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1

Ââåäåíèå

Ïîñëóøàéòå � è Âû çàáóäåòå, ïîñìîòðèòå � è Âû

çàïîìíèòå, ñäåëàéòå � è Âû ïîéìåòå.

Êîíôóöèé

Äàííàÿ êíèãà íå äàåò îòâåòû íà âñå âîïðîñû ïî ðàáîòå ñ PostgreSQL.
Ãëàâíîå å¼ çàäàíèå � ïîêàçàòü âîçìîæíîñòè PostgreSQL, ìåòîäèêè íà-
ñòðîéêè è ìàñøòàáèðóåìîñòè ýòîé ÑÓÁÄ. Â ëþáîì ñëó÷àå, âûáîð ìåòîäà
ðåøåíèÿ ïîñòàâëåííîé çàäà÷è îñòàåòñÿ çà ðàçðàáîò÷èêîì èëè àäìèíèñòðà-
òîðîì ÑÓÁÄ.
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2

Íàñòðîéêà ïðîèçâîäèòåëüíîñòè

Òåïåðü ÿ çíàþ òûñÿ÷ó ñïîñîáîâ, êàê íå íóæíî äåëàòü

ëàìïó íàêàëèâàíèÿ.

Òîìàñ Àëâà Ýäèñîí

2.1 Ââåäåíèå

Ñêîðîñòü ðàáîòû, âîîáùå ãîâîðÿ, íå ÿâëÿåòñÿ îñíîâíîé ïðè÷èíîé èñ-
ïîëüçîâàíèÿ ðåëÿöèîííûõ ÑÓÁÄ. Áîëåå òîãî, ïåðâûå ðåëÿöèîííûå áàçû
ðàáîòàëè ìåäëåííåå ñâîèõ ïðåäøåñòâåííèêîâ. Âûáîð ýòîé òåõíîëîãèè áûë
âûçâàí ñêîðåå

� âîçìîæíîñòüþ âîçëîæèòü ïîääåðæêó öåëîñòíîñòè äàííûõ íà ÑÓÁÄ;
� íåçàâèñèìîñòüþ ëîãè÷åñêîé ñòðóêòóðû äàííûõ îò ôèçè÷åñêîé.

Ýòè îñîáåííîñòè ïîçâîëÿþò ñèëüíî óïðîñòèòü íàïèñàíèå ïðèëîæåíèé,
íî òðåáóþò äëÿ ñâîåé ðåàëèçàöèè äîïîëíèòåëüíûõ ðåñóðñîâ.

Òàêèì îáðàçîì, ïðåæäå, ÷åì èñêàòü îòâåò íà âîïðîñ ¾êàê çàñòàâèòü
ÐÑÓÁÄ ðàáîòàòü áûñòðåå â ìîåé çàäà÷å?¿ ñëåäóåò îòâåòèòü íà âîïðîñ ¾íåò
ëè áîëåå ïîäõîäÿùåãî ñðåäñòâà äëÿ ðåøåíèÿ ìîåé çàäà÷è, ÷åì ÐÑÓÁÄ?¿
Èíîãäà èñïîëüçîâàíèå äðóãîãî ñðåäñòâà ïîòðåáóåò ìåíüøå óñèëèé, ÷åì
íàñòðîéêà ïðîèçâîäèòåëüíîñòè.

Äàííàÿ ãëàâà ïîñâÿùåíà âîçìîæíîñòÿì ïîâûøåíèÿ ïðîèçâîäèòåëüíî-
ñòè PostgreSQL. Ãëàâà íå ïðåòåíäóåò íà èñ÷åðïûâàþùåå èçëîæåíèå âîïðî-
ñà, íàèáîëåå ïîëíûì è òî÷íûì ðóêîâîäñòâîì ïî èñïîëüçîâàíèþ PostgreSQL
ÿâëÿåòñÿ, êîíå÷íî, îôèöèàëüíàÿ äîêóìåíòàöèÿ è îôèöèàëüíûé FAQ. Òàê-
æå ñóùåñòâóåò àíãëîÿçû÷íûé ñïèñîê ðàññûëêè postgresql-performance, ïî-
ñâÿù¼ííûé èìåííî ýòèì âîïðîñàì. Ãëàâà ñîñòîèò èç äâóõ ðàçäåëîâ, ïåð-
âûé èç êîòîðûõ îðèåíòèðîâàí ñêîðåå íà àäìèíèñòðàòîðà, âòîðîé � íà
ðàçðàáîò÷èêà ïðèëîæåíèé. Ðåêîìåíäóåòñÿ ïðî÷åñòü îáà ðàçäåëà: îòíåñå-
íèå ìíîãèõ âîïðîñîâ ê êàêîìó-òî îäíîìó èç íèõ âåñüìà óñëîâíî.
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2.1. Ââåäåíèå

Íå èñïîëüçóéòå íàñòðîéêè ïî óìîë÷àíèþ

Ïî óìîë÷àíèþ PostgreSQL ñêîíôèãóðèðîâàí òàêèì îáðàçîì, ÷òîáû îí
ìîã áûòü çàïóùåí ïðàêòè÷åñêè íà ëþáîì êîìïüþòåðå è íå ñëèøêîì ìå-
øàë ïðè ýòîì ðàáîòå äðóãèõ ïðèëîæåíèé. Ýòî îñîáåííî êàñàåòñÿ èñïîëü-
çóåìîé ïàìÿòè. Íàñòðîéêè ïî óìîë÷àíèþ ïîäõîäÿò òîëüêî äëÿ ñëåäóþùå-
ãî èñïîëüçîâàíèÿ: ñ íèìè âû ñìîæåòå ïðîâåðèòü, ðàáîòàåò ëè óñòàíîâêà
PostgreSQL, ñîçäàòü òåñòîâóþ áàçó óðîâíÿ çàïèñíîé êíèæêè è ïîòðåíè-
ðîâàòüñÿ ïèñàòü ê íåé çàïðîñû. Åñëè âû ñîáèðàåòåñü ðàçðàáàòûâàòü (à
òåì áîëåå çàïóñêàòü â ðàáîòó) ðåàëüíûå ïðèëîæåíèÿ, òî íàñòðîéêè ïðè-
ä¼òñÿ ðàäèêàëüíî èçìåíèòü. Â äèñòðèáóòèâå PostgreSQL, ê ñîæàëåíèþ,
íå ïîñòàâëÿåòñÿ ôàéëîâ ñ ¾ðåêîìåíäóåìûìè¿ íàñòðîéêàìè. Âîîáùå ãî-
âîðÿ, òàêèå ôàéëû ñîçäàòü âåñüìà ñëîæíî, ò.ê. îïòèìàëüíûå íàñòðîéêè
êîíêðåòíîé óñòàíîâêè PostgreSQL áóäóò îïðåäåëÿòüñÿ:

� êîíôèãóðàöèåé êîìïüþòåðà;
� îáú¼ìîì è òèïîì äàííûõ, õðàíÿùèõñÿ â áàçå;
� îòíîøåíèåì ÷èñëà çàïðîñîâ íà ÷òåíèå è íà çàïèñü;
� òåì, çàïóùåíû ëè äðóãèå òðåáîâàòåëüíûå ê ðåñóðñàì ïðîöåññû (íà-
ïðèìåð, âåáñåðâåð).

Èñïîëüçóéòå àêòóàëüíóþ âåðñèþ ñåðâåðà

Åñëè ó âàñ ñòîèò óñòàðåâøàÿ âåðñèÿ PostgreSQL, òî íàèáîëüøåãî óñêî-
ðåíèÿ ðàáîòû âû ñìîæåòå äîáèòüñÿ, îáíîâèâ å¼ äî òåêóùåé. Óêàæåì ëèøü
íàèáîëåå çíà÷èòåëüíûå èç ñâÿçàííûõ ñ ïðîèçâîäèòåëüíîñòüþ èçìåíåíèé.

� Â âåðñèè 7.1 ïîÿâèëñÿ æóðíàë òðàíçàêöèé, äî òîãî äàííûå â òàáëèöó
ñáðàñûâàëèñü êàæäûé ðàç ïðè óñïåøíîì çàâåðøåíèè òðàíçàêöèè.

� Â âåðñèè 7.2 ïîÿâèëèñü:

� íîâàÿ âåðñèÿ êîìàíäû VACUUM, íå òðåáóþùàÿ áëîêèðîâêè;
� êîìàíäà ANALYZE, ñòðîÿùàÿ ãèñòîãðàììó ðàñïðåäåëåíèÿ äàí-
íûõ â ñòîëáöàõ, ÷òî ïîçâîëÿåò âûáèðàòü áîëåå áûñòðûå ïëàíû
âûïîëíåíèÿ çàïðîñîâ;

� ïîäñèñòåìà ñáîðà ñòàòèñòèêè.

� Â âåðñèè 7.4 áûëà óñêîðåíà ðàáîòà ìíîãèõ ñëîæíûõ çàïðîñîâ (âêëþ-
÷àÿ ïå÷àëüíî èçâåñòíûå ïîäçàïðîñû IN/NOT IN).

� Â âåðñèè 8.0 áûëè âíåäðåíû ìåòêè âîñòàíîâëåíèÿ, óëó÷øåíèå óïðàâ-
ëåíèÿ áóôåðîì, CHECKPOINT è VACUUM óëó÷øåíû.

� Â âåðñèè 8.1 áûë óëó÷øåí îäíîâðåìåííûé äîñòóï ê ðàçäåëÿåìîé ïà-
ìÿòè, àâòîìàòè÷åñêè èñïîëüçîâàíèå èíäåêñîâ äëÿ MIN() è MAX(),
pg_autovacuum âíåäðåí â ñåðâåð (àâòîìàòèçèðîâàí), ïîâûøåíèå ïðî-
èçâîäèòåëüíîñòè äëÿ ñåêöèîíèðîâàííûõ òàáëèö.

� Â âåðñèè 8.2 áûëà óëó÷øåíà ñêîðîñòü ìíîæåñòâà SQL çàïðîñîâ, óñî-
âåðøåíñòâîâàí ñàì ÿçûê çàïðîñîâ.
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� Â âåðñèè 8.3 âíåäðåí ïîëíîòåêñòîâûé ïîèñê, ïîääåðæêà SQL/XML
ñòàíäàðòà, ïàðàìåòðû êîíôèãóðàöèè ñåðâåðà ìîãóò áûòü óñòàíîâëå-
íû íà îñíîâå îòäåëüíûõ ôóíêöèé.

� Â âåðñèè 8.4 áûëè âíåäðåíû îáùèå òàáëè÷íûå âûðàæåíèÿ, ðåêóð-
ñèâíûå çàïðîñû, ïàðàëëåëüíîå âîññòàíîâëåíèå, óëó÷øåííà ïðîèçâî-
äèòåëüíîñòü äëÿ EXISTS/NOT EXISTS çàïðîñîâ.

� Â âåðñèè 9.0 ¾ðåïëèêàöèÿ èç êîðîáêè¿, VACUUM/VACUUM FULL
ñòàëè áûñòðåå, ðàñøèðåíû õðàíèìûå ïðîöåäóðû.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî áîëüøàÿ ÷àñòü èçëîæåííîãî â ñòàòüå ìàòå-
ðèàëà îòíîñèòñÿ ê âåðñèè ñåðâåðà íå íèæå 8.4.

Ñòîèò ëè äîâåðÿòü òåñòàì ïðîèçâîäèòåëüíîñòè

Ïåðåä òåì, êàê çàíèìàòüñÿ íàñòðîéêîé ñåðâåðà, âïîëíå åñòåñòâåííî
îçíàêîìèòüñÿ ñ îïóáëèêîâàííûìè äàííûìè ïî ïðîèçâîäèòåëüíîñòè, â òîì
÷èñëå â ñðàâíåíèè ñ äðóãèìè ÑÓÁÄ. Ê ñîæàëåíèþ, ìíîãèå òåñòû ñëó-
æàò íå ñòîëüêî äëÿ îáëåã÷åíèÿ âàøåãî âûáîðà, ñêîëüêî äëÿ ïðîäâèæåíèÿ
êîíêðåòíûõ ïðîäóêòîâ â êà÷åñòâå ¾ñàìûõ áûñòðûõ¿. Ïðè èçó÷åíèè îïóá-
ëèêîâàííûõ òåñòîâ â ïåðâóþ î÷åðåäü îáðàòèòå âíèìàíèå, ñîîòâåòñòâóåò
ëè âåëè÷èíà è òèï íàãðóçêè, îáú¼ì äàííûõ è ñëîæíîñòü çàïðîñîâ â òå-
ñòå òîìó, ÷òî âû ñîáèðàåòåñü äåëàòü ñ áàçîé? Ïóñòü, íàïðèìåð, îáû÷íîå
èñïîëüçîâàíèå âàøåãî ïðèëîæåíèÿ ïîäðàçóìåâàåò íåñêîëüêî îäíîâðåìåí-
íî ðàáîòàþùèõ çàïðîñîâ íà îáíîâëåíèå ê òàáëèöå â ìèëëèîíû çàïèñåé. Â
ýòîì ñëó÷àå ÑÓÁÄ, êîòîðàÿ â íåñêîëüêî ðàç áûñòðåå âñåõ îñòàëüíûõ èùåò
çàïèñü â òàáëèöå â òûñÿ÷ó çàïèñåé, ìîæåò îêàçàòüñÿ íå ëó÷øèì âûáîðîì.
Íó è íàêîíåö, âåùè, êîòîðûå äîëæíû ñðàçó íàñòîðîæèòü:

� Òåñòèðîâàíèå óñòàðåâøåé âåðñèè ÑÓÁÄ.
� Èñïîëüçîâàíèå íàñòðîåê ïî óìîë÷àíèþ (èëè îòñóòñòâèå èíôîðìàöèè
î íàñòðîéêàõ).

� Òåñòèðîâàíèå â îäíîïîëüçîâàòåëüñêîì ðåæèìå (åñëè, êîíå÷íî, âû íå
ïðåäïîëàãàåòå èñïîëüçîâàòü ÑÓÁÄ èìåííî òàê).

� Èñïîëüçîâàíèå ðàñøèðåííûõ âîçìîæíîñòåé îäíîé ÑÓÁÄ ïðè èãíî-
ðèðîâàíèè ðàñøèðåííûõ âîçìîæíîñòåé äðóãîé.

� Èñïîëüçîâàíèå çàâåäîìî ìåäëåííî ðàáîòàþùèõ çàïðîñîâ (ñì. ïóíêò
3.4).

2.2 Íàñòðîéêà ñåðâåðà

Â ýòîì ðàçäåëå îïèñàíû ðåêîìåíäóåìûå çíà÷åíèÿ ïàðàìåòðîâ, âëèÿþ-
ùèõ íà ïðîèçâîäèòåëüíîñòü ÑÓÁÄ. Ýòè ïàðàìåòðû îáû÷íî óñòàíàâëèâà-
þòñÿ â êîíôèãóðàöèîííîì ôàéëå postgresql.conf è âëèÿþò íà âñå áàçû â
òåêóùåé óñòàíîâêå.

10



2.2. Íàñòðîéêà ñåðâåðà

Èñïîëüçóåìàÿ ïàìÿòü

Îáùèé áóôåð ñåðâåðà: shared_bu�ers

PostgreSQL íå ÷èòàåò äàííûå íàïðÿìóþ ñ äèñêà è íå ïèøåò èõ ñðàçó
íà äèñê. Äàííûå çàãðóæàþòñÿ â îáùèé áóôåð ñåðâåðà, íàõîäÿùèéñÿ â
ðàçäåëÿåìîé ïàìÿòè, ñåðâåðíûå ïðîöåññû ÷èòàþò è ïèøóò áëîêè â ýòîì
áóôåðå, à çàòåì óæå èçìåíåíèÿ ñáðàñûâàþòñÿ íà äèñê.

Åñëè ïðîöåññó íóæåí äîñòóï ê òàáëèöå, òî îí ñíà÷àëà èùåò íóæíûå
áëîêè â îáùåì áóôåðå. Åñëè áëîêè ïðèñóòñòâóþò, òî îí ìîæåò ïðîäîë-
æàòü ðàáîòó, åñëè íåò � äåëàåòñÿ ñèñòåìíûé âûçîâ äëÿ èõ çàãðóçêè. Çà-
ãðóæàòüñÿ áëîêè ìîãóò êàê èç ôàéëîâîãî êýøà ÎÑ, òàê è ñ äèñêà, è ýòà
îïåðàöèÿ ìîæåò îêàçàòüñÿ âåñüìà ¾äîðîãîé¿.

Åñëè îáú¼ì áóôåðà íåäîñòàòî÷åí äëÿ õðàíåíèÿ ÷àñòî èñïîëüçóåìûõ
ðàáî÷èõ äàííûõ, òî îíè áóäóò ïîñòîÿííî ïèñàòüñÿ è ÷èòàòüñÿ èç êýøà ÎÑ
èëè ñ äèñêà, ÷òî êðàéíå îòðèöàòåëüíî ñêàæåòñÿ íà ïðîèçâîäèòåëüíîñòè.

Â òî æå âðåìÿ íå ñëåäóåò óñòàíàâëèâàòü ýòî çíà÷åíèå ñëèøêîì áîëü-
øèì: ýòî ÍÅ âñÿ ïàìÿòü, êîòîðàÿ íóæíà äëÿ ðàáîòû PostgreSQL, ýòî òîëü-
êî ðàçìåð ðàçäåëÿåìîé ìåæäó ïðîöåññàìè PostgreSQL ïàìÿòè, êîòîðàÿ
íóæíà äëÿ âûïîëíåíèÿ àêòèâíûõ îïåðàöèé. Îíà äîëæíà çàíèìàòü ìåíü-
øóþ ÷àñòü îïåðàòèâíîé ïàìÿòè âàøåãî êîìïüþòåðà, òàê êàê PostgreSQL
ïîëàãàåòñÿ íà òî, ÷òî îïåðàöèîííàÿ ñèñòåìà êýøèðóåò ôàéëû, è íå ñòàðà-
åòñÿ äóáëèðîâàòü ýòó ðàáîòó. Êðîìå òîãî, ÷åì áîëüøå ïàìÿòè áóäåò îòäàíî
ïîä áóôåð, òåì ìåíüøå îñòàíåòñÿ îïåðàöèîííîé ñèñòåìå è äðóãèì ïðèëî-
æåíèÿì, ÷òî ìîæåò ïðèâåñòè ê ñâîïïèíãó.

Ê ñîæàëåíèþ, ÷òîáû çíàòü òî÷íîå ÷èñëî shared_bu�ers, íóæíî ó÷åñòü
êîëè÷åñòâî îïåðàòèâíîé ïàìÿòè êîìïüþòåðà, ðàçìåð áàçû äàííûõ, ÷èñëî
ñîåäèíåíèé è ñëîæíîñòü çàïðîñîâ, òàê ÷òî ëó÷øå âîñïîëüçóåìñÿ íåñêîëü-
êèìè ïðîñòûìè ïðàâèëàìè íàñòðîéêè.

Íà âûäåëåííûõ ñåðâåðàõ ïîëåçíûì îáúåìîì áóäåò çíà÷åíèå îò 8 ÌÁ
äî 2 ÃÁ. Îáúåì ìîæåò áûòü âûøå, åñëè ó âàñ áîëüøèå àêòèâíûå ïîðöèè
áàçû äàííûõ, ñëîæíûå çàïðîñû, áîëüøîå ÷èñëî îäíîâðåìåííûõ ñîåäèíå-
íèé, äëèòåëüíûå òðàíçàêöèè, âàì äîñòóïåí áîëüøîé îáúåì îïåðàòèâíîé
ïàìÿòè èëè áîëüøåå êîëè÷åñòâî ïðîöåññîðîâ. È, êîíå÷íî æå, íå çàáûâà-
åì îá îñòàëüíûõ ïðèëîæåíèÿõ. Âûäåëèâ ñëèøêîì ìíîãî ïàìÿòè äëÿ áàçû
äàííûõ, ìû ìîæåì ïîëó÷èòü óõóäøåíèå ïðîèçâîäèòåëüíîñòè. Â êà÷åñòâå
íà÷àëüíûõ çíà÷åíèé ìîæåòå ïîïðîáîâàòü ñëåäóþùèå:

� Íà÷íèòå ñ 4 ÌÁ (512) äëÿ ðàáî÷åé ñòàíöèè
� Ñðåäíèé îáú¼ì äàííûõ è 256�512 ÌÁ äîñòóïíîé ïàìÿòè: 16�32 ÌÁ
(2048�4096)

� Áîëüøîé îáú¼ì äàííûõ è 1�4 ÃÁ äîñòóïíîé ïàìÿòè: 64�256 ÌÁ
(8192�32768)

Äëÿ òîíêîé íàñòðîéêè ïàðàìåòðà óñòàíîâèòå äëÿ íåãî áîëüøîå çíà÷å-
íèå è ïîòåñòèðóéòå áàçó ïðè îáû÷íîé íàãðóçêå. Ïðîâåðÿéòå èñïîëüçîâàíèå
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ðàçäåëÿåìîé ïàìÿòè ïðè ïîìîùè ipcs èëè äðóãèõ óòèëèò(íàïðèìåð, free
èëè vmstat). Ðåêîìåíäóåìîå çíà÷åíèå ïàðàìåòðà áóäåò ïðèìåðíî â 1,2 �2
ðàçà áîëüøå, ÷åì ìàêñèìóì èñïîëüçîâàííîé ïàìÿòè. Îáðàòèòå âíèìàíèå,
÷òî ïàìÿòü ïîä áóôåð âûäåëÿòñÿ ïðè çàïóñêå ñåðâåðà, è å¼ îáú¼ì ïðè ðà-
áîòå íå èçìåíÿåòñÿ. Ó÷òèòå òàêæå, ÷òî íàñòðîéêè ÿäðà îïåðàöèîííîé ñè-
ñòåìû ìîãóò íå äàòü âàì âûäåëèòü áîëüøîé îáú¼ì ïàìÿòè. Â ðóêîâîäñòâå
àäìèíèñòðàòîðà PostgreSQL îïèñàíî, êàê ìîæíî èçìåíèòü ýòè íàñòðîéêè:
http://developer.postgresql.org/docs/postgres/kernel-resources.html

Âîò íåñêîëüêî ïðèìåðîâ, ïîëó÷åííûõ íà ëè÷íîì îïûòå è ïðè òåñòèðî-
âàíèè:

� Laptop, Celeron processor, 384 ÌÁ RAM, áàçà äàííûõ 25 ÌÁ: 12 ÌÁ
� Athlon server, 1 ÃÁ RAM, áàçà äàííûõ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé
10 ÃÁ: 200 ÌÁ

� Quad PIII server, 4 ÃÁ RAM, 40 ÃÁ, 150 ñîåäèíåíèé, ¾òÿæåëûå¿ òðàí-
çàêöèè: 1 ÃÁ

� Quad Xeon server, 8 ÃÁ RAM, 200 ÃÁ, 300 ñîåäèíåíèé, ¾òÿæåëûå¿
òðàíçàêöèè: 2 ÃÁ

Ïàìÿòü äëÿ ñîðòèðîâêè ðåçóëüòàòà çàïðîñà: work_mem

Ðàíåå èçâåñòíîå êàê sort_mem, áûëî ïåðåèìåíîâàíî, òàê êàê ñåé÷àñ
îïðåäåëÿåò ìàêñèìàëüíîå êîëè÷åñòâî îïåðàòèâíîé ïàìÿòè, êîòîðîå ìî-
æåò âûäåëèòü îäíà îïåðàöèÿ ñîðòèðîâêè, àãðåãàöèè è äð. Ýòî íå ðàçäå-
ëÿåìàÿ ïàìÿòü, work_mem âûäåëÿåòñÿ îòäåëüíî íà êàæäóþ îïåðàöèþ (îò
îäíîãî äî íåñêîëüêèõ ðàç çà îäèí çàïðîñ). Ðàçóìíîå çíà÷åíèå ïàðàìåò-
ðà îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì: êîëè÷åñòâî äîñòóïíîé îïåðàòèâíîé
ïàìÿòè (ïîñëå òîãî, êàê èç îáùåãî îáúåìà âû÷ëè ïàìÿòü, òðåáóåìóþ äëÿ
äðóãèõ ïðèëîæåíèé, è shared_bu�ers) äåëèòñÿ íà ìàêñèìàëüíîå ÷èñëî îä-
íîâðåìåííûõ çàïðîñîâ óìíîæåííîå íà ñðåäíåå ÷èñëî îïåðàöèé â çàïðîñå,
êîòîðûå òðåáóþò ïàìÿòè.

Åñëè îáú¼ì ïàìÿòè íåäîñòàòî÷åí äëÿ ñîðòèðîêè íåêîòîðîãî ðåçóëüòà-
òà, òî ñåðâåðíûé ïðîöåññ áóäåò èñïîëüçîâàòü âðåìåííûå ôàéëû. Åñëè æå
îáú¼ì ïàìÿòè ñëèøêîì âåëèê, òî ýòî ìîæåò ïðèâåñòè ê ñâîïïèíãó.

Îáú¼ì ïàìÿòè çàäà¼òñÿ ïàðàìåòðîì work_mem â ôàéëå postgresql.conf.
Åäèíèöà èçìåðåíèÿ ïàðàìåòðà � 1 êÁ. Çíà÷åíèå ïî óìîë÷àíèþ � 1024. Â
êà÷åñòâå íà÷àëüíîãî çíà÷åíèÿ äëÿ ïàðàìåòðà ìîæåòå âçÿòü 2�4% äîñòóï-
íîé ïàìÿòè. Äëÿ âåá-ïðèëîæåíèé îáû÷íî óñòàíàâëèâàþò íèçêèå çíà÷åíèÿ
work_mem, òàê êàê çàïðîñîâ îáû÷íî ìíîãî, íî îíè ïðîñòûå, îáû÷íî õâà-
òàåò îò 512 äî 2048 ÊÁ. Ñ äðóãîé ñòîðîíû, ïðèëîæåíèÿ äëÿ ïîääåðæêè
ïðèíÿòèÿ ðåøåíèé ñ ñîòíÿìè ñòðîê â êàæäîì çàïðîñå è äåñÿòêàìè ìèëëè-
îíîâ ñòîëáöîâ â òàáëèöàõ ôàêòîâ ÷àñòî òðåáóþò work_mem ïîðÿäêà 500
ÌÁ. Äëÿ áàç äàííûõ, êîòîðûå èñïîëüçóþòñÿ è òàê, è òàê, ýòîò ïàðàìåòð
ìîæíî óñòàíàâëèâàòü äëÿ êàæäîãî çàïðîñà èíäèâèäóàëüíî, èñïîëüçóÿ íà-
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ñòðîéêè ñåññèè. Íàïðèìåð, ïðè ïàìÿòè 1�4 ÃÁ ðåêîìåíäóåòñÿ óñòàíàâëè-
âàòü 32�128 MB.

Ïàìÿòü äëÿ ðàáîòû êîìàíäû VACUUM:
maintenance_work_mem

Ïðåäûäóùåå íàçâàíèå â PostgreSQL 7.x vacuum_mem. Ýòîò ïàðàìåòð
çàäà¼ò îáú¼ì ïàìÿòè, èñïîëüçóåìûé êîìàíäàìè VACUUM, ANALYZE, CREATE
INDEX, è äîáàâëåíèÿ âíåøíèõ êëþ÷åé. ×òîáû îïåðàöèè âûïîëíÿëèñü
ìàêñèìàëüíî áûñòðî, íóæíî óñòàíàâëèâàòü ýòîò ïàðàìåòð òåì âûøå, ÷åì
áîëüøå ðàçìåð òàáëèö â âàøåé áàçå äàííûõ. Íåïëîõî áû óñòàíàâëèâàòü
åãî çíà÷åíèå îò 50 äî 75% ðàçìåðà âàøåé ñàìîé áîëüøîé òàáëèöû èëè èí-
äåêñà èëè, åñëè òî÷íî îïðåäåëèòü íåâîçìîæíî, îò 32 äî 256 ÌÁ. Ñëåäóåò
óñòàíàâëèâàòü áîëüøåå çíà÷åíèå, ÷åì äëÿ work_mem. Ñëèøêîì áîëüøèå
çíà÷åíèÿ ïðèâåäóò ê èñïîëüçîâàíèþ ñâîïà. Íàïðèìåð, ïðè ïàìÿòè 1�4 ÃÁ
ðåêîìåíäóåòñÿ óñòàíàâëèâàòü 128�512 MB.

Free Space Map: êàê èçáàâèòüñÿ îò VACUUM FULL

Îñîáåííîñòÿìè âåðñèîííûõ äâèæêîâ ÁÄ (ê êîòîðûì îòíîñèòñÿ è èñ-
ïîëüçóåìûé â PostgreSQL) ÿâëÿåòñÿ ñëåäóþùåå:

� Òðàíçàêöèè, èçìåíÿþùèå äàííûå â òàáëèöå, íå áëîêèðóþò òðàíçàê-
öèè, ÷èòàþùèå èç íå¼ äàííûå, è íàîáîðîò (ýòî õîðîøî);

� Ïðè èçìåíåíèè äàííûõ â òàáëèöå (êîìàíäàìè UPDATE èëè DELETE)
íàêàïëèâàåòñÿ ìóñîð1 (à ýòî ïëîõî).

Â êàæäîé ÑÓÁÄ ñáîðêà ìóñîðà ðåàëèçîâàíà îñîáûì îáðàçîì, â PostgreSQL
äëÿ ýòîé öåëè ïðèìåíÿåòñÿ êîìàíäà VACUUM (îïèñàíà â ïóíêòå 3.1.1).

Äî âåðñèè 7.2 êîìàíäà VACUUM ïîëíîñòüþ áëîêèðîâàëà òàáëèöó. Íà-
÷èíàÿ ñ âåðñèè 7.2, êîìàíäà VACUUM íàêëàäûâàåò áîëåå ñëàáóþ áëîêè-
ðîâêó, ïîçâîëÿþùóþ ïàðàëëåëüíî âûïîëíÿòü êîìàíäû SELECT, INSERT,
UPDATE è DELETE íàä îáðàáàòûâàåìîé òàáëèöåé. Ñòàðûé âàðèàíò êî-
ìàíäû íàçûâàåòñÿ òåïåðü VACUUM FULL.

Íîâûé âàðèàíò êîìàíäû íå ïûòàåòñÿ óäàëèòü âñå ñòàðûå âåðñèè çàïè-
ñåé è, ñîîòâåòñòâåííî, óìåíüøèòü ðàçìåð ôàéëà, ñîäåðæàùåãî òàáëèöó, à
ëèøü ïîìå÷àåò çàíèìàåìîå èìè ìåñòî êàê ñâîáîäíîå. Äëÿ èíôîðìàöèè î
ñâîáîäíîì ìåñòå åñòü ñëåäóþùèå íàñòðîéêè:

� max_fsm_relations

Ìàêñèìàëüíîå êîëè÷åñòâî òàáëèö, äëÿ êîòîðûõ áóäåò îòñëåæèâàòüñÿ
ñâîáîäíîå ìåñòî â îáùåé êàðòå ñâîáîäíîãî ïðîñòðàíñòâà. Ýòè äàííûå
ñîáèðàþòñÿ VACUUM. Ïàðàìåòð max_fsm_relations äîëæåí áûòü íå
ìåíüøå îáùåãî êîëè÷åñòâà òàáëèö âî âñåõ áàçàõ äàííîé óñòàíîâêè
(ëó÷øå ñ çàïàñîì).

1ïîä êîòîðûì ïîíèìàþòñÿ ñòàðûå âåðñèè èçìåí¼ííûõ/óäàë¼ííûõ çàïèñåé
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� max_fsm_pages

Äàííûé ïàðàìåòð îïðåäåëÿåò ðàçìåð ðååñòðà, â êîòîðîì õðàíèòñÿ
èíôîðìàöèÿ î ÷àñòè÷íî îñâîáîæä¼ííûõ ñòðàíèöàõ äàííûõ, ãîòîâûõ
ê çàïîëíåíèþ íîâûìè äàííûìè. Çíà÷åíèå ýòîãî ïàðàìåòðà íóæíî
óñòàíîâèòü ÷óòü áîëüøå, ÷åì ïîëíîå ÷èñëî ñòðàíèö, êîòîðûå ìîãóò
áûòü çàòðîíóòû îïåðàöèÿìè îáíîâëåíèÿ èëè óäàëåíèÿ ìåæäó âûïîë-
íåíèåì VACUUM. ×òîáû îïðåäåëèòü ýòî ÷èñëî, ìîæíî çàïóñòèòü
VACUUM VERBOSE ANALYZE è âûÿñíèòü îáùåå ÷èñëî ñòðàíèö,
èñïîëüçóåìûõ áàçîé äàííûõ. max_fsm_pages îáû÷íî òðåáóåò íåìíî-
ãî ïàìÿòè, òàê ÷òî íà ýòîì ïàðàìåòðå ëó÷øå íå ýêîíîìèòü.

Åñëè ýòè ïàðàìåòðû óñòàíîâëåííû âåðíî è èíôîðìàöèÿ îáî âñåõ èçìå-
íåíèÿõ ïîìåùàåòñÿ â FSM, òî êîìàíäû VACUUM áóäåò äîñòàòî÷íî äëÿ
ñáîðêè ìóñîðà, åñëè íåò � ïîíàäîáèòñÿ VACUUM FULL, âî âðåìÿ ðàáîòû
êîòîðîé íîðìàëüíîå èñïîëüçîâàíèå ÁÄ ñèëüíî çàòðóäíåíî.

ÂÍÈÌÀÍÈÅ! Íà÷èíàÿ ñ 8.4 âåðñèè fsm ïàðàìåòðû áûëè óáðàíû,
ïîñêîëüêó Free Space Map ñîõðàíÿåòñÿ íà æåñòêèé äèñê, à íå â ïàìÿòü.

