sen pagajusu datumu. Ja dati tabula mainas regulari, optimizators
tabulu uzskatis par izméra mazu un izvél€sies pilno tabulas parbaudi. Ja tabula bis krietni
vairak datu neka to parada optimizatora statistikas, optimizators izvél€sies, vinaprat, atrako un
efektivako pieprasijuma izpildes planu, bet patiesiba Sis plans var izradities ilgakais izpildes

zina, jo pilna tabulas parbaude iet caur visu tabulu un tas rindam, kolonnam. 5l
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2.2.1. Microsoft SQL Server 2012 datubaze

Pieprasijumi tiek padoti Microsoft SQL Server datubazei, izmantojot T-SQL. Galvenais
optimizatora uzdevums ir pec iesp&jas atrak izveidot efektivus pieprasijuma izpildes planus.
Ka otro galveno uzdevumu var minét SQL pieprasijuma izpildi datubaze péc izveleta izpildes
plana soliem. (101
Microsoft SQL Server 2012 optimizators sastav no Cetram galvenajam dalam —

pars€Sanas procesa, saistiSanas procesa, pieprasijuma optimiz&Sanas un pieprasijuma izpildes.

(skat. 2.2. attelu)

SQL Statement

Parsing

Parse Tree
A

Binding

Algebrized Tree
v

Query Optimization

Exacution Plan

3
Query Execution

I

L Query Results J

2.2. att. — Microsoft SQL Server optimizatora uzbiive ™

SQL pieprasijums tiek nodots parséSanas un saistiSanas procesam, kura laika tiek
izveidots logisks koks. Katra koka mezgls apraksta logisku operaciju, kuru javeic
pieprasjumam. Pieméram, konkrétas tabulas apskate vai atlases kriteriju ieveroSana.
ParséSanas procesa laika tiek parbaudita padota pieprasijjuma sintakse un pareiziba.
SaistiSanas procesa laika tiek parbaudita nosaukumu atbilstiba eksistgjoSiem objektiem
datubazg. ¥

Talak Sis parstradatais pieprasijuma koks tiek padots pieprasijumu optimizeéSanas dalai.
Pieprasijumu optimizéSanas procesa laika tiek atrasti dazadi pieprasijuma izpildes plana
varianti, kuriem ir noteikta vertiba, skatoties uz optimizatora statistikam un citiem datubazes
parametriem. !

Microsoft SQI Server 2012 optimizéSanas procesa beigas tiek atrasts optimalakais SQL
pieprasijuma izpildes plans. Pieprasijuma izpilde tiek veikta, izmantojot piekluves celus
tabulas datiem un indeksiem. (skat. 2.5. tabulu) SQL Server piekluves celi tiek sadaliti divos

veidos. Indeksu un tabulu parbaude iziet cauri visam objekta rindam, bet indeksu un tabulu
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sasniegSana izmanto B koku vai fiziskas datu adreses, lai pieklttu konkrétai rindai indeksa vai

tabula. ™

2.5. tabula — Microsoft SQL Server piekluves celu veidi

[11]

Piekluves celu veidi

Apraksts

Indeksa sasniegSana (ang. Index Seek)

Izmanto B koka apstaigasanu pa mezgliem,

lai atrastu nepiecieSamo informaciju.

Indeksa parbaude (ang. Index Scan)

Parskata visas indeksa rindas, kas sakartotas

indeksu seciba. Datubaze lieto, kad SQL

(ang. Clustered Index Seek)

pieprasijuma ir noradits ORDER BY
nosacijums.
Mezglota indeksa sasniegSana Atrod rindas no mezglota indeksa,

izmantojot sasniegSanas mehanismu.

Mezglota indeksa parbaude

(ang. Clustered Index Scan)

Parbauda meglotus indeksus. Atgriez tikai
atlasitas rindas, ja ir noradits WHERE
nosacijums. Rindas parada  sakartota
mezglota indeksa seciba, ja tas ir prasits.
Citadi nav garantéts, ka atgrieztais saraksts

bus sakartots.

Atslégas uzmeklésana

(ang. Key Lookup (Clustered))

Atgriez vienu rindu no indeksa saraksta.
BieZi tiek lietots, ja kolonna ir noradita ar

UNIQUE ierobezojumu.

Atslégas uzmeklésana

(ang. RID Lookup (Heap))

Atgriez vienu rindu no indeksa saraksta.
Rindas mekléSana péc identifikatora lauj atri
atrast vélamo rindu, jo S§is rindas atrasanas

vieta jau ir noradita datubaze.

Pilna tabulas parbaude (ang. Full Table

Scan)

Parskata visas tabulas rindas un kolonnas.

Ka pédgjais solis tiek nemta pieprasijuma izpilde péc izpildes plana, kas apraksta

darbibas un algoritmus, p&c kuriem ir iesp&ams iegiit nepiecieSamo informaciju no datubazes.

[10]
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2.3. Pieprasijuma izpildes plans

Datubaze SQL pieprasijuma izpildes laika veic dazadus solus, kas tiek apkopoti

pieprasijuma izpildes plana, paradot pieprasijumu izpildes gaitu un piekluves celus.
2.3.1. Oracle 11g datubaze

Oracle datubazes pieprasijuma izpildes planu var apskatit ar EXPLAIN PLAN
priekSrakstu. Izpildot So komandu, rezultata tiek iegiita tabula, kura &rti un vienkarsi ir
aprakstits SQL pieprasijuma izpildes plans ar piekluves celiem. [5]

Automatiski datubazes uzstadiSanas laika tiek izveidots PLAN TABLE, kas satur
EXPLAIN PLAN priceksraksta izvades informaciju visiem lietotajiem katram pieprasijuma
izpildes planam. PLAN TABLE tiek izveidots ka publisks sinonims katram lietotdjam uz
globalu datubazes pagaidu tabulu. So tabulu var izveidot arf manuali ar catplan.sql instrukciju
virkni.

Oracle iesaka izdzést un parbuivét lokalo PLAN TABLE, ja ir notikusi datubazes
atjauninaSana uz jaunaku versiju, jo var gadities, ka starp datubazu versijam, tabulas kolonnas
un funkcionalitate var biit nedaudz parveidota. ™

Lai iegiitu pieprasijjuma izpildes planu, nepiecieSams tikai SQL pieprasijumam

pievienot EXPLAIN PLAN FOR prieksrakstu. (skat. 2.3. att€lu)

SQL> EXPLAIN PLAN FOR 1
2 SELECT =
3 FROM emp e, dept d
4 WHERE e.deptno = d.deptno
5 AND e.ename = "SMITH®;
Explained.
SQL» J

2.3. att. — Piemérs pieprasijuma izpildes plana iegiiSanas komandai konkrétam SQL
(8]

pieprasijumam
Kad izpildes plans ir paskaidrots, informaciju ir nepiecieSams iegiit no PLAN TABLE.
To var izdarit tr1s dazados veidos:
1. izmantojot utlxpls.sql instrukciju virkni (skat. 2.4. attélu);
2. izmantojot utlxplp.sql instrukciju virkni, ko var palaist ar komandu
@$ORACLE_HOME/rdbms/admin/utixplp.sql;
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3. izmantojot DBMS_XPLAN.DISPLAY tabulas funkciju, ko var palaist ar
komandu SELECT * FROM TABLE ( DBMS_XPLAN.DISPLAY()).

SQL> @PORACLE_HOME/rdbms/admin/utlxpls.sql

Plan Table

| Operation |  Name | Rows | Bytes| Cost | Pstart| Pstop |

| SELECT STATEMENT | |
| NESTED LOOPS | |
|  TABLE ACCESS FULL | EMP |
I I
I I

TABLE ACCESS BY INDEX RO|DEPT
INDEX UNIQUE SCAN | PK_DEPT

8 rows selected.

SQL>

2.4. att. — Piemers izpildes plina iegiiianai ar utlxpls.sql skritpu

Attela 2.4. ir att€lots SQL pieprasijuma izpildes plans. Kolonna OPERATIONS tiek
noradits, ka pieprasijuma izpilde tiks izmantota pilna tabulu parbaude EMP tabulai un rindas
identifikatora parbaude DEPT tabulai. Informacija tiks atlasita, izmantojot arT unikalo indeksu
parbaudi PK_DEPT indeksam. EXPLAIN PLAN komanda neizpilda SQL pieprasijumu
datubaze. Ta tikai parada pieprasijuma izpildes gaitu, piekluves celus, savienoSanas metodes

un savienoS$anas secibas informativos nolukos.

2.3.2. Microsoft SQL Server 2012 datubaze

Ir divi veidi, ka Microsoft SQL Server 2012 att€lo pieprasijuma izpildes planus.

Grafisko veidu var izmantot ar Management Studio. Izpildes plana apskats ir &rts un
intuittvs. Tomér §im apskates veidam ir arT minuss — izpildes plana izmantota piekluves cela
plaSakas informacijas apraksts ir pieejams tikai kursoru novietojot uz attieciga piekluves cela
ikonas. Lai grafiski attélotu izpildes planu Management Studio rikjosla ir janospiez pirma
poga, kas rezultatu sadala izvada izpildes plana grafisku zim&umu un papildus informaciju.
Nospiezot otro pogu, izpildes plans paradisies nakamaja reize, kad tiks palaists attiecigais
SQL pieprastjums. (skat. 2.5. att.) [t

Péc SQL pieprasijuma izpildes cilné Results ir iesp&jams apskatit SQL pieprasijuma
iznakumu, bet cilne Execution plan parada izpildes planu grafiski. Ir iesp&jams redzet

piekluves celu nosaukumus ar atbilstosam tabulam un indeksiem, kas tiek izmantoti

25



konkrétaja soli. Gadijumos, kad SQL pieprasijuma uzbive ir sarezgitaka, ir iesp&jams redzet

izpildes planu, kas parada piekluves celu secibas un saistibu sava starpa. (skat. 2.5. att.) [11]

[11]

2.5. att. — Management Studio izpildes plana grafiska att€losana

Otrs veids ir iegit pieprasijuma izpildes planu tabulari, izmantojot Management Studio.
Lai to izdaritu, ir jaizpilda SET STATISTICS PROFILE ON komanda. Tabularais izpildes
plans uzreiz pec SQL pieprasijuma izpildes ir pieejams rezultatu sadala ka papildus rindas ar
kolonnam ROWS, EXECUTES, STMTTEXT, STMTID un NODEID. Sis apskates veids ir
neparocigs, jo kolonnas STMTTEXT saturs ir griiti salasams. Bet, ja ir nepiecieSamiba,
izpildes plana koda tekstu dublét, tabularais apskates veids ir &rtaks par grafisko apskates

veidu, M

2.4. Optimizatora parametri
Optimizatora darbibu ir iesp&jams kontrolét ar dazadiem parametriem, kas nosaka ta
darbibu dazadas situacijas.
2.4.1. Oracle 11g datubaze

Oracle datubazes pamata ir inicializé€Sanas parametri, kas atrodas inicializacijas faila un
tiek palaisti pie datubazes saknéSanas. Sie parametri nosaka, ka un kados gadfjumos strada

datubaze un tas programmas.
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Oracle dod iesp&ju kontrolét optimizatora darbibu ar pieciem inicializéSanas

parametriem. (skat. 2.6. tabulu) !

2.6. tabula — Oracle inicialize$anas parametri optimizatora kontrolei ©°

InicializéSanas parametrs Apraksts

CURSOR_SHARING Parveido literatiskas  vertibas  SQL

pieprasijumos par saistoSiem mainigajiem.
St parveidoSana uzlabo kursoru
koplietosanu un var ietekmé SQL

pieprasijumu izpildes planus.

DB_FILE_MULTIBLOCK_READ_COUNT | Norada bloku skaitu, kas tiek nolasiti viena
ievadizvades operacija, kamer notiek pilna
tabulas parbaude vai atra pilna indeksu

parbaude.

OPTIMIZER_INDEX_COST_ADJ Regule indeksu vértibu izpildes plana
izveles laika. Iesp&jamas vertibas ir no 1
lidz 10000. Nokluséeta vértiba ir 100, kas
nozimé, ka indeksi tiek vertéti péc
visparpienemta normala veértibas modela
un piekluves celiem. Ja vértiba ir 10, tad
indeksa piekluves cela vértiba ir uzskatama
par desmit reizes zemaku neka ir

visparpienemts.

OPTIMIZER_MODE Uzstada optimizatora rezimu, kad tiek
saknéta datubaze. lesp&amas vertibas ir

ALL_ROWS,  FIRST ROWS n  un

FIRST_ROWS.
PGA_AGGREGATE_TARGET Kontrolé datubazes atminas lielumu, kas
tiek pieskirts kartoSanai un

jausgjsavienojumiem. Jo  lielaks ir
pieskirtas atminas lielums, jo optimizators

izpilda pieprasijumu atrak.
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Ar inicializ€Sanas parametru mainiSanu ir jabiit loti uzmanigam, jo tie ir galvenie
Oracle datubazi raksturojosie parametri. Ja kads tiek mainits neapdomigi, var tikt ietekméti

arT citi paramteri, kas nodroSina datubazes korektu darbibu.

2.4.2. Microsoft SQL Server 2012 datubaze

Microsoft SQL Server 2012 datubaze piedava optimizatora darbibas kontroléSanai tris
parametrus, kas nosaka, kad un ka tiek vaktas pilnas tabulu statistikas. Sos parametrus var
mainit tikai datubazes Iimeni. !

Ja AUTO_CREATE STATISTICS parametrs ir ieslégts, optimizators automatiski vac
kolonnu un tabulu statistikas, ja tas ir nepiecieSams pieprasijuma izpildes planam. Sis
parametrs nevac atlasitas statistikas un statistikas indeksiem. Tas konkréti strada ar kolonnu
statistikam tabulas. ¥

Ja AUTO UPDATE STATISTICS parametrs ir ieslégts, optimizators automatiski
noskaidro, kad tabulu statistikas ir novecojusas, un atjauno tas nakamaja reizg, kad statistikas
ir nepiecieSamas pieprasijuma izpilde. Parasti statistikas kliist novecojusas péc INSERT,
UPDATE, DELETE, MERGE operacijam, kad tiek mainiti dati tabulas. Sis parametrs vac
atlasitas statistikas, statistikas indeksiem un izveidotas statistikas ar CREATE STATISTICS
komandu. !

AUTO_UPDATE_STATISTICS_ASYNC ir asinhrons statistiku vakSanas parametrs,
kas parada, vai optimizators izmanto sinhronas vai asinhronas statistikas. Nokluséta vértiba
Sim parametram ir sinhrona, kas nozimé, ka pieprasijumu izpildes plans tiek izveléts ar
aktualam statistikam. Ja statistikas ir novecojusas, tad optimizators gaida, kad statistikas tiks
atjauninatas, un tikai péc tam izpilda SQL pieprasijumu. Ja ir noradits asinhrons reZims, tad

SQL pieprastjums tiek izpildits arT nemot véra novecojusas statistikas. [
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2.5. Teorijas salidzinajums

Teorijas dala tika apskatitas Oracle 11g un Microsoft SQL Server 2012 datubazu
optimizatora statistikas un procediiras, optimizatora darbibas principi un uzbuve, SQL
pieprasijuma izpildes plans un optimizatoru regul&josie datubazes parametri.

Oracle 11g datubaze statistiku vaksanai piedava DBMS_STATS pakotni ar septinam
iespéjamam procediram un kopa 23 mainamiem parametriem. (skat. 2.1. tabulu) Microsoft
SQL Server 2012 piedava automatisku statistiku vakSanu, ieslédzot parametru
AUTO _CREATE STATISTICS, piedava art manuali ar komandam CREATE STATISTICS
un UPDATE STATISTICS un 7 komandu parametriem (skat. 2.3. tabulu).

Oracle optimizators strada idejiski vienadi ka Microsoft SQL Server optimizators.
Vieniga atskiriba ir procesa solu nodalisana. Salidzinot 2.1. un 2.2. att€lus redzams, ka Oracle
optimizatora sastavdalas ir vienkar$ak sadalitas neka Microsoft SQL Server. Oracle SQL
pieprasijumu parveidotajs atbilst Microsoft parsésanas un saistiSanas procesiem. Aprékinataja
un izpildes plana generatora soli atbilst pieprasijuma optimizéSanas dalai. Microsoft vél
atseviski nodala pieprasijuma izpildes procesu.

Pieprasijuma izpildes plana generéSana atSkiras abas datubazes. Oracle 11g piedava
EXPLAIN PLAN komandu, péc kuras izpildes ir vél nepiecieSams apskatit PLAN TABLE
tabulu, lai redz&tu konkréta SQL pieprasijuma izpildes planu. Bet Microsoft SQL Server 2012
sniedz gan grafiskas, gan tabularas apskates iesp&jas. Neraugoties uz to, ka tabulara iespgja ir
griiti salasama un neparociga, grafiska pieprasijuma izpildes plana apskates iesp&ja sniedz
plasu informaciju par konkréto SQL pieprasijumu un ta izpildi.

Oracle 11g piedava piecus inicializacijas parametrus (skat. 2.6. tabulu), kas palidz
kontrolét optimizatora darbibu datubazes Iimeni. Ar So parametru mainu ir jabut
piesardzigiem, jo, mainot kadu parametru, ir iesp&jams mainit datubazes darbibu cita lIiment.
Pieméram, pieskirot PGA AGGREGATE TARGET lielaku atminas vietu, tieck samazinats
SGA lielums, kas nodroina pasas datubazes darbibu. Sads solis var novest pie loti lénas
datubazes darbibas un pieprasijumu apstrades. Microsoft SQL Server 2012 piedava tris
parametrus optimizatora darbibas kontrolei. (skat. 2.4.2. nodalu) Sie parametri nevar kritiski
ietekmét datubazes darbibu, jo tie ir paredzeti tieSi statistiku vakSanas un optimizatora
darbibas kontrolésanai.

Péc teorijas apskates salidzinajuma var secinat, ka Oracle 11g datubaze piedava

plasakas optimizacijas iesp&jas un komandas neka Microsoft SQL Server 2012.
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3. PRAKTISKA DALA

Pamatojoties uz vispargjo Oracle un Microsoft SQL Server salidzinajumu, praktiskaja
dala tiks izmantotas sistému versijas, kas ir vecakas par 2014. gadu. Tas ir Oracle 11g un
Microsoft SQL Server 2012.

Praktiskaja dala ir planots apskatit Oracle datubazes HR shému, kas tiek parnesta ari uz
Microsoft SQL Server 2012 datubazi, optimizatora statistiku vaksanas komandas pirms un p&c
datu ievades tabulas un konkréta SQL pieprasijuma izpildes plana uzbivi pirms un péc
statistiku vakSanas un datu ievades tabulas.

Ir izveidots ar praktiskas dalas plans, péc kura vadoties, tiek veikts darbs. (skat. 3.1.
tabulu)

3.1. tabula — Praktiskas dalas plans

Npk. Sola nosaukums Sola apraksts

1. | Vides sagatavosana Uz VirtualBox diviem diskiem tiek uzstadita

Windows 7 32-bit operétajsistéma.

2. | Datubazu uzstadiSana Uz viena VirtualBox diska tiek uzstadita Oracle 119
datubaze, uz otra — Microsoft SQL Server 2012

datubaze.

3. | HR shémas izveide Oracle datubazg tiek izveidota HR shéma, iegiits
relaciju modelis un DDL izveides skripts.
Izmanotjot Data Modeler riku, HR shémas izveides
skripts no SQL valodas tiek parveidots atbilstosi
Microsoft SQL Server 2012 shémas izveides

instrukciju virknei.

4. | Statistiku vakSana Tiek savaktas pirmas statistikas abas datubazes ar
idejiski vienadam komandam, atziméts izpildes

atrums un kvalitate.

5. | Datu ievade tabulas Abas datubazes tiek ievaditi sakotné&jie dati ar
100000 rindam.
6. | Izpildes plans SQL Tiek izveidots sarezgits SQL pieprasijums HR
pieprasijumam shéma. Izpildes plani tiek salidzinati abas datubazes.
7. | Statistiku vaksana Statistiku vaksana p&c pirmas datu ievades tabulas.
8. | Izpildes plans SQL Tiek izpildits tas pats SQL pieprasijums HR shéma.
pieprasijumam Izpildes plani tiek salidzinati abas datubazes.
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9. Datu ievade tabulas Abas datubazes tiek ievaditi dati ar 100000 rindam.

10. | Izpildes plans SQL Tiek izpildits tas pats SQL pieprasijums HR sheéma.

pieprasijumam Izpildes plani tiek salidzinati abas datubazes.

P&c praktiskas dalas pirmo desmit solu izpildes tiek atkartoti 7. lidz 10. solis tris reizes.
Sada shéma palidzés praktiski paradit SQL pieprasijumu izpildes plana atrumu pirms un péc
statistiku vakSanas un datu ievades tabulas. Ka ar paradis statistiku korektumu pirms un péc

apjomigas datu ievades tabulas.

3.1. Datubazu uzstadiSana

Datubazes tiks instalétas katra uz sava VirtualBox diska. Ka tika noskaidrots DBMS
vispargja salidzinajuma nodala, vienigais kopigais servera operétajsistému atbalsts ir ar
Windows 7 32-bit versiju, ko tika nolemts izmantot labakas SQL datubazu salidzinajuma

parskatamibas del.
3.1.1. Oracle 11g datubazes uzstadisana

Pirms Oracle 11g Enterprise datubazes instalacijas uz Windows 7 32-bit versijas
operétajsisttmas ir nepiecieSams izpildit uzstadiSanas prasibas, lai datubaze varétu darboties
atbilstoSi pamata uzstadijumiem.

UzstadiSanas prasibas: 7]

e Aparatiira:
e Procesors — Intel (x86), AMDG64, Intel EM64T
e RAM-2GB
e Virtuala atmina — 2GB
e Atminas lielums diska — vismaz 5.35GB
e Ekrana izskirtsp&ja — 1024 x 768
e Pagaidu direktorijas lielums — 500MB
e Oracle majas direktorijas lieclums — 3.6GB
o Datu direktorija lielums — 1.9GB
e Programmatura:
e Operétajsisteému atbalsts — izvelets Windows 7 Professional
e Tikla protokols — TCP/IP

e Stradajoss saimniekdatora nosaukums;
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Gadijuma, ja nav izpildita kada no pamata uzstadiSsanas prasibam, Oracle automatiski
datubazes uzstadiSanas laika parbauda §is prasibas un dod pazinojumu, ja kada nav izpildita.

Oracle 11g datubazes uzstadiSana sastav no divam datném, kas tiek novietotas viena
mapé un atarhivétas. Lai palaistu OUI, nepiecieSams tikai atvért setup.exe datni. Datubazes
uzstadiSanas process ir vienkarSs, €rts un intuitivs. Ka galveno uzstadiSanas soli var miné&t
konfiguracijas dalu, kura ir janorada galveno mapju nosaukumus, datubazes nosaukumu un

administrativo paroli. (skat. 3.1. att.) I'!

&y Oracle Database 11g Release 2 Installer - Installing database - Step 4 of & EI ExT]

Typical Install Configuration OR}ACI_E 11g
D ATABASE

Perform full Databasze installation with basic configuration.

i Oracle bage: |C:\app\admin |'| | Erovvse |
System Class .
Software location: | Chappladmintproduct 1.2 Didhome_1 7| | Browse |
;T{ Typical Installation —
« Ererequisite Checks Database file location: |C:\app\admin'ﬂnrada’[a | |Br0ﬂse |
Database ecition: |Enterprise Edition (3.27GE) 7|
Character Sef |Detaut amEEMSIAINT 252) |
Global database name: |0rcl |

Administrative passward:

PUR— |

Confirm Passwoaord: \’?

PR |

| Help | | = Back || Pt = | | Cancel |

o~

3.1. att. — Oracle 11g datubazes uzstadisanas konfoguracijas dala 71
P&c konfiguracijas dalas izpildes OUI parbauda uzstadiSanas prasibu izpildi. Ja visas

prasibas ir ievérotas, OUI sak Oracle 11g datubazes uzstadiSanu. Gadijuma, ja kada no

prasibam nav izpildita, datubazes uzstadiSanas process neturpina darbu. (skat. 3.2. att.)
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4
&' Oracle Database 11g Release 2 Installer - Installing database - Step 7 of & EI@

Install Preduct DF‘?ACI—E 113
DATABASE

Progress
/l\ 18% |
/]\ Extracting files to 'Clappiadminiproduct®! 1 .2 0dbhome_2'.
/l\
] Status
e Oracle Database installstion In Progress
! Install Product "« Prepare Succeeded
[ e » Copy files In Progress
+ Setup files Pending
Oracle Databasze configuration Pending
| Details |
n ._ %\ bowt L | LA o
ORACLE' 11g ﬂ'.*' -, . n 1 - Cl- - Consolidate on Fast,
" DATABASE = e . )
— ':g: s S T " .’ Reliable, and Scalabla
Grid Computing e = oy SmEm . ieens. | Low-Cost Grids
T - ~ g B ‘é_ <KMWL=
| Help | | Cancel |

3.2. att. — Oracle 11g datubazes uzstadisana !

OUI procesa laika sagatavo operétajsist€émas uzstadijumus, kopé datnes no atarhivétas
mapes uz sistému, sakné iestatnes instrukciju virknes un konfiguré Oracle datubazes pamata

un tikla uzstadijumus.

3.1.2. Microsoft SQL Server 2012 datubazes uzstadisana

Pirms Microsoft SQL Server 2012 Enterprise datubazes uzstadisanas uz Windows 7 32-
bit versijas operétajsisteémas ir nepieciesams izpildit uzstadisanas prasibas, lai datubaze varétu
darboties atbilstosi pamata uzstadijumiem.

UzstadiSanas prasibas: [12]

e Aparatira:
e Procesors — Pentium Ill1-compatible vai atraks
e RAM-1GB
e Atminas lielums diska — vismaz 6GB
e Ekrana iz8kirtsp&ja — Super-VGA (800x600) vai augstakas izSkirtsp&jas
ekrans

e Programmatura:
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e Operétajsisteému atbalsts — izvelets Windows 7 Professional

e Tikla protokols — TCP/IP

e .NET Framework

Microsoft SQL Server 2012 uzstadi$ana sastav no vienas atarhivétas mapes. Lai palaistu

uzstadiSanas procesu, nepiecieSams atvért setup.exe datni. P&c sist€émas prasibu izpildes
parbaudes tiek atvérts SQL Server Installation Center logs, kas lauj apskatit datubazes
plano$anas, uzstadiSanas, uzturéSanas, programmatiiru, resursu un papildinato uzstadijumu
sadalas. [13]

Tiek atverta uzstadiSanas sadala un izvéléta ,,New SQL Server stand-alone installation

or add features to an existing installation” iesp&ja. (skat. 3.3. att.)

an existing installation

Planning b New SQL Server stand-alone installation or add features to

Installation
Launch a wizard to install SQL Server 2012 in a
Maintenance non-clustered environment or to add features to an existing
SQL Server 2012 instance.

Tools

e New SQL Ser ilover cluster installation
R b lews SQL Server failover cluster installation

Lad Launch a wizard to install a single-node SQL Server 2012

Advanced failover cluster.
Options f Add node to a SQL Server failover cluster

v

gy

Launch a wizard to add a node to an existing SQL Server
2012 failover cluster.

Y= Upgrade from SQL Server 2005, SQL Server 2008 or SQL
4 Server 2008 R2

Launch a wizard to upgrade SQL Server 2005, SQL Server
2008 or SQL Server 2008 R2 to SQL Server 2012.

R, Microsoft

-~ SQL Server2012

3.3. att. — SQL Server Installation Center programmatiira ™

Sekojosos solos tiek apskatitas tadas uzstadiSanas sadalas ka ,,Setup Support Rules”,
,Product Key”, ,License Terms”, , Product Updates” un ,,Install Setup Files”. Ka nakamais
solis tiek veikta pogas ,,Install” izvéle, kas parada vél izpildamos solus pirms Microsoft SQL
Server 2012 datubazes uzstadisanas. !

Talak jaatzimé paris uzstadijumi un paroles tados solos ka ,,Setup Support Rules”,

,,oetup Role”, ,,Feature Selection”, ,,Instance Configuration”, ,,Server Configuration”. P&c So
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solu izpildes tiek izdots pazinojums, ka SQL Server Installation Center programmatiira ir

gatava uzstadit Microsoft SQL Server 2012 datubazi. (skat. 3.4. att.) I**!

1 SOL Server 2012 Setup EI@
Ready to Install

Werify the SQL Server 2012 features to be installed.

Setup Support Rules Ready to install SQL Server 2012

Setup Role - Summary N
Feature Selection - Edition: Enterprise |
Installation Rules - Action: Install (Product Update) 3

Instance Configuration = p=IIErEE|UIEItEE
_ . - Already installed:

Disk Space Requirements | L Windows PowerShell 2.0

i~ Microsoft MET Framework 3.5

Database Engine Configuration 5 Te be installed frem media:

- Microsoft MET Frarmework 4.0 (may require reboot)
- Microsoft Visual Studic 2010 Shell

- Microsoft Visual Studic Tools for Applications 3.0

Server Configuration

Analysis Services Configuration
Repeorting Services Configuration

Distributed Replay Controller = General Configuration

Distributed Replay Client - Features

Error Reperting - Database Engine Services

- 5L Server Replication

- Full-Text and Semantic Extractions for Search

Ready to Install | Data Duality Services X

4 I 3

Installation Cenfiguration Rules

Installation Progress

Complete Configuration file path:

Ch\Program Files\Microsoft SQL Server'11005etup Bootstrap'Logh20150527_184135 ConfigurationFile.ini

E ‘ < Back ‘ ‘ Install ‘ ‘ Cancel ‘ | Help

3.4. att. — SQL Server Installation Center uzstadi¥anas gatavibas apstiprinajums **

Microsoft SQL Server 2012 uzstadisana beidzas ar apstiprinajuma logu.

3.2. HR shéma

Oracle piedava iespgju datubazeé uzstadit arl parauga sh&ému ar tabulam, indeksiem,
secibam, skatiem. Praktiskas dalas ietvaros ir izvéléta HR shéma, kas apraksta kada
uznémuma cilvekresursu dalas informaciju par darbiniekiem un pieejamajiem amatiem
uznémuma. 4]

HR shéma tiek glabata informacija par darbinieku, vina vards un uzvards, e-pasta
adrese, identifikacijas numurs, alga, darba vaditajs utt. Ir iesp&jams arl atrast zinas par
pieejamajiem amatiem uznémuma, minimalajam un maksimalajam algam konkréta amata. Ir
ar1 apskatiti dazadadi gadijumi, pieméram, darbinieks uznémuma strada jau ilgi un amatus ir
nomainijis vairakkart, katrs darbinieks strada konkréta uzp@muma nodala ar unikalu

nosaukumu vai identifikacijas numuru, nodalas atrodas konréta geografiska vieta, kuras HR

shéma tiek arT paskaidrotas ar pilnam adreseém.
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HR shému uzskatamak var att€lot ar logisko relaciju modeli. (skat. 3.5. att.) Pilnu

relaciju modeli var apliikot 1. pielikuma.

(" EMPLOYEES JOBS JOB HISTORY
# " EMPLOYEE ID #" JOB ID _ | # START DATE ,ﬂ EMP DETAILS VIEW ™
oFIRST NAME " JOB TITLE " END DATE employee_id NUMERIEC (&)
" LAST NAME o MIN SALARY job_id WARCHAR (10)
U™ EMAIL o MAX SALARY manager_id HMUMERIC (&)
oPHOME NUMEBER — 1 department_id NUMERIC (4)
" HIRE DATE pai location_id NUMERIC (4)
o SALARY - country_id CHAR (2}
o COMMISSION PCT first_name WARCHAR (20)
- : REGIONS last_name WARCHAR (25)
Vo Y #" REGION ID salary NUMERIC (8,2)
I - oREGION NAME commission_pct NUMERIC (2.2)
| | department_name WARCHAR (30)
| | job_title WARCHAR (35)
| | LOCATIONS | city WARCHAR (30)
#" LOCATION ID A state_province WARCHAR (25)
DEPARTMENTS oSTREET ADDRESS COUNTRIES NG o B
& DEPARTMENT ID POSTAL CODE 57 GRNTTET [T region_name WARCHAR (25}4/,
" DEPARTMENT NAME "EITY - aCOUNTRY NAME
oSTATE PROVINCE

3.5. att. — Logiskais relaciju modelis HR shemai ™"

HR shéma sastav no: 4
e Vviena skata;
e divam procediiram;
e diviem trigeriem;
e tris secibam,;
e septinam tabulam;
e devinpadsmit indeksiem.