Ïðî÷èå íàñòðîéêè

� temp_bu�ers

Áóôåð ïîä âðåìåííûå îáúåêòû, â îñíîâíîì äëÿ âðåìåííûõ òàáëèö.
Ìîæíî óñòàíîâèòü ïîðÿäêà 16 ÌÁ.

� max_prepared_transactions

Êîëè÷åñòâî îäíîâðåìåííî ïîäãîòàâëèâàåìûõ òðàíçàêöèé (PREPARE
TRANSACTION). Ìîæíî îñòàâèòü ïî äåôîëòó � 5.

� vacuum_cost_delay

Åñëè ó âàñ áîëüøèå òàáëèöû, è ïðîèçâîäèòñÿ ìíîãî îäíîâðåìåííûõ
îïåðàöèé çàïèñè, âàì ìîæåò ïðèãîäèòüñÿ ôóíêöèÿ, êîòîðàÿ óìåíü-
øàåò çàòðàòû íà I/O äëÿ VACUUM, ðàñòÿãèâàÿÿ åãî ïî âðåìåíè.
×òîáû âêëþ÷èòü ýòó ôóíêöèîíàëüíîñòü, íóæíî ïîäíÿòü çíà÷åíèå
vacuum_cost_delay âûøå 0. Èñïîëüçóéòå ðàçóìíóþ çàäåðæêó îò 50
äî 200 ìñ. Äëÿ áîëåå òîíêîé íàñòðîéêè ïîâûøàéòå vacuum_cost_page_hit
è ïîíèæàéòå vacuum_cost_page_limit. Ýòî îñëàáèò âëèÿíèå VACUUM,
óâåëè÷èâ âðåìÿ åãî âûïîëíåíèÿ. Â òåñòàõ ñ ïàðàëëåëüíûìè òðàíçàê-
öèÿìè ßí Âèê (Jan Wieck) ïîëó÷èë, ÷òî ïðè çíà÷åíèÿõ delay � 200,
page_hit � 6 è ïðåäåë � 100 âëÿíèå VACUUM óìåíüøèëîñü áîëåå
÷åì íà 80%, íî åãî äëèòåëüíîñòü óâåëè÷èëàñü âòðîå.

� max_stack_depth

Ñïåöèàëüíûé ñòåê äëÿ ñåðâåðà, â èäåàëå îí äîëæåí ñîâïàäàòü ñ ðàç-
ìåðîì ñòåêà, âûñòàâëåííîì â ÿäðå ÎÑ. Óñòàíîâêà áîëüøåãî çíà÷å-
íèÿ, ÷åì â ÿäðå, ìîæåò ïðèâåñòè ê îøèáêàì. Ðåêîìåíäóåòñÿ óñòà-
íàâëèâàòü 2�4 MB.
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� max_�les_per_process

Ìàêñèìàëüíîå êîëè÷åñòâî ôàéëîâ, îòêðûâàåìûõ ïðîöåññîì è åãî
ïîäïðîöåññàìè â îäèí ìîìåíò âðåìåíè. Óìåíüøèòå äàííûé ïàðà-
ìåòð, åñëè â ïðîöåññå ðàáîòû íàáëþäàåòñÿ ñîîáùåíèå ¾Too many open
�les¿.

Æóðíàë òðàíçàêöèé è êîíòðîëüíûå òî÷êè

Æóðíàë òðàíçàêöèé PostgreSQL ðàáîòàåò ñëåäóþùèì îáðàçîì: âñå èç-
ìåíåíèÿ â ôàéëàõ äàííûõ (â êîòîðûõ íàõîäÿòñÿ òàáëèöû è èíäåêñû) ïðî-
èçâîäÿòñÿ òîëüêî ïîñëå òîãî, êàê îíè áûëè çàíåñåíû â æóðíàë òðàíçàê-
öèé, ïðè ýòîì çàïèñè â æóðíàëå äîëæíû áûòü ãàðàíòèðîâàííî çàïèñàíû
íà äèñê.

Â ýòîì ñëó÷àå íåò íåîáõîäèìîñòè ñáðàñûâàòü íà äèñê èçìåíåíèÿ äàí-
íûõ ïðè êàæäîì óñïåøíîì çàâåðøåíèè òðàíçàêöèè: â ñëó÷àå ñáîÿ ÁÄ ìî-
æåò áûòü âîññòàíîâëåíà ïî çàïèñÿì â æóðíàëå. Òàêèì îáðàçîì, äàííûå èç
áóôåðîâ ñáðàñûâàþòñÿ íà äèñê ïðè ïðîõîäå êîíòðîëüíîé òî÷êè: ëèáî ïðè
çàïîëíåíèè íåñêîëüêèõ (ïàðàìåòð checkpoint_segments, ïî óìîë÷àíèþ 3)
ñåãìåíòîâ æóðíàëà òðàíçàêöèé, ëèáî ÷åðåç îïðåäåë¼ííûé èíòåðâàë âðå-
ìåíè (ïàðàìåòð checkpoint_timeout, èçìåðÿåòñÿ â ñåêóíäàõ, ïî óìîë÷àíèþ
300).

Èçìåíåíèå ýòèõ ïàðàìåòðîâ ïðÿìî íå ïîâëèÿåò íà ñêîðîñòü ÷òåíèÿ, íî
ìîæåò ïðèíåñòè áîëüøóþ ïîëüçó, åñëè äàííûå â áàçå àêòèâíî èçìåíÿþòñÿ.

Óìåíüøåíèå êîëè÷åñòâà êîíòðîëüíûõ òî÷åê:
checkpoint_segments

Åñëè â áàçó çàíîñÿòñÿ áîëüøèå îáú¼ìû äàííûõ, òî êîíòðîëüíûå òî÷êè
ìîãóò ïðîèñõîäèòü ñëèøêîì ÷àñòî2. Ïðè ýòîì ïðîèçâîäèòåëüíîñòü óïàä¼ò
èç-çà ïîñòîÿííîãî ñáðàñûâàíèÿ íà äèñê äàííûõ èç áóôåðà.

Äëÿ óâåëè÷åíèÿ èíòåðâàëà ìåæäó êîíòðîëüíûìè òî÷êàìè íóæíî óâå-
ëè÷èòü êîëè÷åñòâî ñåãìåíòîâ æóðíàëà òðàíçàêöèé (checkpoint_segments).
Äàííûé ïàðàìåòð îïðåäåëÿåò êîëè÷åñòâî ñåãìåíòîâ (êàæäûé ïî 16 ÌÁ)
ëîãà òðàíçàêöèé ìåæäó êîíòðîëüíûìè òî÷êàìè. Ýòîò ïàðàìåòð íå èìå-
åò îñîáîãî çíà÷åíèÿ äëÿ áàçû äàííûõ, ïðåäíàçíà÷åííîé ïðåèìóùåñòâåííî
äëÿ ÷òåíèÿ, íî äëÿ áàç äàííûõ ñî ìíîæåñòâîì òðàíçàêöèé óâåëè÷åíèå ýòî-
ãî ïàðàìåòðà ìîæåò îêàçàòüñÿ æèçíåííî íåîáõîäèìûì. Â çàâèñèìîñòè îò
îáúåìà äàííûõ óñòàíîâèòå ýòîò ïàðàìåòð â äèàïàçîíå îò 12 äî 256 ñåãìåí-
òîâ è, åñëè â ëîãå ïîÿâëÿþòñÿ ïðåäóïðåæäåíèÿ (warning) î òîì, ÷òî êîí-
òðîëüíûå òî÷êè ïðîèñõîäÿò ñëèøêîì ÷àñòî, ïîñòåïåííî óâåëè÷èâàéòå åãî.
Ìåñòî, òðåáóåìîå íà äèñêå, âû÷èñëÿåòñÿ ïî ôîðìóëå (checkpoint_segments

2¾ñëèøêîì ÷àñòî¿ ìîæíî îïðåäåëèòü êàê ¾÷àùå ðàçà â ìèíóòó¿. Âû òàêæå ìîæåòå
çàäàòü ïàðàìåòð checkpoint_warning (â ñåêóíäàõ): â æóðíàë ñåðâåðà áóäóò ïèñàòüñÿ
ïðåäóïðåæäåíèÿ, åñëè êîíòðîëüíûå òî÷êè ïðîèñõîäÿò ÷àùå çàäàííîãî.
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* 2 + 1) * 16 ÌÁ, òàê ÷òî óáåäèòåñü, ÷òî ó âàñ äîñòàòî÷íî ñâîáîäíîãî ìå-
ñòà. Íàïðèìåð, åñëè âû âûñòàâèòå çíà÷åíèå 32, âàì ïîòðåáóåòñÿ áîëüøå 1
ÃÁ äèñêîâîãî ïðîñòðàíñòâà.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî ÷åì áîëüøå èíòåðâàë ìåæäó êîíòðîëü-
íûìè òî÷êàìè, òåì äîëüøå áóäóò âîññòàíàâëèâàòüñÿ äàííûå ïî æóðíàëó
òðàíçàêöèé ïîñëå ñáîÿ.

fsync è ñòîèò ëè åãî òðîãàòü

Íàèáîëåå ðàäèêàëüíîå èç âîçìîæíûõ ðåøåíèé � âûñòàâèòü çíà÷åíèå
¾o�¿ ïàðàìåòðó fsync. Ïðè ýòîì çàïèñè â æóðíàëå òðàíçàêöèé íå áóäóò
ïðèíóäèòåëüíî ñáðàñûâàòüñÿ íà äèñê, ÷òî äàñò áîëüøîé ïðèðîñò ñêîðîñòè
çàïèñè. Ó÷òèòå: âû æåðòâóåòå íàä¼æíîñòüþ, â ñëó÷àå ñáîÿ öåëîñòíîñòü
áàçû áóäåò íàðóøåíà, è å¼ ïðèä¼òñÿ âîññòàíàâëèâàòü èç ðåçåðâíîé êîïèè!

Èñïîëüçîâàòü ýòîò ïàðàìåòð ðåêîìåíäóåòñÿ ëèøü â òîì ñëó÷àå, åñëè
âû âñåöåëî äîâåðÿåòå ñâîåìó ¾æåëåçó¿ è ñâîåìó èñòî÷íèêó áåñïåðåáîéíî-
ãî ïèòàíèÿ. Íó èëè åñëè äàííûå â áàçå íå ïðåäñòàâëÿþò äëÿ âàñ îñîáîé
öåííîñòè.

Ïðî÷èå íàñòðîéêè

� commit_delay (â ìèêðîñåêóíäàõ, 0 ïî óìîë÷àíèþ) è commit_sib-
lings (5 ïî óìîë÷àíèþ)

îïðåäåëÿþò çàäåðæêó ìåæäó ïîïàäàíèåì çàïèñè â áóôåð æóðíàëà
òðàíçàêöèé è ñáðîñîì å¼ íà äèñê. Åñëè ïðè óñïåøíîì çàâåðøåíèè
òðàíçàêöèè àêòèâíî íå ìåíåå commit_siblings òðàíçàêöèé, òî çàïèñü
áóäåò çàäåðæàíà íà âðåìÿ commit_delay. Åñëè çà ýòî âðåìÿ çàâåð-
øèòñÿ äðóãàÿ òðàíçàêöèÿ, òî èõ èçìåíåíèÿ áóäóò ñáðîøåíû íà äèñê
âìåñòå, ïðè ïîìîùè îäíîãî ñèñòåìíîãî âûçîâà. Ýòè ïàðàìåòðû ïîç-
âîëÿò óñêîðèòü ðàáîòó, åñëè ïàðàëëåëüíî âûïîëíÿåòñÿ ìíîãî ¾ìåë-
êèõ¿ òðàíçàêöèé.

� wal_sync_method

Ìåòîä, êîòîðûé èñïîëüçóåòñÿ äëÿ ïðèíóäèòåëüíîé çàïèñè äàííûõ íà
äèñê. Åñëè fsync=o�, òî ýòîò ïàðàìåòð íå èñïîëüçóåòñÿ. Âîçìîæíûå
çíà÷åíèÿ:

� open_datasync � çàïèñü äàííûõ ìåòîäîì open() ñ ïàðàìåòðîì
O_DSYNC

� fdatasync � âûçîâ ìåòîäà fdatasync() ïîñëå êàæäîãî commit
� fsync_writethrough � âûçîâ fsync() ïîñëå êàæäîãî commit, èã-
íîðèðóÿ ïàðàëëåëüíûå ïðîöåññû

� fsync � âûçîâ fsync() ïîñëå êàæäîãî commit
� open_sync � çàïèñü äàííûõ ìåòîäîì open() ñ ïàðàìåòðîì O_SYNC

Íå âñå ýòè ìåòîäû äîñòóïíû íà ðàçíûõ ÎÑ. Ïî óìîë÷àíèþ óñòàíàâ-
ëèâàåòñÿ ïåðâûé, êîòîðûé äîñòóïåí äëÿ ñèñòåìû.
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2.2. Íàñòðîéêà ñåðâåðà

� full_page_writes

Óñòàíîâèòå äàííûé ïàðàìåòð â o�, åñëè fsync=o�. Èíà÷å, êîãäà ýòîò
ïàðàìåòð on, PostgreSQL çàïèñûâàåò ñîäåðæèìîå êàæäîé çàïèñè â
æóðíàë òðàíçàêöèé ïðè ïåðâîé ìîäèôèêàöèè òàáëèöû. Ýòî íåîá-
õîäèìî, ïîñêîëüêó äàííûå ìîãóò çàïèñàòüñÿ ëèøü ÷àñòè÷íî, åñëè
â õîäå ïðîöåññà ¾óïàëà¿ ÎÑ. Ýòî ïðèâåäåò ê òîìó, ÷òî íà äèñêå
îêàæóòñÿ íîâûå äàííûå ñìåøàííûå ñî ñòàðûìè. Ñòðîêîâîãî óðîâ-
íÿ çàïèñè â æóðíàë òðàíçàêöèé ìîæåò áûòü íåäîñòàòî÷íî, ÷òîáû
ïîëíîñòüþ âîññòàíîâèòü äàííûå ïîñëå ¾ïàäåíèÿ¿. full_page_writes
ãàðàíòèðóåò êîððåêòíîå âîññòàíîâëåíèå, öåíîé óâåëå÷åíèÿ çàïèñû-
âàåìûõ äàííûõ â æóðíàë òðàíçàêöèé (Åäèíñòâåííûé ñïîñîá ñíèæå-
íèÿ îáúåìà çàïèñè â æóðíàë òðàíçàêöèé çàêëþ÷àåòñÿ â óâåëè÷åíèè
checkpoint_interval).

� wal_bu�ers

Êîëè÷åñòâî ïàìÿòè èñïîëüçóåìîå â SHARED MEMORY äëÿ âåäåíèÿ
òðàíçàêöèîííûõ ëîãîâ3. Ñòîèò óâåëè÷èòü áóôåð äî 256�512 êÁ, ÷òî
ïîçâîëèò ëó÷øå ðàáîòàòü ñ áîëüøèìè òðàíçàêöèÿìè. Íàïðèìåð, ïðè
äîñòóïíîé ïàìÿòè 1�4 ÃÁ ðåêîìåíäóåòñÿ óñòàíàâëèâàòü 256�1024 ÊÁ.

Ïëàíèðîâùèê çàïðîñîâ

Ñëåäóþùèå íàñòðîéêè ïîìîãàþò ïëàíèðîâùèêó çàïðîñîâ ïðàâèëüíî
îöåíèâàòü ñòîèìîñòè ðàçëè÷íûõ îïåðàöèé è âûáèðàòü îïòèìàëüíûé ïëàí
âûïîëíåíèÿ çàïðîñà. Ñóùåñòâóþò 3 íàñòðîéêè ïëàíèðîâùèêà, íà êîòîðûå
ñòîèò îáðàòèòü âíèìàíèå:

� default_statistics_target

Ýòîò ïàðàìåòð çàäà¼ò îáú¼ì ñòàòèñòèêè, ñîáèðàåìîé êîìàíäîé ANALYZE
(ñì. ïóíêò 3.1.2). Óâåëè÷åíèå ïàðàìåòðà çàñòàâèò ýòó êîìàíäó ðàáî-
òàòü äîëüøå, íî ìîæåò ïîçâîëèòü îïòèìèçàòîðó ñòðîèòü áîëåå áûñò-
ðûå ïëàíû, èñïîëüçóÿ ïîëó÷åííûå äîïîëíèòåëüíûå äàííûå. Îáú-
¼ì ñòàòèñòèêè äëÿ êîíêðåòíîãî ïîëÿ ìîæåò áûòü çàäàí êîìàíäîé
ALTER TABLE . . . SET STATISTICS.

� e�ective_cache_size

Ýòîò ïàðàìåòð ñîîáùàåò PostgreSQL ïðèìåðíûé îáú¼ì ôàéëîâîãî
êýøà îïåðàöèîííîé ñèñòåìû, îïòèìèçàòîð èñïîëüçóåò ýòó îöåíêó äëÿ
ïîñòðîåíèÿ ïëàíà çàïðîñà4.

Ïóñòü â âàøåì êîìïüþòåðå 1,5 ÃÁ ïàìÿòè, ïàðàìåòð shared_bu�ers
óñòàíîâëåí â 32 ÌÁ, à ïàðàìåòð e�ective_cache_size â 800 ÌÁ. Åñëè

3áóôåð íàõîäèòñÿ â ðàçäåëÿåìîé ïàìÿòè è ÿâëÿåòñÿ îáùèì äëÿ âñåõ ïðîöåññîâ
4Óêàçûâàåò ïëàíèðîâùèêó íà ðàçìåð ñàìîãî áîëüøîãî îáúåêòà â áàçå äàííûõ, êî-

òîðûé òåîðåòè÷åñêè ìîæåò áûòü çàêåøèðîâàí
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2.2. Íàñòðîéêà ñåðâåðà

çàïðîñó íóæíî 700 ÌÁ äàííûõ, òî PostgreSQL îöåíèò, ÷òî âñå íóæ-
íûå äàííûå óæå åñòü â ïàìÿòè è âûáåðåò áîëåå àãðåññèâíûé ïëàí ñ
èñïîëüçîâàíèåì èíäåêñîâ è merge joins. Íî åñëè e�ective_cache_size
áóäåò âñåãî 200 ÌÁ, òî îïòèìèçàòîð âïîëíå ìîæåò âûáðàòü áîëåå ýô-
ôåêòèâíûé äëÿ äèñêîâîé ñèñòåìû ïëàí, âêëþ÷àþùèé ïîëíûé ïðî-
ñìîòð òàáëèöû.

Íà âûäåëåííîì ñåðâåðå èìååò ñìûñë âûñòàâëÿòü e�ective_cache_size
â 2/3 îò âñåé îïåðàòèâíîé ïàìÿòè; íà ñåðâåðå ñ äðóãèìè ïðèëîæåíè-
ÿìè ñíà÷àëà íóæíî âû÷åñòü èç âñåãî îáúåìà RAM ðàçìåð äèñêîâîãî
êýøà ÎÑ è ïàìÿòü, çàíÿòóþ îñòàëüíûìè ïðîöåññàìè.

� random_page_cost

Ïåðåìåííàÿ, óêàçûâàþùàÿ íà óñëîâíóþ ñòîèìîñòü èíäåêñíîãî äîñòó-
ïà ê ñòðàíèöàì äàííûõ. Íà ñåðâåðàõ ñ áûñòðûìè äèñêîâûìè ìàññè-
âàìè èìååò ñìûñë óìåíüøàòü èçíà÷àëüíóþ íàñòðîéêó äî 3.0, 2.5 èëè
äàæå äî 2.0. Åñëè æå àêòèâíàÿ ÷àñòü âàøåé áàçû äàííûõ íàìíîãî
áîëüøå ðàçìåðîâ îïåðàòèâíîé ïàìÿòè, ïîïðîáóéòå ïîäíÿòü çíà÷å-
íèå ïàðàìåòðà. Ìîæíî ïîäîéòè ê âûáîðó îïòèìàëüíîãî çíà÷åíèÿ è
ñî ñòîðîíû ïðîèçâîäèòåëüíîñòè çàïðîñîâ. Åñëè ïëàíèðîâùèê çàïðî-
ñîâ ÷àùå, ÷åì íåîáõîäèìî, ïðåäïî÷èòàåò ïîñëåäîâàòåëüíûå ïðîñìîò-
ðû (sequential scans) ïðîñìîòðàì ñ èñïîëüçîâàíèåì èíäåêñà (index
scans), ïîíèæàéòå çíà÷åíèå. È íàîáîðîò, åñëè ïëàíèðîâùèê âûáèðà-
åò ïðîñìîòð ïî ìåäëåííîìó èíäåêñó, êîãäà íå äîëæåí ýòîãî äåëàòü,
íàñòðîéêó èìååò ñìûñë óâåëè÷èòü. Ïîñëå èçìåíåíèÿ òùàòåëüíî òå-
ñòèðóéòå ðåçóëüòàòû íà ìàêñèìàëüíî øèðîêîì íàáîðå çàïðîñîâ. Íè-
êîãäà íå îïóñêàéòå çíà÷åíèå random_page_cost íèæå 2.0; åñëè âàì
êàæåòñÿ, ÷òî random_page_cost íóæíî åùå ïîíèæàòü, ðàçóìíåå â
ýòîì ñëó÷àå ìåíÿòü íàñòðîéêè ñòàòèñòèêè ïëàíèðîâùèêà.

Ñáîð ñòàòèñòèêè

Ó PostgreSQL òàêæå åñòü ñïåöèàëüíàÿ ïîäñèñòåìà � ñáîðùèê ñòàòèñòè-
êè, � êîòîðàÿ â ðåàëüíîì âðåìåíè ñîáèðàåò äàííûå îá àêòèâíîñòè ñåðâåðà.
Ïîñêîëüêó ñáîð ñòàòèñòèêè ñîçäàåò äîïîëíèòåëüíûå íàêëàäíûå ðàñõîäû
íà áàçó äàííûõ, òî ñèñòåìà ìîæåò áûòü íàñòðîåíà êàê íà ñáîð, òàê è íå
ñáîð ñòàòèñòèêè âîîáùå. Ýòà ñèñòåìà êîíòðîëèðóåòñÿ ñëåäóþùèìè ïàðà-
ìåòðàìè, ïðèíèìàþùèìè çíà÷åíèÿ true/false:

� track_counts âêëþ÷àòü ëè ñáîð ñòàòèñòèêè. Ïî óìîë÷àíèþ âêëþ-
÷¼í, ïîñêîëüêó autovacuum äåìîíó òðåáóåòñÿ ñáîð ñòàòèñòèêè. Îò-
êëþ÷àéòå, òîëüêî åñëè ñòàòèñòèêà âàñ ñîâåðøåííî íå èíòåðåñóåò (êàê
è autovacuum).

� track_functions îòñëåæèâàíèå èñïîëüçîâàíèÿ îïðåäåëåííûõ ïîëü-
çîâàòåëåì ôóíêöèé.

� track_activities ïåðåäàâàòü ëè ñáîðùèêó ñòàòèñòèêè èíôîðìàöèþ
î òåêóùåé âûïîëíÿåìîé êîìàíäå è âðåìåíè íà÷àëà å¼ âûïîëíåíèÿ.
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2.3. Äèñêè è ôàéëîâûå ñèñòåìû

Ïî óìîë÷àíèþ ýòà âîçìîæíîñòü âêëþ÷åíà. Ñëåäóåò îòìåòèòü, ÷òî
ýòà èíôîðìàöèÿ áóäåò äîñòóïíà òîëüêî ïðèâèëåãèðîâàííûì ïîëüçî-
âàòåëÿì è ïîëüçîâàòåëÿì, îò ëèöà êîòîðûõ çàïóùåíû êîìàíäû, òàê
÷òî ïðîáëåì ñ áåçîïàñíîñòüþ áûòü íå äîëæíî.

Äàííûå, ïîëó÷åííûå ñáîðùèêîì ñòàòèñòèêè, äîñòóïíû ÷åðåç ñïåöèàëü-
íûå ñèñòåìíûå ïðåäñòàâëåíèÿ. Ïðè óñòàíîâêàõ ïî óìîë÷àíèþ ñîáèðàåòñÿ
î÷åíü ìàëî èíôîðìàöèè, ðåêîìåíäóåòñÿ âêëþ÷èòü âñå âîçìîæíîñòè: äî-
ïîëíèòåëüíàÿ íàãðóçêà áóäåò íåâåëèêà, â òî âðåìÿ êàê ïîëó÷åííûå äàí-
íûå ïîçâîëÿò îïòèìèçèðîâàòü èñïîëüçîâàíèå èíäåêñîâ (à òàêæå ïîìîãóò
îïòèìàëüíîé ðàáîòå autovacuum äåìîíó).

2.3 Äèñêè è ôàéëîâûå ñèñòåìû

Î÷åâèäíî, ÷òî îò êà÷åñòâåííîé äèñêîâîé ïîäñèñòåìû â ñåðâåðå ÁÄ çà-
âèñèò íåìàëàÿ ÷àñòü ïðîèçâîäèòåëüíîñòè. Âîïðîñû âûáîðà è òîíêîé íà-
ñòðîéêè ¾æåëåçà¿, âïðî÷åì, íå ÿâëÿþòñÿ òåìîé äàííîé ñòàòüè, îãðàíè÷èì-
ñÿ óðîâíåì ôàéëîâîé ñèñòåìû.

Åäèíîãî ìíåíèÿ íàñ÷¼ò íàèáîëåå ïîäõîäÿùåé äëÿ PostgreSQL ôàéëî-
âîé ñèñòåìû íåò, ïîýòîìó ðåêîìåíäóåòñÿ èñïîëüçîâàòü òó, êîòîðàÿ ëó÷øå
âñåãî ïîääåðæèâàåòñÿ âàøåé îïåðàöèîííîé ñèñòåìîé. Ïðè ýòîì ó÷òèòå,
÷òî ñîâðåìåííûå æóðíàëèðóþùèå ôàéëîâûå ñèñòåìû íå íàìíîãî ìåäëåí-
íåå íåæóðíàëèðóþùèõ, à âûèãðûø � áûñòðîå âîññòàíîâëåíèå ïîñëå ñáî-
åâ � îò èõ èñïîëüçîâàíèÿ âåëèê.

Âû ëåãêî ìîæåòå ïîëó÷èòü âûèãðûø â ïðîèçâîäèòåëüíîñòè áåç ïîáî÷-
íûõ ýôôåêòîâ, åñëè ïðèìîíòèðóåòå ôàéëîâóþ ñèñòåìó, ñîäåðæàùóþ áàçó
äàííûõ, ñ ïàðàìåòðîì noatime5.

Ïåðåíîñ æóðíàëà òðàíçàêöèé íà îòäåëüíûé äèñê

Ïðè äîñòóïå ê äèñêó èçðÿäíîå âðåìÿ çàíèìàåò íå òîëüêî ñîáñòâåííî
÷òåíèå äàííûõ, íî è ïåðåìåùåíèå ìàãíèòíîé ãîëîâêè.

Åñëè â âàøåì ñåðâåðå åñòü íåñêîëüêî ôèçè÷åñêèõ äèñêîâ6, òî âû ìîæå-
òå ðàçíåñòè ôàéëû áàçû äàííûõ è æóðíàë òðàíçàêöèé ïî ðàçíûì äèñêàì.
Äàííûå â ñåãìåíòû æóðíàëà ïèøóòñÿ ïîñëåäîâàòåëüíî, áîëåå òîãî, çàïè-
ñè â æóðíàëå òðàíçàêöèé ñðàçó ñáðàñûâàþòñÿ íà äèñê, ïîýòîìó â ñëó÷àå
íàõîæäåíèÿ åãî íà îòäåëüíîì äèñêå ìàãíèòíàÿ ãîëîâêà íå áóäåò ëèøíèé
ðàç äâèãàòüñÿ, ÷òî ïîçâîëèò óñêîðèòü çàïèñü.

Ïîðÿäîê äåéñòâèé:

� Îñòàíîâèòå ñåðâåð (!).

5ïðè ýòîì íå áóäåò îòñëåæèâàòüñÿ âðåìÿ ïîñëåäíåãî äîñòóïà ê ôàéëó
6íåñêîëüêî ëîãè÷åñêèõ ðàçäåëîâ íà îäíîì äèñêå çäåñü, î÷åâèäíî, íå ïîìîãóò: ãîëîâ-

êà âñ¼ ðàâíî áóäåò îäíà
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2.4. Ïðèìåðû íàñòðîåê

� Ïåðåíåñèòå êàòàëîãè pg_clog è pg_xlog, íàõîäÿùèéñÿ â êàòàëîãå ñ
áàçàìè äàííûõ, íà äðóãîé äèñê.

� Ñîçäàéòå íà ñòàðîì ìåñòå ñèìâîëè÷åñêóþ ññûëêó.
� Çàïóñòèòå ñåðâåð.

Ïðèìåðíî òàêèì æå îáðàçîì ìîæíî ïåðåíåñòè è ÷àñòü ôàéëîâ, ñîäåð-
æàùèõ òàáëèöû è èíäåêñû, íà äðóãîé äèñê, íî çäåñü ïîòðåáóåòñÿ áîëüøå
êðîïîòëèâîé ðó÷íîé ðàáîòû, à ïðè âíåñåíèè èçìåíåíèé â ñõåìó áàçû ïðî-
öåäóðó, âîçìîæíî, ïðèä¼òñÿ ïîâòîðèòü.

2.4 Ïðèìåðû íàñòðîåê

Ñðåäíåñòàòèñòè÷åñêàÿ íàñòðîéêà äëÿ ìàêñèìàëüíîé
ïðîèçâîäèòåëüíîñòè

Âîçìîæíî äëÿ êîíêðåòíîãî ñëó÷àþ ëó÷øå ïîäîéäóò äðóãèå íàñòðîéêè.
Âíèìàòåëüíî èçó÷èòå äàííîå ðóêîâîäñòâî è íàñòðîéòå PostgreSQL îïåðà-
ÿñü íà ýòó èíôîðìàöèþ.

RAM � ðàçìåð ïàìÿòè;

� shared_bu�ers = 1/8 RAM èëè áîëüøå (íî íå áîëåå 1/4);
� work_mem â 1/20 RAM;
� maintenance_work_mem â 1/4 RAM;
� max_fsm_relations â ïëàíèðóåìîå êîë�âî òàáëèö â áàçàõ * 1.5;
� max_fsm_pages â max_fsm_relations * 2000;
� fsync = true;
� wal_sync_method = fdatasync;
� commit_delay = îò 10 äî 100 ;
� commit_siblings = îò 5 äî 10;
� e�ective_cache_size = 0.9 îò çíà÷åíèÿ cached, êîòîðîå ïîêàçûâàåò
free;

� random_page_cost = 2 äëÿ áûñòðûõ cpu, 4 äëÿ ìåäëåííûõ;
� cpu_tuple_cost = 0.001 äëÿ áûñòðûõ cpu, 0.01 äëÿ ìåäëåííûõ;
� cpu_index_tuple_cost = 0.0005 äëÿ áûñòðûõ cpu, 0.005 äëÿ ìåäëåí-
íûõ;

� autovacuum = on;
� autovacuum_vacuum_threshold = 1800;
� autovacuum_analyze_threshold = 900;

Ñðåäíåñòàòèñòè÷åñêàÿ íàñòðîéêà äëÿ îêîííîãî
ïðèëîæåíèÿ (1Ñ), 2 ÃÁ ïàìÿòè

� maintenance_work_mem = 128MB
� e�ective_cache_size = 512MB
� work_mem = 640kB
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2.5. Àâòîìàòè÷åñêîå ñîçäàíèå îïòèìàëüíûõ íàñòðîåê: pgtune

� wal_bu�ers = 1536kB
� shared_bu�ers = 128MB
� max_connections = 500

Ñðåäíåñòàòèñòè÷åñêàÿ íàñòðîéêà äëÿ Web
ïðèëîæåíèÿ, 2 ÃÁ ïàìÿòè

� maintenance_work_mem = 128MB;
� checkpoint_completion_target = 0.7
� e�ective_cache_size = 1536MB
� work_mem = 4MB
� wal_bu�ers = 4MB
� checkpoint_segments = 8
� shared_bu�ers = 512MB
� max_connections = 500

Ñðåäíåñòàòèñòè÷åñêàÿ íàñòðîéêà äëÿ Web
ïðèëîæåíèÿ, 8 ÃÁ ïàìÿòè

� maintenance_work_mem = 512MB
� checkpoint_completion_target = 0.7
� e�ective_cache_size = 6GB
� work_mem = 16MB
� wal_bu�ers = 4MB
� checkpoint_segments = 8
� shared_bu�ers = 2GB
� max_connections = 500

2.5 Àâòîìàòè÷åñêîå ñîçäàíèå îïòèìàëüíûõ

íàñòðîåê: pgtune

Äëÿ îïòèìèçàöèè íàñòðîåê äëÿ PostgreSQL Gregory Smith ñîçäàë óòè-
ëèòó pgtune7 â ðàñ÷åòå íà îáåñïå÷åíèå ìàêñèìàëüíîé ïðîèçâîäèòåëüíîñòè
äëÿ çàäàííîé àïïàðàòíîé êîíôèãóðàöèè. Óòèëèòà ïðîñòà â èñïîëüçîâà-
íèè è â ìíîãèõ Linux ñèñòåìàõ ìîæåò èäòè â ñîñòàâå ïàêåòîâ. Åñëè æå
íåò, ìîæíî ïðîñòî ñêà÷àòü àðõèâ è ðàñïàêîâàòü. Äëÿ íà÷àëà:

Listing 2.1: Pgtune

1 pgtune -i $PGDATA/postgresql.conf \

2 -o $PGDATA/postgresql.conf.pgtune

7http://pgtune.projects.postgresql.org/
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îïöèåé -i, --input-config óêàçûâàåì òåêóùèé ôàéë postgresql.conf, à -o,

--output-config óêàçûâàåì èìÿ ôàéëà äëÿ íîâîãî postgresql.conf.
Åñòü òàêæå äîïîëíèòåëüíûå îïöèè äëÿ íàñòðîéêè êîíôèãà.