EMP_DETAILS VIEW ir HR shémas skats, kas parada uzreiz visu nepiecieSamo
informaciju, kas biitu jazina par katru darbinieku. Vieglak ir atlasit datus no skata, nevis
rakstit vairakus SQL pieprasijumus katrai tabulai, lai noskaidrotu v&lamo informaciju. Sis
skats norada darbinieka vardu, uzvardu, darbinieka, amata, vaditaja, nodalas, vietas, valsts
identifikacijas numuru datubazg, darbinieka algu, nodalas, amata nosaukumu, pilsétu, regionu,
valsti, kura darbinieks dzivo un strada. (skat. 3.5. att.) 4

ADD_JOB_HISTORY ir procedira, kas pievieno ierakstu JOB HISTORY tabula par
darbinieku, kas ir nomainijis amatu darba vieta. SECURE DML ir procediira, kas kontrolg,
vai darbinieks, veicot izmainas datubaze, dara to péc darba laika standartiem. Ja tas notiek
virsstundu laika, §1 procediira parada kliidas pazinojumu, ka veikt izmainas ir iesp&ams tikai

darba deve€ja noteiktas darba laika stundas un nedélas dienas. 4]

SECURE_EMPLOYEES un UPDATE_JOB_HISTORY
ADD _JOB_HISTORY un SECURE DML procediiru izpildes sakumu. I

ir trigeri, kas kontrolé
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DEPARTMENTS SEQ, EMPLOYEES SEQ, LOCATIONS SEQ ir datubaze
izveidotas secibas, kas atvieglo unikalu ierakstu ievadi tabulas. [14]

HR shéma ir septinas tabulas. " COUNTRIES tabula sniedz informaciju par valsti,
kura atrodas uznémuma nodala. Kolonna COUNTRY_ID ir tabulas primara atsléga, kas
datubazé tiek definéta ka unikals COUNTRY C ID PKX indekss. Citu indeksu tabulai
COUNTRIES nav.

REGIONS tabula parada uznémuma nodalas atrasanas valsts regionu. Kolonna
REGION ID ir tabulas primara atsléga, kurai ir izveidots viens unikals REG ID PKX
indekss.

LOCATIONS tabula apraksta uznémuma nodalas atraSanas vietu, adresi, pilsétu. Ir
pieejami 4 indeksi, kas norada uz 4 tabulas kolonnam. LOCATIONS primara atsléga ir
unikals LOC ID PKX indekss, pargjie var but neunikali. LOC STATE PROV IX un
LOC CITY IX norada wuz STATE PROVINCE un CITY kolonnam, bet
LOC_COUNTRY _IX ir LOCATIONS tabulas COUNTRY _ID sekundaras atslégas indekss.

DEPARTMENTS tabula sniedz informaciju par katru uzp€émuma nodalu, tas
nosaukumu, atrasanas vietu un nodalas vaditaju. DEPT ID PKX ir tabulas primaras atslégas
indekss, bet DEPT LOCATION IX ir sekundaras atslégas indekss uz LOCATIONS tabulu.

JOB_HISTORY tabula uzskaita darbiniekus, kas ir mainijusi amatu uznémuma ietvaros.
JHIST_ID_DATE_PKX ir saliktas primaras atslégas indekss, kas apvieno EMPLOYEE_ID
un START DATE kolonnas. Tabulai JOB HISTORY ir definéti veél tris indeksi
(JHIST_DEPT_IX, JHIST EMP IX, JHIST JOB IX), kas norada uz sekundarajam
atslegam.

JOBS tabula parada visus iespgjamos amatus uznémuma un ta nodalas, minimalas un
maksimalas algas katram amatam. Pieejams ir tikai primaras atslégas indekss ar nosaukumu
JOB_ID_PKX.

EMPLOYEES tabula sniedz informaciju par katru darbinieku, ta adresi,
kontaktinformaciju, algu. ST tabula uzbiives zina ir vislielaka no visam tabulam HR shéma.
Tai ir seSi indeksi, no kuriem primaras atslegas indeksam EMP_EMP_ID PKX un unikalo
ierakstu kolonnas indeksam EMP_EMAIL UK ir jabut unikaliem. EMP NAME IX, EMP
MANAGER_IX, EMP_JOB_IX un EMP_DEPARTMENT_IX ir tabulas EMPLOYEES
sekundaro atslégu indeksi.

Ar plasaku HR shémas tabulu aprakstu, kolonnu nosaukumiem un datu tipiem var

iepazities 4. pielikuma. 4]
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3.3. Datu ievade, statistiku vaks$ana un izpildes planu generéSana Oracle un Microsoft
SQL Server 2012 datubaze

Sakuma situacija datubazes ir uzstadita tukSa HR shéma ar septinam tabulam. Pilns
tabulu izveides skripts Oracle datubazei ir pieejams 2. pielikuma un Microsoft SQL Server
datubazei ir pieejams 3. pielikuma. Vispirms tiek savaktas sakuma optimizatora statistikas, jo
nesen uzstadita datubazes sistéma nav informacija par tabulam, indeksiem vai citiem
objektiem. Ta ka praktiskaja dala tiek apskatita tikai HR shéma, optimizatora statistikas tiek
vaktas tikai §im objektam, izmantojot DBMS STATS pakotnes procediiru ar parametriem,
kas idejiska limeni ir pielidzinami ari Microsoft SQL Server 2012 datubazes statistiku
vaksanas komandas CREATE STATISTICS parametriem. Attéla 3.6. ir redzama optimizatora

statistiku vakSanas komanda Oracle 11g datubazg, izmantojot komandrindu.
S QL

SQL> execute dbmz_stats.gather_schema_stats Cownname => ‘HR'. estimate_percent =
> 188, options = *GATHER’>;

PL-S8QL procedure successfully completed.

3.6. att. — Statistiku vak$ana Oracle datubazg, izmantojot DBMS_STATS pakotni

GATHER SCHEMA STATS procediras OWNNAME parametrs norada shemu, kurai
ir javac statistikas, ESTIMATE PERCENT norada procentualo rindu noveérte§jumu péc kura
vadities. Ir izvélets 100 procentigs rindu noveértéjums, jo shémas lielums ir mazs, tabulas nav
ierakstu un komanda izpildisies salidzinosi 1sa laika posma. OPTIONS parametrs GATHER
norada, ka statistikas tiks vaktas pilnigi visiem objektiem noraditaja shema. Ar detalizétaku
parametru aprakstu var iepazities 2.1.1. nodala. ST komanda izpildijas 9.49 milisekundgs, jo
HR shéma ir izmeéra neliela, taja ir tikai septinas tabulas bez datiem.

Microsoft SQL Server 2012 datubazg pirmreizgjas statistikas tiek vaktas ar CREATE
STATISTICS komandu, noradot statistikas, tabulas nosaukumu un kolonnas, bet talakie
statistiku vaksanas soli tiek veikti ar UPDATE STATISTICS komandu, noradot tikai tabulas

nosaukumu. (skat. 3.7. att€lu)

CREATE STATISTICS =statl
ON dbo.table name (column name, column name)
WITH SAMFLE PERCENT ;

UPDATE STATISTICS dbo.table name;

3.7. att. — Statistiku vaksana Microsoft datubaze
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Optimizatora statistikas ar 3.6. un 3.7. att€los redzamajam komandam tiek vaktas starp
datu ievadem tabulas, lai butu iesp&jams noverot statistiku vakSanas atruma izmainas atkariba
no datu apjoma tabulas.

HR shémas tabulas REGIONS, COUNTRIES, LOCATIONS, DEPARTMENTS,
EMPLOYEES, JOBS, JOB HISTORY tiek ievaditi sakuma dati ar INSERT INTO TABLE
VALUES komandu. Kopuma praktiskas dalas laika tabula EMPLOYEES tiek ievaditi 400107
rindu, REGIONS — 4, COUNTRIES — 25, LOCATIONS - 23, DEPARTMENTS - 27, JOBS
— 19, JOB_HISTORY — 10. Talakos solos dati tiek ievaditi tikai EMPLOYEES tabula, jo
nepiecieSams tikai uzskatami redze€t, ka tiek vaktas statistikas un ka strada optimizators pie
lielakam datu tabulam. Ar konkr&tam datu ievades komandam var iepazities 5. pielikuma.

Oracle optimizatora statistiku vaksanas kvalitati var uzzinat, izmantojot divus lielumus.
Tiek skatita DBA TABLES tabulas NUM_ROWS kolonna, kas parada tabulas rindu skaitu
no sistémas skatu punkta, salidzinajuma ar patieso tabulas rindu skaitu, izmantojot
COUNT(*) komandu. M8 Turpreti Microsoft salidzina SHOW_STATISTICS parametra
ROWS veértibu ar patieso tabulas rindu skaitu, izmantojot COUNT(*). Optimizatora statistiku

procentuala novirze tabulam tiek aprékinata péc 3.1. formulas:

Patiesie dati —sistémas dati

*100% (3.1.)

Patiesie dati

Procentualas novirzes HR shémas tabulam tiek apkopotas pirms un péc statistiku
vak§anas datubazg, lai butu iesp&jams precizak noteikt, cik kvalitativi ir savaktas optimizatora
statistikas datubaze. Ta ka dati tika ievaditi tikai EMPLOYEES tabula, procentualas novirzes
mainfjas tikai Sai tabulai. Attela 3.8. ir att€lotas procentualas novirzes aprékinasana

izmantotas komandas tabulai REGIONS, [¢]

select count(*) from HR.REGICOHS;
select num rows from dba tables where table name ='EEGICHS' and owner = "HRE';

3.8. att. — Tabulas REGIONS procentualas novirzes aprékinasana izmantotas komandas [16. 18]

HR shéma uzreiz péc datu ievades tabula un optimizatora statistiku atjaunosanas tiek
noskaidroti tris SQL pieprastjumu izpildes plani. Sadi biis iespgjams novértét, vai izpildes
plana struktiira mainas, mainot datu apjomu datubaz€ un papildinot rindu skaitu tabulas no
sist€émas skatu punkta. 6. pielikuma ir paraditi tris izmantotie SQL pieprasijumi. [7]

Pirmais SQL pieprasijums parada nodalas nosaukumu un darbinieku skaitu katra no

tam. Otrais pieprasijums apkopo informaciju par amatu, nodalu, darbinieku un darba sakuma

39



datumu katram amatam no 1999. gada lidz 2000. gadam. P&dgjais SQL pieprasijums parada
amatu un vidgjo algu, ko sanem darbinieki. [17]

Ar Oracle 11g datubazes praktiskas dalas pilniem darbibu soliem var iepazities 7.
Pielikuma, bet 8. pielikuma ir att€loti Microsoft SQL Server 2012 datubazes praktiskas dalas
soli. Piecu praktisko solu izpildes laika optimizatora statistikas tika vaktas seSas reizes, kopa
tabula EMPLOYEES tika ievaditas 400107, procentualas novirzes tika rékinatas 10 reizes un
katram SQL pieprasijumam tika izveidoti 10 izpildes plani. Ar rezultatu salidzinajumu var

iepazities 3.5. nodala.

3.4. Praktiskas dalas rezultatu salidzinajums

Saja nodala ir apkopots praktiskas dalas rezultatu salidzindjums un secindjumi gan

datubazes robezas, gan starp Oracle 11g un Microsoft SQL Server 2012 datubazém.

3.4.1. Oracle 11g datubazes rezultati

Oracle datubazes pétnieciskais process tika veikts atbilstosi iepriek§ izstradatam

testéSanas planam. Tabula 3.2. ir apkopoti visi iegiitie rezultati.

3.2. tabula — Oracle praktiskas dalas rezultatu kopsavilkums

Darbibas nosaukums

1. sola

rezultati

2. sola

rezultati

3. sola

rezultati

4. sola

rezultati

S. sola

rezultati

Pirmreizgja statistiku vaksana

9.42 ms

Procentualas novirzes

100%

99.89%

49.99%

33.32%

69.96%

Pirma SQL pieprasijuma izpildes
plana izmainas péc datu ievades

tabula

Otra SQL pieprasijuma izpildes
plana izmainas péc datu ievades

tabula

Tresa SQL pieprasijuma izpildes
plana izmainas peéc datu ievades

tabula

Statistiku vakSana

2.79 ms

7.67 ms

56.84 ms

22.74 ms

42.90 ms

Procentualas novirzes

0%

0%

0%

0%

0%

Pirma SQL pieprasijuma izpildes

plana izmainas péc statistiku

Ir

1zmainas
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atjaunoSanas

Otra SQL pieprasijuma izpildes | - Ir - - -
plana izmainas péc statistiku izmainas
atjaunosanas

Tresa SQL pieprasijuma izpildes | Ir - - - -
plana izmainas péc statistiku | izmainas

atjaunosSanas

Apkopojot praktiskaja dala iegiito informaciju, ir iesp&ams izvirzit secinajumus, kas
atspogulo optimizatora uzvedibu, darbibas atrumu un kvalitati dazadas situacijas.

Péc datiem no 3.3. tabulas var teikt, ka optimizatora statistiku vakSanas atrums liela
mera ir atkarigs no izv€letajiem parametriem un datu apjoma tabulas. Statistiku pirmreizgja
vaksana uzreiz péc datubazes uzstadiSanas aiznem ilgaku laiku neka pirma statistiku vaksana
pec datu ievades tabulas. Ir iesp&jams noverot statistiku vaksanas atruma samazinajumu pec
katru 100 000 rindu ievades datubazes tabula, jo ar katru datu ievadi analiz&amo datu apjoms
pieaug.

Statistiku vakSana datubazé uzlabo izpildes plana kvalitati, jo optimizators izpildes
plana izvéles procesa laika redz aktualaku datubazes tabulu un rindu daudzumu. Tada veida
optimizators var izveléties atrako izpildes planu, jo tam ir pieejama atjaunotaka informacija.
To apliecina arT procentualas novirzes aprékinaSanas solis. Pec datu ievades tabula sisteéma
redz krietni mazaku tabulas apjomu neka patiesiba. Bet uzreiz péc optimizatora statistiku
atjaunoSanas procentuala novirze kliist mazaka.

P&c praktiskas dalas veikSanas tika noverots, ka katrs SQL pieprasijums mainija izpildes
planu vienu reizi. Pirma un otra SQL pieprasijuma izpildes plans mainijas 2. sola laika, bet
treS$a SQL pieprasijuma izpildes plans jau mainijas 1. soli. Optimizators visiem SQL
pieprasijjumiem mainija izpildes kartibu tieSi péc statistiku atjaunoSanas datubaze. Jau péc
pirmas datu ievades tabula optimizators izleéma treSo SQL pieprasijumu izpildit ar plaSakiem
indeksu piekluves celiem. No sakuma tas veica full table access un index range scan. Bet,
piecaugot datu apjomam tabula, nav pratigi veikt full table access, tapéc izpildes plans tika
parveidots, nemot hash join, index fast full scan, index unique scan piekluves celus. Var
secinat, ka Oracle optimizators SQL pieprasijuma izpildes plana izvéle balstas vairak uz

statistikam, tadgjadi izveloties atrakos un efektivakos izpildes planus.
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3.4.2. Microsoft SQL Server 2012 datubazes rezultati

Microsoft datubazes praktiska dala tika veikta atbilsto$i ieprieks izstradatam testéSanas

planam. Tabula 3.3. ir apkopoti visi iegltie rezultati.

3.3. tabula — Microsoft praktiskas dalas rezultatu kopsavilkums

Darbibas Nosaukums 1. sola 2. sola 3. sola 4. sola 5. sola
rezultati | rezultati | rezultati | rezultati | rezultati

Pirmreizgja statistiku vakSana 10.02ms | - - - -
Procentualas novirzes 100% 99.89% |98.75% | 98.75% | 75.43%
Pirma SQL pieprasijuma izpildes | - Ir - - -
plana izmainas péc datu ievades izmainas
tabula
Otra SQL pieprasijuma izpildes | - - - - -
plana izmainas pec datu ievades
tabula
Tresa SQL pieprasijuma izpildes | - Ir - - -
plana izmainas péc datu ievades izmainas
tabula
Statistiku vakSana 456ms | 654ms |7.03ms |7.04ms |12.17ms
Procentualas novirzes 0% 0% 0% 0% 0%

Pirma SQL pieprasijuma izpildes

plana izmainas péc statistiku

atjaunoSanas

Otra SQL pieprasijuma izpildes

plana izmainas péc statistiku

atjaunoSanas

Tresa SQL pieprasijuma izpildes

plana izmainas péc statistiku

atjaunoSanas

Apkopojot informaciju, kas tika savakta praktiskaja dala, ir iesp&ams izvirzit

secinajumus, kas atspogulo Microsoft SQL Server 2012 datubazes optimizatora uzvedibu,

darbibas atrumu un kvalitati dazadas situacijas.



Statistiku vakSanas atrumam samazinoties datu apjoma pieauguma dél, procentualas
novirzes ar samazinas. Jo ilgak tiek vaktas optimizatora statistikas datubazg, jo kvalitativakas
tas tiek glabatas datubaze.

Ar1 Microsoft SQL Server 2012 datubazé optimizatora statistiku vakSanas atrums ir
atkarigs no datu apjoma tabulas. Pie lielakas fiziskas atminas izmantoSanas datubaze,
apstradajamie dati un tabulas pieaug skaitliska zina. Ir nepieciesams ilgaks laiks, lai
apstradatu visus datus.

P&c informacijas apkoposanas tika noskaidrots, ka optimizators ir mainijis SQL izpildes
planus pirmajam un treSajam pieprasijumam 2. sola laika tiesSi péc datu ievades tabula. SQL

izpildes planus var apskatit 8. pielikuma.
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REZULTATI

Darba tika izpé&titas un salidzinatas Oracle 11g un Microsoft SQL Server 2012 datubazu
optimizacijas iesp&jas un parametri. Ir plasi pieejama informacija par pasam datubazém, to
uzstadijumiem, komandam, bet ir apgrutinati atrast vienuviet apkopotu informaciju par
optimizatoru un ta darbibu. Oracle datubazes avoti sniedz plasaku ieskatu risinamaja
probléma neka par Microsoft pieejamajos materialos.

Darba risinama probléma ir izpétita un ir gits priekSstats par popularako datubazu
optimizacijas iesp&jam, optimizatora darbibas principiem un uzbivi. So darbu var uztvert ka
informativu materialu, kas apraksta datuzbazu optimizacijas procesu un ta salidzinajumu starp
dazadam datubazem.

Optimizators ir iebtivéta datubazu parvaldibas sistémas programmatira gan Oracle
datubaze, gan Microsoft SQL Server 2012 datubazg, kas, izanaliz&jot dazadus parametrus,
nosaka visefektivako un labako veidu, ka izpildit konkrétu SQL pieprasijjumu datubaze.
Lielakaja dala gadijumu cilvéki, kas strada ar konkrétu datubazi, neiedzilinas optimizacijas
procesa un ta iespgjas tikai lidz bridim, kad datubazes darbiba un veiktsp&ja ir salidzinosi
mazaka neka ieprieks. Ir jamak atSkirt, kad datubazes veiktspgja ir zemaka d€] optimizatora
darbibas. Vairuma gadijumu vainigi ir servera uzstadijumi un uzblive, nepreciza tikla
konfiguracija vai noslodzes lielums.

Statistiku vaksana datubazé uzlabo izpildes plana kvalitati, jo optimizators izpildes
plana izvéles procesa laika redz aktualaku datubazes tabulu un rindu daudzumu. Tada veida
optimizators var izvél&ties atrako izpildes planu, jo tam ir pieejama atjaunotaka informacija.

Ir novérojamas SQL pieprasijjumu izpildes planu mainas pirms statistiku vaksSanas
salidzinajuma ar optimizatora statistiku atjaunoSanu. Optimizators ir sp&jigs izveleties
efektivako izpildes planu, pamatojoties uz informacijas daudzumu datubaze par tabulu, rindu
un indeksu apjomu.

P&c praktiskas dalas salidzinajuma ir redzams, ka Oracle optimizacijas process ir atraks
un kvalitativaks, optimizators apdomigak izv€las SQL pieprasijumu izpildes planus neka
Microsoft optimizators.

P&c teorijas apskates salidzinajuma var secinat, ka Oracle 11g datubaze piedava
plasakas optimizacijas iesp&jas, komandas un parametrus neka Microsoft SQL Server 2012. Jo
plasaka ir pieejama informacija, jo vieglak ir izv€léties statistikas vakSanas veidu un apjomu

konkréeta datubaze.
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SECINAJUMI

Ir ieteicams ieguldit lidzeklus un spéku optimizacijas procesu izpeté ar mérki uzlabot
datubazes darbibu. Kvalitativas optimizatora statistikas dod iesp&ju datubazei stradat atrak un
efektivak. Ir svarigi izvéleties, ka un cik daudz ir nepiecieSams vakt optimizatora statistikas
datubaze. Ja tas tiks darits parak biezi, statistiku vakSanas process var noslogot sisttmu un
samazinat datubazes sniegumu. No otras puses, ja statistikas netiek veidotas vispar vai reti,
sist€mas sniegums biis neapmierinoss, laikietilpigs un resursus aiznemoss.

ST darba praktiska dala sastavéja tikai no pieciem soliem ar aptuveni 400 000 rindu
ievadi tabula, kas lava idejiski novérot optimizatora darbibu un SQL pieprasijumu izpildes
planu izveli pirms un pé&c statistiku atjaunosSanas datubazg, pirms un péc lielas datu ievades.
Lai butu iesp&jams veikt kvalitativus secinajumus un argumentaciju, balstttus uz praktisko
dalu, biitu nepiecieSama datu ievade visas HR shémas tabulas lielaka apjoma. Latvijas
Universitates Datorikas fakultates kursa darba ietvaros tika pétits Oracle optimizators
uznémuma produkcijas vid€, kura sastavgja pat no 14 000 000 rindu viena tabula. P&c tik
lielas praktiskas dalas parbaudes, optimizators uzradija procentualo novirzu starpibas un
dazadus lielumus arT péc statistiku vaksSanas. Bija iesp€ja plasak izanalizet iegiitos rezultatus,
parametru dazadibu un optimizatora darbibu salidzinajuma ar realu datubazes serveri un ta
noslodzi. Talak p&tot optimizacijas iesp&ju salidzinajumu dazadas datubazes bitu lietderigi
apkopot informaciju vél par paris popularakajam datubazém, dazadam to versijam un to
darbibu uz realiem serveriem un darba ar cilvékiem.

Sis darbs kalpo ka informativs materials visiem interesentiem, kam ir nepiecie$ama

optimizatora darbibas reguléSana gan Oracle 11g, gan Microsoft SQL Server 2012 datubazg.
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2. pielikums — Tabulu izveide Oracle datubazeé

CREATE TABLE JOB_HISTORY/(

EMPLOYEE_ID NUMBER (6) NOT NULL,

START_DATE DATE NOT NULL,

END DATE DATE NOT NULL,

JOB ID VARCHAR2 (10 BYTE) NOT NULL,

DEPARTMENT _ID NUMBER (4)) LOGGING;
ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_DATE_CHECK CHECK
(end_date > start_date);

CREATE INDEX JHIST _JOB_IX ON JOB_HISTORY(JOB_ID ASC)LOGGING;
CREATE INDEX JHIST_EMP_IX ON JOB_HISTORY(EMPLOYEE_ID ASC)LOGGING;
CREATE INDEX JHIST_DEPT_IX ON JOB_HISTORY(DEPARTMENT _ID
ASC)LOGGING;

CREATE UNIQUE INDEX JHIST_ID_DATE_PKX ON JOB_HISTORY(EMPLOYEE_ID
ASC, START_DATE ASC);

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_ID_DATE_PK PRIMARY
KEY(EMPLOYEE_ID, START _DATE);

CREATE TABLE COUNTRIES(
COUNTRY_ID CHAR (2 BYTE) NOT NULL,
COUNTRY_NAME VARCHAR?2 (40 BYTE),
REGION_ID NUMBER)LOGGING;

CREATE UNIQUE INDEX COUNTRY_C_ID_PKX ON COUNTRIES(COUNTRY_ID
ASC):

ALTER TABLE COUNTRIES ADD CONSTRAINT COUNTRY_C_ID_PK PRIMARY
KEY (COUNTRY_ID);

CREATE TABLE DEPARTMENTS(
DEPARTMENT ID NUMBER (4) NOT NULL ,
DEPARTMENT_NAME VARCHAR?2 (30 BYTE) NOT NULL ,
MANAGER_ID NUMBER (6),
LOCATION_ID NUMBER (4))LOGGING;

CREATE INDEX DEPT_LOCATION_IX ON DEPARTMENTS(LOCATION_ID
ASC)LOGGING;

CREATE UNIQUE INDEX DEPT_ID_PKX ON DEPARTMENTS(DEPARTMENT _ID
ASC);

ALTER TABLE DEPARTMENTS ADD CONSTRAINT DEPT_ID_PK PRIMARY KEY
(DEPARTMENT _ID);

CREATE TABLE EMPLOYEES(
EMPLOYEE_ID NUMBER (6) NOT NULL ,
FIRST NAME VARCHAR?2 (20 BYTE)
LAST NAME VARCHAR2 (25 BYTE) NOT NULL ,
EMAIL VARCHAR? (25 BYTE) NOT NULL ,
PHONE_NUMBER VARCHAR2 (20 BYTE),
HIRE_DATE DATE NOT NULL,
JOB ID  VARCHAR2 (10 BYTE) NOT NULL,
SALARY  NUMBER (8,2),
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COMMISSION_PCT NUMBER (2,2) ,

MANAGER_ID NUMBER (6),

DEPARTMENT _ID NUMBER (4))LOGGING;
ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_SALARY_MIN CHECK
(salary>0);

CREATE INDEX EMP_DEPARTMENT _IX ON EMPLOYEES(DEPARTMENT _ID
ASC)LOGGING;

CREATE INDEX EMP_JOB _IX ON EMPLOYEES(JOB_ID ASC)LOGGING;

CREATE INDEX EMP_MANAGER_IX ON EMPLOYEES(MANAGER_ID
ASC)LOGGING;

CREATE INDEX EMP_NAME_IX ON EMPLOYEES(LAST_NAME ASC, FIRST_NAME
ASC)LOGGING;

CREATE UNIQUE INDEX EMP_EMP_ID_PKX ON EMPLOYEES(EMPLOYEE_ID
ASC);

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_EMP_ID_PK PRIMARY KEY
(EMPLOYEE_ID);

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_EMAIL_UK UNIQUE
(EMAIL);

CREATE TABLE JOBS(
JOB_ID VARCHAR2 (10 BYTE) NOT NULL ,
JOB_TITLE VARCHAR?2 (35 BYTE) NOT NULL ,
MIN_SALARY NUMBER (6)
MAX_SALARY NUMBER (6))LOGGING;

CREATE UNIQUE INDEX JOB_ID_PKX ON JOBS(JOB_ID ASC);
ALTER TABLE JOBS ADD CONSTRAINT JOB_ID_PK PRIMARY KEY (JOB_ID);

CREATE TABLE LOCATIONS(
LOCATION_ID NUMBER (4) NOT NULL,
STREET_ADDRESS VARCHAR?2 (40 BYTE) ,
POSTAL_CODE VARCHAR?2 (12 BYTE),
CITY VARCHAR2 (30 BYTE) NOT NULL ,
STATE_PROVINCE VARCHAR?2 (25 BYTE),
COUNTRY_ID CHAR (2 BYTE))LOGGING;

CREATE INDEX LOC_CITY_IX ON LOCATIONS(CITY ASC)LOGGING;
CREATE INDEX LOC_STATE_PROV_IX ON LOCATIONS(STATE_PROVINCE
ASC)LOGGING;

CREATE INDEX LOC_COUNTRY_IX ON LOCATIONS(COUNTRY_ID
ASC)LOGGING;

CREATE UNIQUE INDEX LOC_ID_PKX ON LOCATIONS(LOCATION_ID ASC);
ALTER TABLE LOCATIONS ADD CONSTRAINT LOC_ID_PK PRIMARY KEY
(LOCATION_ID);

CREATE TABLE REGIONS(

REGION_ID NUMBER NOT NULL ,

REGION_NAME VARCHAR?2 (25 BYTE))LOGGING;
CREATE UNIQUE INDEX REG_ID_PKX ON REGIONS(REGION_ID ASC);
ALTER TABLE REGIONS ADD CONSTRAINT REG_ID_PK PRIMARY KEY
(REGION_ID);
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ALTER TABLE COUNTRIES ADD CONSTRAINT COUNTR_REG_FK FOREIGN KEY
(REGION_ID) REFERENCES REGIONS (REGION_ID) NOT DEFERRABLE;

ALTER TABLE DEPARTMENTS ADD CONSTRAINT DEPT_LOC_FK FOREIGN KEY (
LOCATION_ID ) REFERENCES LOCATIONS ( LOCATION_ID ) NOT DEFERRABLE;

ALTER TABLE DEPARTMENTS ADD CONSTRAINT DEPT_MGR_FK FOREIGN KEY
( MANAGER_ID ) REFERENCES EMPLOYEES ( EMPLOYEE_ID ) NOT
DEFERRABLE;

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_DEPT_FK FOREIGN KEY (
DEPARTMENT_ID ) REFERENCES DEPARTMENTS ( DEPARTMENT_ID ) NOT
DEFERRABLE;

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_JOB_FK FOREIGN KEY (
JOB_ID ) REFERENCES JOBS (JOB_ID ) NOT DEFERRABLE;

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_MANAGER_FK FOREIGN
KEY ( MANAGER_ID ) REFERENCES EMPLOYEES (EMPLOYEE_ID ) NOT
DEFERRABLE;

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_DEPT_FK FOREIGN KEY (
DEPARTMENT_ID ) REFERENCES DEPARTMENTS ( DEPARTMENT_ID ) NOT
DEFERRABLE;

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_EMP_FK FOREIGN KEY (
EMPLOYEE_ID ) REFERENCES EMPLOYEES (EMPLOYEE_ID ) NOT DEFERRABLE;

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_JOB_FK FOREIGN KEY (
JOB_ID ) REFERENCES JOBS (JOB_ID ) NOT DEFERRABLE;

ALTER TABLE LOCATIONS ADD CONSTRAINT LOC_C_ID_FK FOREIGN KEY (
COUNTRY_ID ) REFERENCES COUNTRIES ( COUNTRY_ID ) NOT DEFERRABLE;

CREATE OR REPLACE VIEW EMP_DETAILS_VIEW AS
SELECT e.employee_id, e.job_id, e.manager_id, e.department_id, d.location_id, l.country id,
e.first_name, e.last_name, e.salary, e.commission_pct, d.department_name, j.job _title, l.city,
|.state_province, c.country_name, r.region_name
FROM employees e, departments d, jobs j, locations I, countries c, regions r
WHERE e.department_id = d.department_id
AND d.location_id = l.location_id
AND l.country_id = c.country_id
AND c.region_id =r.region_id
AND j.job_id =e.job_id
WITH READ ONLY;

CREATE SEQUENCE REGIONS_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE;

CREATE SEQUENCE COUNTRIES_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE ;
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CREATE SEQUENCE LOCATIONS_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE ;

CREATE SEQUENCE DEPARTMENTS_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE;

CREATE SEQUENCE EMPLOYEES_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE ;

CREATE SEQUENCE JOBS_SEQ INCREMENT BY 1 MAXVALUE MINVALUE
NOCACHE;

CREATE SEQUENCE JOB_HISTORY_SEQ INCREMENT BY 1 MAXVALUE
MINVALUE 0 NOCACHE ;
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3. pielikums — Tabulu izveide Microsoft SQL Server datubazeé