� -M, --memory Èñïîëüçóéòå ýòîò ïàðàìåòð, ÷òîáû îïðåäåëèòü îáùèé
îáúåì ñèñòåìíîé ïàìÿòè. Åñëè íå óêàçàíî, pgtune áóäåò ïûòàòüñÿ
èñïîëüçîâàòü òåêóùèé îáúåì ñèñòåìíîé ïàìÿòè.

� -T, --type Óêàçûâàåò òèï áàçû äàííûõ. Îïöèè: DW, OLTP, Web,
Mixed, Desktop.

� -c, --connections Óêàçûâàåò ìàêñèìàëüíîå êîëè÷åñòâî ñîåäèíåíèé.
Åñëè îí íå óêàçàí, ýòî áóäåò áðàòñÿ âçàâèñèìîñòè îò òèïà áàçû äàí-
íûõ.

Õî÷åòñÿ ñðàçó äîáàâèòü, ÷òî pgtune íå ïàíàöåÿ äëÿ îïòèìèçàöèè íà-
ñòðîéêè PostgreSQL. Ìíîãèå íàñòðîéêè çàâèñÿò íå òîëüêî îò àïïàðàòíîé
êîíôèãóðàöèè, íî è îò ðàçìåðà áàçû äàííûõ, ÷èñëà ñîåäèíåíèé è ñëîæ-
íîñòü çàïðîñîâ, òàê ÷òî îïòèìàëüíî íàñòðîèòü áàçó äàííûõ âîçìîæíî ó÷è-
òûâàÿ âñå ýòè ïàðàìåòðû.

2.6 Îïòèìèçàöèÿ ÁÄ è ïðèëîæåíèÿ

Äëÿ áûñòðîé ðàáîòû êàæäîãî çàïðîñà â âàøåé áàçå â îñíîâíîì òðåáó-
åòñÿ ñëåäóþùåå:

1. Îòñóòñòâèå â áàçå ìóñîðà, ìåøàþùåãî äîáðàòüñÿ äî àêòóàëüíûõ äàí-
íûõ. Ìîæíî ñôîðìóëèðîâàòü äâå ïîäçàäà÷è:

a) Ãðàììîòíîå ïðîåêòèðîâàíèå áàçû. Îñâåùåíèå ýòîãî âîïðîñà âû-
õîäèò äàëåêî çà ðàìêè ýòîé ñòàòüè.

b) Ñáîðêà ìóñîðà, âîçíèêàþùåãî ïðè ðàáîòå ÑÓÁÄ.

2. Íàëè÷èå áûñòðûõ ïóòåé äîñòóïà ê äàííûì � èíäåêñîâ.
3. Âîçìîæíîñòü èñïîëüçîâàíèÿ îïòèìèçàòîðîì ýòèõ áûñòðûõ ïóòåé.
4. Îáõîä èçâåñòíûõ ïðîáëåì.

Ïîääåðæàíèå áàçû â ïîðÿäêå

Â äàííîì ðàçäåëå îïèñàíû äåéñòâèÿ, êîòîðûå äîëæíû ïåðèîäè÷åñêè
âûïîëíÿòüñÿ äëÿ êàæäîé áàçû. Îò ðàçðàáîò÷èêà òðåáóåòñÿ òîëüêî íàñòðî-
èòü èõ àâòîìàòè÷åñêîå âûïîëíåíèå (ïðè ïîìîùè cron) è îïûòíûì ïóò¼ì
ïîäîáðàòü åãî îïòèìàëüíóþ ÷àñòîòó.

Êîìàíäà ANALYZE

Ñëóæèò äëÿ îáíîâëåíèÿ èíôîðìàöèè î ðàñïðåäåëåíèè äàííûõ â òàá-
ëèöå. Ýòà èíôîðìàöèÿ èñïîëüçóåòñÿ îïòèìèçàòîðîì äëÿ âûáîðà íàèáîëåå
áûñòðîãî ïëàíà âûïîëíåíèÿ çàïðîñà.
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Îáû÷íî êîìàíäà èñïîëüçóåòñÿ â ñâÿçêå VACUUM ANALYZE. Åñëè â
áàçå åñòü òàáëèöû, äàííûå â êîòîðûõ íå èçìåíÿþòñÿ è íå óäàëÿþòñÿ, à
ëèøü äîáàâëÿþòñÿ, òî äëÿ òàêèõ òàáëèö ìîæíî èñïîëüçîâàòü îòäåëüíóþ
êîìàíäó ANALYZE. Òàêæå ñòîèò èñïîëüçîâàòü ýòó êîìàíäó äëÿ îòäåëüíîé
òàáëèöû ïîñëå äîáàâëåíèÿ â íå¼ áîëüøîãî êîëè÷åñòâà çàïèñåé.

Êîìàíäà REINDEX

Êîìàíäà REINDEX èñïîëüçóåòñÿ äëÿ ïåðåñòðîéêè ñóùåñòâóþùèõ èí-
äåêñîâ. Èñïîëüçîâàòü å¼ èìååò ñìûñë â ñëó÷àå:

� ïîð÷è èíäåêñà;
� ïîñòîÿííîãî óâåëè÷åíèÿ åãî ðàçìåðà.

Âòîðîé ñëó÷àé òðåáóåò ïîÿñíåíèé. Èíäåêñ, êàê è òàáëèöà, ñîäåðæèò
áëîêè ñî ñòàðûìè âåðñèÿìè çàïèñåé. PostgreSQL íå âñåãäà ìîæåò çàíîâî
èñïîëüçîâàòü ýòè áëîêè, è ïîýòîìó ôàéë ñ èíäåêñîì ïîñòåïåííî óâåëè÷è-
âàåòñÿ â ðàçìåðàõ. Åñëè äàííûå â òàáëèöå ÷àñòî ìåíÿþòñÿ, òî ðàñòè îí
ìîæåò âåñüìà áûñòðî.

Åñëè âû çàìåòèëè ïîäîáíîå ïîâåäåíèå êàêîãî-òî èíäåêñà, òî ñòîèò íà-
ñòðîèòü äëÿ íåãî ïåðèîäè÷åñêîå âûïîëíåíèå êîìàíäû REINDEX. Ó÷òèòå:
êîìàíäà REINDEX, êàê è VACUUM FULL, ïîëíîñòüþ áëîêèðóåò òàáëèöó,
ïîýòîìó âûïîëíÿòü å¼ íàäî òîãäà, êîãäà çàãðóçêà ñåðâåðà ìèíèìàëüíà.

Èñïîëüçîâàíèå èíäåêñîâ

Îïûò ïîêàçûâàåò, ÷òî íàèáîëåå çíà÷èòåëüíûå ïðîáëåìû ñ ïðîèçâîäè-
òåëüíîñòüþ âûçûâàþòñÿ îòñóòñòâèåì íóæíûõ èíäåêñîâ. Ïîýòîìó ñòîëê-
íóâøèñü ñ ìåäëåííûì çàïðîñîì, â ïåðâóþ î÷åðåäü ïðîâåðüòå, ñóùåñòâóþò
ëè èíäåêñû, êîòîðûå îí ìîæåò èñïîëüçîâàòü. Åñëè íåò � ïîñòðîéòå èõ.
Èçëèøåê èíäåêñîâ, âïðî÷åì, òîæå ÷ðåâàò ïðîáëåìàìè:

� Êîìàíäû, èçìåíÿþùèå äàííûå â òàáëèöå, äîëæíû èçìåíèòü òàêæå
è èíäåêñû. Î÷åâèäíî, ÷åì áîëüøå èíäåêñîâ ïîñòðîåíî äëÿ òàáëèöû,
òåì ìåäëåííåå ýòî áóäåò ïðîèñõîäèòü.

� Îïòèìèçàòîð ïåðåáèðàåò âîçìîæíûå ïóòè âûïîëíåíèÿ çàïðîñîâ. Åñ-
ëè ïîñòðîåíî ìíîãî íåíóæíûõ èíäåêñîâ, òî ýòîò ïåðåáîð áóäåò èäòè
äîëüøå.

Åäèíñòâåííîå, ÷òî ìîæíî ñêàçàòü ñ áîëüøîé ñòåïåíüþ îïðåäåë¼ííîñòè �
ïîëÿ, ÿâëÿþùèåñÿ âíåøèìè êëþ÷àìè, è ïîëÿ, ïî êîòîðûì îáúåäèíÿþòñÿ
òàáëèöû, èíäåêñèðîâàòü íàäî îáÿçàòåëüíî.

Êîìàíäà EXPLAIN [ANALYZE]

Êîìàíäà EXPLAIN [çàïðîñ] ïîêàçûâàåò, êàêèì îáðàçîì PostgreSQL ñî-
áèðàåòñÿ âûïîëíÿòü âàø çàïðîñ. Êîìàíäà EXPLAIN ANALYZE [çàïðîñ]
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âûïîëíÿåò çàïðîñ8 è ïîêàçûâàåò êàê èçíà÷àëüíûé ïëàí, òàê è ðåàëüíûé
ïðîöåññ åãî âûïîëíåíèÿ.

×òåíèå âûâîäà ýòèõ êîìàíä � èñêóññòâî, êîòîðîå ïðèõîäèò ñ îïûòîì.
Äëÿ íà÷àëà îáðàùàéòå âíèìàíèå íà ñëåäóþùåå:

� Èñïîëüçîâàíèå ïîëíîãî ïðîñìîòðà òàáëèöû (seq scan).
� Èñïîëüçîâàíèå íàèáîëåå ïðèìèòèâíîãî ñïîñîáà îáúåäèíåíèÿ òàáëèö
(nested loop).

� Äëÿ EXPLAIN ANALYZE: íåò ëè áîëüøèõ îòëè÷èé â ïðåäïîëàãà-
åìîì êîëè÷åñòâå çàïèñåé è ðåàëüíî âûáðàííîì? Åñëè îïòèìèçàòîð
èñïîëüçóåò óñòàðåâøóþ ñòàòèñòèêó, òî îí ìîæåò âûáèðàòü íå ñàìûé
áûñòðûé ïëàí âûïîëíåíèÿ çàïðîñà.

Ñëåäóåò îòìåòèòü, ÷òî ïîëíûé ïðîñìîòð òàáëèöû äàëåêî íå âñåãäà
ìåäëåííåå ïðîñìîòðà ïî èíäåêñó. Åñëè, íàïðèìåð, â òàáëèöå�ñïðàâî÷íèêå
íåñêîëüêî ñîòåí çàïèñåé, óìåùàþùèõñÿ â îäíîì-äâóõ áëîêàõ íà äèñêå, òî
èñïîëüçîâàíèå èíäåêñà ïðèâåä¼ò ëèøü ê òîìó, ÷òî ïðèä¼òñÿ ÷èòàòü åù¼
è ïàðó ëèøíèõ áëîêîâ èíäåêñà. Åñëè â çàïðîñå ïðèä¼òñÿ âûáðàòü 80%
çàïèñåé èç áîëüøîé òàáëèöû, òî ïîëíûé ïðîñìîòð îïÿòü æå ïîëó÷èòñÿ
áûñòðåå.

Ïðè òåñòèðîâàíèè çàïðîñîâ ñ èñïîëüçîâàíèåì EXPLAIN ANALYZE
ìîæíî âîñïîëüçîâàòüñÿ íàñòðîéêàìè, çàïðåùàþùèìè îïòèìèçàòîðó èñ-
ïîëüçîâàòü îïðåäåë¼ííûå ïëàíû âûïîëíåíèÿ. Íàïðèìåð,

SET enable_seqscan=false;

çàïðåòèò èñïîëüçîâàíèå ïîëíîãî ïðîñìîòðà òàáëèöû, è âû ñìîæåòå
âûÿñíèòü, ïðàâ ëè áûë îïòèìèçàòîð, îòêàçûâàÿñü îò èñïîëüçîâàíèÿ èí-
äåêñà. Íè â êîåì ñëó÷àå íå ñëåäóåò ïðîïèñûâàòü ïîäîáíûå êîìàíäû â
postgresql.conf! Ýòî ìîæåò óñêîðèòü âûïîëíåíèå íåñêîëüêèõ çàïðîñîâ, íî
ñèëüíî çàìåäëèò âñå îñòàëüíûå!

Èñïîëüçîâàíèå ñîáðàííîé ñòàòèñòèêè

Ðåçóëüòàòû ðàáîòû ñáîðùèêà ñòàòèñòèêè äîñòóïíû ÷åðåç ñïåöèàëüíûå
ñèñòåìíûå ïðåäñòàâëåíèÿ. Íàèáîëåå èíòåðåñíû äëÿ íàøèõ öåëåé ñëåäóþ-
ùèå:

� pg_stat_user_tables ñîäåðæèò � äëÿ êàæäîé ïîëüçîâàòåëüñêîé
òàáëèöû â òåêóùåé áàçå äàííûõ � îáùåå êîëè÷åñòâî ïîëíûõ ïðî-
ñìîòðîâ è ïðîñìîòðîâ ñ èñïîëüçîâàíèåì èíäåêñîâ, îáùèå êîëè÷å-
ñòâà çàïèñåé, êîòîðûå áûëè âîçâðàùåíû â ðåçóëüòàòå îáîèõ òèïîâ
ïðîñìîòðà, à òàêæå îáùèå êîëè÷åñòâà âñòàâëåííûõ, èçìåí¼ííûõ è
óäàë¼ííûõ çàïèñåé.

8è ïîýòîìó EXPLAIN ANALYZE DELETE . . . � íå ñëèøêîì õîðîøàÿ èäåÿ
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� pg_stat_user_indexes ñîäåðæèò � äëÿ êàæäîãî ïîëüçîâàòåëüñêî-
ãî èíäåêñà â òåêóùåé áàçå äàííûõ � îáùåå êîëè÷åñòâî ïðîñìîòðîâ,
èñïîëüçîâàâøèõ ýòîò èíäåêñ, êîëè÷åñòâî ïðî÷èòàííûõ çàïèñåé, êî-
ëè÷åñòâî óñïåøíî ïðî÷èòàííûõ çàïèñåé â òàáëèöå (ìîæåò áûòü ìåíü-
øå ïðåäûäóùåãî çíà÷åíèÿ, åñëè â èíäåêñå åñòü çàïèñè, óêàçûâàþùèå
íà óñòàðåâøèå çàïèñè â òàáëèöå).

� pg_statio_user_tables ñîäåðæèò � äëÿ êàæäîé ïîëüçîâàòåëüñêîé
òàáëèöû â òåêóùåé áàçå äàííûõ � îáùåå êîëè÷åñòâî áëîêîâ, ïðî÷è-
òàííûõ èç òàáëèöû, êîëè÷åñòâî áëîêîâ, îêàçàâøèõñÿ ïðè ýòîì â áó-
ôåðå (ñì. ïóíêò 2.1.1), à òàêæå àíàëîãè÷íóþ ñòàòèñòèêó äëÿ âñåõ èí-
äåêñîâ ïî òàáëèöå è, âîçìîæíî, ïî ñâÿçàííîé ñ íåé òàáëèöåé TOAST.

Èç ýòèõ ïðåäñòàâëåíèé ìîæíî óçíàòü, â ÷àñòíîñòè

� Äëÿ êàêèõ òàáëèö ñòîèò ñîçäàòü íîâûå èíäåêñû (èíäèêàòîðîì ñëó-
æèò áîëüøîå êîëè÷åñòâî ïîëíûõ ïðîñìîòðîâ è áîëüøîå êîëè÷åñòâî
ïðî÷èòàííûõ áëîêîâ).

� Êàêèå èíäåêñû âîîáùå íå èñïîëüçóþòñÿ â çàïðîñàõ. Èõ èìååò ñìûñë
óäàëèòü, åñëè, êîíå÷íî, ðå÷ü íå èä¼ò îá èíäåêñàõ, îáåñïå÷èâàþùèõ
âûïîëíåíèå îãðàíè÷åíèé PRIMARY KEY è UNIQUE.

� Äîñòàòî÷åí ëè îáú¼ì áóôåðà ñåðâåðà.

Òàêæå âîçìîæåí ¾äåäóêòèâíûé¿ ïîäõîä, ïðè êîòîðîì ñíà÷àëà ñîçäà-
¼òñÿ áîëüøîå êîëè÷åñòâî èíäåêñîâ, à çàòåì íåèñïîëüçóåìûå èíäåêñû óäà-
ëÿþòñÿ.

Âîçìîæíîñòè èíäåêñîâ â PostgreSQL

Ôóíêöèîíàëüíûå èíäåêñû Âû ìîæåòå ïîñòðîèòü èíäåêñ íå òîëüêî
ïî ïîëþ/íåñêîëüêèì ïîëÿì òàáëèöû, íî è ïî âûðàæåíèþ, çàâèñÿùåìó
îò ïîëåé. Ïóñòü, íàïðèìåð, â âàøåé òàáëèöå foo åñòü ïîëå foo_name, è
âûáîðêè ÷àñòî äåëàþòñÿ ïî óñëîâèþ ¾ïåðâàÿ áóêâà foo_name = 'áóêâà', â
ëþáîì ðåãèñòðå¿. Âû ìîæåòå ñîçäàòü èíäåêñ

CREATE INDEX foo_name_first_idx

ON foo ((lower(substr(foo_name, 1, 1))));

è çàïðîñ âèäà

SELECT * FROM foo

WHERE lower(substr(foo_name, 1, 1)) = 'û';

áóäåò åãî èñïîëüçîâàòü.
×àñòè÷íûå èíäåêñû (partial indexes) Ïîä ÷àñòè÷íûì èíäåêñîì

ïîíèìàåòñÿ èíäåêñ ñ ïðåäèêàòîì WHERE. Ïóñòü, íàïðèìåð, ó âàñ åñòü
â áàçå òàáëèöà scheta ñ ïàðàìåòðîì uplocheno òèïà boolean. Çàïèñåé, ãäå
uplocheno = false ìåíüøå, ÷åì çàïèñåé ñ uplocheno = true, à çàïðîñû ïî
íèì âûïîëíÿþòñÿ çíà÷èòåëüíî ÷àùå. Âû ìîæåòå ñîçäàòü èíäåêñ

25



2.6. Îïòèìèçàöèÿ ÁÄ è ïðèëîæåíèÿ

CREATE INDEX scheta_neuplocheno ON scheta (id)

WHERE NOT uplocheno;

êîòîðûé áóäåò èñïîëüçîâàòüñÿ çàïðîñîì âèäà

SELECT * FROM scheta WHERE NOT uplocheno AND ...;

Äîñòîèíñòâî ïîäõîäà â òîì, ÷òî çàïèñè, íå óäîâëåòâîðÿþùèå óñëîâèþ
WHERE, ïðîñòî íå ïîïàäóò â èíäåêñ.

Ïåðåíîñ ëîãèêè íà ñòîðîíó ñåðâåðà

Ýòîò ïóíêò î÷åâèäåí äëÿ îïûòíûõ ïîëüçîâàòåëåé PostrgeSQL è ïðåäíà-
çíà÷åí äëÿ òåõ, êòî èñïîëüçóåò èëè ïåðåíîñèò íà PostgreSQL ïðèëîæåíèÿ,
íàïèñàííûå èçíà÷àëüíî äëÿ áîëåå ïðèìèòèâíûõ ÑÓÁÄ.

Ðåàëèçàöèÿ ÷àñòè ëîãèêè íà ñòîðîíå ñåðâåðà ÷åðåç õðàíèìûå ïðîöå-
äóðû, òðèããåðû, ïðàâèëà9 ÷àñòî ïîçâîëÿåò óñêîðèòü ðàáîòó ïðèëîæåíèÿ.
Äåéñòâèòåëüíî, åñëè íåñêîëüêî çàïðîñîâ îáúåäèíåíû â ïðîöåäóðó, òî íå
òðåáóåòñÿ

� ïåðåñûëêà ïðîìåæóòî÷íûõ çàïðîñîâ íà ñåðâåð;
� ïîëó÷åíèå ïðîìåæóòî÷íûõ ðåçóëüòàòîâ íà êëèåíò è èõ îáðàáîòêà.

Êðîìå òîãî, õðàíèìûå ïðîöåäóðû óïðîùàþò ïðîöåññ ðàçðàáîòêè è ïîä-
äåðæêè: èçìåíåíèÿ íàäî âíîñèòü òîëüêî íà ñòîðîíå ñåðâåðà, à íå ìåíÿòü
çàïðîñû âî âñåõ ïðèëîæåíèÿõ.

Îïòèìèçàöèÿ êîíêðåòíûõ çàïðîñîâ

Â ýòîì ðàçäåëå îïèñûâàþòñÿ çàïðîñû, äëÿ êîòîðûõ ïî ðàçíûì ïðè÷è-
íàì íåëüçÿ çàñòàâèòü îïòèìèçàòîð èñïîëüçîâàòü èíäåêñû, è êîòîðûå áó-
äóò âñåãäà âûçûâàòü ïîëíûé ïðîñìîòð òàáëèöû. Òàêèì îáðàçîì, åñëè âàì
òðåáóåòñÿ èñïîëüçîâàòü ýòè çàïðîñû â òðåáîâàòåëüíîì ê áûñòðîäåéñòâèþ
ïðèëîæåíèè, òî ïðèä¼òñÿ èõ èçìåíèòü.

SELECT count(*) FROM <îãðîìíàÿ òàáëèöà>

Ôóíêöèÿ count() ðàáîòàåò î÷åíü ïðîñòî: ñíà÷àëà âûáèðàþòñÿ âñå çà-
ïèñè, óäîâëåòâîðÿþùèå óñëîâèþ, à ïîòîì ê ïîëó÷åííîìó íàáîðó çàïè-
ñåé ïðèìåíÿåòñÿ àãðåãàòíàÿ ôóíêöèÿ � ñ÷èòàåòñÿ êîëè÷åñòâî âûáðàíûõ
ñòðîê. Èíôîðìàöèÿ î âèäèìîñòè çàïèñè äëÿ òåêóùåé òðàíçàêöèè (à êîí-
êóðåíòíûì òðàíçàêöèÿì ìîæåò áûòü âèäèìî ðàçíîå êîëè÷åñòâî çàïèñåé
â òàáëèöå!) íå õðàíèòñÿ â èíäåêñå, ïîýòîìó, äàæå åñëè èñïîëüçîâàòü äëÿ

9RULE � ðåàëèçîâàííîå â PostgreSQL ðàñøèðåíèå ñòàíäàðòà SQL, ïîçâîëÿþùåå, â
÷àñòíîñòè, ñîçäàâàòü îáíîâëÿåìûå ïðåäñòàâëåíèÿ
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âûïîëíåíèÿ çàïðîñà èíäåêñ ïåðâè÷íîãî êëþ÷à òàáëèöû, âñ¼ ðàâíî ïîòðå-
áóåòñÿ ÷òåíèå çàïèñåé ñîáñòâåííî èç ôàéëà òàáëèöû.

Ïðîáëåìà Çàïðîñ âèäà

Listing 2.2: SQL

1 SELECT count (*) FROM foo;

îñóùåñòâëÿåò ïîëíûé ïðîñìîòð òàáëèöû foo, ÷òî âåñüìà äîëãî äëÿ òàáëèö
ñ áîëüøèì êîëè÷åñòâîì çàïèñåé.

Ðåøåíèå Ïðîñòîãî ðåøåíèÿ ïðîáëåìû, ê ñîæàëåíèþ, íåò. Âîçìîæíû
ñëåäó- þùèå ïîäõîäû:

1. Åñëè òî÷íîå ÷èñëî çàïèñåé íå âàæíî, à âàæåí ïîðÿäîê10, òî ìîæíî
èñïîëüçîâàòü èíôîðìàöèþ î êîëè÷åñòâå çàïèñåé â òàáëèöå, ñîáðàí-
íóþ ïðè âûïîëíåíèè êîìàíäû ANALYZE:

Listing 2.3: SQL

1 SELECT reltuples FROM pg_class WHERE relname = 'foo';

2. Åñëè ïîäîáíûå âûáîðêè âûïîëíÿþòñÿ ÷àñòî, à èçìåíåíèÿ â òàáëè-
öå äîñòàòî÷íî ðåäêè, òî ìîæíî çàâåñòè âñïîìîãàòåëüíóþ òàáëèöó,
õðàíÿùóþ ÷èñëî çàïèñåé â îñíîâíîé. Íà îñíîâíóþ æå òàáëèöó ïîâå-
ñèòü òðèããåð, êîòîðûé áóäåò óìåíüøàòü ýòî ÷èñëî â ñëó÷àå óäàëåíèÿ
çàïèñè è óâåëè÷èâàòü â ñëó÷àå âñòàâêè. Òàêèì îáðàçîì, äëÿ ïîëó-
÷åíèÿ êîëè÷åñòâà çàïèñåé ïîòðåáóåòñÿ ëèøü âûáðàòü îäíó çàïèñü èç
âñïîìîãàòåëüíîé òàáëèöû.

3. Âàðèàíò ïðåäûäóùåãî ïîäõîäà, íî äàííûå âî âñïîìîãàòåëüíîé òàá-
ëèöå îáíîâëÿþòñÿ ÷åðåç îïðåäåë¼ííûå ïðîìåæóòêè âðåìåíè (cron).

Ìåäëåííûé DISTINCT

Òåêóùàÿ ðåàëèçàöèÿ DISTINCT äëÿ áîëüøèõ òàáëèö î÷åíü ìåäëåííà.
Íî âîçìîæíî èñïîëüçîâàòü GROUP BY âçàìåí DISTINCT. GROUP BY
ìîæåò èñïîëüçîâàòü àãðåãèðóþùèé õýø, ÷òî çíà÷èòåëüíî áûñòðåå, ÷åì
DISTINCT.

Listing 2.4: DISTINCT

1 postgres =# select count (*) from (select distinct i from g) a;

2 count

3 -------

4 19125

5 (1 row)

7 Time: 580 ,553 ms

10¾íà íàøåì ôîðóìå áîëåå 10000 çàðåãèñòðèðîâàííûõ ïîëüçîâàòåëåé, îñòàâèâøèõ
áîëåå 50000 ñîîáùåíèé!¿
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10 postgres =# select count (*) from (select distinct i from g) a;

11 count

12 -------

13 19125

14 (1 row)

16 Time: 36,281 ms

Listing 2.5: GROUP BY

1 postgres =# select count (*) from (select i from g group by i) a;

2 count

3 -------

4 19125

5 (1 row)

7 Time: 26,562 ms

10 postgres =# select count (*) from (select i from g group by i) a;

11 count

12 -------

13 19125

14 (1 row)

16 Time: 25,270 ms

Îïòèìèçàöèÿ çàïðîñîâ ñ ïîìîùüþ pgFouine

pgFouine11 � ýòî àíàëèçàòîð log-ôàéëîâ äëÿ PostgreSQL, èñïîëüçóåìûé
äëÿ ãåíåðàöèè äåòàëüíûõ îò÷åòîâ èç log-ôàéëîâ PostgreSQL. pgFouine ïî-
ìîæåò îïðåäåëèòü, êàêèå çàïðîñû ñëåäóåò îïòèìèçèðîâàòü â ïåðâóþ î÷å-
ðåäü. pgFouine íàïèñàí íà ÿçûêå ïðîãðàììèðîâàíèÿ PHP ñ èñïîëüçîâàíè-
åì îáúåêòíî-îðèåíòèðîâàííûõ òåõíîëîãèé è ëåãêî ðàñøèðÿåòñÿ äëÿ ïîä-
äåðæêè ñïåöèàëèçèðîâàííûõ îò÷åòîâ, ÿâëÿåòñÿ ñâîáîäíûì ïðîãðàììíûì
îáåñïå÷åíèåì è ðàñïðîñòðàíÿåòñÿ íà óñëîâèÿõ GNU General Public License.
Óòèëèòà ñïðîåêòèðîâàíà òàêèì îáðàçîì, ÷òîáû îáðàáîòêà î÷åíü áîëüøèõ
log-ôàéëîâ íå òðåáîâàëà ìíîãî ðåñóðñîâ.

Äëÿ ðàáîòû ñ pgFouine ñíà÷àëà íóæíî ñêîíôèãóðèðîâàòü PostgreSQL
äëÿ ñîçäàíèÿ íóæíîãî ôîðìàòà log-ôàéëîâ:

� ×òîáû âêëþ÷èòü ïðîòîêîëèðîâàíèå â syslog

Listing 2.6: pgFouine

11http://pgfouine.projects.postgresql.org/
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1 log_destination = 'syslog '

2 redirect_stderr = off

3 silent_mode = on

� Äëÿ çàïèñè çàïðîñîâ, äëÿùèõñÿ äîëüøå n ìèëëèñåêóíä:

Listing 2.7: pgFouine

1 log_min_duration_statement = n

2 log_duration = off

3 log_statement = 'none '

Äëÿ çàïèñè êàæäîãî îáðàáîòàííîãî çàïðîñà óñòàíîâèòå log_min_duration_statement
íà 0. ×òîáû îòêëþ÷èòü çàïèñü çàïðîñîâ, óñòàíîâèòå ýòîò ïàðàìåòð íà -1.

pgFouine � ïðîñòîé â èñïîëüçîâàíèè èíñòðóìåíò êîìàíäíîé ñòðîêè.
Ñëåäóþùàÿ êîìàíäà ñîçäà¼ò HTML-îò÷¼ò ñî ñòàíäàðòíûìè ïàðàìåòðàìè:

Listing 2.8: pgFouine

1 pgfouine.php -file your/log/file.log > your -report.html

Ñ ïîìîùüþ ýòîé ñòðîêè ìîæíî îòîáðàçèòü òåêñòîâûé îò÷¼ò ñ 10 çàïðî-
ñàìè íà êàæäûé ýêðàí íà ñòàíäàðòíîì âûâîäå:

Listing 2.9: pgFouine

1 pgfouine.php -file your/log/file.log -top 10 -format text

Áîëåå ïîäðîáíî î âîçìîæíîñòÿõ, à òàêæå ìíîãî ïîëåçíûõ ïðèìåðîâ,
ìîæíî íàéòè íà îôèöèàëüíîì ñàéòà ïðîåêòà � http://pgfouine.projects.postgresql.org.

2.7 Çàêëþ÷åíèå

Ê ñ÷àñòüþ, PostgreSQL íå òðåáóåò îñîáî ñëîæíîé íàñòðîéêè. Â áîëü-
øèíñòâå ñëó÷àåâ âïîëíå äîñòàòî÷íî áóäåò óâåëè÷èòü îáú¼ì âûäåëåííîé
ïàìÿòè, íàñòðîèòü ïåðèîäè÷åñêîå ïîääåðæàíèå áàçû â ïîðÿäêå è ïðîâå-
ðèòü íàëè÷èå íåîáõîäèìûõ èíäåêñîâ. Áîëåå ñëîæíûå âîïðîñû ìîæíî îá-
ñóäèòü â ñïåöèàëèçèðîâàííîì ñïèñêå ðàññûëêè.
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3

Ïàðòèöèîíèðîâàíèå

Ðåøàÿ êàêóþ-ëèáî ïðîáëåìó, âñåãäà ïîëåçíî çàðàíåå

çíàòü ïðàâèëüíûé îòâåò. Ïðè óñëîâèè, êîíå÷íî, ÷òî

âû óâåðåíû â íàëè÷èè ñàìîé ïðîáëåìû.

Íàðîäíàÿ ìóäðîñòü

3.1 Ââåäåíèå

Ïàðòèöèîíèðîâàíèå (partitioning, ñåêöèîíèðîâàíèå) � ýòî ðàçáèåíèå
áîëüøèõ ñòðóêòóð áàç äàííûõ (òàáëèöû, èíäåêñû) íà ìåíüøèå êóñî÷êè.
Çâó÷èò ñëîæíî, íî íà ïðàêòèêå âñå ïðîñòî.

Ñêîðåå âñåãî ó Âàñ åñòü íåñêîëüêî îãðîìíûõ òàáëèö (îáû÷íî âñþ íà-
ãðóçêó îáåñïå÷èâàþò âñåãî íåñêîëüêî òàáëèö ÑÓÁÄ èç âñåõ èìåþùèõñÿ).
Ïðè÷åì ÷òåíèå â áîëüøèíñòâå ñëó÷àåâ ïðèõîäèòñÿ òîëüêî íà ñàìóþ ïî-
ñëåäíþþ èõ ÷àñòü (ò.å. àêòèâíî ÷èòàþòñÿ òå äàííûå, êîòîðûå íåäàâíî ïî-
ÿâèëèñü). Ïðèìåðîì òîìó ìîæåò ñëóæèòü áëîã � íà ïåðâóþ ñòðàíèöó (ýòî
ïîñëåäíèå 5. . . 10 ïîñòîâ) ïðèõîäèòñÿ 40. . . 50% âñåé íàãðóçêè, èëè íîâîñò-
íîé ïîðòàë (ñóòü îäíà è òà æå), èëè ñèñòåìû ëè÷íûõ ñîîáùåíèé, âïðî÷åì
ïîíÿòíî. Ïàðòèöèîíèðîâàíèå òàáëèöû ïîçâîëÿåò áàçå äàííûõ äåëàòü èí-
òåëëåêòóàëüíóþ âûáîðêó � ñíà÷àëà ÑÓÁÄ óòî÷íèò, êàêîé ïàðòèöèè ñî-
îòâåòñòâóåò Âàø çàïðîñ (åñëè ýòî ðåàëüíî) è òîëüêî ïîòîì ñäåëàåò ýòîò
çàïðîñ, ïðèìåíèòåëüíî ê íóæíîé ïàðòèöèè (èëè íåñêîëüêèì ïàðòèöèÿì).
Òàêèì îáðàçîì, â ðàññìîòðåííîì ñëó÷àå, Âû ðàñïðåäåëèòå íàãðóçêó íà
òàáëèöó ïî åå ïàðòèöèÿì. Ñëåäîâàòåëüíî âûáîðêà òèïà ¾SELECT * FROM
articles ORDER BY id DESC LIMIT 10¿ áóäåò âûïîëíÿòüñÿ òîëüêî íàä ïî-
ñëåäíåé ïàðòèöèåé, êîòîðàÿ çíà÷èòåëüíî ìåíüøå âñåé òàáëèöû.