CREATE TABLE COUNTRIES(

COUNTRY_ID CHAR (2) NOT NULL,

COUNTRY_NAME VARCHAR (40),

REGION_ID NUMERIC (28),,

CONSTRAINT COUNTRY_C_ID_PK PRIMARY KEY CLUSTERED (COUNTRY_ID)
WITH(

ALLOW_PAGE_LOCKS = ON,

ALLOW ROW_LOCKS = ON) ON "default" ) ON "default"
GO

CREATE UNIQUE NONCLUSTERED INDEX COUNTRY_C_ID_PKX ON COUNTRIES
( COUNTRY_ID ) ON "default"
GO

CREATE TABLE DEPARTMENTS(

DEPARTMENT ID NUMERIC (4) NOT NULL ,

DEPARTMENT_NAME VARCHAR (30) NOT NULL ,

MANAGER ID  NUMERIC (6),

LOCATION_ID NUMERIC (4),

CONSTRAINT DEPT_ID_PK PRIMARY KEY CLUSTERED (DEPARTMENT _ID)
WITH(

ALLOW_PAGE_LOCKS = ON,

ALLOW ROW _LOCKS =ON) ON "default” ) ON "default”
GO

CREATE NONCLUSTERED INDEX DEPT_LOCATION_IX ON DEPARTMENTS

( LOCATION_ID ) ON "default”

GO

CREATE UNIQUE NONCLUSTERED INDEX DEPT_ID_PKX ON DEPARTMENTS
( DEPARTMENT _ID ) ON "default”

GO

CREATE TABLE EMPLOYEES(
EMPLOYEE_ID NUMERIC (6) NOT NULL,
FIRST NAME VARCHAR (20),
LAST NAME VARCHAR (25) NOT NULL,
EMAIL VARCHAR (25) NOT NULL,
PHONE_NUMBER VARCHAR (20),
HIRE_DATE DATE NOT NULL,
JOB_ID VARCHAR (10) NOT NULL,
SALARY NUMERIC (8,2) ,
COMMISSION_PCT NUMERIC (2,2) ,
MANAGER_ID NUMERIC (6),
DEPARTMENT _ID NUMERIC (4),
CONSTRAINT EMP_EMP_ID_PK PRIMARY KEY CLUSTERED (EMPLOYEE_ID)
WITH(
ALLOW PAGE_LOCKS=0ON,
ALLOW_ROW_LOCKS =ON ) ON "default™,
CONSTRAINT EMP_EMAIL_UK UNIQUE NONCLUSTERED (EMAIL) ON "default™)
ON "default"
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GO

CREATE NONCLUSTERED INDEX EMP_DEPARTMENT _IX ON EMPLOYEES
( DEPARTMENT_ID ) ON "default"

GO

CREATE NONCLUSTERED INDEX EMP_JOB_IX ON EMPLOYEES

(JOB_ID ) ON "default”

GO

CREATE NONCLUSTERED INDEX EMP_MANAGER_I1X ON EMPLOYEES

( MANAGER_ID ) ON "default"

GO

CREATE NONCLUSTERED INDEX EMP_NAME_IX ON EMPLOYEES
(LAST_NAME , FIRST_NAME ) ON “default"

GO

CREATE UNIQUE NONCLUSTERED INDEX EMP_EMP_ID_PKX ON EMPLOYEES
(EMPLOYEE_ID ) ON "default"

GO

CREATE TABLE JOBS(

JOB_ID VARCHAR (10) NOT NULL ,

JOB_TITLE VARCHAR (35) NOT NULL ,

MIN_SALARY NUMERIC (6)

MAX_SALARY NUMERIC (6),

CONSTRAINT JOB_ID_PK PRIMARY KEY CLUSTERED (JOB_ID)
WITH(

ALLOW _PAGE_LOCKS =ON,

ALLOW_ROW_LOCKS = ON ) ON "default" ) ON "default"
GO

CREATE UNIQUE NONCLUSTERED INDEX JOB_ID_PKX ON JOBS
(JOB_ID ) ON "default”
GO

CREATE TABLE JOB_HISTORY/(
EMPLOYEE_ID NUMERIC (6) NOT NULL,
START _DATE DATE NOT NULL,
END DATE DATE NOT NULL,
JOB ID VARCHAR (10) NOT NULL,
DEPARTMENT _ID NUMERIC (4),
CONSTRAINT JHIST _ID _DATE_PK PRIMARY KEY CLUSTERED (EMPLOYEE_ID,
START_DATE)
WITH(
ALLOW_PAGE_LOCKS =ON,
ALLOW_ROW _LOCKS =ON) ON "default”) ON "default"
GO
ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_DATE_CHECK CHECK (
end_date > start_date )
GO

CREATE NONCLUSTERED INDEX JHIST _JOB_IX ON JOB_HISTORY
(JOB_ID ) ON "default”
GO

54



CREATE NONCLUSTERED INDEX JHIST_EMP_IX ON JOB_HISTORY
(EMPLOYEE_ID ) ON "default"

GO

CREATE NONCLUSTERED INDEX JHIST_DEPT_IX ON JOB_HISTORY
( DEPARTMENT _ID ) ON "default"

GO

CREATE UNIQUE NONCLUSTERED INDEX JHIST_ID_DATE_PKX ON
JOB_HISTORY

(EMPLOYEE_ID , START _DATE ) ON "default"

GO

CREATE TABLE LOCATIONS(

LOCATION_ID NUMERIC (4) NOT NULL ,

STREET_ADDRESS VARCHAR (40) ,

POSTAL_CODE VARCHAR (12),

CITY VARCHAR (30) NOT NULL ,

STATE_PROVINCE VARCHAR (25),

COUNTRY_ID CHAR (2),

CONSTRAINT LOC_ID_PK PRIMARY KEY CLUSTERED (LOCATION_ID)
WITH(

ALLOW_PAGE_LOCKS =ON,

ALLOW_ROW_LOCKS = ON ) ON "default" ) ON "default"
GO

CREATE NONCLUSTERED INDEX LOC_CITY_IX ON LOCATIONS

(CITY ) ON "default”

GO

CREATE NONCLUSTERED INDEX LOC_STATE_PROV_IX ON LOCATIONS
( STATE_PROVINCE ) ON "default”

GO

CREATE NONCLUSTERED INDEX LOC_COUNTRY_IX ON LOCATIONS
(COUNTRY_ID ) ON "default"

GO

CREATE UNIQUE NONCLUSTERED INDEX LOC_ID_PKX ON LOCATIONS
(LOCATION_ID ) ON "default”

GO

CREATE TABLE REGIONS(

REGION_ID NUMERIC (28) NOT NULL ,

REGION_NAME VARCHAR (25)

CONSTRAINT REG_ID_PK PRIMARY KEY CLUSTERED (REGION_ID)
WITH(

ALLOW_PAGE_LOCKS = ON,

ALLOW ROW_LOCKS =ON) ON "default" ) ON "default"
GO

CREATE UNIQUE NONCLUSTERED INDEX REG_ID_PKX ON REGIONS
(REGION_ID ) ON "default"
GO

ALTER TABLE COUNTRIES ADD CONSTRAINT COUNTR_REG_FK FOREIGN KEY
(REGION_ID) REFERENCES REGIONS(REGION_ID) ON DELETE NO ACTION ON
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UPDATE NO ACTION
GO

ALTER TABLE DEPARTMENTS ADD CONSTRAINT DEPT_LOC_FK FOREIGN KEY
(LOCATION_ID) REFERENCES LOCATIONS(LOCATION_ID) ON DELETE NO
ACTION ON UPDATE NO ACTION

GO

ALTER TABLE DEPARTMENTS ADD CONSTRAINT DEPT_MGR_FK FOREIGN KEY
(MANAGER_ID) REFERENCES EMPLOYEES(EMPLOYEE_ID) ON DELETE NO
ACTION ON

UPDATE NO ACTION

GO

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_DEPT_FK FOREIGN KEY
(DEPARTMENT_ID) REFERENCES DEPARTMENTS(DEPARTMENT_ID) ON DELETE
NO ACTION ON UPDATE NO ACTION

GO

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_JOB_FK FOREIGN KEY
(JOB_ID) REFERENCES JOBS(JOB_ID) ON DELETE NO ACTION ON UPDATE NO
ACTION

GO

ALTER TABLE EMPLOYEES ADD CONSTRAINT EMP_MANAGER_FK FOREIGN
KEY

(MANAGER_ID) REFERENCES EMPLOYEES(EMPLOYEE_ID) ON DELETE NO
ACTION ON

UPDATE NO ACTION

GO

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_DEPT_FK FOREIGN KEY
(DEPARTMENT_ID) REFERENCES DEPARTMENTS(DEPARTMENT_ID) ON DELETE
NO ACTION ON UPDATE NO ACTION

GO

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_EMP_FK FOREIGN KEY
(EMPLOYEE_ID) REFERENCES EMPLOYEES (EMPLOYEE_ID) ON DELETE NO
ACTION ON UPDATE NO ACTION

GO

ALTER TABLE JOB_HISTORY ADD CONSTRAINT JHIST_JOB_FK FOREIGN KEY
(JOB_ID) REFERENCES JOBS(JOB_ID) ON DELETE NO ACTION ON UPDATE NO
ACTION

GO

ALTER TABLE LOCATIONS ADD CONSTRAINT LOC_C_ID_FK FOREIGN KEY
(COUNTRY_ID) REFERENCES COUNTRIES(COUNTRY_ID) ON DELETE NO
ACTION ON

UPDATE NO ACTION

GO
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CREATE VIEW EMP_DETAILS VIEW AS

SELECT e.employee_id, e.job_id, e.manager_id, e.department_id, d.location_id, l.country id,
e.first_name, e.last_name, e.salary, e.commission_pct, d.department_name, j.job_title, l.city,
|.state_province, c.country_name, r.region_name FROM employees e, departments d, jobs j,
locations I, countries c, regions r WHERE e.department_id = d.department_id AND
d.location_id = l.location_id AND l.country_id = c.country_id AND c.region_id = r.region_id
AND j.job_id = e.job_id

GO

CREATE SEQUENCE HR.REGIONS_SEQ START WITH 1 INCREMENT BY
MINVALUE 0 MAXVALUE NO CACHE;

GO

CREATE SEQUENCE HR.COUNTRIES_SEQ START WITH 1 INCREMENT BY
MINVALUE 0 MAXVALUE NO CACHE;

GO

CREATE SEQUENCE HR.LOCATIONS_SEQ START WITH 1 INCREMENT BY
MINVALUE 0 MAXVALUE NO CACHE;

GO

CREATE SEQUENCE HR.DEPARTMENTS_SEQ START WITH 1 INCREMENT BY
MINVALUE 0 MAXVALUE NO CACHE;

GO

CREATE SEQUENCE HR.EMPLOYEES_SEQ START WITH 1 INCREMENT BY
MINVALUE 0 MAXVALUE NO CACHE;

GO

CREATE SEQUENCE HR.JOBS_SEQ START WITH 1 INCREMENT BY 1 MINVALUE
MAXVALUE NOCACHE;
GO

CREATE SEQUENCE HR.JOB_HISTORY_SEQ START WITH 1 INCREMENT BY

MINVALUE 0 MAXVALUE NO CACHE;
GO
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4. pielikums — HR shémas tabulu apraksts

4.1. tabula — HR shémas tabulu apraksts

Tabulas ] Specifiski
Hosatkums Kolonnas nosaukums Datu tips uzstadijumi
REGIONS REGION_ID NUMBER Primara atsléga, NOT

NULL
REGION_NAME VARCHAR2(25)

COUNTRIES COUNTRY_ID CHAR(2) Primara atsléga, NOT

NULL
COUNTRY_NAME VARCHAR2(40)
REGION_ID NUMBER Sekundara atslega

LOCATIONS LOCATION_ID NUMBER(4) Primara atsléga, NOT
NULL

STREET_ADDRESS VARCHAR2(40)

POSTAL_CODE VARCHAR2(12)

CITY VARCHAR2(30) | NOT NULL
STATE_PROVINCE VARCHAR2(25)

COUNTRY_ID CHAR(2) Sekundara atsléga

DEPARTMENTS | DEPARTMENT_ID NUMBER(4) Primara atsléga, NOT
NULL

DEPARTMENT_NAME | VARCHAR2(30) | NOT NULL
MANAGER_ID NUMBER(6) Sekundara atsléga
LOCATION_ID NUMBER(4) Sekundara atsléga

JOBS JOB_ID VARCHAR2(10) | Primara atslega, NOT

NULL
JOB_TITLE VARCHAR2(35) | NOT NULL
MIN_SALARY NUMBER(6)
MAX_SALARY NUMBER(6)

JOB_HISTORY | EMPLOYEE_ID NUMBER(6) Salikta primara
atsleéga, sekundara
atsléga, NOT NULL

START_DATE DATE Salikta primara

atslega, NOT NULL
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END_DATE DATE NOT NULL

JOB_ID VARCHAR2(10) | Sekundara atslega,
NOT NULL

DEPARTMENT _ID NUMBER(4) Sekundara atsléga

EMPLOYEES | EMPLOYEE_ID NUMBER(6) Primara atsléga, NOT

NULL

FIRST_NAME VARCHAR2(20)

LAST_NAME VARCHAR2(25) | NOT NULL

EMAIL VARCHAR2(20) | NOT NULL, unikals

PHONE_NUMBER VARCHAR2(20)

HIRE_DATE DATE NOT NULL

JOB_ID VARCHAR2(10) | Sekundara atsléga,
NOT NULL

SALARY NUMBER(S, 2)

COMMISSION_PCT NUMBER(2, 2)

MANAGER_ID NUMBER(6) Sekundara atslega

DEPARTMENT _ID NUMBER(4) Sekundara atsléga
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5. pielikums — Sakuma datu ievades komandas

INSERT INTO regions VALUES ( 1, 'Europe");

INSERT INTO regions VALUES ( 2, '‘Americas');

INSERT INTO regions VALUES ( 3, 'Asia’);

INSERT INTO regions VALUES ( 4, ‘Middle East and Africa");

INSERT INTO countries VALUES ('IT', 'ltaly’, 1);

INSERT INTO countries VALUES (P, Japan’, 3);

INSERT INTO countries VALUES ( 'US', 'United States of America’, 2);

INSERT INTO countries VALUES ( 'CA', 'Canada’, 2);

INSERT INTO locations VALUES ( 1000, 1297 Via Cola di Rie’, '00989', 'Roma’, NULL,

ITY;
INSERT INTO locations VALUES (1100, '93091 Calle della Testa', '10934", "Venice',
NULL, 'ITY;

INSERT INTO locations VALUES ( 1200, 2017 Shinjuku-ku', "1689', "Tokyo', "Tokyo
Prefecture’, 'JP");

INSERT INTO locations VALUES ( 1300, '9450 Kamiya-cho', '6823', 'Hiroshima’', NULL,
PY;

INSERT INTO locations VALUES ( 1400 , 2014 Jabberwocky Rd', '26192' , 'Southlake’,
Texas', 'US");

INSERT INTO departments VALUES ( 10, 'Administration’, 200, 1700);

INSERT INTO departments VALUES ( 20 , 'Marketing', 201, 1800);

INSERT INTO departments VALUES ( 30, 'Purchasing’, 114, 1700);

INSERT INTO departments VALUES (40, 'Human Resources', 203, 2400);

INSERT INTO jobs VALUES ('AD_PRES', 'President’, 20000, 40000);

INSERT INTO jobs VALUES ('AD_VP', '‘Administration Vice President’, 15000, 30000);
INSERT INTO jobs VALUES ('AD_ASST', 'Administration Assistant’, 3000, 6000);
INSERT INTO jobs VALUES ('FI_MGR', 'Finance Manager', 8200, 16000);

INSERT INTO employees VALUES (100, 'Steven’, 'King', 'SKING', '515.123.4567",
TO_DATE('17-JUN-1987", 'dd-MON-yyyy"), 'AD_PRES', 24000, NULL, NULL, 90);
INSERT INTO employees VALUES (101, '‘Neena', 'Kochhar', NKOCHHAR',
'515.123.4568', TO_DATE('21-SEP-1989', 'dd-MON-yyyy"), 'AD_VP', 17000, NULL, 100,
90);