Èòàê, ïàðòèöèîíèðîâàíèå äàåò ðÿä ïðåèìóùåñòâ:

� Íà îïðåäåëåííûå âèäû çàïðîñîâ (êîòîðûå, â ñâîþ î÷åðåäü, ñîçäàþò
îñíîâíóþ íàãðóçêó íà ÑÓÁÄ) ìû ìîæåì óëó÷øèòü ïðîèçâîäèòåëü-
íîñòü.

� Ìàññîâîå óäàëåíèå ìîæåò áûòü ïðîèçâåäåíî ïóòåì óäàëåíèÿ îäíîé
èëè íåñêîëüêèõ ïàðòèöèé (DROP TABLE ãîðàçäî áûñòðåå, ÷åì ìàñ-
ñîâûé DELETE).
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� Ðåäêî èñïîëüçóåìûå äàííûå ìîãóò áûòü ïåðåíåñåíû â äðóãîå õðàíè-
ëèùå.

3.2 Òåîðèÿ

Íà òåêóùèé ìîìåíò PostgreSQL ïîääåðæèâàåò äâà êðèòåðèÿ äëÿ ñî-
çäàíèÿ ïàðòèöèé:

� Ïàðòèöèîíèðîâàíèå ïî äèàïàçîíó çíà÷åíèé (range) � òàáëèöà ðàçáè-
âàåòñÿ íà ¾äèàïàçîíû¿ çíà÷åíèé ïî ïîëþ èëè íàáîðó ïîëåé â òàáëè-
öå, áåç ïåðåêðûòèÿ äèàïàçîíîâ çíà÷åíèé, îòíåñåííûõ ê ðàçëè÷íûì
ïàðòèöèÿì. Íàïðèìåð, äèàïàçîíû äàò.

� Ïàðòèöèîíèðîâàíèå ïî ñïèñêó çíà÷åíèé (list) � òàáëèöà ðàçáèâàåòñÿ
ïî ñïèñêàì êëþ÷åâûõ çíà÷åíèé äëÿ êàæäîé ïàðòèöèè.

×òîáû íàñòðîèòü ïàðòèöèîíèðîâàíèå òàáëèöû, äîñòàòî÷íî âûïîëíèòå
ñëåäóþùèå äåéñòâèÿ:

� Ñîçäàåòñÿ ¾ìàñòåð¿ òàáëèöà, èç êîòîðîé âñå ïàðòèöèè áóäóò íàñëå-
äîâàòüñÿ. Ýòà òàáëèöà íå áóäåò ñîäåðæàòü äàííûå. Òàêæå íå íóæíî
ñòàâèòü íèêàêèõ îãðàíè÷åíèé íà òàáëèöó, åñëè êîíå÷íî îíè íå áóäóò
äóáëèðîâàòüñÿ íà ïàðòèöèè.

� Ñîçäàéòå íåñêîëüêî ¾äî÷åðíèõ¿ òàáëèö, êîòîðûå íàñëåäóþò îò ¾ìà-
ñòåð¿ òàáëèöû.

� Äîáàâèòü â ¾äî÷åðíèå¿ òàáëèöû çíà÷åíèÿ, ïî êîòîðûì îíè áóäóò
ïàðòèöèÿìè. Ñòîèòü çàìåòèòü, ÷òî çíà÷åíèÿ ïàðòèöèé íå äîëæíû
ïåðåñåêàòüñÿ. Íàïðèìåð:

Listing 3.1: Ïðèìåð íåâåðíîãî çàäëàíèÿ çíà÷åíèé ïàðòèöèé

1 CHECK ( outletID BETWEEN 100 AND 200 )

2 CHECK ( outletID BETWEEN 200 AND 300 )

íåâåðíî çàäàíû ïàðòèöèè, ïîñêîëüêó íå ïîíÿòíî êàêîé ïàðòèöèè
ïðåíàäëåæèò çíà÷åíèå 200.

� Äëÿ êàæäîé ïàðòèöèè ñîçäàòü èíäåêñ ïî êëþ÷åâîìó ïîëþ (èëè íåñêîëü-
êèì), à òàêæå óêàçàòü ëþáûå äðóãèå òðåáóåìûå èíäåêñû.

� Ïðè íåîáõîäèìîñòè, ñîçäàòü òðèããåð èëè ïðàâèëî äëÿ ïåðåíàïðàâëå-
íèÿ äàííûõ ñ ¾ìàñòåð¿ òàáëèöû â ñîîòâåòñòâóþùóþ ïàðòèöèþ.

� Óáåäèòüñÿ, ÷òî ïàðàìåòð ¾constraint_exclusion¿ íå îòêëþ÷åí â postgresql.conf.
Åñëè åãî íå âêëþ÷èòü, òî çàïðîñû íå áóäóò îïòèìèçèðîâàíû ïðè ðà-
áîòå ñ ïàðòèöèîíèðîâàíèå.

31



3.3. Ïðàêòèêà èñïîëüçîâàíèÿ

3.3 Ïðàêòèêà èñïîëüçîâàíèÿ

Òåïåðü íà÷íåì ñ ïðàêòè÷åñêîãî ïðèìåðà. Ïðåäñòàâèì, ÷òî â íàøåé ñè-
ñòåìå åñòü òàáëèöà, â êîòîðóþ ìû ñîáèðàåì äàííûå î ïîñåùàåìîñòè íàøåãî
ðåñóðñà. Íà ëþáîé çàïðîñ ïîëüçîâàòåëÿ íàøà ñèñòåìà ëîãèðóåò äåéñòâèÿ â
ýòó òàáëèöó. È, íàïðèìåð, â íà÷àëå êàæäîãî ìåñÿöà (íåäåëþ) íàì íóæíî
ñîçäàâàòü îò÷åò çà ïðåäûäóùèé ìåñÿö (íåäåëþ). Ïðè ýòîì, ëîãè íóæíî
õðàíèòü â òå÷åíèè 3 ëåò. Äàííûå â òàêîé òàáëèöå íàêàïëèâàþòñÿ áûñòðî,
åñëè ñèñòåìà àêòèâíî èñïîëüçóåòñÿ. È âîò, êîãäà â òàáëèöå óæå ìèëëèî-
íû, à òî, è ìèëèàðäû çàïèñåé, ñîçäàâàòü îò÷åòû ñòàíîâèòñÿ âñå ñëîæíåå
(äà è ÷èñòêà ñòàðûõ çàïèñåé ñòàíîâèòñÿ íå ëåãêèì äåëîì). Ðàáîòà ñ òà-
êîé òàáëèöåé ñîçäàåò îãðîìíóþ íàãðóçêó íà ÑÓÁÄ. Òóò íàì íà ïîìîùü è
ïðèõîäèò ïàðòèöèîíèðîâàíèå.

Íàñòðîéêà

Äëÿ ïðèìåðà, ìû èìååì ñëåäóþùèþ òàáëèöó:

Listing 3.2: ¾Ìàñòåð¿ òàáëèöà

1 CREATE TABLE my_logs (

2 id SERIAL PRIMARY KEY ,

3 user_id INT NOT NULL ,

4 logdate TIMESTAMP NOT NULL ,

5 data TEXT ,

6 some_state INT

7 );

Ïîñêîëüêó íàì íóæíû îò÷åòû êàæäûé ìåñÿö, ìû áóäåì äåëèòü ïàð-
òèöèè ïî ìåñÿöàì. Ýòî ïîìîæåò íàì áûñòðåå ñîçäàâàòü îò÷åòû è ÷èñòèòü
ñòàðûå äàííûå.

¾Ìàñòåð¿ òàáëèöà áóäåò ¾my_logs¿, ñòðóêòóðó êîòîðîé ìû óêàçàëè
âûøå. Äàëåå ñîçäàäèì ¾äî÷åðíèå¿ òàáëèöû (ïàðòèöèè):

Listing 3.3: ¾Äî÷åðíèå¿ òàáëèöû

1 CREATE TABLE my_logs2010m10 (

2 CHECK ( logdate >= DATE '2010 -10 -01' AND logdate < DATE

'2010 -11 -01' )

3 ) INHERITS (my_logs);

4 CREATE TABLE my_logs2010m11 (

5 CHECK ( logdate >= DATE '2010 -11 -01' AND logdate < DATE

'2010 -12 -01' )

6 ) INHERITS (my_logs);

7 CREATE TABLE my_logs2010m12 (

8 CHECK ( logdate >= DATE '2010 -12 -01' AND logdate < DATE

'2011 -01 -01' )

9 ) INHERITS (my_logs);

10 CREATE TABLE my_logs2011m01 (

11 CHECK ( logdate >= DATE '2011 -01 -01' AND logdate < DATE

'2010 -02 -01' )
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12 ) INHERITS (my_logs);

Äàííûìè êîìàíäàìè ìû ñîçäàåì òàáëèöû ¾my_logs2010m10¿, ¾my_logs2010m11¿
è ò.ä., êîòîðûå êîïèðóþò ñòðóêòóðó ñ ¾ìàñòåð¿ òàáëèöû (êðîìå èíäåêñîâ).
Òàêæå ñ ïîìîùüþ ¾CHECK¿ ìû çàäàåì äèàïàçîí çíà÷åíèé, êîòîðûé áó-
äåò ïîïàäàòü â ýòó ïàðòèöèþ (õî÷ó îïÿòü íàïîìíèòü, ÷òî äèàïàçîíû çíà-
÷åíèé ïàðòèöèé íå äîëæíû ïåðåñåêàòñÿ!). Ïîñêîëüêó ïàðòèöèîíèðîâàíèå
áóäåò ðàáîòàòü ïî ïîëþ ¾logdate¿, ìû ñîçäàäèì èíäåêñ íà ýòî ïîëå íà âñåõ
ïàðòèöèÿõ:

Listing 3.4: Ñîçäàíèå èíäåêñîâ

1 CREATE INDEX my_logs2010m10_logdate ON my_logs2010m10

(logdate);

2 CREATE INDEX my_logs2010m11_logdate ON my_logs2010m11

(logdate);

3 CREATE INDEX my_logs2010m12_logdate ON my_logs2010m12

(logdate);

4 CREATE INDEX my_logs2011m01_logdate ON my_logs2011m01

(logdate);

Äàëåå äëÿ óäîáñòâà ñîçäàäèì ôóíêöèþ, êîòîðàÿ áóäåò ïåðåíàïðàâëÿòü
íîâûå äàííûå ñ ¾ìàñòåð¿ òàáëèöû â ñîîòâåòñòâóþùóþ ïàðòèöèþ.

Listing 3.5: Ôóíêöèÿ äëÿ ïåðåíàïðàâëåíèÿ

1 CREATE OR REPLACE FUNCTION my_logs_insert_trigger ()

2 RETURNS TRIGGER AS $$

3 BEGIN

4 IF ( NEW.logdate >= DATE '2010 -10 -01' AND

5 NEW.logdate < DATE '2010 -11 -01' ) THEN

6 INSERT INTO my_logs2010m10 VALUES (NEW.*);

7 ELSIF ( NEW.logdate >= DATE '2010 -11 -01' AND

8 NEW.logdate < DATE '2010 -12 -01' ) THEN

9 INSERT INTO my_logs2010m11 VALUES (NEW.*);

10 ELSIF ( NEW.logdate >= DATE '2010 -12 -01' AND

11 NEW.logdate < DATE '2011 -01 -01' ) THEN

12 INSERT INTO my_logs2010m12 VALUES (NEW.*);

13 ELSIF ( NEW.logdate >= DATE '2011 -01 -01' AND

14 NEW.logdate < DATE '2011 -02 -01' ) THEN

15 INSERT INTO my_logs2011m01 VALUES (NEW.*);

16 ELSE

17 RAISE EXCEPTION 'Date out of range.  Fix the 

my_logs_insert_trigger () function!';

18 END IF;

19 RETURN NULL;

20 END;

21 $$

22 LANGUAGE plpgsql;

Â ôóíêöèè íè÷åãî îñîáåííîãî íåò: èäåò ïðîâåðêà ïîëÿ ¾logdate¿, ïî
êîòîðîé íàïðàâëÿþòñÿ äàííûå â íóæíóþ ïàðòèöèþ. Ïðè íå íàõîæäåíèè
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òðåáóåìîé ïàðòèöèè � âûçûâàåì îøèáêó. Òåïåðü îñòàëîñü ñîçäàòü òðèããåð
íà ¾ìàñòåð¿ òàáëèöó äëÿ àâòîìàòè÷åñêîãî âûçîâà äàííîé ôóíêöèè:

Listing 3.6: Òðèããåð

1 CREATE TRIGGER insert_my_logs_trigger

2 BEFORE INSERT ON my_logs

3 FOR EACH ROW EXECUTE PROCEDURE my_logs_insert_trigger ();

Ïàðòèöèîíèðîâàíèå íàñòðîåíî è òåïåðü ìû ãîòîâû ïðèñòóïèòü ê òå-
ñòèðîâàíèþ.

Òåñòèðîâàíèå

Äëÿ íà÷àëà äîáàâèì äàííûå â íàøó òàáëèöó ¾my_logs¿:

Listing 3.7: Äàííûå

1 INSERT INTO my_logs (user_id ,logdate , data , some_state)

VALUES(1, '2010 -10 -30', '30.10.2010 data', 1);

2 INSERT INTO my_logs (user_id ,logdate , data , some_state)

VALUES(2, '2010 -11 -10', '10.11.2010 data2 ', 1);

3 INSERT INTO my_logs (user_id ,logdate , data , some_state)

VALUES(1, '2010 -12 -15', '15.12.2010 data3 ', 1);

Òåïåðü ïðîâåðèì ãäå îíè õðàíÿòñÿ:

Listing 3.8: ¾Ìàñòåð¿ òàáëèöà ÷èñòà

1 partitioning_test =# SELECT * FROM ONLY my_logs;

2 id | user_id | logdate | data | some_state

3 ----+---------+---------+------+------------

4 (0 rows)

Êàê âèäèì â ¾ìàñòåð¿ òàáëèöó äàííûå íå ïîïàëè � îíà ÷èñòà. Òåïåðü
ïðîâåðèì à åñòü ëè âîîáùå äàííûå:

Listing 3.9: Ïðîâåðêà äàííûõ

1 partitioning_test =# SELECT * FROM my_logs;

2 id | user_id | logdate | data |

some_state

3 ----+---------+---------------------+------------------+------------

4 1 | 1 | 2010 -10 -30 00:00:00 | 30.10.2010 data |

1

5 2 | 2 | 2010 -11 -10 00:00:00 | 10.11.2010 data2 |

1

6 3 | 1 | 2010 -12 -15 00:00:00 | 15.12.2010 data3 |

1

7 (3 rows)

Äàííûå ïðè ýòîì âûâîäÿòñÿ áåç ïðîáëåì. Ïðîâåðèì ïàðòèöèè, ïðà-
âèëüíî ëè õðàíÿòñÿ äàííûå:
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Listing 3.10: Ïðîâåðêà õðàíåíèÿ äàííûõ

1 partitioning_test =# Select * from my_logs2010m10;

2 id | user_id | logdate | data |

some_state

3 ----+---------+---------------------+-----------------+------------

4 1 | 1 | 2010 -10 -30 00:00:00 | 30.10.2010 data |

1

5 (1 row)

7 partitioning_test =# Select * from my_logs2010m11;

8 id | user_id | logdate | data |

some_state

9 ----+---------+---------------------+------------------+------------

10 2 | 2 | 2010 -11 -10 00:00:00 | 10.11.2010 data2 |

1

11 (1 row)

Îòëè÷íî! Äàííûå õðàíÿòñÿ íà òðåáóåìûõ íàì ïàðòèöèÿõ. Ïðè ýòîì
çàïðîñû ê òàáëèöå ¾my_logs¿ ìåíÿòü íå íóæíî:

Listing 3.11: Ïðîâåðêà çàïðîñîâ

1 partitioning_test =# SELECT * FROM my_logs WHERE user_id = 2;

2 id | user_id | logdate | data |

some_state

3 ----+---------+---------------------+------------------+------------

4 2 | 2 | 2010 -11 -10 00:00:00 | 10.11.2010 data2 |

1

5 (1 row)

7 partitioning_test =# SELECT * FROM my_logs WHERE data LIKE

'%0.1%';

8 id | user_id | logdate | data |

some_state

9 ----+---------+---------------------+------------------+------------

10 1 | 1 | 2010 -10 -30 00:00:00 | 30.10.2010 data |

1

11 2 | 2 | 2010 -11 -10 00:00:00 | 10.11.2010 data2 |

1

12 (2 rows)

Óïðàâëåíèå ïàðòèöèÿìè

Îáû÷íî ïðè ðàáîòå ñ ïàðòèöèîíèðîâàíèåì ñòàðûå ïàðòèöèè ïåðåñòàþò
ïîëó÷àòü äàííûå è îñòàþòñÿ íåèçìåííûìè. Ýòî äàåò îãîðîìíîå ïðèåìó-
ùåñòâî íàä ðàáîòîé ñ äàííûìè ÷åðåç ïàðòèöèè. Íàïðèìåð, íàì íóæíî
óäàëèòü ñòàðûå ëîãè çà 2008 ãîä, 10 ìåñÿö. Íàì äîñòàòî÷íî âûïîëèòü:

Listing 3.12: ×èñòêà ëîãîâ

1 DROP TABLE my_logs2008m10;
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ïîñêîëüêó ¾DROP TABLE¿ ðàáîòàåò ãîðàçäî áûñòðåå, ÷åì óäàëåíèå ìèëè-
îíîâ çàïèñåé èíäèâèäóàëüíî ÷åðåç ¾DELETE¿. Äðóãîé âàðèàíò, êîòîðûé
áîëåå ïðåäïî÷òèòåëåí, ïðîñòî óäàëèòü ïàðòèöèþ èç ïàðòèöèîíèðîâàíèÿ,
òåì ñàìûì îñòàâèâ äàííûå â ÑÓÁÄ, íî óæå íå äîñòóïíûå ÷åðåç ¾ìàñòåð¿
òàáëèöó:

Listing 3.13: Óäàëÿåì ïàðòèöèþ èç ïàðòèöèîíèðîâàíèÿ

1 ALTER TABLE my_logs2008m10 NO INHERIT my_logs;

Ýòî óäîáíî, åñëè ìû õîòèì ýòè äàííûå ïîòîì ïåðåíåñòè â äðóãîå õðàíè-
ëèùå èëè ïðîñòî ñîõðàíèòü.

Âàæíîñòü ¾constraint_exclusion¿ äëÿ
ïàðòèöèîíèðîâàíèÿ

Ïàðàìåòð ¾constraint_exclusion¿ îòâå÷àåò çà îïòèìèçàöèþ çàïðîñîâ,
÷òî ïîâûøàåò ïðîèçâîäèòåëüíîñòü äëÿ ïàðòèöèîíèðîâàíûõ òàáëèö. Íà-
ïðèìåð, âûïîíèì ïðîñòîé çàïðîñ:

Listing 3.14: ¾constraint_exclusion¿ OFF

1 partitioning_test =# SET constraint_exclusion = off;

2 partitioning_test =# EXPLAIN SELECT * FROM my_logs WHERE

logdate > '2010 -12 -01';

4 QUERY PLAN

5 ---------------------------------------------------------------------------------------------------

6 Result (cost =6.81..104.66 rows =1650 width =52)

7 -> Append (cost =6.81..104.66 rows =1650 width =52)

8 -> Bitmap Heap Scan on my_logs (cost =6.81..20.93

rows =330 width =52)

9 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

10 -> Bitmap Index Scan on my_logs_logdate

(cost =0.00..6.73 rows =330 width =0)

11 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

12 -> Bitmap Heap Scan on my_logs2010m10 my_logs

(cost =6.81..20.93 rows =330 width =52)

13 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

14 -> Bitmap Index Scan on my_logs2010m10_logdate

(cost =0.00..6.73 rows =330 width =0)

15 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

16 -> Bitmap Heap Scan on my_logs2010m11 my_logs

(cost =6.81..20.93 rows =330 width =52)

17 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

18 -> Bitmap Index Scan on my_logs2010m11_logdate

(cost =0.00..6.73 rows =330 width =0)
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19 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

20 -> Bitmap Heap Scan on my_logs2010m12 my_logs

(cost =6.81..20.93 rows =330 width =52)

21 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

22 -> Bitmap Index Scan on my_logs2010m12_logdate

(cost =0.00..6.73 rows =330 width =0)

23 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

24 -> Bitmap Heap Scan on my_logs2011m01 my_logs

(cost =6.81..20.93 rows =330 width =52)

25 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

26 -> Bitmap Index Scan on my_logs2011m01_logdate

(cost =0.00..6.73 rows =330 width =0)

27 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

28 (22 rows)

Êàê âèäíî ÷åðåç êîìàíäó ¾EXPLAIN¿, äàííûé çàïðîñ ñêàíèðóåò âñå
ïàðòèöèè íà íàëè÷èå äàííûõ â íèõ, ÷òî íå ëîãè÷íî, ïîñêîëüêó äàííîå
óñëîâèå ¾logdate > 2010-12-01¿ ãîâîðèò î òîì, ÷òî äàííûå äîëæíû áðàò-
ñÿ òîëüêî ñ ïàðòèöûé, ãäå ïîäõîäèò òàêîå óñëîâèå. À òåïåðü âêëþ÷èì
¾constraint_exclusion¿:

Listing 3.15: ¾constraint_exclusion¿ ON

1 partitioning_test =# SET constraint_exclusion = on;

2 SET

3 partitioning_test =# EXPLAIN SELECT * FROM my_logs WHERE

logdate > '2010 -12 -01';

4 QUERY PLAN

5 ---------------------------------------------------------------------------------------------------

6 Result (cost =6.81..41.87 rows =660 width =52)

7 -> Append (cost =6.81..41.87 rows =660 width =52)

8 -> Bitmap Heap Scan on my_logs (cost =6.81..20.93

rows =330 width =52)

9 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

10 -> Bitmap Index Scan on my_logs_logdate

(cost =0.00..6.73 rows =330 width =0)

11 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

12 -> Bitmap Heap Scan on my_logs2010m12 my_logs

(cost =6.81..20.93 rows =330 width =52)

13 Recheck Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

14 -> Bitmap Index Scan on my_logs2010m12_logdate

(cost =0.00..6.73 rows =330 width =0)

15 Index Cond: (logdate > '2010 -12 -01 

00:00:00 ':: timestamp without time zone)

16 (10 rows)
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3.4. Çàêëþ÷åíèå

Êàê ìû âèäèì, òåïåðü çàïðîñ ðàáîòàåò ïðàâèëüíî, è ñêàíèðóåò òîëüêî
ïàðòèöèè, ÷òî ïîäõîäÿò ïîä óñëîâèå çàïðîñà. Íî âêëþ÷àòü ¾constraint_exclusion¿
íå æåëàòåëüíî äëÿ áàç, ãäå íåò ïàðòèöèîíèðîâàíèÿ, ïîñêîëüêó êîìàí-
äà ¾CHECK¿ áóäåò ïðîâåðÿòñÿ íà âñåõ çàïðîñàõ, äàæå ïðîñòûõ, à çíà-
÷èò ïðîèçâîäèòåëüíîñòü ñèëüíî óïàäåò. Íà÷èíàÿ ñ 8.4 âåðñèè PostgreSQL
¾constraint_exclusion¿ ìîæåò áûòü ¾on¿, ¾o�¿ è ¾partition¿. Ïî óìîë÷à-
íèþ (è ðåêîìåíäóåòñÿ) ñòàâèòü ¾constraint_exclusion¿ íå ¾on¿, è íå ¾o�¿,
à ¾partition¿, êîòîðûé áóäåò ïðîâåðÿòü ¾CHECK¿ òîëüêî íà ïàðòèöèîíè-
ðîâàíûõ òàáëèöàõ.

3.4 Çàêëþ÷åíèå

Ïàðòèöèîíèðîâàíèå � îäíà èç ñàìûõ ïðîñòûõ è ìåíåå áåçáîëåçíåííûõ
ìåòîäîâ óìåíüøåíèÿ íàãðóçêè íà ÑÓÁÄ. Èìåííî íà ýòîò âàðèàíò ñòîèò
ïîñìîòðåòü ñïåðâà, è åñëè îí íå ïîäõîäèò ïî êàêèì ëèáî ïðè÷èíàì � ïå-
ðåõîäèòü ê áîëåå ñëîæíûì. Íî åñëè â ñèñòåìå åñòü òàáëèöà, ó êîòîðîé
àêòóàëüíû òîëüêî íîâûå äàííûå, íî îãðîìíîå êîëè÷åñòâî ñòàðûõ (íå àê-
òóàëüíûõ) äàííûõ äàåò 50% èëè áîëåå íàãðóçêè íà ÑÓÁÄ � Âàì ñòîèò
âíåäðèòü ïàðòèöèîíèðîâàíèå.
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4

Ðåïëèêàöèÿ

Êîãäà ðåøàåòå ïðîáëåìó, íè î ÷åì íå áåñïîêîéòåñü.

Âîò êîãäà âû å¼ ðåøèòå, òîãäà è íàñòóïèò âðåìÿ

áåñïîêîèòüñÿ.

Ðè÷àðä Ôèëëèïñ Ôåéìàí

4.1 Ââåäåíèå

Ðåïëèêàöèÿ (àíãë. replication) � ìåõàíèçì ñèíõðîíèçàöèè ñîäåðæèìî-
ãî íåñêîëüêèõ êîïèé îáúåêòà (íàïðèìåð, ñîäåðæèìîãî áàçû äàííûõ). Ðå-
ïëèêàöèÿ � ýòî ïðîöåññ, ïîä êîòîðûì ïîíèìàåòñÿ êîïèðîâàíèå äàííûõ èç
îäíîãî èñòî÷íèêà íà ìíîæåñòâî äðóãèõ è íàîáîðîò. Ïðè ðåïëèêàöèè èç-
ìåíåíèÿ, ñäåëàííûå â îäíîé êîïèè îáúåêòà, ìîãóò áûòü ðàñïðîñòðàíåíû â
äðóãèå êîïèè. Ðåïëèêàöèÿ ìîæåò áûòü ñèíõðîííîé èëè àñèíõðîííîé.

Â ñëó÷àå ñèíõðîííîé ðåïëèêàöèè, åñëè äàííàÿ ðåïëèêà îáíîâëÿåòñÿ,
âñå äðóãèå ðåïëèêè òîãî æå ôðàãìåíòà äàííûõ òàêæå äîëæíû áûòü îá-
íîâëåíû â îäíîé è òîé æå òðàíçàêöèè. Ëîãè÷åñêè ýòî îçíà÷àåò, ÷òî ñó-
ùåñòâóåò ëèøü îäíà âåðñèÿ äàííûõ. Â áîëüøèíñòâå ïðîäóêòîâ ñèíõðîí-
íàÿ ðåïëèêàöèÿ ðåàëèçóåòñÿ ñ ïîìîùüþ òðèããåðíûõ ïðîöåäóð (âîçìîæíî,
ñêðûòûõ è óïðàâëÿåìûõ ñèñòåìîé). Íî ñèíõðîííàÿ ðåïëèêàöèÿ èìååò òîò
íåäîñòàòîê, ÷òî îíà ñîçäà¼ò äîïîëíèòåëüíóþ íàãðóçêó ïðè âûïîëíåíèè
âñåõ òðàíçàêöèé, â êîòîðûõ îáíîâëÿþòñÿ êàêèå-ëèáî ðåïëèêè (êðîìå òî-
ãî, ìîãóò âîçíèêàòü ïðîáëåìû, ñâÿçàííûå ñ äîñòóïíîñòüþ äàííûõ).

Â ñëó÷àå àñèíõðîííîé ðåïëèêàöèè îáíîâëåíèå îäíîé ðåïëèêè ðàñïðî-
ñòðàíÿåòñÿ íà äðóãèå ñïóñòÿ íåêîòîðîå âðåìÿ, à íå â òîé æå òðàíçàêöèè.
Òàêèì îáðàçîì, ïðè àñèíõðîííîé ðåïëèêàöèè ââîäèòñÿ çàäåðæêà, èëè âðå-
ìÿ îæèäàíèÿ, â òå÷åíèå êîòîðîãî îòäåëüíûå ðåïëèêè ìîãóò áûòü ôàêòè-
÷åñêè íåèäåíòè÷íûìè (òî åñòü îïðåäåëåíèå ðåïëèêà îêàçûâàåòñÿ íå ñî-
âñåì ïîäõîäÿùèì, ïîñêîëüêó ìû íå èìååì äåëî ñ òî÷íûìè è ñâîåâðåìåííî
ñîçäàííûìè êîïèÿìè). Â áîëüøèíñòâå ïðîäóêòîâ àñèíõðîííàÿ ðåïëèêà-
öèÿ ðåàëèçóåòñÿ ïîñðåäñòâîì ÷òåíèÿ æóðíàëà òðàíçàêöèé èëè ïîñòîÿí-
íîé î÷åðåäè òåõ îáíîâëåíèé, êîòîðûå ïîäëåæàò ðàñïðîñòðàíåíèþ. Ïðå-
èìóùåñòâî àñèíõðîííîé ðåïëèêàöèè ñîñòîèò â òîì, ÷òî äîïîëíèòåëüíûå
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4.1. Ââåäåíèå

èçäåðæêè ðåïëèêàöèè íå ñâÿçàíû ñ òðàíçàêöèÿìè îáíîâëåíèé, êîòîðûå
ìîãóò èìåòü âàæíîå çíà÷åíèå äëÿ ôóíêöèîíèðîâàíèÿ âñåãî ïðåäïðèÿòèÿ
è ïðåäúÿâëÿòü âûñîêèå òðåáîâàíèÿ ê ïðîèçâîäèòåëüíîñòè. Ê íåäîñòàòêàì
ýòîé ñõåìû îòíîñèòñÿ òî, ÷òî äàííûå ìîãóò îêàçàòüñÿ íåñîâìåñòèìûìè
(òî åñòü íåñîâìåñòèìûìè ñ òî÷êè çðåíèÿ ïîëüçîâàòåëÿ). Èíûìè ñëîâàìè,
èçáûòî÷íîñòü ìîæåò ïðîÿâëÿòüñÿ íà ëîãè÷åñêîì óðîâíå, à ýòî, ñòðîãî ãî-
âîðÿ, îçíà÷àåò, ÷òî òåðìèí êîíòðîëèðóåìàÿ èçáûòî÷íîñòü â òàêîì ñëó÷àå
íå ïðèìåíèì.

Ðàññìîòðèì êðàòêî ïðîáëåìó ñîãëàñîâàííîñòè (èëè, ñêîðåå, íåñîãëàñî-
âàííîñòè). Äåëî â òîì, ÷òî ðåïëèêè ìîãóò ñòàíîâèòüñÿ íåñîâìåñòèìûìè
â ðåçóëüòàòå ñèòóàöèé, êîòîðûå òðóäíî (èëè äàæå íåâîçìîæíî) èçáåæàòü
è ïîñëåäñòâèÿ êîòîðûõ òðóäíî èñïðàâèòü. Â ÷àñòíîñòè, êîíôëèêòû ìîãóò
âîçíèêàòü ïî ïîâîäó òîãî, â êàêîì ïîðÿäêå äîëæíû ïðèìåíÿòüñÿ îáíîâëå-
íèÿ. Íàïðèìåð, ïðåäïîëîæèì, ÷òî â ðåçóëüòàòå âûïîëíåíèÿ òðàíçàêöèè
À ïðîèñõîäèò âñòàâêà ñòðîêè â ðåïëèêó X, ïîñëå ÷åãî òðàíçàêöèÿ B óäà-
ëÿåò ýòó ñòðîêó, à òàêæå äîïóñòèì, ÷òî Y � ðåïëèêà X. Åñëè îáíîâëåíèÿ
ðàñïðîñòðàíÿþòñÿ íà Y, íî ââîäÿòñÿ â ðåïëèêó Y â îáðàòíîì ïîðÿäêå (íà-
ïðèìåð, èç-çà ðàçíûõ çàäåðæåê ïðè ïåðåäà÷å), òî òðàíçàêöèÿ B íå íàõîäèò
â Y ñòðîêó, ïîäëåæàùóþ óäàëåíèþ, è íå âûïîëíÿåò ñâî¼ äåéñòâèå, ïîñëå
÷åãî òðàíçàêöèÿ À âñòàâëÿåò ýòó ñòðîêó. Ñóììàðíûé ýôôåêò ñîñòîèò â
òîì, ÷òî ðåïëèêà Y ñîäåðæèò óêàçàííóþ ñòðîêó, à ðåïëèêà X � íåò.

Â öåëîì çàäà÷è óñòðàíåíèÿ êîíôëèêòíûõ ñèòóàöèé è îáåñïå÷åíèÿ ñî-
ãëàñîâàííîñòè ðåïëèê ÿâëÿþòñÿ âåñüìà ñëîæíûìè. Ñëåäóåò îòìåòèòü, ÷òî,
ïî êðàéíåé ìåðå, â ñîîáùåñòâå ïîëüçîâàòåëåé êîììåð÷åñêèõ áàç äàííûõ
òåðìèí ðåïëèêàöèÿ ñòàë îçíà÷àòü ïðåèìóùåñòâåííî (èëè äàæå èñêëþ÷è-
òåëüíî) àñèíõðîííóþ ðåïëèêàöèþ.