INSERT INTO employees VALUES (102, 'Lex’, 'De Haan', 'LDEHAAN', '515.123.4569',
TO_DATE('13-JAN-1993', 'dd-MON-yyyy"), ‘AD_VP', 17000, NULL, 100, 90);

INSERT INTO employees VALUES ( 103 , ‘Alexander, 'Hunold, 'AHUNOLD',
'590.423.4567', TO_DATE('03-JAN-1990", 'dd-MON-yyyy", 'IT_PROG', 9000, NULL, 102,
60);

INSERT INTO job_history VALUES (102, TO_DATE('13-JAN-1993', 'dd-MON-yyyy),
TO_DATE('24-JUL-1998', 'dd-MON-yyyy'), 'IT_PROG', 60);

INSERT INTO job_history VALUES (101, TO_DATE(21-SEP-1989', 'dd-MON-yyyy),
TO_DATE(27-OCT-1993', 'dd-MON-yyyy"), 'AC_ACCOUNT', 110);

INSERT INTO job_history VALUES (101, TO_DATE('28-OCT-1993, 'dd-MON-yyyy),
TO_DATE('15-MAR-1997', 'dd-MON-yyyy'), 'AC_MGR', 110);

INSERT INTO job_history VALUES (201, TO DATE(17-FEB-1996', 'dd-MON-yyyy),
TO_DATE('19-DEC-1999', 'dd-MON-yyyy"), 'MK_REP", 20);
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6. pielikums — Tris izmantotie SQL pieprasijumi praktiskaja dala

-- 1. Oracle
SELECT DEPARTMENT_NAME, COUNT(*) FROM EMPLOYEES
NATURAL JOIN DEPARTMENTS GROUP BY DEPARTMENT _NAME;

-- 1. Microsoft SQL Server

SELECT D.DEPARTMENT_NAME, COUNT(*)

FROM EMPLOYEES E

JOIN DEPARTMENTS D ON D.DEPARTMENT _ID = E.DEPARTMENT _ID
GROUP BY D.DEPARTMENT_NAME;

-- 2. Oracle

SELECT JOB_TITLE, DEPARTMENT_NAME, LAST_NAME, START_DATE
FROM JOB_HISTORY JOIN JOBS USING (JOB_ID) JOIN DEPARTMENTS
USING (DEPARTMENT _ID) JOIN EMPLOYEES USING (EMPLOYEE_ID)
WHERE TO_CHAR(START_DATE, YYYY") BETWEEN AND :

-- 2. Microsoft SQL Server

SELECT J.JOB_TITLE, D.DEPARTMENT_NAME, E.LAST_NAME, JH.START_DATE
FROM JOB_HISTORY JH

JOIN JOBS JON JH.JOB_ID =J.JOB_ID

JOIN DEPARTMENTS D ON D.DEPARTMENT _ID = JH.DEPARTMENT _ID

JOIN EMPLOYEES E ON E.EMPLOYEE_ID = JH.EMPLOYEE_ID

WHERE JH.START_DATE BETWEEN '1990-01-01" AND '2000-01-01"

-- 3. Oracle
SELECT JOB_TITLE, AVG(SALARY) FROM EMPLOYEES
NATURAL JOIN JOBS GROUP BY JOB_TITLE;

-- 3. Microsoft SQL Server

SELECT J.JOB_TITLE, AVG(E.SALARY)
FROM EMPLOYEES E

JOIN JOBS JONJ.JOB_ID =E.JOB_ID
GROUP BY J.JOB_TITLE;
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7. pielikums — Oracle 119 praktiskas dalas rezultati

7.1. tabula — Oracle 11g praktiskas dalas 1. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Izpildes laiks ir 9.42 milisekundes, izmantojot komandu
. . EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname
1. | Statistiku vaksana - - -
=> 'HR', estimate percent => , options =>
'"GATHER') ;
Ievaditi sakuma dati HR shémas tabulas:
‘ REGIONS — 4, COUNTRIES — 25, LOCATIONS — 23,
2. | Sakuma dati
DEPARTMENTS - 27, JOBS - 19, JOB_HISTORY - 10,
EMPLOYEES - 107.
Visas tabulas un shémas ir ar 100% procentualo novirzi, jo
pirmo reizi péc datubazes uzstadiSanas tiek veikta statistiku
3 Procentualas vaksana. [zmantota komanda:
novirzes SELECT COUNT (*) FROM HR.table name;
SELECT num_ rows FROM dba tables WHERE table name
='table name' AND owner = 'HR';
Operation H
SELECT STATEMENT i
HASH GROUP BY i
et oot i
1. UTEU index$_joins_@@1L !
HASH JOIN i
INDEX FAST FULL SCAN EMP_DEPARTMENT _IX |
INDEX FAST FULL SCAN EMP_MANAGER_IX i
INDEX UNIQUE SCAN DEPT_ID_PKX i
TABLE ACCESE BY INDEX ROUI DEPARTMENI S H
SQL pieprasijumu
4. 2 ! dindex%_join%_886
izpildes plani EMP_EMP_ID_PKX
3
L |
I |
i D
! DE
SELECT STATEMENT
HASH GROUP BY
3. NESTED LOOPS
NESTED LOOPS
TABLE ACCESS FULL
INDEX RANGE SCAN
TABLE ACCESS BY INDEX ROMID! EMPLOYEES
5. | Statistiku vakSana Izpildes laiks ir 2.79 milisekundes, izmantojot komandu

EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname

=> 'HR', estimate percent => , options =>
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"GATHER') ;

Procentualas Visas tabulas un shémas ir ar 0% procentualo novirzi, jo

novirzes tabulu apjoms ir neliels. Izmantota komanda:
SELECT COUNT (*) FROM HR.table name;
SELECT num_rows FROM dba tables WHERE table name

table name' AND owner = 'HR';
SQL pieprasijumu
o : 2 | SHAsh cRoup BY |
izpildes plani 2 NESTED LOOPS
1 3 NESTED LOOPS
. 1 VIEW index$_join%_BB1
5 HASH JOIN
& INDEX FAST FULL SCAN EMP_DEPARTMENT _1¥
? INDEX FAST FULL SCAN EMP_MAMAGER_1X
8 INDEX UNIQUE SC DEPT_ID_PX
9 TABLE ACCESS BY INDEX ROWID! DEPARTMENTS
2 index$_join% _006
) I EMP_EMP_ID_PKX
MP_NAHNE
) JOB_HISTORY
INDEX RANGE SCAN JHl‘I _EMP_IX
TABLE ACCESS BY INDEX ROWID ! JOB
INDEX UNIQUE SCAN JOB ID_PEX
INDEX UNIQUE SCAN PT_ID_PK
TABLE AGCCESS BY IMDEY ROWID DEPARTHENT S
Operation
SELECT STATEMENT
HASH GROUFP BY
MESTED LOOPS
3 MESTED LOOPS
. UIEYW Ul_GBC_5
HASH GROUP BY
TABLE ACCESS BY INDEX ROWID: EMPLOYEES
INDEX FULL SCAN EMP_JOB_IX
INDEX UNIQUE SCAN JOB_ID_PKR
TABLE ACCESS BY INDEX ROWID BS
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7.2. tabula — Oracle 11g praktiskas dalas 2. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Ievaditas 100 000 rindas tabula EMPLOYEES, jo ir
] nepiecieSams tikai uzskatami redzet, ka tiek vaktas statistikas
1. | Datu ievade o o _
un ka strada optimizators pie lielakam datu tabulam. Citas
tabulas datus neievada.
Operation H
] SELECT STATEMENT H
1 HASH GROUP BY H
21 lemm e, i
1. 1 UIEW | index$_join$_8@1
L HASH JOIN H
6 INDEXR FAST FULL SCAN i EMP_DEPARTMENT _IX
7 INDEX FAST FULL SCAN i EMP_MANAGER_IX
82 INDEX UNIQUE SCAN i DEPT_ID_PKXE
9 TABLE ACCESS BY INDEX ROWID! DEPARTMENTS
TATEMENT
LOOPS
. . NESTED
2 SQL pieprasijumu 2. % ¢ UHASH_JoIn
izpildes plani
INDER R AN
TABLE ACCESS BY
ITNDEX UNIGQUE AN
VE ! SCAN
SELECT STATEMENT
HASH GROUFP BY
NESTED LOOPS
3 HE?EED LOOPS
HASH GROUFP BY
TABLE ACCESE BY INDEX ROUID
INDEX FULL SCAN
INDEX UNIGQUE SCAN
TABLE ACCESS BY INDEX ROUID
3 Procentualas EMPLOYEES tabulas procentuala novirze:
novirzes 99.89%
4. | Statistiku vakSana | Izpildes laiks ir 7.67 milisekundes, izmantojot komandu
EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname =>
'"HR', estimate percent => , options =>
"GATHER') ;
5. | Procentualas Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM HR.table name;
SELECT num_ rows FROM dba tables WHERE table name

='table name' AND owner = 'HR';
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SQL pieprasijumu
zpildes plan
izpildes plani 1. AsH GRoUF bY
NESTED LOOPS
TABLE ACCESS FULL DEPARTHENTS
INDEX RANGE SC EMP_DEPARTMENT _IH

AN i
TABLE ACCESS BY INDEX ROWID! EMPLOYEES

5 indext _joind @81
6
2 e
' 8
9
18 H
11 RONID
12 N
13 DEX ROWID
14 AN
15
16 ROWID
Operation
SELECT STATEMENT
HASH GROUF BY
HESTED LOOPS
3 NESTED LOOFPS

UIEW UW_GBC_5
HASH GROUF BY
TABLE ACCESS BY INDEX ROUID: EMPLOYEES
INDEX FULL SCAN EMP_JOB_IX
INDEX UNIQUE SCAN JOB_ID_PKX
TABLE ACCESS BY INDEX ROWID
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7.3. tabula — Oracle 11g praktiskas dalas 3. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Ievaditas 100 000 rindas tabula EMPLOYEES, jo ir
] nepiecieSams tikai uzskatami redz€t, ka tiek vaktas statistikas
1. | Datu ievade o o .
un ka strada optimizators pie lielakam datu tabulam. Citas
tabulas datus neievada.
Operation H
SELECT STATEMENT i
HASH GROUF BY i
1. MESTED LOOPS !
NESTED LOOPS H
TABLE ACCESS FULL DEPARTMENTS i
INDEX RANGE SCAN i EMP_DEPARTMENT _IX
TABLE ACCESS BY INDEX ROUWID: EMPLOYEES i
5 SQL pieprasijumu 2.
izpildes plani
SELECT STATEMENT
HASH GROUF BY
NESTED LOOPS
3 HE%%ED LOOPS
HASH GROUFP BY
TABLE ACCESS BY INDEX ROWID
INDEX FULL SCAM
INDEX UNIQUE SCAMN
TABLE ACCESS BY INDEX ROWID
3 Procentualas EMPLOYEES tabulas procentuala novirze:
novirzes 49.99%
4. | Statistiku vakSana | Izpildes laiks ir 56.84 milisekundes, izmantojot komandu
EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname =>
'"HR', estimate percent => , options =>
'"GATHER') ;
5. | Procentualas Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu

novirzes

apjoms ir neliels. Izmantota komanda:
SELECT COUNT (*) FROM HR.table name;
SELECT num_rows FROM dba tables WHERE table name

="'table name' AND owner = 'HR';
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SQL pieprasijumu
izpildes plani

Operation

SELECT STATEMENT
HASH GROUP BY
NESTED LOOPS
NESTED LOOPS
TABLE ACCESS FULL

HESTED L
NESTED L
HESTED
HESTED LOOPS
UTEW

SELECT STATEMENT
HASH GROUFP BY
NESTED LOOPS
NESTED LOOPS
UIEYW

HASH GROUFP BY
TABLE ACCESS BY INDEX ROWID
INDEX FULL SCAN
INDEX UNIQUE SCAN
TABLE ACCESS BY INDEX ROWID

UW_GBC_5

EMPLOYEES

EMP_JOB_IX

JOB_ID_PKX
BS
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7.4. tabula — Oracle 11g praktiskas dalas 4. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Ievaditas 100 000 rindas tabula EMPLOYEES, jo ir
) nepiecieSams tikai uzskatami redz€t, ka tiek vaktas statistikas
1. | Datu ievade o o .
un ka strada optimizators pie lielakam datu tabulam. Citas
tabulas datus neievada.
Operation
SELECT STATEMENT
HASH GROUF BY
1. NESTED LOOPS
NESTED LOOPS
TABLE ACCESS FULL DEPARTMENT S
INDEX RAWGE SCAN EMP_DEPARTMENT _IX
TABLE ACCESS BY INDEX ROWID: EMFLOYEES H
a
ol
21
|
4 H
5 _joiné_0B1 !
; = 5 i
SQL pieprasijumu 2. ? DEPT 1% [
2. . . X 2 J!:T [Jl:l'll'll-l PEZ E
izpildes plani 101 EX F o JOB_IK i
12 UNIGUE H JOB_ID_P
13 5 BY IHDEX ROWID DEPARTHENT
i4 Q M H b_PK
15
16 ROWID
SELECT STATEMENT
HASH GROUF BY
NESTED LOOPS
3 NESTED LOOFPE
' UIEYW UU_GBC_5
HASH GROUP BY
TABLE ACCESS BY IMDEX ROWID: EMPLOYEES
INDEXR FULL SCAMN EMP_JOB_IX
INDEX UMIQUE SCAN JOB_ID_PEKX
TABLE ACCESS BY INDEX ROWID BS
3 Procentualas EMPLOYEES tabulas procentuala novirze:
novirzes 33.32%
4. | Statistiku vakSana | Izpildes laiks ir 22.74 milisekundes, izmantojot komandu
EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname =>
'"HR', estimate percent => , options =>
'"GATHER') ;
5. | Procentualas Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM HR.table name;
SELECT num_rows FROM dba tables WHERE table name

='table name' AND owner = 'HR';
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SQL pieprasijumu
izpildes plani

b
49

= e G B3 s

SELECT STATEMENT

HASH GROUF BY
NESTED LOOPS
NESTED LOOPS

TABLE ACCESS FULL i DEFARTMENTS
INDEX RANGE SCAN i EMP_DEPARTMENT _I®

index% _join%_ 881

SELECT STATEMENT
HASH GROUFP BY
NESTED LOOPS
NESTED LOOPS
UIEW
HASH GROUFP BY
TABLE ACCESS BY INDEX ROWID
INDEX FULL SCAN
INDEX UMIQUE SCAN
TABLE ACCESS BY INDEX ROWID

sT_DEPT_LX
1D T

TE_PKX
o

UW_GBC_5

EMPLOYEES
EMP_JOB_I&
JOB_ID_PK®
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7.5. tabula — Oracle 11g praktiskas dalas 5. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Ievaditas 100 000 rindas tabula EMPLOYEES, jo ir
] nepiecieSams tikai uzskatami redz€t, ka tiek vaktas statistikas
1. | Datu ievade o o .
un ka strada optimizators pie lielakam datu tabulam. Citas
tabulas datus neievada.
i BELECT STATEMENT i
HASH GROUFP BY H
1. NESTED LOOFPS :
MESTED LOQPS H
TABLE ACCESS FULL DEPARTMENTS i
INDEX RAMNGE SCAN EMP_DEPARTMENT_IX i
E LOYEES H
E index%_join%_B@1
SQL pieprasijumu 2. | JHIST DEPT IX .
2. _ID_DATE_PKK |
. . - JOB_ IR ¥
izpildes plani
IHDEX
TABLE f
ELECT STATEMENT H
HASH GROUP BY i
NESTED LOOPS E
3. NoiEy oors UU_GBC 5 !
HASH GROUFP BY i
TABLE ACCESS BY INDEX ROWID: EMPLOYEES |
INDEX FULL SCAN EMP_JOB_IX |
INDEX UNIGQUE SCAM JOB_ID_PKX |
TABLE ACCESE BY INDEX ROWID H
3 Procentualas EMPLOYEES tabulas procentuala novirze:
novirzes 69.96%
4. | Statistiku vaksana | Izpildes laiks ir 42.90 milisekundes, izmantojot komandu
EXECUTE DBMS STATS.GATHER SCHEMA STATS (ownname =>
'"HR', estimate percent => , options =>
'"GATHER') ;
5. | Procentualas Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM HR.table name;
SELECT num rows FROM dba tables WHERE table name

='table name' AND owner = 'HR';
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SQL pieprasijumu
izpildes plani

E=--EN L NI LTy ]

SELECT STATEMENT
HASH GROUP BY
NESTED LOOPS
NESTED LOOPS

TABLE ACCESS FULL DEPARTMENT S

INDEX RANGE SCA

N i EMP_]
TABLE ACCESS BY INDEX ROWID: EMPLOYEES

index$_join5_@A81

SELECT STATEMENT
HASH GROUFP BY
MESTED LOOPS
NESTED LOOPS
UIEYW
HASH GROUP BY
TABLE ACCESS BY INDEX ROUID
INDEX FULL SCAMN
INDEX UNIQUE SCAM
TABLE AGGESS BY INDEX ROUID

1%

P_DEPARTMENT _IX

TE_PKX

1%

UW_GBC_5

EMPLOYEES
EMP_JOB_I
JOB_ID_FPK
JOBS

B
B
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8. pielikums — Microsoft SQL Server 2012 praktiskas dalas rezultati

8.1. tabula — Microsoft SQL Server praktiskas dalas 1. sola rezultati

Darbibas
NPK Rezultati
nosaukums
Izpildes laiks ir 10.02 milisekundes. Tiek izmantota komanda katrai
1 Statistiku tabulai ar atbilsto$u statistikas nosaukumu:
vakSana CREATE STATISTICS statl ON dbo.table name (column name,
column name) WITH SAMPLE PERCENT;
Ievaditi sakuma dati HR shémas tabulas:
) REGIONS - 4, COUNTRIES — 25, LOCATIONS - 23,
2. Sakuma dati
DEPARTMENTS - 27, JOBS — 19, JOB_HISTORY - 10,
EMPLOYEES - 107.
Visas tabulas un shémas ir ar 100% procentualo novirzi, jo pirmo
reizi p&c datubazes uzstadiSanas tiek veikta statistiku vakSana.
Procentuala =
3 ocentualas Izmantota komanda:
NOVIrzZes SELECT COUNT (*) FROM dbo.table name;
DBCC SHOW STATISTICS ( "dbo.table name" , statl) WITH
stat header;
| --Compute Scalar(DEFINE: ([Exprl@@4]=CONVERT_IMPLICIT(int,[Exprlee7],e)))
|--Stream Aggregate(GROUP BY:([D].[DEPARTMENT_NAME]) DEFINE:([Exprl@e7]=Count(*)))
1_ |--Nested Loops(Inner Join, OUTER REFERENCES:([D].[DEPARTMENT_IDI))
| --Sort(ORDER BY:([D].[DEPARTMENT_NAME] ASC))
| |--Clustered Index Scan(OBJECT:([TEST].[dbo].[DEPARTMENTS].[DEPT_ID_PK]
| --Index Seek(OBIECT:([TEST].[dbol.[EMPLOYEES].[EMP_DEPARTMENT_IX] AS [E1),
SQL
|--Mested Loops{Inner Join, OUTER REFERENCES:([JH].[EMPLOYEE_ID]))
. . | --Nested Loopsi{Inner Join, OUTER REFERENCES:({[JH].[DEPARTMENT_ID]1))
41. I)l(:I)r2151]1111111 :2 | |--Nested Loops(Inner Join, OUTER REFERENCES: ([JH].[JOB_ID]))
. | | |--Clustered Index Scan(DBJECT:([TEST].[dbo].[JOB_HISTORY].[JHIST_ID_DATE_PK]
. . - . \ | |--Cluster‘ed Index Seek(OBJECT:([TEST].[dbo].[JOBS].[J0B_ID_PK] AS [1]), SEEK
1;31)11(1(35 I)lgi[]] | |--Clustered Index Seek(OBJECT:([TEST].[dbo].[DEPARTMENTS].[DEPT_ID_PK] AS [D]), &
|--Clustered Index Seek(OBIECT:([TEST].[dbe]l.[EMPLOYEES].[EMP_EMP_ID_PK] AS [E]), SEEK:
| --Compute Scalar(DEFINE:([Exprl@e4]=CASE WHEN [Exprleed]=(e) THEN NULL ELSE [Exprléla]/comv
|--Stream Aggregate(GROUP BY:([J].[JOB_TITLE]) DEFINE:([Exprl@@0]=COUNT_BIG([TEST].[dbo
:3 | --Sort (ORDER BY:([J].[JOB_TITLE] ASC))
|--Nested Loops({Inner Join, OUTER REFERENCES:([E].[JOB_ID]))
| --Clustered Index Scan(OBJECT:({[TEST].[dbo].[EMPLOYEES].[EMP_EMP_ID_PK]
| --Clustered Index Seek(OBJECT:([TESTI.[dbo].[JOB5].[JOB_ID_PK] AS [J1),
5. | Statistiku Izpildes laiks ir 4.56 milisekundes, izmantojot komandu Kkatrai
vakSana tabulai HR shéma:
UPDATE STATISTICS dbo.table name;
6. | Procentualas | Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM dbo.table name;

DBCC SHOW_STATISTICS ( "dbo.table name" , statl) WITH
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stat header;

SQL
pieprasijumu

izpildes plani

--Compute Scalar : xpr = _IMI int, [Expr y
|--C te Scalar(DEFINME:([Exprl@84]=CONVERT_IMPLICIT(int, [Exprl@e7],8)))
--5tream Aggregate(GROUP BY:([D].[DEPARTMENT_NAME]) DEFIME:([Exprl@e7]=Count(*
| { { ) { (=1
|--Nested Loops(Inner Join, OUTER REFERENCES:([D].[DEPARTMENT_ID]))
|--Sort(ORDER BY:([D].[DEPARTMENT_NAME] ASC))
| |--Clustered Index Scan(OBIECT:([TEST].[dbo].[DEPARTMENTS].[DEPT_ID_PK]

|--Index Seek(OBJECT:([TEST].[dbo].[EMPLOYEES].[EMP_DEPARTMENT_IX] AS [E]), ¢

|--Mested Loops(Innmer Join, OUTER REFERENCES:([IH].[EMPLOYEE_ID]))
|--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[DEPARTMENT_ID]))
| | --Nested Loops{Inner Join, OUTER REFERENCES:{[JH].[JOB_ID]))
| | |--Clustered Index Scan{OBJECT:([TEST].[dbo].[JOB_HISTORY].[JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(OBJECT:{[TEST].[dbo].[JOBS].[JOB_ID_PK] AS [1]), SEEK
| |--Clustered Index Seek(OBIECT:([TEST].[dbol.[DEPARTMENTS].[DEPT_ID_PK] AS [D]), Si
|--Clustered Index Seek(OBJECT:{[TEST].[dbo].[EMPLOYEES].[EMP_EMP_ID_PK] AS [E]), SEEK:

| --Compute Scalar{DEFINE:([Exprl®84]=CASE WHEN [Exprl8@3]=(8) THEN NULL ELSE [Expr:
|--Stream Aggregate(GROUP BY:([J].[JOE_TITLE]) DEFINE:{[Exprl@es]=COUNT_BIG([
| --Sort{ORDER BY:([J].[JOB_TITLE] ASC))
|--Nested Loops{Inner Join, QUTER REFERENCES:([E].[JOB_ID]))
|--Clustered Index Scan(OBJECT:([TEST].[dbo].[EMPLOYEES].[EMP_I
|--Clustered Index Seek(OBIECT:{[TEST].[dbo].[JOBS].[J0B_ID_PK
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8.2. tabula — Microsoft SQL Server praktiskas dalas 2. sola rezultati

NPK

Darbibas

nosaukums

Rezultati

Datu ievade

Ievaditas 100 000 rindas EMPLOYEES tabula, jo ir nepiecieSams
tikai uzskatami redzéet, ka tiek vaktas statistikas un ka strada

optimizators pie lielakam datu tabulam. Citas tabulas datus neievada.

Procentualas

novirzes

EMPLOYEES tabulas procentuala novirze:
99.89%

SQL
pieprasijumu

izpildes plani

| --Compute Scalar (DEFINE: ([ Expr1004]=CONVERT_IMPLICIT(int, [globalaggl006],0)))
| --5tream Aggr‘egate(GROUP BY:([D]. [DEPARTMENT_NAME]) DEFINE: ([ g'loba'lagglOOG] SUI‘-'I( part-
1 | --Sort (ORDER BY:([D].[DEPARTMENT_NAME] ASC)) 1 Sort
: | --Nested Loops(Inner Join, OUTER REFERENCES:([E]. DEPARTMENT ID])) 1
| --5tream Aggr‘egate(GROUP BY:([E]. [DEPARTMENT_ID]) DEFINE:([partialaggl(
| |--Index Scan(OBIECT:([TEST]. [ dbo]. [EMPLOYEES]. [EMP_DEPARTMENT_LX]
|--Clustered Index Seek(OBJIECT:(LTEST].[dbo].[DEPARTMENTS]. [DEPT_ID_PK]

| --Nested Loops{Inner Join, OUTER REFERENCES:(:JH]. [EMPLOYEE_ID])) 1 2 1
|--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[DEPARTMENT_ID])) 1 3
2 | | --Nested Loops{Inner Join, OUTER REFERENCES:{[JH].[JOB_ID])) 1 4

| |--Clustered Index Scan(OBJECT:([TEST]. [dbo]. [JOB_HISTORY]. [JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(OBJECT:([TEST]. [dbo].[JOB5].[JOB_ID_PK] AS [J1), SEEK
| |--Clustered Index Seek(OBJECT:([TEST).[dba]. [DEPARTMENTS]. [DEPT_ID_PK] A5 (D]), Sl
|--Clustered Index Seek(OBJECT:([TEST]. [dbol. [EMPLOYEES]. [EMP_EMP_ID_PK] A5 [E]), SEEK:

| --Compute Scalar(DEFINE:([Expril004]=CASE WHEN [globalaggl006]=(0) THEN NULL ELSE [globalaggl008],
| --Stream Aggr‘ega‘te(GROUF‘ BY:([J].[JOB_TITLE]) DEFINE:([ g'loba'lagglOOG]—SUM( par"t1a]agglOOS])
3 | --Sort (ORDER BY:([J].[JOB_TITLE] ASC)) 1 nrt Snr‘t 0
|--Nested Loops(Inner Join, OUTER REFERENCES: ([ E] [J0B ID]))
| --Hash Match(Aggregate, HASH:([E].[JOB_ID]), RESIDUAL:( TEsr] dbn]. :EI‘-'IPLOYEI
| |--Clustered Index Scan(OEJECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK]
|--Clustered Index Seek(OBJECT:([TEST].[dbol.[J0BS].[JOB_ID_PK] AS [1]1), SEEK

Statistiku

Izpildes laiks ir 6.54 milisekundes, izmantojot komandu katrai tabulai

vaksana HR shéma:
UPDATE STATISTICS dbo.table name;
5. | Procentualas | Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM dbo.table name;
DBCC SHOW STATISTICS ( "dbo.table name" , statl) WITH

stat header;

SQL
pieprasjjumu

izpildes plani

| --Compute Scalar(DEFINE:([Exprl004]=CONVERT_IMPLICIT(int,[globalaggl0os],0)))
| --5tream Aggr‘egate(GROUP BY:([D]. [DEPARTMENT_NAME]) DEFINE:({[ g'loba'lagglOOG] SUI‘-'I( part
1. | --Sort (ORDER BY:([D]. [DEPARTMENT_NAME] ASC)) 1 Sort
| --Nested Loops(Inner Join, OUTER REFERENCES:([E]. DEPARTI‘-'IENT ID])) 1
| --5tream Aggregate(GROUP BY:([E].[DEPARTMENT_ID]) DEFINE:([partialaggl!
| |--Index Scan(OBJECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:(LTEST].[dbol.[DEPARTMENTS]. [DEPT_ID_PK]

—-Nested Loops(Inner Join,
Nested L I il OUTER REFERENCES:([JH [EMPLOYEE_ID. 1 2 1
|--Nested Loops(Inner Join, OUTER REFERENCES: ( [JH]. [DEPARTMENT_ID])) 1 3
2_ | | --Mested Loops{Inner Join, OUTER REFERENCES:([JH].[J0B_ID])) 1 4
|

| | --Clustered Index Scan(OBIECT:([TEST].[dbo]. [JOB_HISTORY]. [JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(OBIECT:([TEST]. [dbo].[J0BS].[JOB_ID_PK] A5 [31), SEEK
| |--Clustered Index Seek(OBIECT:([TEST]. [dbo] . [DEPARTMENTS]. [DEPT_ID_PK] A5 (D], S
|--Clustered Index Seek(OBIECT:([TEST].[dbo]. [EMPLOYEES]. [EMP_EMP_ID_FK] AS [E]), SEEK:

| --Compute Sca'lar(DEFINE:(iExpr1004]=CASE WHEN g'luba'lagglOOG] (O) THEN NULL ELSE g'luba'lagglOO&]

|--5tream Aggregate(GROUP BY:([J].[JOB _TITLE]) DEFINE ([ g'loba'lagglOOG] SUM([partialaggloos])

E; | -~Sort (ORDER BY:([J].[JOE_TITLE] ASC)) Sort Sort ORD
|--Nested Loops(Inner Join, OUTER REEERENCES ([ E] [J0B ID])) 1

|-“Hash Match(Agoregate, HASH:([E].[JOB.ID1), RESIDUAL:([TESTI. dbo] EMPLOYE

| |--Clustered Index Scan(OBJECT:([TEST].  dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK]

|--Clustered Index Seek(OBJECT:([TEST].[dbo]l.[JOBS].[JOB_ID_PK] a5 [1]), SEEK
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8.3. tabula — Microsoft SQL Server praktiskas dalas 3. sola rezultati

NPK

Darbibas

nosaukums

Rezultati

Datu ievade

Ievaditas 100 000 rindas EMPLOYEES tabula, jo ir nepiecieSams
tikai uzskatami redzet, ka tiek vaktas statistikas un ka strada

optimizators pie lielakam datu tabulam. Citas tabulas datus neievada.