Îñíîâíîå ðàçëè÷èå ìåæäó ðåïëèêàöèåé è óïðàâëåíèåì êîïèðîâàíèåì
çàêëþ÷àåòñÿ â ñëåäóþùåì: Åñëè èñïîëüçóåòñÿ ðåïëèêàöèÿ, òî îáíîâëåíèå
îäíîé ðåïëèêè â êîíå÷íîì ñ÷¼òå ðàñïðîñòðàíÿåòñÿ íà âñå îñòàëüíûå àâòî-
ìàòè÷åñêè. Â ðåæèìå óïðàâëåíèÿ êîïèðîâàíèåì, íàïðîòèâ, íå ñóùåñòâó-
åò òàêîãî àâòîìàòè÷åñêîãî ðàñïðîñòðàíåíèÿ îáíîâëåíèé. Êîïèè äàííûõ
ñîçäàþòñÿ è óïðàâëÿþòñÿ ñ ïîìîùüþ ïàêåòíîãî èëè ôîíîâîãî ïðîöåññà,
êîòîðûé îòäåë¼í âî âðåìåíè îò òðàíçàêöèé îáíîâëåíèÿ. Óïðàâëåíèå êî-
ïèðîâàíèåì â îáùåì áîëåå ýôôåêòèâíî ïî ñðàâíåíèþ ñ ðåïëèêàöèåé, ïî-
ñêîëüêó çà îäèí ðàç ìîãóò êîïèðîâàòüñÿ áîëüøèå îáú¼ìû äàííûõ. Ê íåäî-
ñòàòêàì ìîæíî îòíåñòè òî, ÷òî áîëüøóþ ÷àñòü âðåìåíè êîïèè äàííûõ íå
èäåíòè÷íû áàçîâûì äàííûì, ïîýòîìó ïîëüçîâàòåëè äîëæíû ó÷èòûâàòü,
êîãäà èìåííî áûëè ñèíõðîíèçèðîâàíû ýòè äàííûå. Îáû÷íî óïðàâëåíèå
êîïèðîâàíèåì óïðîùàåòñÿ áëàãîäàðÿ òîìó òðåáîâàíèþ, ÷òîáû îáíîâëåíèÿ
ïðèìåíÿëèñü â ñîîòâåòñòâèè ñî ñõåìîé ïåðâè÷íîé êîïèè òîãî èëè èíîãî
âèäà.

Äëÿ ðåïëèêàöèè PostgreSQL ñóùåñòâóåò íåñêîëüêî ðåøåíèé, êàê çà-
êðûòûõ, òàê è ñâîáîäíûõ. Çàêðûòûå ñèñòåìû ðåïëèêàöèè íå áóäóò ðàñ-
ñìàòðèâàòüñÿ â ýòîé êíèãå (íó, ñàìè ïîíèìàåòå). Âîò ñïèñîê ñâîáîäíûõ
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4.2. Slony-I

ðåøåíèé:

� Slony-I1 � àñèíõðîííàÿ Master-Slave ðåïëèêàöèÿ, ïîääåðæèâàåò êàñ-
êàäû(cascading) è îòêàçîóñòîé÷èâîñòü(failover). Slony-I èñïîëüçóåò òðèã-
ãåðû PostgreSQL äëÿ ïðèâÿçêè ê ñîáûòèÿì INSERT/ DELETE/UPDATE
è õðàíèìûå ïðîöåäóðû äëÿ âûïîëíåíèÿ äåéñòâèé.

� PGCluster2 � ñèíõðîííàÿ Multi-Master ðåïëèêàöèÿ. Ïðîåêò íà ìîé
âçãëÿä ìåðòâ, ïîñêîëüêó óæå ãîä íå îáíîâëÿëñÿ.

� pgpool-I/II3 � ýòî çàìå÷àòåëüíûé èíñòðóìåíò äëÿ PostgreSQL (ëó÷-
øå ñðàçó ðàáîòàòü ñ II âåðñèåé). Ïîçâîëÿåò äåëàòü:

� ðåïëèêàöèþ (â òîì ÷èñëå, ñ àâòîìàòè÷åñêèì ïåðåêëþ÷åíèåì íà
ðåçåðâíûé stand-by ñåðâåð);

� online-áýêàï;
� pooling êîííåêòîâ;
� î÷åðåäü ñîåäèíåíèé;
� áàëàíñèðîâêó SELECT-çàïðîñîâ íà íåñêîëüêî postgresql-ñåðâåðîâ;
� ðàçáèåíèå çàïðîñîâ äëÿ ïàðàëëåëüíîãî âûïîëíåíèÿ íàä áîëü-
øèìè îáúåìàìè äàííûõ.

� Bucardo4 � àñèíõðîííàÿ ðåïëèêàöèÿ, êîòîðàÿ ïîääåðæèâàåò Multi-
Master è Master-Slave ðåæèìû, à òàêæå íåñêîëüêî âèäîâ ñèíõðîíè-
çàöèè è îáðàáîòêè êîíôëèêòîâ.

� Londiste5 � àñèíõðîííàÿ Master-Slave ðåïëèêàöèÿ. Âõîäèò â ñîñòàâ
Skytools6. Ïðîùå â èñïîëüçîâàíèè, ÷åì Slony-I.

� Mammoth Replicator7 � àñèíõðîííàÿ Multi-Master ðåïëèêàöèÿ.
� Postgres-R8 � àñèíõðîííàÿ Multi-Master ðåïëèêàöèÿ.
� RubyRep9 � íàïèñàííàÿ íà Ruby, àñèíõðîííàÿ Multi-Master ðåïëè-
êàöèÿ, êîòîðàÿ ïîääåðæèâàåò PostgreSQL è MySQL.

Ýòî, êîíå÷íî, íå âåñü ñïèñîê ñâîáîäíûõ ñèñòåì äëÿ ðåïëèêàöèè, íî ÿ
äóìàþ äàæå èç ýòîãî åñòü ÷òî âûáðàòü äëÿ PostgreSQL.

4.2 Slony-I

Ââåäåíèå

Slony ýòî ñèñòåìà ðåïëèêàöèè ðåàëüíîãî âðåìåíè, ïîçâîëÿþùàÿ îðãà-
íèçîâàòü ñèíõðîíèçàöèþ íåñêîëüêèõ ñåðâåðîâ PostgreSQL ïî ñåòè. Slony

1http://www.slony.info/
2http://pgfoundry.org/projects/pgcluster/
3http://pgpool.projects.postgresql.org/
4http://bucardo.org/
5http://skytools.projects.postgresql.org/doc/londiste.ref.html
6http://pgfoundry.org/projects/skytools/
7http://www.commandprompt.com/products/mammothreplicator/
8http://www.postgres-r.org/
9http://www.rubyrep.org/
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èñïîëüçóåò òðèããåðû Postgre äëÿ ïðèâÿçêè ê ñîáûòèÿì INSERT/ DELETE/UPDATE
è õðàíèìûå ïðîöåäóðû äëÿ âûïîëíåíèÿ äåéñòâèé.

Ñèñòåìà Slony ñ òî÷êè çðåíèÿ àäìèíèñòðàòîðà ñîñòîèò èç äâóõ ãëàâ-
íûõ êîìïîíåíò, ðåïëèêàöèîííîãî äåìîíà slony è àäìèíèñòðàòèâíîé êîíñî-
ëè slonik. Àäìèíèñòðèðîâàíèå ñèñòåìû ñâîäèòñÿ ê îáùåíèþ ñî slonik-îì,
äåìîí slon òîëüêî ñëåäèò çà ñîáñòâåííî ïðîöåññîì ðåïëèêàöèè. À àäìèí
ñëåäèò çà òåì, ÷òîáû slon âèñåë òàì, ãäå åìó ïîëîæåíî.

Î slonik-e

Âñå êîìàíäû slonik ïðèíèìàåò íà ñâîé stdin. Äî íà÷àëà âûïîëíåíèÿ
ñêðèïò slonik-a ïðîâåðÿåòñÿ íà ñîîòâåòñòâèå ñèíòàêñèñó, åñëè îáíàðóæè-
âàþòñÿ îøèáêè, ñêðèïò íå âûïîëíÿåòñÿ, òàê ÷òî ìîæíî íå âîëíîâàòüñÿ
åñëè slonik ñîîáùàåò î syntax error, íè÷åãî ñòðàøíîãî íå ïðîèçîøëî. È îí
åù¼ íè÷åãî íå ñäåëàë. Ñêîðåå âñåãî.

Óñòàíîâêà

Óñòàíîâêà íà Ubuntu ïðîèçâîäèòñÿ ïðîñòîé êîìàíäîé:

Listing 4.1: Óñòàíîâêà

1 sudo aptitude install slony1 -bin

Íàñòðîéêà

Ðàññìîòðèì òåïåðü óñòàíîâêó íà ãèïîòåòè÷åñêóþ áàçó äàííûõ customers
(íàçâàíèÿ óçëîâ, êëàñòåðîâ è òàáëèö ÿâëÿþòñÿ âûìûøëåííûìè).

Íàøè äàííûå

� ÁÄ: customers
� master_host: customers_master.com
� slave_host_1: customers_slave.com
� cluster name (íóæíî ïðèäóìàòü): customers_rep

Ïîäãîòîâêà master-ñåðâåðà

Äëÿ íà÷àëà íàì íóæíî ñîçäàòü ïîëüçîâàòåëÿ Postgres, ïîä êîòîðûì
áóäåò äåéñòâîâàòü Slony. Ïî óìîë÷àíèþ, è îòäàâàÿ äîëæíîå ñèñòåìå, ýòîãî
ïîëüçîâàòåëÿ îáû÷íî íàçûâàþò slony.

Listing 4.2: Ïîäãîòîâêà master-ñåðâåðà

1 pgsql@customers_master$ createuser -a -d slony

2 pgsql@customers_master$ psql -d template1 -c "alter \

3 user slony with password 'slony_user_password ';"
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Òàêæå íà êàæäîì èç óçëîâ ëó÷øå çàâåñòè ñèñòåìíîãî ïîëüçîâàòåëÿ
slony, ÷òîáû çàïóñêàòü îò åãî èìåíè ðåïëèêàöèîííîãî äåìîíà slon. Â äàëü-
íåéøåì ïîäðàçóìåâàåòñÿ, ÷òî îí (è ïîëüçîâàòåëü è slon) åñòü íà êàæäîì
èç óçëîâ êëàñòåðà.

Ïîäãîòîâêà îäíîãî slave-ñåðâåðà

Çäåñü ÿ ðàññìàòðèâàþ, ÷òî ñåðâåðû êëàñòåðà ñîåäèíåíû ïîñðåäñòâîì
ñåòè Internet (êàê â ìî¼ì ñëó÷àå), íåîáõîäèìî ÷òîáû ñ êàæäîãî èç âåäî-
ìûõ ñåðâåðîâ ìîæíî áûëî óñòàíîâèòü ñîåäèíåíèå ñ PostgreSQL íà ìàñòåð-
õîñòå, è íàîáîðîò. Òî åñòü, êîìàíäà:

Listing 4.3: Ïîäãîòîâêà îäíîãî slave-ñåðâåðà

1 anyuser@customers_slave$ psql -d customers \

2 -h customers_master.com -U slony

äîëæíà ïîäêëþ÷àòü íàñ ê ìàñòåð-ñåðâåðó (ïîñëå ââîäà ïàðîëÿ, æåëà-
òåëüíî). Åñëè ÷òî-òî íå òàê, âîçìîæíî òðåáóåòñÿ ïîêîâûðÿòüñÿ â íàñòðîé-
êàõ �rewall-a, èëè ôàéëå pg_hba.conf, êîòîðûé ëåæèò â $PGDATA.

Òåïåðü óñòàíàâëèâàåì íà slave-õîñò ñåðâåð PostgreSQL. Ñëåäóþùåãî
îáû÷íî íå òðåáóåòñÿ, ñðàçó ïîñëå óñòàíîâêè Postgres ¾up and ready¿, íî â
ñëó÷àå êàêèõ-òî îøèáîê ìîæíî íà÷àòü ¾ñ ÷èñòîãî ëèñòà¿, âûïîëíèâ ñëå-
äóþùèå êîìàíäû (ïðåäâàðèòåëüíî ñîõðàíèâ êîíôèãóðàöèîííûå ôàéëû è
îñòàíîâèâ postmaster):

Listing 4.4: Ïîäãîòîâêà îäíîãî slave-ñåðâåðà

1 pgsql@customers_slave$ rm -rf $PGDATA

2 pgsql@customers_slave$ mkdir $PGDATA

3 pgsql@customers_slave$ initdb -E UTF8 -D $PGDATA

4 pgsql@customers_slave$ createuser -a -d slony

5 pgsql@customers_slave$ psql -d template1 -c "alter \

6 user slony with password 'slony_user_password ';"

Çàïóñêàåì postmaster.
Âíèìàíèå! Îáû÷íî òðåáóåòñÿ îïðåäåë¼ííûé âëàäåëåö äëÿ ðåïëèöèðó-

åìîé ÁÄ. Â ýòîì ñëó÷àå íåîáõîäèìî çàâåñòè åãî òîæå!

Listing 4.5: Ïîäãîòîâêà îäíîãî slave-ñåðâåðà

1 pgsql@customers_slave$ createuser -a -d customers_owner

2 pgsql@customers_slave$ psql -d template1 -c "alter \

3 user customers_owner with password 'customers_owner_password ';"

Ýòè äâå êîìàíäû ìîæíî çàïóñêàòü ñ customers_master, ê êîìàíäíîé
ñòðîêå â ýòîì ñëó÷àå íóæíî äîáàâèòü ¾-h customers_slave¿, ÷òîáû âñå îïå-
ðàöèè âûïîëíÿëèñü íà slave.

Íà slave, êàê è íà master, òàêæå íóæíî óñòàíîâèòü Slony.
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Èíèöèàëèçàöèÿ ÁÄ è plpgsql íà slave

Ñëåäóþùèå êîìàíäû âûïîëíÿþòñÿ îò ïîëüçîâàòåëÿ slony. Ñêîðåå âñåãî
äëÿ âûïîëíåíèÿ êàæäîé èç íèõ ïîòðåáóåòñÿ ââåñòè ïàðîëü (slony_user_password).
Èòàê:

Listing 4.6: Èíèöèàëèçàöèÿ ÁÄ è plpgsql íà slave

1 slony@customers_master$ createdb -O customers_owner \

2 -h customers_slave.com customers

3 slony@customers_master$ createlang -d customers \

4 -h customers_slave.com plpgsql

Âíèìàíèå! Âñå òàáëèöû, êîòîðûå áóäóò äîáàâëåíû â replication set äîëæ-
íû èìåòü primary key. Åñëè êàêàÿ-òî èç òàáëèö íå óäîâëåòâîðÿåò ýòîìó
óñëîâèþ, çàäåðæèòåñü íà ýòîì øàãå è äàéòå êàæäîé òàáëèöå primary key
êîìàíäîé ALTER TABLE ADD PRIMARY KEY.

Åñëè ñòîëáöà êîòîðûé ìîã áû ñòàòü primary key íå íàõîäèòñÿ, äîáàâüòå
íîâûé ñòîëáåö òèïà serial (ALTER TABLE ADD COLUMN), è çàïîëíèòå
åãî çíà÷åíèÿìè. Íàñòîÿòåëüíî ÍÅ ðåêîìåíäóþ èñïîëüçîâàòü ¾table add
key¿ slonik-a.

Ïðîäîëæàåì. Ñîçäà¼ì òàáëèöû è âñ¼ îñòàëüíîå íà slave:

Listing 4.7: Èíèöèàëèçàöèÿ ÁÄ è plpgsql íà slave

1 slony@customers_master$ pg_dump -s customers | \

2 psql -U slony -h customers_slave.com customers

pg_dump -s ñäàìïèò òîëüêî ñòðóêòóðó íàøåé ÁÄ.
pg_dump -s customers äîëæåí ïóñêàòü áåç ïàðîëÿ, à âîò äëÿ psql -U

slony -h customers_slave.com customers ïðèä¼òñÿ íàáðàòü ïàðîëü (slony_user_pass).
Âàæíî: ÿ ïîäðàçóìåâàþ ÷òî ñåé÷àñ íà ìàñòåð-õîñòå åù¼ íå óñòàíîâëåí
Slony (ðå÷ü íå ïðî make install), òî åñòü â ÁÄ íåò òàáëèö sl_*, òðèããåðîâ
è ïðî÷åãî. Åñëè åñòü, òî âîçìîæíî äâà âàðèàíòà:

� äîáàâëÿåòñÿ óçåë â óæå ôóíêöèîíèðóþùóþ ñèñòåìó ðåïëèêàöèè (÷è-
òàéòå ðàçäåë 5)

� ýòî îøèáêà :-) Òîãäà äî ïåðåíîñà ñòðóêòóðû íà slave âûïîëíèòå ñëå-
äóþùåå:

Listing 4.8: Èíèöèàëèçàöèÿ ÁÄ è plpgsql íà slave

1 slonik <<EOF

2 cluster name = customers_slave;

3 node Y admin conninfo = 'dbname=customers

host=customers_master.com

4 port =5432 user=slony password=slony_user_pass ';

5 uninstall node (id = Y);

6 echo 'okay ';

7 EOF
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Y � ÷èñëî. Ëþáîå. Âàæíî: åñëè ýòî äåéñòâèòåëüíî îøèáêà, cluster
name ìîæåò èìåòü êàêîé-òî äðóãîå çíà÷åíèå, íàïðèìåð T1 (default).
Íóæíî åãî âûÿñíèòü è ñäåëàòü uninstall.

Åñëè ñòðóêòóðà óæå ïåðåíåñåíà (è ýòî äåéñòâèòåëüíî îøèáêà), ñäå-
ëàéòå uninstall ñ îáîèõ óçëîâ (ñ master è slave).

Èíèöèàëèçàöèÿ êëàñòåðà

Åñëè Ñåé÷àñ ìû èìååì äâà ñåðâåðà PgSQL êîòîðûå ñâîáîäíî ¾âèäÿò¿
äðóã äðóãà ïî ñåòè, íà îäíîì èç íèõ íàõîäèòñÿ ìàñòåð-áàçà ñ äàííûìè, íà
äðóãîì � òîëüêî ñòðóêòóðà.

Íà ìàñòåð-õîñòå çàïóñêàåì òàêîé ñêðèïò:

Listing 4.9: Èíèöèàëèçàöèÿ êëàñòåðà

1 #!/bin/sh

3 CLUSTER=customers_rep

5 DBNAME1=customers

6 DBNAME2=customers

8 HOST1=customers_master.com

9 HOST2=customers_slave.com

11 PORT1 =5432

12 PORT2 =5432

14 SLONY_USER=slony

16 slonik <<EOF

17 cluster name = $CLUSTER;

18 node 1 admin conninfo = 'dbname=$DBNAME1 host=$HOST1

port=$PORT1

19 user=slony password=slony_user_password ';

20 node 2 admin conninfo = 'dbname=$DBNAME2 host=$HOST2

21 port=$PORT2 user=slony password=slony_user_password ';

22 init cluster ( id = 1, comment = 'Customers DB

23 replication cluster ' );

25 echo 'Create set ';

27 create set ( id = 1, origin = 1, comment = 'Customers

28 DB replication set ' );

30 echo 'Adding tables to the subscription set ';

32 echo ' Adding table public.customers_sales ...';

33 set add table ( set id = 1, origin = 1, id = 4, full qualified

34 name = 'public.customers_sales ', comment = 'Table

public.customers_sales ' );

35 echo ' done ';
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37 echo ' Adding table public.customers_something ...';

38 set add table ( set id = 1, origin = 1, id = 5, full qualified

39 name = 'public.customers_something ,

40 comment = 'Table public.customers_something );

41 echo ' done ';

43 echo 'done adding ';

44 store node ( id = 2, comment = 'Node 2, $HOST2 ' );

45 echo 'stored node ';

46 store path ( server = 1, client = 2, conninfo =

'dbname=$DBNAME1 host=$HOST1

47 port=$PORT1 user=slony password=slony_user_password ' );

48 echo 'stored path ';

49 store path ( server = 2, client = 1, conninfo =

'dbname=$DBNAME2 host=$HOST2

50 port=$PORT2 user=slony password=slony_user_password ' );

52 store listen ( origin = 1, provider = 1, receiver = 2 );

53 store listen ( origin = 2, provider = 2, receiver = 1 );

54 EOF

Çäåñü ìû èíèöèàëèçèðóåì êëàñòåð, ñîçäà¼ì ðåïëèêàöèîííûé íàáîð,
âêëþ÷àåì â íåãî äâå òàáëèöû. Âàæíî: íóæíî ïåðå÷èñëèòü âñå òàáëèöû,
êîòîðûå íóæíî ðåïëèöèðîâàòü, id òàáëèöû â íàáîðå äîëæåí áûòü óíè-
êàëüíûì, òàáëèöû äîëæíû èìåòü primary key.

Âàæíî: replication set çàïîìèíàåòñÿ ðàç è íàâñåãäà. ×òîáû äîáàâèòü
óçåë â ñõåìó ðåïëèêàöèè íå íóæíî çàíîâî èíèöèàëèçèðîâàòü set.

Âàæíî: åñëè â íàáîð äîáàâëÿåòñÿ èëè óäàëÿåòñÿ òàáëèöà íóæíî ïåðå-
ïîäïèñàòü âñå óçëû. Òî åñòü ñäåëàòü unsubscribe è subscribe çàíîâî.

Ïîäïèñûâàåì slave-óçåë íà replication set

Ñêðèïò:

Listing 4.10: Ïîäïèñûâàåì slave-óçåë íà replication set

1 #!/bin/sh

3 CLUSTER=customers_rep

5 DBNAME1=customers

6 DBNAME2=customers

8 HOST1=customers_master.com

9 HOST2=customers_slave.com

11 PORT1 =5432

12 PORT2 =5432

14 SLONY_USER=slony
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16 slonik <<EOF

17 cluster name = $CLUSTER;

18 node 1 admin conninfo = 'dbname=$DBNAME1 host=$HOST1

19 port=$PORT1 user=slony password=slony_user_password ';

20 node 2 admin conninfo = 'dbname=$DBNAME2 host=$HOST2

21 port=$PORT2 user=slony password=slony_user_password ';

23 echo 'subscribing ';

24 subscribe set ( id = 1, provider = 1, receiver = 2, forward =

no);

26 EOF

Ñòàðò ðåïëèêàöèè

Òåïåðü, íà îáîèõ óçëàõ íåîáõîäèìî çàïóñòèòü äåìîíà ðåïëèêàöèè.

Listing 4.11: Ñòàðò ðåïëèêàöèè

1 slony@customers_master$ slon customers_rep \

2 "dbname=customers user=slony"

è

Listing 4.12: Ñòàðò ðåïëèêàöèè

1 slony@customers_slave$ slon customers_rep \

2 "dbname=customers user=slony"

Ñåé÷àñ ñëîíû îáìåíÿþòñÿ ñîîáùåíèÿìè è íà÷íóò ïåðåäà÷ó äàííûõ. Íà-
÷àëüíîå íàïîëíåíèå ïðîèñõîäèò ñ ïîìîùüþ COPY, slave DB íà ýòî âðåìÿ
ïîëíîñòüþ áëîêèðóåòñÿ.

Â ñðåäíåì âðåìÿ àêòóàëèçàöèè äàííûõ íà slave-ñèñòåìå ñîñòàâëÿåò äî
10-òè ñåêóíä. slon óñïåøíî îáõîäèò ïðîáëåìû ñî ñâÿçüþ è ïîäêëþ÷åíèåì
ê ÁÄ, è âîîáùå òðåáóåò ê ñåáå äîñòàòî÷íî ìàëî âíèìàíèÿ.

Îáùèå çàäà÷è

Äîáàâëåíèå åù¼ îäíîãî óçëà â ðàáîòàþùóþ ñõåìó ðåïëèêàöèè

Âûïîëíèòü 4.2.1 è âûïîëíèòü 4.2.2.
Íîâûé óçåë èìååò id = 3. Íàõîäèòñÿ íà õîñòå customers_slave3.com,

¾âèäèò¿ ìàñòåð-ñåðâåð ïî ñåòè è ìàñòåð ìîæåò ïîäêëþ÷èòüñÿ ê åãî PgSQL.
ïîñëå äóáëèðîâàíèÿ ñòðóêòóðû (ï 4.2.2) äåëàåì ñëåäóþùåå:

Listing 4.13: Îáùèå çàäà÷è

1 slonik <<EOF

2 cluster name = customers_slave;

3 node 3 admin conninfo = 'dbname=customers

host=customers_slave3.com
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4 port =5432 user=slony password=slony_user_pass ';

5 uninstall node (id = 3);

6 echo 'okay ';

7 EOF

Ýòî íóæíî ÷òîáû óäàëèòü ñõåìó, òðèããåðû è ïðîöåäóðû, êîòîðûå áûëè
ñäóáëèðîâàíû âìåñòå ñ òàáëèöàìè è ñòðóêòóðîé ÁÄ.

Èíèöèàëèçèðîâàòü êëàñòåð íå íàäî. Âìåñòî ýòîãî çàïèñûâàåì èíôîð-
ìàöèþ î íîâîì óçëå â ñåòè:

Listing 4.14: Îáùèå çàäà÷è

1 #!/bin/sh

3 CLUSTER=customers_rep

5 DBNAME1=customers

6 DBNAME3=customers

8 HOST1=customers_master.com

9 HOST3=customers_slave3.com

11 PORT1 =5432

12 PORT2 =5432

14 SLONY_USER=slony

16 slonik <<EOF

17 cluster name = $CLUSTER;

18 node 1 admin conninfo = 'dbname=$DBNAME1 host=$HOST1

19 port=$PORT1 user=slony password=slony_user_pass ';

20 node 3 admin conninfo = 'dbname=$DBNAME3

21 host=$HOST3 port=$PORT2 user=slony password=slony_user_pass ';

23 echo 'done adding ';

25 store node ( id = 3, comment = 'Node 3, $HOST3 ' );

26 echo 'sored node ';

27 store path ( server = 1, client = 3, conninfo =

'dbname=$DBNAME1

28 host=$HOST1 port=$PORT1 user=slony password=slony_user_pass ' );

29 echo 'stored path ';

30 store path ( server = 3, client = 1, conninfo =

'dbname=$DBNAME3

31 host=$HOST3 port=$PORT2 user=slony password=slony_user_pass ' );

33 echo 'again ';

34 store listen ( origin = 1, provider = 1, receiver = 3 );

35 store listen ( origin = 3, provider = 3, receiver = 1 );

37 EOF
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Íîâûé óçåë èìååò id 3, ïîòîìó ÷òî 2 óæå åñòü è ðàáîòàåò. Ïîäïèñûâàåì
íîâûé óçåë 3 íà replication set:

Listing 4.15: Îáùèå çàäà÷è

1 #!/bin/sh

3 CLUSTER=customers_rep

5 DBNAME1=customers

6 DBNAME3=customers

8 HOST1=customers_master.com

9 HOST3=customers_slave3.com

11 PORT1 =5432

12 PORT2 =5432

14 SLONY_USER=slony

16 slonik <<EOF

17 cluster name = $CLUSTER;

18 node 1 admin conninfo = 'dbname=$DBNAME1 host=$HOST1

19 port=$PORT1 user=slony password=slony_user_pass ';

20 node 3 admin conninfo = 'dbname=$DBNAME3 host=$HOST3

21 port=$PORT2 user=slony password=slony_user_pass ';

23 echo 'subscribing ';

24 subscribe set ( id = 1, provider = 1, receiver = 3, forward =

no);

26 EOF

Òåïåðü çàïóñêàåì slon íà íîâîì óçëå, òàê æå êàê è íà îñòàëüíûõ. Ïå-
ðåçàïóñêàòü slon íà ìàñòåðå íå íàäî.

Listing 4.16: Îáùèå çàäà÷è

1 slony@customers_slave3$ slon customers_rep \

2 "dbname=customers user=slony"

Ðåïëèêàöèÿ äîëæíà íà÷àòüñÿ êàê îáû÷íî.

Óñòðàíåíèå íåèñïðàâíîñòåé

Îøèáêà ïðè äîáàâëåíèè óçëà â ñèñòåìó ðåïëèêàöèè

Ïåðèîäè÷åñêè, ïðè äîáàâëåíèè íîâîé ìàøèíû â êëàñòåð âîçíèêàåò ñëå-
äóþùàÿ îøèáêà: íà íîâîé íîäå âñ¼ íà÷èíàåò æóææàòü è ðàáîòàòü, èìåþ-
ùèåñÿ æå îòâàëèâàþòñÿ ñ ïðèìåðíî ñëåäóþùåé äèàãíîñòèêîé:

Listing 4.17: Óñòðàíåíèå íåèñïðàâíîñòåé
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1 %slon customers_rep "dbname=customers user=slony_user"

2 CONFIG main: slon version 1.0.5 starting up

3 CONFIG main: local node id = 3

4 CONFIG main: loading current cluster configuration

5 CONFIG storeNode: no_id=1 no_comment='CustomersDB

6 replication cluster '

7 CONFIG storeNode: no_id=2 no_comment='Node 2,

8 node2.example.com '

9 CONFIG storeNode: no_id=4 no_comment='Node 4,

10 node4.example.com '

11 CONFIG storePath: pa_server =1 pa_client =3

12 pa_conninfo="dbname=customers

13 host=mainhost.com port =5432 user=slony_user

14 password=slony_user_pass" pa_connretry =10

15 CONFIG storeListen: li_origin =1 li_receiver =3

16 li_provider =1

17 CONFIG storeSet: set_id =1 set_origin =1

18 set_comment='CustomersDB replication set '

19 WARN remoteWorker_wakeup: node 1 - no worker thread

20 CONFIG storeSubscribe: sub_set =1 sub_provider =1 sub_forward='f'

21 WARN remoteWorker_wakeup: node 1 - no worker thread

22 CONFIG enableSubscription: sub_set =1

23 WARN remoteWorker_wakeup: node 1 - no worker thread

24 CONFIG main: configuration complete - starting threads

25 CONFIG enableNode: no_id=1

26 CONFIG enableNode: no_id=2

27 CONFIG enableNode: no_id=4

28 ERROR remoteWorkerThread_1: "begin transaction; set

29 transaction isolation level

30 serializable; lock table "_customers_rep".sl_config_lock; 

select

31 "_customers_rep".enableSubscription (1, 1, 4);

32 notify "_customers_rep_Event"; notify "_customers_rep_Confirm";

33 insert into "_customers_rep".sl_event (ev_origin , ev_seqno ,

34 ev_timestamp , ev_minxid , ev_maxxid , ev_xip ,

35 ev_type , ev_data1 , ev_data2 , ev_data3 , ev_data4 ) values

36 ('1', '219440',

37 '2005-05-05 18:52:42.708351 ' , '52501283', '52501292',

38 '''52501283''', 'ENABLE_SUBSCRIPTION ',

39 '1', '1', '4', 'f'); insert into "_customers_rep".

40 sl_confirm (con_origin , con_received ,

41 con_seqno , con_timestamp) values (1, 3, '219440',

42 CURRENT_TIMESTAMP); commit transaction;"

43 PGRES_FATAL_ERROR ERROR: insert or update on table

44 "sl_subscribe" violates foreign key

45 constraint "sl_subscribe -sl_path -ref"

46 DETAIL: Key (sub_provider ,sub_receiver)=(1 ,4)

47 is not present in table "sl_path".

48 INFO remoteListenThread_1: disconnecting from

49 'dbname=customers host=mainhost.com

50 port =5432 user=slony_user password=slony_user_pass '

51 %
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Ýòî îçíà÷àåò ÷òî â ñëóæåáíîé òàáëèöå _<èìÿ êëàñòåðà>.sl_path;, íà-
ïðèìåð _customers_rep.sl_path íà óæå èìåþùèõñÿ óçëàõ îòñóòñòâóåò èí-
ôîðìàöèÿ î íîâîì óçëå. Â äàííîì ñëó÷àå, id íîâîãî óçëà 4, ïàðà (1,4) â
sl_path îòñóòñòâóåò.

Âèäèìî, ýòî áàã Slony. Êàê èçáåæàòü ýòîãî è ïîñëåäóþùèõ ðó÷íûõ
âìåøàòåëüñòâ ïîêà íå ÿñíî.

×òîáû ýòî óñòðàíèòü, íóæíî âûïîëíèòü íà êàæäîì èç èìåþùèõñÿ óç-
ëîâ ïðèáëèçèòåëüíî ñëåäóþùèé çàïðîñ (äîáàâèòü ïóòü, â äàííîì ñëó÷àå
(1,4)):

Listing 4.18: Óñòðàíåíèå íåèñïðàâíîñòåé

1 slony_user@masterhost$ psql -d customers -h

_every_one_of_slaves -U slony

2 customers=# insert into _customers_rep.sl_path

3 values ('1','4','dbname=customers host=mainhost.com

4 port =5432 user=slony_user password=slony_user_password ,'10');

Åñëè âîçíèêàþò çàòðóäíåíèÿ, äà è âîîáùå äëÿ ðàñøèðåíèÿ êðóãîçîðà
ìîæíî ïîñìîòðåòü íà ñëóæåáíûå òàáëèöû è èõ ñîäåðæèìîå. Îíè íå âèä-
íû îáû÷íî è íàõîäÿòñÿ â ðàìêàõ ïðîñòðàíñòâà èì¼í _<èìÿ êëàñòåðà>,
íàïðèìåð _customers_rep.