Procentualas

novirzes

EMPLOYEES tabulas procentuala novirze:
98.75%

SQL
pieprasijumu

izpildes plani

| --Compute Scalar (DEFINE:([Exprl004]=CONVERT_IMPLICIT(int, [globalaggl0ooe],0)))

| --5tream Aggr‘ega‘te(GROUP BY:([D]. [DEPARTMENT_NAME]) DEFINE (L globa’laggloos]—sul‘d( part:
]_ | --Sort (ORDER BY:([D].[DEPARTMENT_NAME] ASC)) Sort
: |--Mested Loops(Inner Join, OUTER REFERENCES: ([ E] DEF'ARTI‘-'IENT ID])) 1

| --Stream Aggr‘egate(GROUP BY:([E]. [DEPARTMENT_ID]) DEFINE:([partialaggli

| | --Index Scan(OBJECT:([TEST]. (dbo]. [EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:([TEST].[dbo]. [DEPARTMENTS]. [DEPT_ID_PK]

| --Nested Loops(Inner Join, OUTER REFERENCES:(:JH]. [EMPLOYEE_ID])) 1 2 1
| --Nested Loops(Inner Join, OUTER REFERENCES:([JH].[DEPARTMENT_ID])) 1 3
2_ | }——Nested Loops(Inner Join, OUTER REFERENCES:([JH].[JOB_ID]))

1 1
| |--Clustered Index Scan(OBJECT:([TEST].[dbo]. [JOE_HISTORY]. [JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(0OBIECT:({[TEST]. [dbo].[JOBS]. [JOB_ID_PK] AS [J]), SEEK
| |--Clustered Index Seek(DBIECT:([TEST]. [dbo]. [DEPARTMENTS]. [DEPT_ID_PK] A5 (D1}, 5
|--Clustered Index Seek(OBIECT:([TEST]. [dbo].[EMPLOYEES]. [EMP_EMP_ID_PK] AS [E]), SEEK:

| --Compute Scalar(DEFINE:([Exprl004]=CASE WHEN [globalaggl006]=(0) THEN NULL ELSE [globalaggl008],

| --5tream Aggregate(GROUP BY:([1].[JOB _TITLE]) DEFINE:( g'loba'laggloos] =5UM([partialaggloos])

3 | --Sort (ORDER EY:([J].[J0E_TITLE] ASC)) 1 Sort SDr‘t ORDI
|--Nested Loops(Inner Join, OUTER REFERENCES: ([ E] [JOB_: ID]) 1 5

|--Hash Match(Aggregate, HASH:([E].[J0B_ID]), RESIDUAL:([TEST]. dbo] [EMPLOYEI

|--Clustered Index Scan(OBIECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK]

|--Clustered Index Seek(OBJECT:([TEST].[dbo].[JOBS].[JOB_ID_PK] AS [J]1), SEEK

Statistiku

Izpildes laiks ir 7.03 milisekundes, izmantojot komandu katrai

vakSana tabulai HR shéma:
UPDATE STATISTICS dbo.table name;
5. | Procentualas | Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM dbo.table name;
DBCC SHOW STATISTICS ( "dbo.table name" , statl) WITH

stat header;

SQL
pieprasjjumu

izpildes plani

| --5tream Aggr‘egate(GROUP BY:([D]. [DEPARTMENT_| NAI‘-'IE]) DEFIME: ([ g'loba'lagglOOG] SUI‘-'I( part:
1. | --Sort (ORDER BY:([D]. [DEPARTMENT_NAME] ASC)) 1 4 Sort
|--Nested Loops(Inner Join, OUTER REFERENCES:([E]. DEPARTMENT 01)) 1
| --Stream Aggregate(GROUP BY:([E].[DEPARTMENT_ID]) DEFINE: ([partialaggl!
| |--Index Scan(OBJECT:([TEST]. [ dbo].[EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBIECT:([TEST].[dbo].[DEPARTMENTS]. [DEPT_ID_PK]

| --Nested Loops(Inner Join, OUTER REFERENCES:([JH]. [EMPLOYEE_ID])) 1 2 1
| --Nested Loops(Inner Join, OUTER REFERENCES:([JH].[DEPARTMENT_ID])) 1 3
2 | | --Nested Loops(Inner Join, OUTER REFERENCES:([JH].[J0E_ID1))

1
| | |--Clustered Index Scan(OBJECT:([TEST].[dbo].[JOB_HISTORY].[JHIST_ID_| DATE _PK]
| | |--Clustered Index Seek(OBIECT:([TEST]. [dbo].[JOES].[JOB_ID_PK] AS [J]), SEEK:
| |--Clustered Tndex Seek(DBIECT:([TEST]. [dbo]. [DEPARTMENTS]. [DEPT_TD_PK] 45 [D]), SE
|--Clustered Index Seek(OBIECT:({[TEST].[dbo].[EMPLOYEES]. [EMP_EMF_ID_PK] AS [E]), SEEK:|

|--Compute Scalar (DEFINE: ([Exprl004]=CASE WHEN [globalaggl006]=(0) THEN NULL ELSE [globalaggl008]

| --5Stream Aggregate(GROUP BY:([J].[JOB _TITLE]) DEFINE:([ g]nba1agglﬂl)6] SUM( [partialaggl005])

3 | --Sort{(ORDER EY:([J].[J0B_TITLE] ASC)) 1 4 Sort Sor“t ORD
|--Mested Loops(Inner Join, OUTER REFERENCES: ([ E] [JOB_ID1))

| --Hash Match(Aggr‘EgatE, HASH: ([E]. [JOB_ID]), RESIDUAL:([TESTI. dbo] EMF‘LOYE

| |--Clustered Index Scan(DBIECT:( [TEST]. [dbol. [EMPLOYEES]. [EMP_| EMP_ID_PK]

|--Clustered Index Seek{OBJECT:([TEST].[dbol.[J0BS].[JOB_ID_PK] AS J]), SEEK
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8.4. tabula — Microsoft SQL Server praktiskas dalas 4. sola rezultati

NPK

Darbibas

nosaukums

Rezultati

Datu ievade

Ievaditas 100 000 rindas EMPLOYEES tabula, jo ir nepiecieSams
tikai uzskatami redzet, ka tiek vaktas statistikas un ka strada

optimizators pie lielakam datu tabulam. Citas tabulas datus neievada.

Procentualas

novirzes

EMPLOYEES tabulas procentuala novirze:
98.75%

SQL
pieprasijumu
izpildes

plani

|——C0mpute Sca]ar‘(DEFINE (L Expr‘lom]:CON\fERT IMPLICIT('lnt g]obalaggloos] 0)))

| --Stream Aggregate(GROUP BY: ([D]. [DEPARTMENT_NAME]) DEFINE (L g]oba]agglOOG] SUI‘-'I( part
]__ | --Sort(ORDER BY:([D].[DEPARTMENT_MAME] ASC)) Sort
|--Nested Loops(Inner Join, OUTER REFERENCES: ([ E] DEF‘AR‘I‘I‘-‘IENT ID])) 1

| --5tream AggregatE(GROUP BY:([E]. DEPARTMENT_ID]) DEFINE: ([partialaggl

| |--Index Scan{OBJECT:([TEST].[dbo]. [EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:([TEST]. [dbo]. [DEPARTMENTS]. [DEPT_ID_PK]

| --Nested Loops(Inner Join, OUTER REFERENCES:(:JH] [EMPLOYEE_ID])) 1 2 1
|--Nested Loops(Inner Join, OUTER REFERENCES:([JH]. [DEPARTMENT_ID1)) 1 3
2 | |--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[JOB_ID])) 1 4

| |--Clustered Index Scan(OBIECT:([TEST].[dbo].[JOB_HISTORY]. [JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(OBIECT:([TEST].[dbol.[JOBS]. [JOB_ID_PK] AS [11), SEEK
| |--Clustered Index Seek(OBIECT:([TEST].[dbo].[DEPARTMENTS]. [DEPT_ID_PK] AS (D1), 5
|--Clustered Index Seek(OBIECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK] AS [E]), SEEK:

IWCDmpu‘te Sca1ar"(DEFINE 4 Expr1004]=CA nHEN globeﬂagglOOG] (0) THEN NULL ELSE [globalaggl003]

|--5tream Aggr‘egate(GROUP BY:([J].[J0B _TITLED) DEFINE ([ g'loba'lagglOOGJ =SUM( [partialaggloos])

3 | --Sort(ORDER BY:([J].[JOE_TITLE] ASC)) sort Sor"t OR
| --Nested Loops(Inner Join, OUTER REFEREN(ES (L E] JOB, ID])) 1

| --Hash Match(Aggregate, HASH:{[E].[JOB ID]). "RESIDUAL: ([TESTI. dbo]. iEHPLOYE

| |--Clustered Index Scan(OBJECT:([TEST]. dbo].[EMPLOYEES]. [EMP_EMP_ID_PK]

|--Clustered Index Seek(OBJECT:([TEST].[dbo].[JOBS].[JOB_ID_PK] AS [1]), SEEK

Statistiku

Izpildes laiks ir 7.04 milisekundes, izmantojot komandu katrai tabulai

vakSana HR shéma:
UPDATE STATISTICS dbo.table name;
5. | Procentualas | Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM dbo.table name;
DBCC SHOW STATISTICS ( "dbo.table name" , statl) WITH

stat header;

SQL
pieprasjjumu
izpildes

plani

| --Compute Scalar (DEFINE: ([Exprl004]=CONVERT_IMPLICIT(int,[globalaggl0os],0)))
| --Stream Aggregate(GROUP BY:([D].[DEPARTMENT_MAME]) DEFINE:([ g'loba'lagglOOG] SUI'-'I( part:
1 | --Sort (ORDER BY:([D]. [ DEPARTMENT_MAME] ASC)) 1 sort
" | --Nested Loops(Inner Join, OUTER REFERENCES:([E]. DEPARTI'-'IENT ID])) 1
| --Stream Aggregate(GROUP BY:([E]. [DEPARTMENT_ID]) DEFINE:([partialaggll
| |--Index Scan(OBJECT:([TEST]. [dbo].[EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:(LTEST].[dbo]l.[DEPARTMENTS]. [DEPT_ID_PK]

|--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[EMPLOYEE_ID])) 1 2 1
| --Nested Loops(Inner Join, OUTER REFERENCES:([JH]. [DEPARTMENT_ID])) 1 3
2_ | | --Nested _Loops(Inner Join, OUTER REFERENCES:([JH].[JOB_ID])) 1 4

| | |--Clustered Index Scan(OBIECT:([TEST).[dbo]. [JOB_HISTORY]. [JHIST_ID_DATE_PK]
| |--Clustered Index Seek(0BJECT:([TEST]. [dbol.[J0BS].[J0B_ID_PK] A5 [11), SEEK
| |——c1ustered Index Seek(OBIECT:([TEST]. [dbo].[DEPARTMENTS]. [DEPT_ID_PK] A5 [D]),

|--Clustered Index Seek(OBJECT:([TEST].[dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK] AS [EI), SEEK i

| -—Compute Scalar (DEFINE:([Exprl004]=CASE WHEN [globalaggl006]=(0) THEN NULL ELSE [globalaggl00s]
|--5Stream Aggr‘egate(GROUP BY:([J].[JOB_TITLE]) DEFINE:([ g10ba1agglOOG] =5UM [ par‘t1a1agglOOS])
3_ |--Sort (ORDER BY:([1].[JOB_TITLE] ASC)) 1 m"t Snr“t 0
| --Nested Loops(Inner Join, OUTER REFERENCES: ([ E] [JOB. ID])
| --Hash Match(Aggregate, HASH:([E].[JOB_ID]), RESIDUAL:( TEsr] dbo] EMPLOYE
| |--Clustered Index Scan(OBIECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK]
|--Clustered Index Seek(OBIECT:([TEST].[dbo].[JOBS].[JOB_ID_PK] AS [11), SEEK
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8.4. tabula — Microsoft SQL Server praktiskas dalas 5. sola rezultati

NPK

Darbibas

nosaukums

Rezultati

Datu ievade

Ievaditas 100 000 rindas EMPLOYEES tabula, jo ir nepiecieSams
tikai uzskatami redzet, ka tiek vaktas statistikas un ka strada

optimizators pie lielakam datu tabulam. Citas tabulas datus neievada.

Procentualas

novirzes

EMPLOYEES tabulas procentuala novirze:
75.43%

SQL
pieprasijumu
izpildes

plani

|——C0mpute Sca]ar‘(DEFINE (L Expr‘lom]:CON\fERT IMPLICIT('lnt g]obalaggloos] 0)))

| --Stream Aggregate(GROUP BY: ([D]. [DEPARTMENT_NAME]) DEFINE (L g]oba]agglOOG] SUI‘-'I( part
]__ | --Sort(ORDER BY:([D].[DEPARTMENT_MAME] ASC)) Sort
|--Nested Loops(Inner Join, OUTER REFERENCES: ([ E] DEF‘AR‘I‘I‘-‘IENT ID])) 1

| --5tream AggregatE(GROUP BY:([E]. DEPARTMENT_ID]) DEFINE: ([partialaggl

| |--Index Scan{OBJECT:([TEST].[dbo]. [EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:([TEST]. [dbo]. [DEPARTMENTS]. [DEPT_ID_PK]

| --Nested Loops(Inner Join, OUTER REFERENCES:(:JH] [EMPLOYEE_ID])) 1 2 1
|--Nested Loops(Inner Join, OUTER REFERENCES:([JH]. [DEPARTMENT_ID1)) 1 3
2 | |--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[JOB_ID])) 1 4

| |--Clustered Index Scan(OBIECT:([TEST].[dbo].[JOB_HISTORY]. [JHIST_ID_DATE_PK]
| | |--Clustered Index Seek(OBIECT:([TEST].[dbol.[JOBS]. [JOB_ID_PK] AS [11), SEEK
| |--Clustered Index Seek(OBIECT:([TEST].[dbo].[DEPARTMENTS]. [DEPT_ID_PK] AS (D1), 5
|--Clustered Index Seek(OBIECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK] AS [E]), SEEK:

IWCDmpu‘te Sca1ar"(DEFINE 4 Expr1004]=CA nHEN globeﬂagglOOG] (0) THEN NULL ELSE [globalaggl003]

|--5tream Aggr‘egate(GROUP BY:([J].[J0B _TITLED) DEFINE ([ g'loba'lagglOOGJ =SUM( [partialaggloos])

3 | --Sort(ORDER BY:([J].[JOE_TITLE] ASC)) sort Sor"t ORD
| --Nested Loops(Inner Join, OUTER REFEREN(ES (L E] JOB, ID])) 1

| --Hash Match(Aggregate, HASH:{[E].[JOB ID]). "RESIDUAL: ([TESTI. dbo]. iEHPLOYE

| |--Clustered Index Scan(OBJECT:([TEST]. dbo].[EMPLOYEES]. [EMP_EMP_ID_PK]

|--Clustered Index Seek(OBJECT:([TEST].[dbo].[JOBS].[JOB_ID_PK] AS [1]), SEEK

Statistiku

Izpildes laiks ir 12.17 milisekundes, izmantojot komandu katrai

vakSana tabulai HR shéma:
UPDATE STATISTICS dbo.table name;
5. | Procentualas | Visas tabulas un shémas ir ar 0% procentualo novirzi, jo tabulu
novirzes apjoms ir neliels. Izmantota komanda:

SELECT COUNT (*) FROM dbo.table name;
DBCC SHOW STATISTICS ( "dbo.table name" , statl) WITH

stat header;

SQL
pieprasjjumu
izpildes

plani

| --Compute Scalar (DEFINE: ([Exprl004]=CONVERT_IMPLICIT(int,[globalaggl0os],0)))
| --Stream Aggregate(GROUP BY:([D].[DEPARTMENT_MAME]) DEFINE:([ g'loba'lagglOOG] SUI'-'I( part:
1 | --Sort (ORDER BY:([D]. [ DEPARTMENT_MAME] ASC)) 1 sort
" | --Nested Loops(Inner Join, OUTER REFERENCES:([E]. DEPARTI'-'IENT ID])) 1
| --Stream Aggregate(GROUP BY:([E]. [DEPARTMENT_ID]) DEFINE:([partialaggll
| |--Index Scan(OBJECT:([TEST]. [dbo].[EMPLOYEES]. [EMP_DEPARTMENT_IX]
|--Clustered Index Seek(OBJECT:(LTEST].[dbo]l.[DEPARTMENTS]. [DEPT_ID_PK]

|--Nested Loops(Inner Join, OUTER REFERENCES:([JH].[EMPLOYEE_ID])) 1 2 1
| --Nested Loops(Inner Join, OUTER REFERENCES:([JH]. [DEPARTMENT_ID])) 1 3
2_ | | --Nested _Loops(Inner Join, OUTER REFERENCES:([JH].[JOB_ID])) 1 4

| | |--Clustered Index Scan(OBIECT:([TEST).[dbo]. [JOB_HISTORY]. [JHIST_ID_DATE_PK]
| |--Clustered Index Seek(0BJECT:([TEST]. [dbol.[J0BS].[J0B_ID_PK] A5 [11), SEEK
| |——c1ustered Index Seek(OBIECT:([TEST]. [dbo].[DEPARTMENTS]. [DEPT_ID_PK] A5 [D]),

|--Clustered Index Seek(OBJECT:([TEST].[dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK] AS [EI), SEEK i

| -—Compute Scalar (DEFINE:([Exprl004]=CASE WHEN [globalaggl006]=(0) THEN NULL ELSE [globalaggl00s]
|--5Stream Aggr‘egate(GROUP BY:([J].[JOB_TITLE]) DEFINE:([ g10ba1agglOOG] =5UM [ par‘t1a1agglOOS])
3_ |--Sort (ORDER BY:([1].[JOB_TITLE] ASC)) 1 m"t Snr“t 0
| --Nested Loops(Inner Join, OUTER REFERENCES: ([ E] [JOB. ID])
| --Hash Match(Aggregate, HASH:([E].[JOB_ID]), RESIDUAL:( TEsr] dbo] EMPLOYE
| |--Clustered Index Scan(OBIECT:([TEST]. [dbo]. [EMPLOYEES]. [EMP_EMP_ID_PK]
|--Clustered Index Seek(OBIECT:([TEST].[dbo].[JOBS].[JOB_ID_PK] AS [11), SEEK
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