×òî äåëàòü åñëè ðåïëèêàöèÿ ñî âðåìåíåì íà÷èíàåò òîðìîçèòü

Â ïðîöåññå ýêñïëóàòàöèè íàáëþäàþ êàê ñî âðåìåíåì ðàñò¼ò íàãðóçêà
íà master-ñåðâåðå, â ñïèñêå àêòèâíûõ áåêåíäîâ � ïîñòîÿííûå SELECT-û
ñî ñëåéâîâ. Â pg_stat_activity âèäèì ïðèìåðíî òàêèå çàïðîñû:

Listing 4.19: Óñòðàíåíèå íåèñïðàâíîñòåé

1 select ev_origin , ev_seqno , ev_timestamp , ev_minxid ,

ev_maxxid , ev_xip ,

2 ev_type , ev_data1 , ev_data2 , ev_data3 , ev_data4 , ev_data5 ,

ev_data6 ,

3 ev_data7 , ev_data8 from "_customers_rep".sl_event e where

4 (e.ev_origin = '2' and e.ev_seqno > '336996') or

5 (e.ev_origin = '3' and e.ev_seqno > '1712871 ') or

6 (e.ev_origin = '4' and e.ev_seqno > '721285') or

7 (e.ev_origin = '5' and e.ev_seqno > '807715') or

8 (e.ev_origin = '1' and e.ev_seqno > '3544763 ') or

9 (e.ev_origin = '6' and e.ev_seqno > '2529445 ') or

10 (e.ev_origin = '7' and e.ev_seqno > '2512532 ') or

11 (e.ev_origin = '8' and e.ev_seqno > '2500418 ') or

12 (e.ev_origin = '10' and e.ev_seqno > '1692318 ')

13 order by e.ev_origin , e.ev_seqno;

Íå çàáûâàåì ÷òî _customers_rep � èìÿ ñõåìû èç ïðèìåðà, ó âàñ áóäåò
äðóãîå èìÿ.
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Òàáëèöà sl_event ïî÷åìó-òî ðàçðàñòàåòñÿ ñî âðåìåíåì, çàìåäëÿÿ âû-
ïîëíåíèå ýòèõ çàïðîñîâ äî íåïðèåìëåìîãî âðåìåíè. Óäàëÿåì íåíóæíûå
çàïèñè:

Listing 4.20: Óñòðàíåíèå íåèñïðàâíîñòåé

1 delete from _customers_rep.sl_event where

2 ev_timestamp <NOW() -'1 DAY ':: interval;

Ïðîèçâîäèòåëüíîñòü äîëæíà âåðíóòüñÿ ê èçíà÷àëüíûì çíà÷åíèÿì. Âîç-
ìîæíî èìååò ñìûñë ïî÷èñòèòü òàáëèöû _customers_rep.sl_log_* ãäå âìå-
ñòî çâ¼çäî÷êè ïîäñòàâëÿþòñÿ íàòóðàëüíûå ÷èñëà, ïî-âèäèìîìó ïî êîëè÷å-
ñòâó ðåïëèêàöèîííûõ ñåòîâ, òàê ÷òî _customers_rep.sl_log_1 òî÷íî äîëæ-
íà ñóùåñòâîâàòü.

4.3 Londiste

Ââåäåíèå

Londiste ïðåäñòàâëÿåò ñîáîé äâèæîê äëÿ îðãàíèçàöèè ðåïëèêàöèè, íà-
ïèñàííûé íà ÿçûêå python. Îñíîâíûå ïðèíöèïû: íàäåæíîñòü è ïðîñòîòà
èñïîëüçîâàíèÿ. Èç-çà ýòîãî äàííîå ðåøåíèå èìååò ìåíüøå ôóíêöèîíàëü-
íîñòè, ÷åì Slony-I. Londiste èñïîëüçóåò â êà÷åñòâå òðàíñïîðòíîãî ìåõàíèç-
ìà î÷åðåäü PgQ (îïèñàíèå ýòîãî áîëåå ÷åì èíòåðåñíîãî ïðîåêòà îñòàåòñÿ
çà ðàìêàìè äàííîé ãëàâû, ïîñêîëüêó îí ïðåäñòàâëÿåò èíòåðåñ ñêîðåå äëÿ
íèçêîóðîâíåâûõ ïðîãðàììèñòîâ áàç äàííûõ, ÷åì äëÿ êîíå÷íûõ ïîëüçîâà-
òåëåé � àäìèíèñòðàòîðîâ ÑÓÁÄ PostgreSQL). Îòëè÷èòåëüíûìè îñîáåí-
íîñòÿìè ðåøåíèÿ ÿâëÿþòñÿ:

� âîçìîæíîñòü ïîòàáëè÷íîé ðåïëèêàöèè
� íà÷àëüíîå êîïèðîâàíèå íè÷åãî íå áëîêèðóåò
� âîçìîæíîñòü äâóõñòîðîííåãî ñðàâíåíèÿ òàáëèö
� ïðîñòîòà óñòàíîâêè

Ê íåäîñòàòêàì ìîæíî îòíåñòè:

� îòñóòñòâèå ïîääåðæêè êàñêàäíîé ðåïëèêàöèè, îòêàçîóñòîé÷èâîñòè(failover)
è ïåðåêëþ÷åíèå ìåæäó ñåðâåðàìè (switchover) (âñå ýòî îáåùàþò ê 3
âåðñèè ðåàëèçîâàòü 10)

Óñòàíîâêà

Íà ñåðâåðàõ, êîòîðûå ìû íàñòðàèâàåì ðàñìàòðèâàåòñÿ ÎÑ Linux, à
èìåííî Ubuntu Server. Àâòîð äàííîé êíèãè ñ÷èòàåò, ÷òî ïîä äðóãèå îïå-
ðàöèîííûå ñèñòåìû (êðîìå Windows) âñå ìàëî ÷åì áóäåò îòëè÷àòüñÿ, à

10http://skytools.projects.postgresql.org/skytools-3.0/doc/skytools3.html
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äåðæàòü êëàñòåðà PostgreSQL ïîä ÎÑ Windows, ïî ìåíüøåé ìåðå, íåðà-
çóìíî.

Ïîñêîëüêó Londiste � ýòî ÷àñòü Skytools, òî íàì íóæíî ñòàâèòü ýòîò
ïàêåò. Íà òàêèõ ñèñòåìàõ, êàê Debian èëè Ubuntu skytools ìîæíî íàéòè â
ðåïîçèòîðèè ïàêåòîâ è ïîñòàâèòü îäíîé êîìàíäîé:

Listing 4.21: Óñòàíîâêà

1 sudo aptitude install skytools

Íî âñå æå ëó÷øå ñêà÷àòü ñàìóþ ïîñëåäíþþ âåðñèþ ïàêåòà ñ îôèöèàëü-
íîãî ñàéòà � http://pgfoundry.org/projects/skytools. Íà ìîìåíò íàïèñàíèÿ
ñòàòüè ïîñëåäíÿÿ âåðñèÿ áûëà 2.1.11. Èòàê, íà÷íåì:

Listing 4.22: Óñòàíîâêà

1 $wget http :// pgfoundry.org/frs/download.php /2561/

2 skytools -2.1.11. tar.gz

3 $tar zxvf skytools -2.1.11. tar.gz

4 $cd skytools -2.1.11/

5 # ýòî äëÿ ñáîðêè deb ïàêåòà

6 $sudo aptitude install build -essential autoconf \

7 automake autotools -dev dh -make \

8 debhelper devscripts fakeroot xutils lintian pbuilder \

9 python -dev yada

10 # ñòàâèì ïàêåò èñõîäíèêîâ äëÿ postgresql 8.4.x

11 $sudo aptitude install postgresql -server -dev -8.4

12 # python -psycopg íóæåí äëÿ ðàáîòû Londiste

13 $sudo aptitude install python -psycopg2

14 # äàííîé êîìàíäîé ÿ ñîáèðàþ deb ïàêåò äëÿ

15 # postgresql 8.4.x äëÿ( 8.3.x íàïðèìåð áóäåò "make deb83 ")

16 $sudo make deb84

17 $cd ../

18 # ñòàâèì skytools

19 $dpkg -i skytools -modules -8.4_2 .1.11 _i386.deb

20 skytools_2 .1.11 _i386.deb

Äëÿ äðóãèõ ñèñòåì ìîæíî ñîáðàòü Skytools êîìàíäàìè

Listing 4.23: Óñòàíîâêà

1 ./ configure

2 make

3 make install

Äàëüøå ïðîâåðèì, ÷òî âñå ó íàñ ïðàâèëüíî óñòàíîâèëîñü

Listing 4.24: Óñòàíîâêà

1 $londiste.py -V

2 Skytools version 2.1.11

3 $pgqadm.py -V

4 Skytools version 2.1.11
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Åñëè ó Âàñ ïîõîæèé âûâîä, çíà÷èò âñå óñòàíîâëåííî ïðàâèëüíî è ìîæ-
íî ïðèñòóïàòü ê íàñòðîéêå.

Íàñòðîéêà

Îáîçíà÷åíèÿ:

� host1 � ìàñòåð;
� host2 � ñëåéâ;

Íàñòðîéêà ticker-à

Londiste òðåáóåòñÿ ticker äëÿ ðàáîòû ñ ìàñòåð áàçîé äàííûõ, êîòîðûé
ìîæåò áûòü çàïóùåí è íà äðóãîé ìàøèíå. Íî, êîíå÷íî, ëó÷øå åãî çàïóñ-
êàòü íà òîé æå, ãäå è ìàñòåð áàçà äàííûõ. Äëÿ ýòîãî ìû íàñòðàèâàåì ñïå-
öèàëüíûé êîíôèã äëÿ ticker-à (ïóñòü êîíôèã áóäåò ó íàñ /etc/skytools/db1-
ticker.ini):

Listing 4.25: Íàñòðîéêà ticker-à

1 [pgqadm]

2 # íàçâàíèå

3 job_name = db1 -ticker

5 # ìàñòåð áàçà äàííûõ

6 db = dbname=P host=host1

8 # Çàäåðæêà ìåæäó çàïóñêàìè îáñëóæèâàíèÿ

9 # ðîòàöèÿ( î÷åðåäåé è òï..) â ñåêóíäàõ

10 maint_delay = 600

12 # Çàäåðæêà ìåæäó ïðîâåðêàìè íàëè÷èÿ àêòèâíîñòè

13 # íîâûõ( ïàêåòîâ äàííûõ) â ñåêóíäàõ

14 loop_delay = 0.1

16 # log è pid äåìîíà

17 logfile = /var/log/%( job_name)s.log

18 pidfile = /var/pid/%( job_name)s.pid

Òåïåðü íåîáõîäèìî èíñòàëëèðîâàòü ñëóæåáíûé êîä (SQL) è çàïóñòèòü
ticker êàê äåìîíà äëÿ áàçû äàííûõ. Äåëàåòñÿ ýòî ñ ïîìîùüþ óòèëèòû
pgqadm.py ñëåäóþùèìè êîìàíäàìè:

Listing 4.26: Íàñòðîéêà ticker-à

1 pgqadm.py /etc/skytools/db1 -ticker.ini install

2 pgqadm.py /etc/skytools/db1 -ticker.ini ticker -d

Ïðîâåðèì, ÷òî â ëîãàõ (/var/log/skytools/db1-tickers.log) âñ¼ íîðìàëü-
íî. Íà äàííîì ýòàïå òàì äîëæíû áûòü ðåäêèå çàïèñè (ðàç â ìèíóòó).
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Åñëè íàì ïîòðåáóåòñÿ îñòàíîâèòü ticker, ìû ìîæåì âîñïîëüçîâàòñÿ ýòîé
êîìàíäîé:

Listing 4.27: Íàñòðîéêà ticker-à

1 pgqadm.py /etc/skytools/db1 -ticker.ini ticker -s

èëè åñëè ïîòðåáóåòñÿ ¾óáèòü¿ ticker:

Listing 4.28: Íàñòðîéêà ticker-à

1 pgqadm.py /etc/skytools/db1 -ticker.ini ticker -k

Âîñòàíàâëèâàåì ñõåìó áàçû

Londiste íå óìååò ïåðåíîñèòü èçìåíåíèÿ ñòðóêòóðû áàçû äàííûõ. Ïî-
ýòîìó íà âñåõ slave áàçàõ äàííûõ ïåðåä ðåïëèêàöèåé äîëæíà áûòü ñîçäàíà
òàêàÿ æå ñòðóêòóðà ÁÄ, ÷òî è íà ìàñòåðå.

Ñîçäà¼ì êîíôèãóðàöèþ ðåïëèêàòîðà

Äëÿ êàæäîé èç ðåïëèöèðóåìûõ áàç ñîçäàäèì êîíôèãóðàöèîííûå ôàé-
ëû (ïóñòü êîíôèã áóäåò ó íàñ /etc/skytools/db1-londiste.ini):

Listing 4.29: Ñîçäà¼ì êîíôèãóðàöèþ ðåïëèêàòîðà

1 [londiste]

2 # íàçâàíèå

3 job_name = db1 -londiste

5 # ìàñòåð áàçà äàííûõ

6 provider_db = dbname=db1 port =5432 host=host1

7 # ñëåéâ áàçà äàííûõ

8 subscriber_db = dbname=db1 host=host2

10 # Ýòî áóäåò èñïîëüçîâàòüñÿ â êà÷åñòâå

11 # SQLèäåíòèôèêàòîðà-, ò÷.. íå èñïîëüçóéòå

12 # òî÷êè è ïðîáåëû.

13 # ÂÀÆÍÎ! Åñëè åñòü æèâàÿ ðåïëèêàöèÿ íà äðóãîé ñëåéâ,

14 # èìåíóåì î÷åðåäü òàêæå-

15 pgq_queue_name = db1 -londiste -queue

17 # log è pid äåìîíà

18 logfile = /var/log/%( job_name)s.log

19 pidfile = /var/run/%( job_name)s.pid

21 # ðçìåð ëîãà

22 log_size = 5242880

23 log_count = 3
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Óñòàíàâëèâàåì Londiste â áàçû íà ìàñòåðå è ñëåéâå

Òåïåðü íåîáõîäèìî óñòàíîâèòü ñëóæåáíûé SQL äëÿ êàæäîé èç ñîçäàí-
íûõ â ïðåäûäóùåì ïóíêòå êîíôèãóðàöèé.

Óñòàíàâëèâàåì êîä íà ñòîðîíå ìàñòåðà:

Listing 4.30: Londiste

1 londiste.py /etc/skytools/db1 -londiste.ini provider install

è ïîäîáíûì îáðàçîì íà ñòîðîíå ñëåéâà:

Listing 4.31: Londiste

1 londiste.py /etc/skytools/db1 -londiste.ini subscriber install

Ïîñëå ýòîãî ïóíêòà íà ìàñòåðå áóäóò ñîçäàíû î÷åðåäè äëÿ ðåïëèêàöèè.

Çàïóñêàåì ïðîöåññû Londiste

Äëÿ êàæäîé ðåïëèöèðóåìîé áàçû äåëàåì:

Listing 4.32: Çàïóñêàåì

1 londiste.py /etc/skytools/db1 -londiste.ini replay -d

Òàêèì îáðàçîì çàïóñòÿòñÿ ñëóøàòåëè î÷åðåäåé ðåïëèêàöèè, íî, ò.ê. ìû
åù¼ íå óêàçûâàëè êàêèå òàáëèöû õîòèì ðåïëèöèðîâàòü, îíè ïîêà áóäóò
ðàáîòàòü â õîëîñòóþ.

Óáåäèìñÿ ÷òî â ëîãàõ íåò îøèáîê (/var/log/db1-londistes.log).

Äîáàâëÿåì ðåïëèöèðóåìûå òàáëèöû

Äëÿ êàæäîé êîíôèãóðàöèè óêàçûâàåì ÷òî áóäåì ðåïëèöèðîâàòü ñ ìà-
ñòåðà:

Listing 4.33: Äîáàâëÿåì ðåïëèöèðóåìûå òàáëèöû

1 londiste.py /etc/skytools/db1 -londiste.ini provider add --all

è ÷òî ñî ñëåéâà:

Listing 4.34: Äîáàâëÿåì ðåïëèöèðóåìûå òàáëèöû

1 londiste.py /etc/skytools/db1 -londiste.ini subscriber add --all

Â äàííîì ïðèìåðå ÿ èñïîëüçóþ ñïåö-ïàðàìåòð ¾�all¿, êîòîðûé îçíà÷àåò
âñå òàáëèöû, íî âìåñòî íåãî âû ìîæåòå ïåðå÷èñëèòü ñïèñîê êîíêðåòíûõ
òàáëèö, åñëè íå õîòèòå ðåïëèöèðîâàòü âñå.
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Äîáàâëÿåì ðåïëèöèðóåìûå ïîñëåäîâàòåëüíîñòè (sequence)

Òàê æå äëÿ âñåõ êîíôèãóðàöèé. Äëÿ ìàñòåðà:

Listing 4.35: Äîáàâëÿåì ïîñëåäîâàòåëüíîñòè

1 londiste.py /etc/skytools/db1 -londiste.ini provider add -seq

--all

Äëÿ ñëåéâà:

Listing 4.36: Äîáàâëÿåì ðåïëèöèðóåìûå òàáëèöû

1 londiste.py /etc/skytools/db1 -londiste.ini subscriber add -seq

--all

Òî÷íî òàêæå êàê è ñ òàáëèöàìè ìîæíî óêàçàòü êîíêðåòíûå ïîñëåäîâà-
òåëüíîñòè âìåñòî ¾�all¿.

Ïðîâåðêà

Èòàê, âñ¼ ÷òî íàäî ñäåëàíî. Òåïåðü Londiste çàïóñòèò òàê íàçûâàåìûé
bulk copy ïðîöåññ, êîòîðûé ìàññîâî (ñ ïîìîùüþ COPY) çàëü¼ò ïðèñóò-
ñòâóþùèå íà ìîìåíò äîáàâëåíèÿ òàáëèö äàííûå íà ñëåéâ, à çàòåì ïåðåéä¼ò
â ñîñòîÿíèå îáû÷íîé ðåïëèêàöèè.

Ìîíèòîðèì ëîãè íà ïðåäìåò îøèáîê:

Listing 4.37: Ïðîâåðêà

1 less /var/log/db1 -londiste.log

Åñëè âñ¼ õîðîøî, ñìîòðèì ñîñòîÿíèå ðåïëèêàöèè. Äàííûå óæå ñèíõðî-
íèçèðîâàíû äëÿ òåõ òàáëèö, ãäå ñòàòóñ îòîáðàæàåòñÿ êàê "ok".

Listing 4.38: Ïðîâåðêà

1 londiste.py /etc/skytools/db1 -londiste.ini subscriber tables

3 Table State

4 public.table1 ok

5 public.table2 ok

6 public.table3 in -copy

7 public.table4 -

8 public.table5 -

9 public.table6 -

10 ...

Äëÿ óäîáñòâà ïðåäñòàâëÿþ ñëåäóþùèé òðþê ñ óâåäîìëåíèå â ïî÷òó îá
îêîí÷àíèè ïåðâîíà÷àëüíîãî êîïèðîâàíèÿ (ìûëî ïîìåíÿòü íà ñâî¼):

Listing 4.39: Ïðîâåðêà

1 (
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2 while [ $(

3 python londiste.py /etc/skytools/db1 -londiste.ini subscriber

tables |

4 tail -n+2 | awk '{print $2}' | grep -v ok | wc -l) -ne 0 ];

5 do sleep 60; done; echo '' | mail -s 'Replication done EOM '

user@domain.com

6 ) &

Îáùèå çàäà÷è

Äîáàâëåíèå âñåõ òàáëèö ìàñòåðà ñëåéâó

Ïðîñòî èñïîëüçóÿ ýòó êîìàíäó:

Listing 4.40: Äîáàâëåíèå âñåõ òàáëèö ìàñòåðà ñëåéâó

1 londiste.py <ini > provider tables | xargs londiste.py <ini >

subscriber add

Ïðîâåðêà ñîñòîÿíèÿ ñëåéâîâ

Ýòîò çàïðîñ íà ìàñòåðå äàåò íåêîòîðóþ èíôîðìàöèþ î êàæäîé î÷åðåäè
è ñëåéâå.

Listing 4.41: Ïðîâåðêà ñîñòîÿíèÿ ñëåéâîâ

1 SELECT queue_name , consumer_name , lag , last_seen

2 FROM pgq.get_consumer_info ();

¾lag¿ ñòîëáåö ïîêàçûâàåò îòñòàâàíèå îò ìàñòåðà â ñèíõðîíèçàöèè, ¾last_seen¿ �
âðåìÿ ïîñëåäíåé çàïðîñà îò ñëåéâà. Çíà÷åíèå ýòîãî ñòîëáöà íå äîëæíî
áûòü áîëüøå, ÷åì 60 ñåêóíä äëÿ êîíôèãóðàöèè ïî óìîë÷àíèþ.

Óäàëåíèå î÷åðåäè âñåõ ñîáûòèé èç ìàñòåðà

Ïðè ðàáîòå ñ Londiste ìîæåò ïîòðåáîâàòñÿ óäàëèòü âñå âàøè íàñòðîéêè
äëÿ òîãî, ÷òîáû íà÷àòü âñå çàíîâî. Äëÿ PGQ, ÷òîáû îñòàíîâèòü íàêîïëå-
íèå äàííûõ, èñïîëüçóéòå ñëåäóþùèå API:

Listing 4.42: Óäàëåíèå î÷åðåäè âñåõ ñîáûòèé èç ìàñòåðà

1 SELECT pgq.unregister_consumer('queue_name ', 'consumer_name ');

Èëè âîñïîëüçóéòåñü pgqadm.py:

Listing 4.43: Óäàëåíèå î÷åðåäè âñåõ ñîáûòèé èç ìàñòåðà

1 pgqadm.py <ticker.ini > unregister queue_name consumer_name
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Äîáàâëåíèå ñòîëáöà â òàáëèöó

Äîáàâëÿåì â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè:

1. äîáàâèòü ïîëå íà âñå ñëåéâû
2. BEGIN; � íà ìàñòåðå
3. äîáàâèòü ïîëå íà ìàñòåðå
4. SELECT londiste.provider_refresh_trigger('queue_name', 'tablename');
5. COMMIT;

Óäàëåíèå ñòîëáöà èç òàáëèöó

1. BEGIN; � íà ìàñòåðå
2. óäàëèòü ïîëå íà ìàñòåðå
3. SELECT londiste.provider_refresh_trigger('queue_name', 'tablename');
4. COMMIT;
5. Ïðîâåðèòü ¾lag¿, êîãäà londiste ïðîéäåò ìîìåíò óäàëåíèÿ ïîëÿ
6. óäàëèòü ïîëå íà âñåõ ñëåéâàõ

Õèòðîñòü òóò â òîì, ÷òîáû óäàëèòü ïîëå íà ñëåéâàõ òîëüêî òîãäà, êîãäà
áîëüøå íåò ñîáûòèé â î÷åðåäè íà ýòî ïîëå.

Óñòðàíåíèå íåèñïðàâíîñòåé

Londiste ïîæèðàåò ïðîöåññîð è lag ðàñòåò

Ýòî ïðîèñõîäèò, íàïðèìåð, åñëè âî âðåìÿ ñáîÿ àäìèí çàáûë ïåðåçà-
ïóñòèòü ticker. Èëè êîãäà âû ñäåëàëè áîëüøîé UPDATE èëè DELETE â
îäíîé òðàíçàêöèè, íî òåïåðü ÷òî áû ðåàëèçîâàòü êàæäîå ñîáèòèå â ýòîì
çàïðîñå ñîçäàþòñÿ òðàíçàêöèè íà ñëåéâàõ . . .

Ñëåäóþùèé çàïðîñ ïîçâîëÿåò ïîäñ÷èòàòü, ñêîëüêî ñîáûòèé ïðèøëî â
pgq.subscription â êîëîíêàõ sub_last_tick è sub_next_tick.

Listing 4.44: Óñòðàíåíèå íåèñïðàâíîñòåé

1 SELECT count (*)

2 FROM pgq.event_1 ,

3 (SELECT tick_snapshot

4 FROM pgq.tick

5 WHERE tick_id BETWEEN 5715138 AND 5715139

6 ) as t(snapshots)

7 WHERE txid_visible_in_snapshot(ev_txid , snapshots);

Â íàøåì ñëó÷àå, ýòî áûëî áîëåå ÷åì 5 ìèëëèîíîâ è 400 òûñÿ÷ ñîáû-
òèé. Ìíîãîâàòî. ×åì áîëüøå ñîáûòèé ñ áàçû äàííûõ òðåáóåòñÿ îáðàáîòàòü
Londiste, òåì áîëüøå åìó òðåáóåòñÿ ïàìÿòè äëÿ ýòîãî. Ìû ìîæåì ñîîá-
ùèòü Londiste íå çàãðóæàòü âñå ñîáûòèÿ ñðàçó. Äîñòàòî÷íî äîáàâèòü â INI
êîíôèã ticker-à ñëåäóþùóþ íàñòðîéêó:
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Listing 4.45: Óñòðàíåíèå íåèñïðàâíîñòåé

1 pgq_lazy_fetch = 500

Òåïåðü Londiste áóäåò áðàòü ìàêñèìóì 500 ñîáûòèé â îäèí ïàêåò çà-
ïðîñîâ. Îñòàëüíûå ïîïàäóò â ñëåäóþùèå ïàêåòû çàïðîñîâ.

4.4 Streaming Replication (Ïîòîêîâàÿ

ðåïëèêàöèÿ)

Ââåäåíèå

Ïîòîêîâàÿ ðåïëèêàöèÿ (Streaming Replication, SR) äàåò âîçìîæíîñòü
íåïðåðûâíî îòïðàâëÿòü è ïðèìåíÿòü wall xlog çàïèñè íà ðåçåðâíûå ñåðâåðà
äëÿ ñîçäàíèÿ òî÷íîé êîïèè òåêóùåãî. Äàííàÿ ôóíêöèîíàëüíîñòü ïîÿâè-
ëàñü ó PostgreSQL íà÷èíàÿ ñ 9 âåðñèè (ðåïëèêàöèÿ èç êîðîáêè!). Ýòîò òèï
ðåïëèêàöèè ïðîñòîé, íàäåæíûé è, âåðîÿòíåé âñåãî, áóäåò èñïîëüçîâàòü-
ñÿ â êà÷åñòâå ñòàíäàðòíîé ðåïëèêàöèè â áîëüøèíñòâå âûñîêîíàãðóæåíûõ
ïðèëîæåíèé, ÷òî èñïîëüçóþò PostgreSQL.

Îòëè÷èòåëüíûìè îñîáåííîñòÿìè ðåøåíèÿ ÿâëÿþòñÿ:

� ðåïëèêàöèÿ âñåãî èíñòàíñà PostgreSQL
� àñèíõðîííûé ìåõàíèçì ðåïëèêàöèè
� ïðîñòîòà óñòàíîâêè
� ìàñòåð áàçà äàííûõ ìîæåò îáñëóæèâàòü îãðîìíîå êîëè÷åñòâî ñëåé-
âîâ èç-çà ìèíèìàëüíîé íàãðóçêè

Ê íåäîñòàòêàì ìîæíî îòíåñòè:

� íåâîçìîæíîñòü ðåïëèöèðîâàòü òîëüêî îïðåäåëåííóþ áàçó äàííûõ èç
âñåõ íà PostgreSQL èíñòàíñå

� àñèíõðîííûé ìåõàíèçì � ñëåéâ îòñòàåò îò ìàñòåðà (íî â îòëè÷èå îò
äðóãèõ ìåòîäîâ ðåïëèêàöèè, ýòî îòñòàâàíèå î÷åíü êîðîòêîå, è ìîæåò
ñîñòàâëÿòü âñåãî ëèøü îäíó òðàíçàêöèþ, â çàâèñèìîñòè îò ñêîðîñòè
ñåòè, íàãðóæåíîñòè ÁÄ è íàñòðîåê ¾Hot Standby¿)

Óñòàíîâêà

Äëÿ íà÷àëà íàì ïîòðåáóåòñÿ PostgreSQL íå íèæå 9 âåðñèè. Â ìîìåíò
íàïèñàíèÿ ýòîé ãëàâû áûëà äîñòóïíà 9.0.1 âåðñèÿ. Âñå ðàáîòû, êàê ïîëî-
ãàåòñÿ, áóäóò ïðîâîäèòñÿ íà ÎÑ Linux.

Íàñòðîéêà

Äëÿ íà÷àëà îáîçíà÷èì ìàñòåð ñåðâåð êàê masterdb(192.168.0.10) è ñëåéâ
êàê slavedb(192.168.0.20).
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Ïðåäâàðèòåëüíàÿ íàñòðîéêà

Äëÿ íà÷àëà ïîçâîëèì îïðåäåëåííîìó ïîëüçîâàòåëþ áåç ïàðîëÿ õîäèòü
ïî ssh. Ïóñòü ýòî áóäåò postgres þçåð. Åñëè æå íåò, òî ñîçäàåì íàáîðîì
êîìàíä:

Listing 4.46: Ñîçäàåì ïîëüçîâàòåëÿ userssh

1 $sudo groupadd userssh

2 $sudo useradd -m -g userssh -d /home/userssh -s /bin/bash \

3 -c "user ssh allow" userssh

Äàëüøå âûïîëíÿåì êîìàíäû îò èìåíè ïîëüçîâàòåëÿ (â äàííîì ñëó÷àå
postgres):

Listing 4.47: Ëîãèíèìñÿ ïîä ïîëüçîâàòåëåì postgres

1 su postgres

Ãåíåðèì RSA-êëþ÷ äëÿ îáåñïå÷åíèÿ àóòåíòèôèêàöèè â óñëîâèÿõ îò-
ñóòñòâèÿ âîçìîæíîñòè èñïîëüçîâàòü ïàðîëü:

Listing 4.48: Ãåíåðèì RSA-êëþ÷

1 postgres@localhost ~ $ ssh -keygen -t rsa -P ""

2 Generating public/private rsa key pair.

3 Enter file in which to save the key

(/var/lib/postgresql /.ssh/id_rsa):

4 Created directory '/var/lib/postgresql /.ssh '.

5 Your identification has been saved in

/var/lib/postgresql /.ssh/id_rsa.

6 Your public key has been saved in

/var/lib/postgresql /.ssh/id_rsa.pub.

7 The key fingerprint is:

8 16:08:27:97:21:39: b5:7b:86:e1 :46:97: bf:12:3d:76

postgres@localhost

È äîáàâëÿåì åãî â ñïèñîê àâòîðèçîâàííûõ êëþ÷åé:

Listing 4.49: Äîáàâëÿåì åãî â ñïèñîê àâòîðèçîâàííûõ êëþ÷åé

1 cat $HOME/.ssh/id_rsa.pub >> $HOME /.ssh/authorized_keys

Ýòîãî äîëæíî áûòü áîëåå ÷åì äîñòàòî÷íî, ïðîâåðèòü ðàáîòîñïîñîá-
íîñòü ñîåäèíåíèÿ ìîæíî ïðîñòî íàïèñàâ:

Listing 4.50: Ïðîáóåì çàéòè íà ssh áåç ïàðîëÿ

1 ssh localhost

Íå çàáûâàåì ïðåäâàðèòåëüíî èíèöèàëèçèðîâàòü sshd:

Listing 4.51: Çàïóñê sshd

1 /etc/init.d/sshd start
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Ïîñëå óñïåøíî ïðîäåëàíîé îïåðàöèè ñêîïèðóéòå ¾$HOME/.ssh¿ íà slavedb.
Òåïåðü ìû äîëæíû èìåòü âîçìîæíîñòü áåç ïàðîëÿ çàõîäèòü ñ ìàñòåðà íà
ñëåéâ è ñî ñëåéâà íà ìàñòåð ÷åðåç ssh.

Òàêæå îòðåäàêòèðóåì pg_hba.conf íà ìàñòåðå è ñëåéâå, ðàçðåøèâ èì
äðóã ê äðóãó äîñòóï áåç ïàðîëÿ(trust):

Listing 4.52: Ìàñòåð pg_hba.conf

1 host replication all 192.168.0.20/32 trust

Listing 4.53: Ñëåéâ pg_hba.conf

1 host replication all 192.168.0.10/32 trust

Íå çàáûâàåì ïîñëå ýòîãî ïåðåãðóçèòü postgresql íà îáîèõ ñåðâåðàõ.

Íàñòðîéêà ìàñòåðà

Äëÿ íà÷àëà íàñòðîèì masterdb. Óñòàíîâèì ïàðàìåòðû â postgresql.conf
äëÿ ðåïëèêàöèè:

Listing 4.54: Íàñòðîéêà ìàñòåðà

1 # To enable read -only queries on a standby server , wal_level

must be set to

2 # "hot_standby ". But you can choose "archive" if you never

connect to the

3 # server in standby mode.

4 wal_level = hot_standby

6 # Set the maximum number of concurrent connections from the

standby servers.

7 max_wal_senders = 5

9 # To prevent the primary server from removing the WAL segments

required for

10 # the standby server before shipping them , set the minimum

number of segments

11 # retained in the pg_xlog directory. At least

wal_keep_segments should be

12 # larger than the number of segments generated between the

beginning of

13 # online -backup and the startup of streaming replication. If

you enable WAL

14 # archiving to an archive directory accessible from the

standby , this may

15 # not be necessary.

16 wal_keep_segments = 32

18 # Enable WAL archiving on the primary to an archive directory

accessible from
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19 # the standby. If wal_keep_segments is a high enough number to

retain the WAL

20 # segments required for the standby server , this may not be

necessary.

21 archive_mode = on

22 archive_command = 'cp %p /path_to/archive /%f'

Äàâàéòå ïî ïîðÿäêó:

� ¾wal_level = hot_standby¿ � ñåðâåð íà÷íåò ïèñàòü â WAL ëîãè òàê
æå êàê è ïðè ðåæèìå ¾archive¿, äîáàâëÿÿ èíôîðìàöèþ, íåîáõîäèìóþ
äëÿ âîñòàíîâëåíèÿ òðàíçàêöèè (ìîæíî òàêæå ïîñòàâèòü ¾archive¿, íî
òîãäà ñåðâåð íå ìîæåò áûòü ñëåéâîì ïðè íåîáõîäèìîñòè).

� ¾max_wal_senders = 5¿ � ìàêñèìàëüíîå êîëè÷åñòâî ñëåéâîâ.
� ¾wal_keep_segments = 32¿ � ìèíèìàëüíîå êîëè÷åñòâî ôàéëîâ cWAL
ñåãìåíòàìè â pg_xlog äèðåêòîðèè.

� ¾archive_mode = on¿ � ïîçâîëÿåì ñîõðàíÿòü WAL ñåãìåíòû â óêà-
çàíîå ïåðåìåííîé ¾archive_command¿ õðàíèëèùå. Â äàííîì ñëó÷àå
â äèðåêòîðèþ ¾/path_to/archive/¿.

Ïîñëå èçìåíåíèÿ ïàðàìåòðîâ ïåðåãðóæàåì postgresql ñåðâåð. Òåïåðü
ïåðåéäåì ê slavedb.

Íàñòðîéêà ñëåéâà

Äëÿ íà÷àëà íàì ïîòðåáóåòñÿ ñîçäàòü íà slavedb òî÷íóþ êîïèþmasterdb.
Ïåðåíåñåì äàííûå ñ ïîìîùüþ ¾Îíëàéí áåêàïà¿.

Äëÿ íà÷àëà çàéäåì íà masterdb ñåðâåð. Âûïîëíèì â êîíñîëè:

Listing 4.55: Âûïîëíÿåì íà ìàñòåðå

1 psql -c "SELECT pg_start_backup('label ', true)"

Òåïåðü íàì íóæíî ïåðåíåñòè äàííûå ñ ìàñòåðà íà ñëåéâ. Âûïîëíÿåì
íà ìàñòåðå:

Listing 4.56: Âûïîëíÿåì íà ìàñòåðå

1 rsync -C -a --delete -e ssh --exclude postgresql.conf

--exclude postmaster.pid \

2 --exclude postmaster.opts --exclude pg_log --exclude pg_xlog \

3 --exclude recovery.conf master_db_datadir/

slavedb_host:slave_db_datadir/

ãäå

� ¾master_db_datadir¿ � äèðåêòîðèÿ ñ postgresql äàííûìè íà masterdb
� ¾slave_db_datadir¿ � äèðåêòîðèÿ ñ postgresql äàííûìè íà slavedb
� ¾slavedb_host¿ � õîñò slavedb(â íàøåì ñëó÷àå - 192.168.1.20)
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Ïîñëå êîïèðîâàíèÿ äàííûõ ñ ìàñòåðà íà ñëåéâ, îñòàíîâèì îíëàéí áå-
êàï. Âûïîëíÿåì íà ìàñòåðå:

Listing 4.57: Âûïîëíÿåì íà ìàñòåðå

1 psql -c "SELECT pg_stop_backup ()"

Óñòàíàâëèâàåì òàêèå æå äàííûå â êîíôèãå postgresql.conf, ÷òî è ó ìà-
ñòåðà (÷òîáû ïðè ïàäåíèè ìàñòåðà ñëåéâ ìîã åãî çàìåíèòü). Òàê æå óñòà-
íîâèì äîïîëüíèòåëüíûé ïàðàìåòð:

Listing 4.58: Êîíôèã ñëåéâà

1 hot_standby = on

Âíèìàíèå! Åñëè íà ìàñòåðå ïîñòàâèëè ¾wal_level = archive¿, òîãäà ïàðà-
ìåòð îñòàâëÿåì ïî óìîë÷àíèþ (hot_standby = o�).

Äàëåå íà slavedb â äèðåêòîðèè ñ äàííûìè PostgreSQL ñîçäàäèì ôàéë
recovery.conf ñ òàêèì ñîäåðæèìûì:

Listing 4.59: Êîíôèã recovery.conf

1 # Specifies whether to start the server as a standby. In

streaming replication ,

2 # this parameter must to be set to on.

3 standby_mode = 'on '

5 # Specifies a connection string which is used for the standby

server to connect

6 # with the primary.

7 primary_conninfo = 'host =192.168.0.10 port =5432

user=postgres '

9 # Specifies a trigger file whose presence should cause

streaming replication to

10 # end (i.e., failover).

11 trigger_file = '/path_to/trigger '

13 # Specifies a command to load archive segments from the WAL

archive. If

14 # wal_keep_segments is a high enough number to retain the WAL

segments

15 # required for the standby server , this may not be necessary.

But

16 # a large workload can cause segments to be recycled before

the standby

17 # is fully synchronized , requiring you to start again from a

new base backup.

18 restore_command = 'scp masterdb_host :/ path_to/archive /%f "%p"'

ãäå

� ¾standby_mode='on'¿ � óêàçûâàåì ñåðâåðó ðàáîòàòü â ðåæèìå ñëåéâ
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� ¾primary_conninfo¿ � íàñòðîéêè ñîåäèíåíèÿ ñëåéâà ñ ìàñòåðîì
� ¾trigger_�le¿ � óêàçûâàåì òðèããåð-ôàéë, ïðè íàëè÷èè êîòîðîãî áó-
äåò îñòàíîâëåíà ðåïëèêàöèÿ.

� ¾restore_command¿ � êîìàíäà, êîòîðîé áóäåò âîñòàíàâëèâàòñÿ WAL
ëîãè. Â íàøåì ñëó÷àå ÷åðåç scp êîïèðóåì ñ masterdb (masterdb_host
- õîñò masterdb).

Òåïåðü ìû ìîæåì çàïóñòèòü PostgreSQL íà slavedb.

Òåñòèðîâàíèå ðåïëèêàöèè

Òåïåðü ìû ìîæåì ïîñìîòðåòü îòñòàâàíèå ñëåéâîâ îò ìàñòåðà ñ ïîìî-
ùüþ òàêèõ êîìàíä:

Listing 4.60: Òåñòèðîâàíèå ðåïëèêàöèè

1 $ psql -c "SELECT pg_current_xlog_location ()" -h192 .168.0.10

(masterdb)

2 pg_current_xlog_location

3 --------------------------

4 0/2000000

5 (1 row)

7 $ psql -c "select pg_last_xlog_receive_location ()"

-h192 .168.0.20 (slavedb)

8 pg_last_xlog_receive_location

9 -------------------------------

10 0/2000000

11 (1 row)

13 $ psql -c "select pg_last_xlog_replay_location ()"

-h192 .168.0.20 (slavedb)

14 pg_last_xlog_replay_location

15 ------------------------------

16 0/2000000

17 (1 row)

Åùå ïðîâåðèòü ðàáîòó ðåïëèêàöèè ìîæíî ñ ïîìîùüþ óòèëèòû ps:

Listing 4.61: Òåñòèðîâàíèå ðåïëèêàöèè

1 [masterdb] $ ps -ef | grep sender

2 postgres 6879 6831 0 10:31 ? 00:00:00 postgres: wal

sender process postgres 127.0.0.1(44663) streaming 0/2000000

4 [slavedb] $ ps -ef | grep receiver

5 postgres 6878 6872 1 10:31 ? 00:00:01 postgres: wal

receiver process streaming 0/2000000

Òåïåðü ïðîâåðèì ðåïðèêàöèþ. Âûïîëíèì íà ìàñòåðå:

Listing 4.62: Âûïîëíÿåì íà ìàñòåðå
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1 $psql test_db

2 test_db =# create table test3(id int not null primary key ,name

varchar (20));

3 NOTICE: CREATE TABLE / PRIMARY KEY will create implicit index

"test3_pkey" for table "test3"

4 CREATE TABLE

5 test_db =# insert into test3(id, name) values('1', 'test1 ');

6 INSERT 0 1

7 test_db =#

Òåïåðü ïðîâåðèì íà ñëåéâå:

Listing 4.63: Âûïîëíÿåì íà ñëåéâå

1 $psql test_db

2 test_db =# select * from test3;

3 id | name

4 ----+-------

5 1 | test1

6 (1 row)

Êàê âèäèì, òàáëèöà ñ äàííûìè óñïåøíî ñêîïèðîâàíà ñ ìàñòåðà íà
ñëåéâ.

Îáùèå çàäà÷è

Ïåðåêëþ÷åíèå íà ñëåéâ ïðè ïàäåíèè ìàñòåðà

Äîñòàòî÷íî ñîçäàòü òðèããåð-ôàéë (trigger_�le) íà ñëåéâå, êîòîðûé ñòà-
íîâèòñÿ ìàñòåðîì.

Îñòàíîâêà ðåïëèêàöèè íà ñëåéâå

Ñîçäàòü òðèããåð-ôàéë (trigger_�le) íà ñëåéâå.

Ïåðåçàïóñê ðåïëèêàöèè ïîñëå ñáîÿ

Ïîâòîðÿåì îïåðàöèè èç ðàçäåëà ¾Íàñòðîéêà ñëåéâà¿. Õî÷åòñÿ çàìå-
òèòü, ÷òî ìàñòåð ïðè ýòîì íå íóæäàåòñÿ â îñòàíîâêå ïðè âûïîëíåíèè äàí-
íîé çàäà÷è.

Ïåðåçàïóñê ðåïëèêàöèè ïîñëå ñáîÿ ñëåéâà

Ïåðåçàãðóçèòü PostgreSQL íà ñëåéâå ïîñëå óñòðàíåíèÿ ñáîÿ.

Ïîâòîðíî ñèíõðîíèçèðîâàòü ðåïëèêàöèè íà ñëåéâå

Ýòî ìîæåò ïîòðåáîâàòñÿ, íàïðèìåð, ïîñëå äëèòåëüíîãî îòêëþ÷åíèÿ îò
ìàñòåðà. Äëÿ ýòîãî îñòàíàâëèâàåì PostgreSQL íà ñëåéâå è ïîâòîðÿåì îïå-
ðàöèè èç ðàçäåëà ¾Íàñòðîéêà ñëåéâà¿.
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4.5 Bucardo

Ââåäåíèå

Bucardo � àñèíõðîííàÿ master-master èëè master-slave ðåïëèêàöèÿ PostgreSQL,
êîòîðàÿ íàïèñàíà íà Perl. Ñèñòåìà î÷åíü ãèáêàÿ, ïîääåðæèâàåò íåñêîëüêî
âèäîâ ñèíõðîíèçàöèè è îáðàáîòêè êîíôëèêòîâ.

Óñòàíîâêà

Óñòàíîâêó áóäåì ïðîâîäèòü íà Ubuntu Server. Ñíà÷àëà íàì íóæíî óñòà-
íîâèòü DBIx::Safe Perl ìîäóëü.

Listing 4.64: Óñòàíîâêà

1 sudo aptitude install libdbix -safe -perl

Äëÿ äðóãèõ ñèñòåì ìîæíî ïîñòàâèòü èç èñõîäíèêîâ11:

Listing 4.65: Óñòàíîâêà

1 tar xvfz DBIx -Safe -1.2.5. tar.gz

2 cd DBIx -Safe -1.2.5

3 perl Makefile.PL

4 make && make test && sudo make install

Òåïåðü ñòàâèì ñàì Bucardo. Ñêà÷èâàåì12 åãî è èíñòàëèðóåì:

Listing 4.66: Óñòàíîâêà

1 tar xvfz Bucardo -4.4.0. tar.gz

2 cd Bucardo -4.4.0

3 perl Makefile.PL

4 make

5 sudo make install

Äëÿ ðàáîòû Bucardo ïîòðåáóåòñÿ óñòàíîâèòü ïîääåðæêó pl/perlu ÿçûêà
PostgreSQL.

Listing 4.67: Óñòàíîâêà

1 sudo aptitude install postgresql -plperl -8.4

Ìîæåì ïðèñòóïàòü ê íàñòðîéêå.

Íàñòðîéêà

Èíèöèàëèçàöèÿ Bucardo

Çàïóñêàåì óñòàíîâêó êîìàíäîé:
11http://search.cpan.org/CPAN/authors/id/T/TU/TURNSTEP/
12http://bucardo.org/wiki/Bucardo#Obtaining_Bucardo
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Listing 4.68: Èíèöèàëèçàöèÿ Bucardo

1 bucardo_ctl install

Bucardo ïîêàæåò íàñòðîéêè ïîäêëþ÷åíèÿ ê PostgreSQL, êîòîðûå ìîæ-
íî áóäåò èçìåíèòü:

Listing 4.69: Èíèöèàëèçàöèÿ Bucardo

1 This will install the bucardo database into an existing

Postgres cluster.

2 Postgres must have been compiled with Perl support ,

3 and you must connect as a superuser

5 We will create a new superuser named 'bucardo ',

6 and make it the owner of a new database named 'bucardo '

8 Current connection settings:

9 1. Host: <none >

10 2. Port: 5432

11 3. User: postgres

12 4. Database: postgres

13 5. PID directory: /var/run/bucardo

Êîãäà âû èçìåíèòå òðåáóåìûå íàñòðîéêè è ïîäòâåðäèòå óñòàíîâêó, Bucardo
ñîçäàñò ïîëüçîâàòåëÿ bucardo è áàçó äàííûõ bucardo. Äàííûé ïîëüçîâà-
òåëü äîëæåí èìåòü ïðàâî ëîãèíèòñÿ ÷åðåç Unix socket, ïîýòîìó ëó÷øå çà-
ðàíåå äàòü åìó òàêèå ïðàâà â pg_hda.conf.

Íàñòðîéêà áàç äàííûõ

Òåïåðü íàì íóæíî íàñòðîèòü áàçû äàííûõ, ñ êîòîðûìè áóäåò ðàáî-
òàòü Bucardo. Ïóñòü ó íàñ áóäåò master_db è slave_db. Ñíà÷àëà íàñòðîèì
ìàñòåð:

Listing 4.70: Íàñòðîéêà áàç äàííûõ

1 bucardo_ctl add db master_db name=master

2 bucardo_ctl add all tables herd=all_tables

3 bucardo_ctl add all sequences herd=all_tables

Ïåðâîé êîìàíäîé ìû óêàçàëè áàçó äàííûõ è äàëè åé èìÿ master (äëÿ
òîãî, ÷òî â ðåàëüíîé æèçíè master_db è slave_db èìåþò îäèíàêîâîå íàçâà-
íèå è èõ íóæíî Bucardo îòëè÷àòü). Âòîðîé è òðåòåé êîìàíäîé ìû óêàçàëè
ðåïëèöûðîâàòü âñå òàáëèöû è ïîñëåäîâàòåëüíîñòè, îáüåäåíèâ èõ â ãðóïó
all_tables.

Äàëüøå äîáàâëÿåì slave_db:

Listing 4.71: Íàñòðîéêà áàç äàííûõ

1 bucardo_ctl add db slave_db name=replica port =6543

host=slave_host
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Ìû íàçâàëè replica áàçó äàííûõ â Bucardo.

Íàñòðîéêà ñèíõðîíèçàöèè

Òåïåðü íàì íóæíî íàñòðîèòü ñèíõðîíèçàöèþ ìåæäó ýòèìè áàçàìè äàí-
íûõ. Äåëàåòñÿ ýòî êîìàíäîé (master-slave):

Listing 4.72: Íàñòðîéêà ñèíõðîíèçàöèè

1 bucardo_ctl add sync delta type=pushdelta source=all_tables

targetdb=replica

Äàííîé êîìàíäîé ìû óñòàíîâèì Bucardo òðèãåðû â PostgreSQL. À òå-
ïåðü ïî ïàðàìåòðàì:

� type

Ýòî òèï ñèíõðîíèçàöèè. Ñóùåñòâóåò 3 òèïà:

� Fullcopy. Ïîëíîå êîïèðîâàíèå.
� Pushdelta. Master-slave ðåïëèêàöèÿ.
� Swap. Master-master ðåïëèêàöèÿ. Äëÿ ðàáîòû â òàêîì ðåæè-
ìå ïîòðåáóåòñÿ óêàçàòü êàê Bucardo äîëæåí ðåøàòü êîíôëèêòû
ñèíõðîíèçàöèè. Äëÿ ýòîãî â òàáëèöå ¾goat¿ (â êîòîðîé íàõîäÿò-
ñÿ òàáëèöû è ïîñëåäîâàòåëüíîñòè) íóæíî â ¾standard_con�ict¿
ïîëå ïîñòàâèòü çíà÷åíèå (ýòî çíà÷åíèå ìîæåò áûòü ðàçíûì äëÿ
ðàçíûõ òàáëèö è ïîñëåäîâàòåëüíîñòåé):

* source � ïðè êîíôëèêòå ìû êîïèðóåì äàííûå ñ source (master_db
â íàøåì ñëó÷àå).

* target � ïðè êîíôëèêòå ìû êîïèðóåì äàííûå ñ target (slave_db
â íàøåì ñëó÷àå).

* skip � êîíôëèêò ìû ïðîñòî íå ðåïëèöèðóåì. Íå ðåêîìåíäó-
åòñÿ.

* random � êàæäàÿ ÁÄ èìååò îäèíàêîâûé øàíñ, ÷òî å¼ èçìå-
íåíèå áóäåò âçÿòî äëÿ ðåøåíèå êîíôëèêòà.

* latest � çàïèñü, êîòîðàÿ áûëà ïîñëåäíåé èçìåíåíà ðåøàåò
êîíôëèêò.

* abort � ñèíõðîíèçàöèÿ ïðåðûâàåòñÿ.

� source

Èñòî÷íèê ñèíõðîíèçàöèè.
� targetdb

ÁÄ, â êîòîðóì ïðîèçâîäèì ðåïëèêàöèþ.

Äëÿ master-master:

Listing 4.73: Íàñòðîéêà ñèíõðîíèçàöèè

1 bucardo_ctl add sync delta type=swap source=all_tables

targetdb=replica
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Çàïóñê/Îñòàíîâêà ðåïëèêàöèè

Çàïóñê ðåïëèêàöèè:

Listing 4.74: Çàïóñê ðåïëèêàöèè

1 bucardo_ctl start

Îñòàíîâêà ðåïëèêàöèè:

Listing 4.75: Îñòàíîâêà ðåïëèêàöèè

1 bucardo_ctl stop

Îáùèå çàäà÷è

Ïðîñìîòð çíà÷åíèé êîíôèãóðàöèè

Ïðîñòî èñïîëüçóÿ ýòó êîìàíäó:

Listing 4.76: Ïðîñìîòð çíà÷åíèé êîíôèãóðàöèè

1 bucardo_ctl show all

Èçìåíåíèÿ çíà÷åíèé êîíôèãóðàöèè

Listing 4.77: Èçìåíåíèÿ çíà÷åíèé êîíôèãóðàöèèè

1 bucardo_ctl set name=value

Íàïðèìåð:

Listing 4.78: Èçìåíåíèÿ çíà÷åíèé êîíôèãóðàöèè

1 bucardo_ctl set syslog_facility=LOG_LOCAL3

Ïåðåãðóçêà êîíôèãóðàöèè

Listing 4.79: Ïåðåãðóçêà êîíôèãóðàöèè

1 bucardo_ctl reload_config

Áîëåå ïîëíûé ñïèñîê êîìàíä � http://bucardo.org/wiki/Bucardo_ctl

4.6 RubyRep

Ââåäåíèå

RubyRep ïðåäñòàâëÿåò ñîáîé äâèæîê äëÿ îðãàíèçàöèè àñèíõðîííîé ðå-
ïëèêàöèè, íàïèñàííûé íà ÿçûêå ruby. Îñíîâíûå ïðèíöèïû: ïðîñòîòà èñ-
ïîëüçîâàíèÿ è íå çàâèñèòü îò ÁÄ. Ïîääåðæèâàåò êàê master-master, òàê è
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master-slave ðåïëèêàöèþ, ìîæåò ðàáîòàòü ñ PostgreSQL è MySQL. Îòëè-
÷èòåëüíûìè îñîáåííîñòÿìè ðåøåíèÿ ÿâëÿþòñÿ:

� âîçìîæíîñòü äâóõñòîðîííåãî ñðàâíåíèÿ è ñèíõðîíèçàöèè áàç äàííûõ
� ïðîñòîòà óñòàíîâêè

Ê íåäîñòàòêàì ìîæíî îòíåñòè:

� ðàáîòà òîëüêî ñ äâóìÿ áàçàìè äàííûõ äëÿ MySQL
� ìåäëåííàÿ ðàáîòà ñèíõðîíèçàöèè
� ïðè áîëüøèõ îáüåìàõ äàííûõ ¾åñò¿ ïðîöåññîð è ïàìÿòü

Óñòàíîâêà

RubyRep ïîääåðæèâàåò äâà òèïà óñòàíîâêè: ÷åðåç ñòàíäàðòíûé Ruby
èëè JRuby. Ðåêîìåíäóþ ñòàâèòü JRuby âàðèàíò � ïðîèçâîäèòåëüíîñòü áó-
äåò âûøå.

Óñòàíîâêà JRuby âåðñèè
Ïðåäâàðèòåëüíî äîëæíà áûòü óñòàíîâëåíà Java (âåðñèÿ 1.6).

1. Çàãðóçèòå ïîñëåäíþþ âåðñèþ JRuby rubyrep c Rubyforge13.
2. Ðàñïàêóéòå
3. Ãîòîâî

Óñòàíîâêà ñòàíäàðòíîé Ruby âåðñèè

1. Óñòàíîâèòü Ruby, Rubygems.
2. Óñòàíîâèòü äðàéâåðà áàçû äàííûõ.

Äëÿ Mysql:

Listing 4.80: Óñòàíîâêà

1 sudo gem install mysql

Äëÿ PostgreSQL:

Listing 4.81: Óñòàíîâêà

1 sudo gem install postgres

3. Óñòàíàâëèâàåì rubyrep:

Listing 4.82: Óñòàíîâêà

1 sudo gem install rubyrep

13http://rubyforge.org/frs/?group_id=7932, âûáåðèòå ZIP
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Íàñòðîéêà

Ñîçäàíèå ôàéëà êîíôèãóðàöèè

Âûïîëíèì êîìàíäó:

Listing 4.83: Íàñòðîéêà

1 rubyrep generate myrubyrep.conf

Êîìàíäà generate ñîçäàëà ïðèìåð êîíôèãóðàöèè â ôàéë myrubyrep.conf:

Listing 4.84: Íàñòðîéêà

1 RR:: Initializer ::run do |config|

2 config.left = {

3 :adapter => 'postgresql ', # or 'mysql '

4 :database => 'SCOTT ',

5 :username => 'scott ',

6 :password => 'tiger ',

7 :host => '172.16.1.1 '

8 }

10 config.right = {

11 :adapter => 'postgresql ',

12 :database => 'SCOTT ',

13 :username => 'scott ',

14 :password => 'tiger ',

15 :host => '172.16.1.2 '

16 }

18 config.include_tables 'dept '

19 config.include_tables /^e/ # regexp matches all tables

starting with e

20 # config.include_tables /./ # regexp matches all tables

21 end

Â íàñòðîéêàõ ïðîñòî ðàçîáðàòüñÿ. Áàçû äàííûõ äåëÿòñÿ íà ¾left¿ è
¾right¿. ×åðåç con�g.include_tables ìû óêàçûâàåì êàêèå òàáëèöû âêëþ-
÷àòü â ðåïëèêàöèþ (ïîääåðæèâàåò RegEx).

Ñêàíèðîâàíèå áàç äàííûõ

Ñêàíèðîâàíèå áàç äàííûõ äëÿ ïîèñêà ðàçëè÷èé:

Listing 4.85: Ñêàíèðîâàíèå áàç äàííûõ

1 rubyrep scan -c myrubyrep.conf

Ïðèìåð âûâîäà:

Listing 4.86: Ñêàíèðîâàíèå áàç äàííûõ

1 dept 100% ......................... 0

2 emp 100% ......................... 1
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Òàáëèöà dept ïîëíîñòüþ ñèíõðîíèçèðîâàíà, à emp � èìååò îäíó íå
ñèíõðîíèçèðîâàíóþ çàïèñü.

Ñèíõðîíèçàöèÿ áàç äàííûõ

Âûïîëíèì êîìàíäó:

Listing 4.87: Ñèíõðîíèçàöèÿ áàç äàííûõ

1 rubyrep sync -c myrubyrep.conf

Òàêæå ìîæíî óêàçàòü òîëüêî êàêèå òàáëèöû â áàçàõ äàííûõ ñèíõðî-
íèçèðîâàòü:

Listing 4.88: Ñèíõðîíèçàöèÿ áàç äàííûõ

1 rubyrep sync -c myrubyrep.conf dept /^e/

Íàñòðîéêè ïîëèòèêè ñèíõðîíèçàöèè ïîçâîëÿþò óêàçûâàòü êàê ðåøàòü
êîíôëèêòû ñèíõðîíèçàöèè. Áîëåå ïîäðîáíî ìîæíî ïî÷èòàòü â äîêóìåí-
òàöèè http://www.rubyrep.org/con�guration.html.

Ðåïëèêàöèÿ

Äëÿ çàïóñêà ðåïëèêàöèè äîñòàòî÷íî âûïîëíèòü:

Listing 4.89: Ðåïëèêàöèÿ

1 rubyrep replicate -c myrubyrep.conf

Äàííàÿ êîìàíäà óñòàíîâèòü ðåïëèêàöèþ (åñëè îíà íå áûëà óñòàíîâ-
ëåíà) íà áàçû äàííûõ è çàïóñòèò å¼. ×òîáû îñòàíîâèòü ðåïëèêàöèþ, äî-
ñòàòî÷íî ïðîñòî óáèòü ïðîöåññ. Äàæå åñëè ðåïëèêàöèÿ îñòàíîâëåíà, âñå
èçìåíåíèÿ áóäóò îáðàáîòàíû òðèããåðàìè rubyrep. Ïîñëå ïåðåçàãðóçêè, âñå
èçìåíåíèÿ áóäóò àâòîìàòè÷åñêè âîñòàíîâëåíû.

Äëÿ óäàëåíèÿ ðåïëèêàöèè äîñòàòî÷íî âûïîëíèòü:

Listing 4.90: Ðåïëèêàöèÿ

1 rubyrep uninstall -c myrubyrep.conf

Óñòðàíåíèå íåèñïðàâíîñòåé

Îøèáêà ïðè çàïóñêå ðåïëèêàöèè

Ïðè çåïóñêå rubyrep ÷åðåç Ruby ìîæåò âîçíèêíóòü ïîäîáíàÿ îøèáêà:

Listing 4.91: Óñòðàíåíèå íåèñïðàâíîñòåé

1 $rubyrep replicate -c myrubyrep.conf

2 Verifying RubyRep tables
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3 Checking for and removing rubyrep triggers from unconfigured

tables

4 Verifying rubyrep triggers of configured tables

5 Starting replication

6 Exception caught: Thread#join: deadlock 0xb76ee1ac - mutual

join(0 xb758cfac)

Ýòî ïðîáëåìà ñ çàïóñêàìè ïîòîêîâ â Ruby. Ðåøàåòñÿ äâóìÿ ñïîñîáàìè:

1. Çàïóñêàòü rubyrep ÷åðåç JRuby (òóò ñ ïîòîêàìè íå áóäåò ïðîáëåì)
2. Ïîôèêñèòü rubyrep ïàò÷åì:

Listing 4.92: Óñòðàíåíèå íåèñïðàâíîñòåé

1 --- /Library/Ruby/Gems /1.8/ gems/rubyrep -1.1.2/ lib/rubyrep/

2 replication_runner.rb 2010 -07 -16 15:17:16.000000000 -0400

3 +++ ./ replication_runner.rb 2010 -07 -16 17:38:03.000000000

-0400

4 @@ -2,6 +2,12 @@

6 require 'optparse '

7 require 'thread '

8 +require 'monitor '

9 +

10 +class Monitor

11 + alias lock mon_enter

12 + alias unlock mon_exit

13 +end

15 module RR

16 # This class implements the functionality of the

'replicate ' command.

17 @@ -94,7 +100 ,7 @@

18 # Initializes the waiter thread used for replication

pauses

19 # and processing

20 # the process TERM signal.

21 def init_waiter

22 - @termination_mutex = Mutex.new

23 + @termination_mutex = Monitor.new

24 @termination_mutex.lock

25 @waiter_thread ||= Thread.new

{@termination_mutex.lock;

26 self.termination_requested = true}

27 %w(TERM INT).each do |signal|

4.7 Çàêëþ÷åíèå

Ðåïëèêàöèÿ � îäíà èç âàæíåéøèõ ÷àñòåé êðóïíûõ ïðèëîæåíèé, êî-
òîðûå ðàáîòàþò íà PostgreSQL. Îíà ïîìîãàåò ðàñïðåäåëÿòü íàãðóçêó íà
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áàçó äàííûõ, äåëàòü ôîíîâûé áýêàï îäíîé èç êîïèé áåç íàãðóçêè íà öåí-
òðàëüíûé ñåðâåð, ñîçäàâàòü îòäåëüíûé ñåðâåð äëÿ ëîãèðîâàíèÿ è ì.ä.

Â ãëàâå áûëî ðàññìîòðåíî íåñêîëüêî âèäîâ ðåïëèêàöèè PostgreSQL.
Íåëüçÿ ÷åòêî ñêàçàòü êàêàÿ ëó÷øå âñåõ. Ïîòîêîâàÿ ðåïëèêàöèÿ � îäíà èç
ñàìûõ ëó÷øèõ âàðèàíòîâ äëÿ ïîääåðæêè èäåíòè÷íûõ êëàñòåðîâ áàç äàí-
íûõ, íî äîñòóïíà òîëüêî ñ 9.0 âåðñèè PostgreSQL. Slony-I � ãðîìîçäêàÿ
è ñëîæíàÿ â íàñòðîéêå ñèñòåìà, íî èìåþùàÿ â ñâîåì àðñåíàëå ìíîæå-
ñòâî ôóíêöèé, òàêèõ êàê ïîääåðæêà êàñêàäíîé ðåïëèêàöèè, îòêàçîóñòîé-
÷èâîñòè (failover) è ïåðåêëþ÷åíèå ìåæäó ñåðâåðàìè (switchover). Â òîæå
âðåìÿ Londiste íå îáëàäàåò ïîäîáíûì ôóíêöèîíàëîì, íî êîìïàêòíûé è
ïðîñò â óñòàíîâêå. Bucardo � ñèñòåìà êîòîðàÿ ìîæåò áûòü èëè master-
master, èëè master-slave ðåïëèêàöèåé, íî íå ìîæåò îáðàáîòàòü îãðîìíûå
îáüåêòû, íåò îòêàçîóñòîé÷èâîñòè(failover) è ïåðåêëþ÷åíèå ìåæäó ñåðâåðà-
ìè (switchover). RubyRep, êàê äëÿ master-master ðåïëèêàöèè, î÷åíü ïðîñòî
â óñòàíîâêå è íàñòðîéêå, íî çà ýòî åìó ïðèõîäèòñÿ ðàñïëà÷èâàòñÿ ñêîðî-
ñòüþ ðàáîòû � ñàìûé ìåäëåííûé èç âñåõ (ñèíõðîíèçàöèÿ áîëüøèõ îáüå-
ìîâ äàííûõ ìåæäó òàáëèöàìè).
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5

Øàðäèíã

Åñëè åøü ñëîíà, íå ïûòàéñÿ çàïèõàòü åãî â ðîò

öåëèêîì.

Íàðîäíàÿ ìóäðîñòü

5.1 Ââåäåíèå

Øàðäèíã � ðàçäåëåíèå äàííûõ íà óðîâíå ðåñóðñîâ. Êîíöåïöèÿ øàð-
äèíãà çàêëþ÷àåòñÿ â ëîãè÷åñêîì ðàçäåëåíèè äàííûõ ïî ðàçëè÷íûì ðåñóð-
ñàì èñõîäÿ èç òðåáîâàíèé ê íàãðóçêå.

Ðàññìîòðèì ïðèìåð. Ïóñòü ó íàñ åñòü ïðèëîæåíèå ñ ðåãèñòðàöèåé ïîëü-
çîâàòåëåé, êîòîðîå ïîçâîëÿåò ïèñàòü äðóã äðóãó ëè÷íûå ñîîáùåíèÿ. Äî-
ïóñòèì îíî î÷åíü ïîïóëÿðíî è ìíîãî ëþäåé èì ïîëüçóþòñÿ åæåäíåâíî.
Åñòåñòâåííî, ÷òî òàáëèöà ñ ëè÷íûìè ñîîáùåíèÿìè áóäåò íàìíîãî áîëüøå
âñåõ îñòàëüíûõ òàáëèö â áàçå (ñêàæåì, áóäåò çàíèìàòü 90% âñåõ ðåñóð-
ñîâ). Çíàÿ ýòî, ìû ìîæåì ïîäãîòîâèòü äëÿ ýòîé (òîëüêî îäíîé!) òàáëèöû
âûäåëåííûé ñåðâåð ïîìîùíåå, à îñòàëüíûå îñòàâèòü íà äðóãîì (ïîñëà-
áåå). Òåïåðü ìû ìîæåì èäåàëüíî ïîäñòðîèòü ñåðâåð äëÿ ðàáîòû ñ îäíîé
ñïåöèôè÷åñêîé òàáëèöåé, ïîñòàðàòüñÿ óìåñòèòü åå â ïàìÿòü, âîçìîæíî, äî-
ïîëíèòåëüíî ïàðòèöèîíèðîâàòü åå è ò.ä. Òàêîå ðàñïðåäåëåíèå íàçûâàåòñÿ
âåðòèêàëüíûì øàðäèíãîì.

×òî äåëàòü, åñëè íàøà òàáëèöà ñ ñîîáùåíèÿìè ñòàëà íàñòîëüêî áîëü-
øîé, ÷òî äàæå âûäåëåííûé ñåðâåð ïîä íåå îäíó óæå íå ñïàñàåò. Íåîáõî-
äèìî äåëàòü ãîðèçîíòàëüíûé øàðäèíã � ò.å. ðàçäåëåíèå îäíîé òàáëèöû
ïî ðàçíûì ðåñóðñàì. Êàê ýòî âûãëÿäèò íà ïðàêòèêå? Âñå ïðîñòî. Íà ðàç-
íûõ ñåðâåðàõ ó íàñ áóäåò òàáëèöà ñ îäèíàêîâîé ñòðóêòóðîé, íî ðàçíûìè
äàííûìè. Äëÿ íàøåãî ñëó÷àÿ ñ ñîîáùåíèÿìè, ìû ìîæåì õðàíèòü ïåðâûå
10 ìèëëèîíîâ ñîîáùåíèé íà îäíîì ñåðâåðå, âòîðûå 10 - íà âòîðîì è ò.ä.
Ò.å. íåîáõîäèìî èìåòü êðèòåðèé øàðäèíãà � êàêîé-òî ïàðàìåòð, êîòîðûé
ïîçâîëèò îïðåäåëÿòü, íà êàêîì èìåííî ñåðâåðå ëåæàò òå èëè èíûå äàííûå.

Îáû÷íî, â êà÷åñòâå ïàðàìåòðà øàðäèíãà âûáèðàþò ID ïîëüçîâàòåëÿ
(user_id) � ýòî ïîçâîëÿåò äåëèòü äàííûå ïî ñåðâåðàì ðàâíîìåðíî è ïðî-
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ñòî. Ò.î. ïðè ïîëó÷åíèè ëè÷íûõ ñîîáùåíèé ïîëüçîâàòåëåé àëãîðèòì ðàáî-
òû áóäåò òàêîé:

� Îïðåäåëèòü, íà êàêîì ñåðâåðå ÁÄ ëåæàò ñîîáùåíèÿ ïîëüçîâàòåëÿ
èñõîäÿ èç user_id

� Èíèöèàëèçèðîâàòü ñîåäèíåíèå ñ ýòèì ñåðâåðîì
� Âûáðàòü ñîîáùåíèÿ

Çàäà÷ó îïðåäåëåíèÿ êîíêðåòíîãî ñåðâåðà ìîæíî ðåøàòü äâóìÿ ïóòÿìè:

� Õðàíèòü â îäíîì ìåñòå õåø-òàáëèöó ñ ñîîòâåòñòâèÿìè ¾ïîëüçîâà-
òåëü=ñåðâåð¿. Òîãäà, ïðè îïðåäåëåíèè ñåðâåðà, íóæíî áóäåò âûáðàòü
ñåðâåð èç ýòîé òàáëèöû. Â ýòîì ñëó÷àå óçêîå ìåñòî � ýòî áîëüøàÿ
òàáëèöà ñîîòâåòñâèÿ, êîòîðóþ íóæíî õðàíèòü â îäíîì ìåñòå. Äëÿ
òàêèõ öåëåé î÷åíü õîðîøî ïîäõîäÿò áàçû äàííûõ ¾êëþ÷=çíà÷åíèå¿

� Îïðåäåëÿòü èìÿ ñåðâåðà ñ ïîìîùüþ ÷èñëîâîãî (áóêâåííîãî) ïðåîáðà-
çîâàíèÿ. Íàïðèìåð, ìîæíî âû÷èñëÿòü íîìåð ñåðâåðà, êàê îñòàòîê îò
äåëåíèÿ íà îïðåäåëåííîå ÷èñëî (êîëè÷åñòâî ñåðâåðîâ, ìåæäó êîòî-
ðûìè Âû äåëèòå òàáëèöó). Â ýòîì ñëó÷àå óçêîå ìåñòî � ýòî ïðîáëåìà
äîáàâëåíèÿ íîâûõ ñåðâåðîâ � Âàì ïðèäåòñÿ äåëàòü ïåðåðàñïðåäåëå-
íèå äàííûõ ìåæäó íîâûì êîëè÷åñòâîì ñåðâåðîâ.

Äëÿ øàðäèíãà íå ñóùåñòâóåò ðåøåíèÿ íà óðîâíå èçâåñòíûõ ïëàòôîðì,
ò.ê. ýòî âåñüìà ñïåöèôè÷åñêàÿ äëÿ îòäåëüíî âçÿòîãî ïðèëîæåíèÿ çàäà÷à.

Åñòåñòâåííî, äåëàÿ ãîðèçîíòàëüíûé øàðäèíã, Âû îãðàíè÷èâàåòå ñåáÿ
â âîçìîæíîñòè âûáîðîê, êîòîðûå òðåáóþò ïåðåñìîòðà âñåé òàáëèöû (íà-
ïðèìåð, ïîñëåäíèå ïîñòû â áëîãàõ ëþäåé áóäåò äîñòàòü íåâîçìîæíî, åñëè
òàáëèöà ïîñòîâ øàðäèòñÿ). Òàêèå çàäà÷è ïðèäåòñÿ ðåøàòü äðóãèìè ïîäõî-
äàìè. Íàïðèìåð, äëÿ îïèñàííîãî ïðèìåðà, ìîæíî ïðè ïîÿâëåíèè íîâîãî
ïîñòà, çàíîñèòü åãî ID â îáùèé ñòåê, ðàçìåðîì â 100 ýëåìåíòîì.

Ãîðèçîíòàëüíûé øàðäèíã èìååò îäíî ÿâíîå ïðåèìóùåñòâî � îí áåñ-
êîíå÷íî ìàñøòàáèðóåì. Äëÿ ñîçäàíèÿ øàðäèíãà PostgreSQL ñóùåñòâóåò
íåñêîëüêî ðåøåíèé:

� Greenplum Database1

� GridSQL for EnterpriseDB Advanced Server2

� Sequoia3

� PL/Proxy4

� HadoopDB5 (Shared-nothing clustering)

1http://www.greenplum.com/index.php?page=greenplum-database
2http://www.enterprisedb.com/products/gridsql.do
3http://www.continuent.com/community/lab-projects/sequoia
4http://plproxy.projects.postgresql.org/doc/tutorial.html
5http://db.cs.yale.edu/hadoopdb/hadoopdb.html
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5.2 PL/Proxy

PL/Proxy ïðåäñòàâëÿåò ñîáîé ïðîêñè-ÿçûê äëÿ óäàëåííîãî âûçîâà ïðî-
öåäóð è ïàðòèöèðîâàíèÿ äàííûõ ìåæäó ðàçíûìè áàçàìè. Îñíîâíàÿ èäåÿ
åãî èñïîëüçîâàíèÿ çàêëþ÷àåòñÿ â òîì, ÷òî ïîÿâëÿåòñÿ âîçìîæíîñòü âûçû-
âàòü ôóíêöèè, ðàñïîëîæåííûå â óäàëåííûõ áàçàõ, à òàêæå ñâîáîäíî ðàáî-
òàòü ñ êëàñòåðîì áàç äàííûõ (íàïðèìåð, âûçâàòü ôóíêöèþ íà âñåõ óçëàõ
êëàñòåðà, èëè íà ñëó÷àéíîì óçëå, èëè íà êàêîì-òî îäíîì îïðåäåëåííîì).

×åì PL/Proxy ìîæåò áûòü ïîëåçåí? Îí ñóùåñòâåííî óïðîùàåò ãî-
ðèçîíòàëüíîå ìàñøòàáèðîâàíèå ñèñòåìû. Ñòàíîâèòñÿ óäîáíûì ðàçäåëÿòü
òàáëèöó ñ ïîëüçîâàòåëÿìè, íàïðèìåð, ïî ïåðâîé ëàòèíñêîé áóêâå èìåíè �
íà 26 óçëîâ. Ïðè ýòîì ïðèëîæåíèå, êîòîðîå ðàáîòàåò íåïîñðåäñòâåííî ñ
ïðîêñè-áàçîé, íè÷åãî íå áóäåò çàìå÷àòü: çàïðîñ íà àâòîðèçàöèþ, íàïðè-
ìåð, ñàì áóäåò íàïðàâëåí ïðîêñè-ñåðâåðîì íà íóæíûé óçåë. Òî åñòü àäìè-
íèñòðàòîð áàç äàííûõ ìîæåò ïðîâîäèòü ìàñøòàáèðîâàíèå ñèñòåìû ïðàê-
òè÷åñêè íåçàâèñèìî îò ðàçðàáîò÷èêîâ ïðèëîæåíèÿ.

PL/Proxy ïîçâîëÿåò ïîëíîñòüþ ðåøèòü ïðîáëåìû ìàñøòàáèðîâàíèÿ
OLTP ñèñòåì. Â ñèñòåìó ëåãêî ââîäèòñÿ ðåçåðâèðîâàíèå ñ failover-îì íå
òîëüêî ïî óçëàì, íî è ïî ñàìèì ïðîêñè-ñåðâåðàì, êàæäûé èç êîòîðûõ ðà-
áîòàåò ñî âñåìè óçëàìè.

Íåäîñòàòêè è îãðàíè÷åíèÿ:

� âñå çàïðîñû è âûçîâû ôóíêöèé âûçûâàþòñÿ â autocommit-ðåæèìå
íà óäàëåííûõ ñåðâåðàõ

� â òåëå ôóíêöèè ðàçðåøåí òîëüêî îäèí SELECT; ïðè íåîáõîäèìîñòè
íóæíî ïèñàòü îòäåëüíóþ ïðîöåäóðó

� ïðè êàæäîì âûçîâå ïðîêñè-ñåðâåð ñòàðòóåò íîâîå ñîåäèíåíèå ê áàêåíä-
ñåðâåðó; â âûñîêîíàãðóæåííûõ ñèñòåìàõ öåëåñîîáðàçíî èñïîëüçîâàòü
ìåíåäæåð äëÿ êåøèðîâàíèÿ ñîåäèíåíèé ê áàêåíä-ñåðâåðàì, äëÿ ýòîé
öåëè èäåàëüíî ïîäõîäèò PgBouncer

� èçìåíåíèå êîíôèãóðàöèè êëàñòåðà (êîëè÷åñòâà ïàðòèöèé, íàïðèìåð)
òðåáóåò ïåðåçàïóñêà ïðîêñè-ñåðâåðà

Óñòàíîâêà

1. Ñêà÷àòü PL/Proxy6 è ðàñïàêîâàòü.
2. Ñîáðàòü PL/Proxy êîìàíäàìè make è make install.

Òàê æå ìîæíî óñòàíîâèòü PL/Proxy èç ðåïîçèòîðèÿ ïàêåòîâ. Íàïðèìåð
â Ubuntu Server äîñòàòî÷íî âûïîëíèòü êîìàíäó äëÿ PostgreSQL 8.4:

Listing 5.1: Óñòàíîâêà

1 sudo aptitude install postgresql -8.4- plproxy

6http://pgfoundry.org/projects/plproxy
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Íàñòðîéêà

Äëÿ ïðèìåðà íàñòðîéêè èñïîëüçóåòñÿ 3 ñåðâåðà PostgreSQL. 2 ñåðâåðà
ïóñòü áóäóò node1 è node2, à ãëàâíûé, ÷òî áóäåò ïðîêñèðîâàòü çàïðîñû
íà äâà äðóãèõ � proxy. Äëÿ êîððåêòíîé ðàáîòû pl/proxy ðåêîìåíäóåòñÿ
èñïîëüçîâàòü êîëè÷åñòâî íîä ðàâíîå ñòåïåíÿì äâîéêè. Áàçà äàííûõ áóäåò
íàçûâàòñÿ plproxytest, à òàáëèöà â íåé � users. Íà÷íåì!

Äëÿ íà÷àëà íàñòðîèì node1 è node2. Êîìàíäû íàïèñàíûå íèæó íóæíî
âûïîëíÿòü íà êàæäîì íîäå.

Ñîçäàäèì áàçó äàííûõ plproxytest(åñëè å¼ åù¼ íåò):

Listing 5.2: Íàñòðîéêà

1 CREATE DATABASE plproxytest

2 WITH OWNER = postgres

3 ENCODING = 'UTF8';

Äîáàâëÿåì òàáëè÷êó users:

Listing 5.3: Íàñòðîéêà

1 CREATE TABLE public.users

2 (

3 username character varying (255),

4 email character varying (255)

5 )

6 WITH (OIDS=FALSE);

7 ALTER TABLE public.users OWNER TO postgres;

Òåïåðü ñîçäàäèì ôóíêöèþ äëÿ äîáàâëåíèÿ äàííûõ â òàáëèöó users:

Listing 5.4: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION public.insert_user(i_username text ,

2 i_emailaddress text)

3 RETURNS integer AS

4 $BODY$

5 INSERT INTO public.users (username , email) VALUES ($1,$2);

6 SELECT 1;

7 $BODY$

8 LANGUAGE 'sql' VOLATILE;

9 ALTER FUNCTION public.insert_user(text , text) OWNER TO

postgres;

Ñ íàñòðîéêîé íîäîâ çàêîí÷åíî. Ïðèñòóïèì ê ñåðâåðó proxy.
Êàê è íà âñåõ íîäàõ, íà ãëàâíîì ñåðâåðå (proxy) äîëæíà ïðèñóòñòâî-

âàòü áàçà äàííûõ:

Listing 5.5: Íàñòðîéêà

1 CREATE DATABASE plproxytest

2 WITH OWNER = postgres

3 ENCODING = 'UTF8';
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Òåïåðü íàäî óêçàòü ñåðâåðó ÷òî ýòà áàçà äàííûõ óïðàâëÿåòñÿ ñ ïîìî-
ùüþ pl/proxy:

Listing 5.6: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION public.plproxy_call_handler ()

2 RETURNS language_handler AS

3 '$libdir/plproxy ', 'plproxy_call_handler '

4 LANGUAGE 'c' VOLATILE

5 COST 1;

6 ALTER FUNCTION public.plproxy_call_handler ()

7 OWNER TO postgres;

8 -- language

9 CREATE LANGUAGE plproxy HANDLER plproxy_call_handler;

10 CREATE LANGUAGE plpgsql;

Òàêæå, äëÿ òîãî ÷òî áû ñåðâåð çíàë ãäå è êàêèå íîäû íåãî åñòü íà-
äî ñîçäàòü 3 ñåðâèñíûå ôóíêöèè êîòîðûå pl/proxy áóäåò èñïîëüçîâàòü â
ñâîåé ðàáîòå. Ïåðâàÿ ôóíêöèÿ � êîíôèã äëÿ êëàñòåðà áàç äàííûõ. Òóò
óêàçûâàåòñÿ ïàðàìåòðû ÷åðåç kay-value:

Listing 5.7: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION public.get_cluster_config

2 (IN cluster_name text , OUT "key" text , OUT val text)

3 RETURNS SETOF record AS

4 $BODY$

5 BEGIN

6 -- lets use same config for all clusters

7 key := 'connection_lifetime ';

8 val := 30*60; -- 30m

9 RETURN NEXT;

10 RETURN;

11 END;

12 $BODY$

13 LANGUAGE 'plpgsql ' VOLATILE

14 COST 100

15 ROWS 1000;

16 ALTER FUNCTION public.get_cluster_config(text)

17 OWNER TO postgres;

Âòîðàÿ âàæíàÿ ôóíêöèÿ êîä êîòîðîé íàäî áóäåò ïîäïðàâèòü. Â íåé
íàäî áóäåò óêàçàòü DSN íîä:

Listing 5.8: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION

2 public.get_cluster_partitions(cluster_name text)

3 RETURNS SETOF text AS

4 $BODY$

5 BEGIN

6 IF cluster_name = 'usercluster ' THEN

7 RETURN NEXT 'dbname=plproxytest host=node1 user=postgres ';
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8 RETURN NEXT 'dbname=plproxytest host=node2 user=postgres ';

9 RETURN;

10 END IF;

11 RAISE EXCEPTION 'Unknown cluster ';

12 END;

13 $BODY$

14 LANGUAGE 'plpgsql ' VOLATILE

15 COST 100

16 ROWS 1000;

17 ALTER FUNCTION public.get_cluster_partitions(text)

18 OWNER TO postgres;

È ïîñëåäíÿÿ:

Listing 5.9: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION

2 public.get_cluster_version(cluster_name text)

3 RETURNS integer AS

4 $BODY$

5 BEGIN

6 IF cluster_name = 'usercluster ' THEN

7 RETURN 1;

8 END IF;

9 RAISE EXCEPTION 'Unknown cluster ';

10 END;

11 $BODY$

12 LANGUAGE 'plpgsql ' VOLATILE

13 COST 100;

14 ALTER FUNCTION public.get_cluster_version(text)

15 OWNER TO postgres;

Íó è ñîáñòâåííî ñàìàÿ ãëàâíàÿ ôóíêöèÿ êîòîðàÿ áóäåò âûçûâàòüñÿ
óæå íåïîñðåäñòâåííî â ïðèëîæåíèè:

Listing 5.10: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION

2 public.insert_user(i_username text , i_emailaddress text)

3 RETURNS integer AS

4 $BODY$

5 CLUSTER 'usercluster ';

6 RUN ON hashtext(i_username);

7 $BODY$

8 LANGUAGE 'plproxy ' VOLATILE

9 COST 100;

10 ALTER FUNCTION public.insert_user(text , text)

11 OWNER TO postgres;

Âñå ãîòîâî. Ïîäêëþ÷àåìñÿ ê ñåðâåðó proxy è çàíîñèì äàííûå â áàçó:

Listing 5.11: Íàñòðîéêà

1 SELECT insert_user('Sven','sven@somewhere.com');
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2 SELECT insert_user('Marko ', 'marko@somewhere.com');

3 SELECT insert_user('Steve ','steve@somewhere.com');

Ïðîáóåì èçâëå÷ü äàííûå. Äëÿ ýòîãî íàïèøåì íîâóþ ñåðâåðíóþ ôóíê-
öèþ:

Listing 5.12: Íàñòðîéêà

1 CREATE OR REPLACE FUNCTION

2 public.get_user_email(i_username text)

3 RETURNS SETOF text AS

4 $BODY$

5 CLUSTER 'usercluster ';

6 RUN ON hashtext(i_username) ;

7 SELECT email FROM public.users

8 WHERE username = i_username;

9 $BODY$

10 LANGUAGE 'plproxy ' VOLATILE

11 COST 100

12 ROWS 1000;

13 ALTER FUNCTION public.get_user_email(text)

14 OWNER TO postgres;

È ïîïðîáóåì å¼ âûçâàòü:

Listing 5.13: Íàñòðîéêà

1 select plproxy.get_user_email('Steve ');

Åñëè ïîòîì ïîäêëþ÷èòñÿ ê êàæäîé íîäå îòäåëüíî, òî ìîæíî ÷åòêî
óâèäåòü, ÷òî äàííûå users ðàçáðîñàíû ïî òàáëèöàì êàæäîé íîäû.

Âñå ëè òàê ïðîñòî?

Êàê âèäíî íà òåñòîâîì ïðèìåðå íè÷åãî ñëîæíîãî â ðàáîòå ñ pl/proxy
íåò. Íî, ÿ äóìàþ âñå êòî ñìîã äî÷èòàòü äî ýòîé ñòðî÷êè óæå ïîíÿëè ÷òî â
ðåàëüíîé æèçíè âñå íå òàê ïðîñòî. Ïðåäñòàâüòå ÷òî ó âàñ 16 íîä. Ýòî æå
íàäî êàê-òî ñèíõðîíèçèðîâàòü êîä ôóíêöèé. À ÷òî åñëè îøèáêà çàêðàä¼ò-
ñÿ � êàê å¼ îïåðàòèâíî èñïðàâëÿòü?

Ýòîò âîïðîñ áûë çàäàí è íà êîíôåðåíöèè Highload++ 2008, íà ÷òî
Àñêî Îéÿ îòâåòèë ÷òî ñîîòâåòñòâóþùèå ñðåäñòâà óæå ðåàëèçîâàíû âíóòðè
ñàìîãî Skype, íî åù¼ íå äîñòàòî÷íî ãîòîâû äëÿ òîãî ÷òî áû îòäàâàòü èõ
íà ñóä ñîîáùåñòâó opensource.

Âòîðîé ïðîáëåìà êîòîðàÿ íå äàé áîã êîñí¼òñÿ âàñ ïðè ðàçðàáîòêå òà-
êîãî ðîäà ñèñòåìû, ýòî ïðîáëåìà ïåðåðàñïðåäåëåíèÿ äàííûõ â òîò ìîìåíò
êîãäà íàì çàõî÷åòñÿ äîáàâèòü åù¼ íîä â êëàñòåð. Ïëàíèðîâàòü ýòó ìàñ-
øòàáíóþ îïåðàöèþ ïðèéä¼òñÿ î÷åíü òùàòåëüíî, ïîäãîòîâèâ âñå ñåðâåðà
çàðàíåå, çàíåñÿ äàííûå è ïîòîì â îäèí ìîìåíò ïîäìåíèâ êîä ôóíêöèè
get_cluster_partitions.
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5.3 HadoopDB

Hadoop ïðåäñòàâëÿåò ñîáîé ïëàòôîðìó äëÿ ïîñòðîåíèÿ ïðèëîæåíèé,
ñïîñîáíûõ îáðàáàòûâàòü îãðîìíûå îáúåìû äàííûõ. Ñèñòåìà îñíîâûâàåò-
ñÿ íà ðàñïðåäåëåííîì ïîäõîäå ê âû÷èñëåíèÿì è õðàíåíèþ èíôîðìàöèè,
îñíîâíûìè åå îñîáåííîñòÿìè ÿâëÿþòñÿ:

� Ìàñøòàáèðóåìîñòü: ñ ïîìîùüþ Hadoop âîçìîæíî íàäåæíîå õðà-
íåíèå è îáðàáîòêà îãðîìíûõ îáúåìîâ äàííûõ, êîòîðûå ìîãóò èçìå-
ðÿòüñÿ ïåòàáàéòàìè;

� Ýêîíîìè÷íîñòü: èíôîðìàöèÿ è âû÷èñëåíèÿ ðàñïðåäåëÿþòñÿ ïî êëà-
ñòåðó, ïîñòðîåííîìó íà ñàìîì îáûêíîâåííîì îáîðóäîâàíèè. Òàêîé
êëàñòåð ìîæåò ñîñòîÿòü èç òûñÿ÷ óçëîâ;

� Ýôôåêòèâíîñòü: ðàñïðåäåëåíèå äàííûõ ïîçâîëÿåò âûïîëíÿòü èõ
îáðàáîòêó ïàðàëëåëüíî íà ìíîæåñòâå êîìïüþòåðîâ, ÷òî ñóùåñòâåííî
óñêîðÿåò ýòîò ïðîöåññ;

� Íàäåæíîñòü: ïðè õðàíåíèè äàííûõ âîçìîæíî ïðåäîñòàâëåíèå èç-
áûòî÷íîñòè, áëàãîäàðÿ õðàíåíèþ íåñêîëüêèõ êîïèé. Òàêîé ïîäõîä
ïîçâîëÿåò ãàðàíòèðîâàòü îòñóòñòâèå ïîòåðü èíôîðìàöèè â ñëó÷àå
ñáîåâ â ðàáîòå ñèñòåìû;

� Êðîññïëàòôîðìåííîñòü: òàê êàê îñíîâíûì ÿçûêîì ïðîãðàììè-
ðîâàíèÿ, èñïîëüçóåìûì â ýòîé ñèñòåìå ÿâëÿåòñÿ Java, ðàçâåðíóòü åå
ìîæíî íà áàçå ëþáîé îïåðàöèîííîé ñèñòåìû, èìåþùåé JVM.

HDFS
Â îñíîâå âñåé ñèñòåìû ëåæèò ðàñïðåäåëåííàÿ ôàéëîâàÿ ñèñòåìà ïîä

íåçàìûñëîâàòûì íàçâàíèåì Hadoop Distributed File System. Ïðåäñòàâëÿåò
îíà ñîáîé âïîëíå ñòàíäàðòíóþ ðàñïðåäåëåííóþ ôàéëîâóþ ñèñòåìó, íî âñå
æå îíà îáëàäàåò ðÿäîì îñîáåííîñòåé:

� Óñòîé÷èâîñòü ê ñáîÿì, ðàçðàáîò÷èêè ðàññìàòðèâàëè ñáîè â îáîðóäî-
âàíèè ñêîðåå êàê íîðìó, ÷åì êàê èñêëþ÷åíèå;

� Ïðèñïîñîáëåííîñòü ê ðàçâåðòêå íà ñàìîì îáûêíîâåííîì íåíàäåæíîì
îáîðóäîâàíèè;

� Ïðåäîñòàâëåíèå âûñîêîñêîðîñòíîãî ïîòîêîâîãî äîñòóïà êî âñåì äàí-
íûì;

� Íàñòðîåíà äëÿ ðàáîòû ñ áîëüøèìè ôàéëàìè è íàáîðàìè ôàéëîâ;
� Ïðîñòàÿ ìîäåëü ðàáîòû ñ äàííûìè: îäèí ðàç çàïèñàëè � ìíîãî ðàç
ïðî÷ëè;

� Ñëåäîâàíèå ïðèíöèïó: ïåðåìåñòèòü âû÷èñëåíèÿ ïðîùå, ÷åì ïåðåìå-
ñòèòü äàííûå;

Àðõèòåêòóðà HDFS

� Namenode

Ýòîò êîìïîíåíò ñèñòåìû îñóùåñòâëÿåò âñþ ðàáîòó ñ ìåòàäàííûìè.
Îí äîëæåí áûòü çàïóùåí òîëüêî íà îäíîì êîìïüþòåðå â êëàñòåðå.
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Ðèñ. 5.1: Àðõèòåêòóðà HDFS

Èìåííî îí óïðàâëÿåò ðàçìåùåíèåì èíôîðìàöèè è äîñòóïîì êî âñåì
äàííûì, ðàñïîëîæåííûì íà ðåñóðñàõ êëàñòåðà. Ñàìè äàííûå ïðîõî-
äÿò ñ îñòàëüíûõ ìàøèí êëàñòåðà ê êëèåíòó ìèìî íåãî.

� Datanode

Íà âñåõ îñòàëüíûõ êîìïüþòåðàõ ñèñòåìû ðàáîòàåò èìåííî ýòîò êîì-
ïîíåíò. Îí ðàñïîëàãàåò ñàìè áëîêè äàííûõ â ëîêàëüíîé ôàéëîâîé
ñèñòåìå äëÿ ïîñëåäóþùåé ïåðåäà÷è èëè îáðàáîòêè èõ ïî çàïðîñó
êëèåíòà. Ãðóïïû óçëîâ äàííûõ ïðèíÿòî íàçûâàòü Rack, îíè èñïîëü-
çóþòñÿ, íàïðèìåð, â ñõåìàõ ðåïëèêàöèè äàííûõ.

� Êëèåíò

Ïðîñòî ïðèëîæåíèå èëè ïîëüçîâàòåëü, ðàáîòàþùèé ñ ôàéëîâîé ñè-
ñòåìîé. Â åãî ðîëè ìîæåò âûñòóïàòü ïðàêòè÷åñêè ÷òî óãîäíî.

Ïðîñòðàíñòâî èìåí HDFS èìååò êëàññè÷åñêóþ èåðàðõè÷åñêóþ ñòðóê-
òóðó: ïîëüçîâàòåëè è ïðèëîæåíèÿ èìåþò âîçìîæíîñòü ñîçäàâàòü äèðåê-
òîðèè è ôàéëû. Ôàéëû õðàíÿòñÿ â âèäå áëîêîâ äàííûõ ïðîèçâîëüíîé
(íî îäèíàêîâîé, çà èñêëþ÷åíèåì ïîñëåäíåãî; ïî-óìîë÷àíèþ 64 mb) äëè-
íû, ðàçìåùåííûõ íà Datanode'àõ. Äëÿ îáåñïå÷åíèÿ îòêàçîóñòîé÷èâîñòè
áëîêè õðàíÿòñÿ â íåñêîëüêèõ ýêçåìïëÿðàõ íà ðàçíûõ óçëàõ, èìååòñÿ âîç-
ìîæíîñòü íàñòðîéêè êîëè÷åñòâà êîïèé è àëãîðèòìà èõ ðàñïðåäåëåíèÿ ïî
ñèñòåìå. Óäàëåíèå ôàéëîâ ïðîèñõîäèò íå ñðàçó, à ÷åðåç êàêîå-òî âðåìÿ
ïîñëå ñîîòâåòñòâóþùåãî çàïðîñà, òàê êàê ïîñëå ïîëó÷åíèÿ çàïðîñà ôàéë
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ïåðåìåùàåòñÿ â äèðåêòîðèþ /trash è õðàíèòñÿ òàì îïðåäåëåííûé ïåðè-
îä âðåìåíè íà ñëó÷àé åñëè ïîëüçîâàòåëü èëè ïðèëîæåíèå ïåðåäóìàþò î
ñâîåì ðåøåíèè. Â ýòîì ñëó÷àå èíôîðìàöèþ ìîæíî áóäåò âîññòàíîâèòü, â
ïðîòèâíîì ñëó÷àå � ôèçè÷åñêè óäàëèòü.

Äëÿ îáíàðóæåíèÿ âîçíèêíîâåíèÿ êàêèõ-ëèáî íåèñïðàâíîñòåé, Datanode
ïåðèîäè÷åñêè îòïðàâëÿþò Namenode'ó ñèãíàëû î ñâîåé ðàáîòîñïîñîáíî-
ñòè. Ïðè ïðåêðàùåíèè ïîëó÷åíèÿ òàêèõ ñèãíàëîâ îò îäíîãî èç óçëîâ Namenode
ïîìå÷àåò åãî êàê ¾ìåðòâûé¿, è ïðåêðàùàåò êàêîé-ëèáî ñ íèì âçàèìîäåé-
ñòâèå äî âîçâðàùåíèÿ åãî ðàáîòîñïîñîáíîñòè. Äàííûå, õðàíèâøèåñÿ íà
¾óìåðøåì¿ óçëå ðåïëèöèðóþòñÿ äîïîëíèòåëüíûé ðàç èç îñòàâøèõñÿ ¾â
æèâûõ¿ êîïèé è ñèñòåìà ïðîäîëæàåò ñâîå ôóíêöèîíèðîâàíèå êàê íè â
÷åì íå áûâàëî.

Âñå êîììóíèêàöèè ìåæäó êîìïîíåíòàìè ôàéëîâîé ñèñòåìû ïðîõîäÿò
ïî ñïåöèàëüíûì ïðîòîêîëàì, îñíîâûâàþùèìñÿ íà ñòàíäàðòíîì TCP/IP.
Êëèåíòû ðàáîòàþò ñ Namenode ñ ïîìîùüþ òàê íàçûâàåìîãî ClientProtocol,
à ïåðåäà÷à äàííûõ ïðîèñõîäèò ïî DatanodeProtocol, îáà îíè îáåðíóòû â
Remote Procedure Call (RPC).

Ñèñòåìà ïðåäîñòàâëÿåò íåñêîëüêî èíòåðôåéñîâ, ñðåäè êîòîðûõ êîìàíä-
íàÿ îáîëî÷êà DFSShell, íàáîð ÏÎ äëÿ àäìèíèñòðèðîâàíèÿ DFSAdmin, à
òàêæå ïðîñòîé, íî ýôôåêòèâíûé âåá-èíòåðôåéñ. Ïîìèìî ýòîãî ñóùåñòâó-
þò íåñêîëüêî API äëÿ ÿçûêîâ ïðîãðàììèðîâàíèÿ: Java API, C pipeline,
WebDAV è òàê äàëåå.

MapReduce
Ïîìèìî ôàéëîâîé ñèñòåìû, Hadoop âêëþ÷àåò â ñåáÿ framework äëÿ

ïðîâåäåíèÿ ìàñøòàáíûõ âû÷èñëåíèé, îáðàáàòûâàþùèõ îãðîìíûå îáúåìû
äàííûõ. Êàæäîå òàêîå âû÷èñëåíèå íàçûâàåòñÿ Job (çàäàíèå) è ñîñòîèò
îíî, êàê âèäíî èç íàçâàíèÿ, èç äâóõ ýòàïîâ:

� Map

Öåëüþ ýòîãî ýòàïà ÿâëÿåòñÿ ïðåäñòàâëåíèå ïðîèçâîëüíûõ äàííûõ (íà
ïðàêòèêå ÷àùå âñåãî ïðîñòî ïàðû êëþ÷-çíà÷åíèå) â âèäå ïðîìåæó-
òî÷íûõ ïàð êëþ÷-çíà÷åíèå. Ðåçóëüòàòû ñîðòèðóþòñÿ è ãðóïèðóþòñÿ
ïî êëþ÷ó è ïåðåäàþòñÿ íà ñëåäóþùèé ýòàï.

� Reduce

Ïîëó÷åííûå ïîñëå map çíà÷åíèÿ èñïîëüçóþòñÿ äëÿ ôèíàëüíîãî âû-
÷èñëåíèÿ òðåáóåìûõ äàííûõ. Ïðàêòè÷åñêèå ëþáûå äàííûå ìîãóò
áûòü ïîëó÷åíû òàêèì îáðàçîì, âñå çàâèñèò îò òðåáîâàíèé è ôóíêöè-
îíàëà ïðèëîæåíèÿ.

Çàäàíèÿ âûïîëíÿþòñÿ, ïîäîáíî ôàéëîâîé ñèñòåìå, íà âñåõ ìàøèíàõ
â êëàñòåðå (÷àùå âñåãî îäíèõ è òåõ æå). Îäíà èç íèõ âûïîëíÿåò ðîëü
óïðàâëåíèÿ ðàáîòîé îñòàëüíûõ � JobTracker, îñòàëüíûå æå åå áåñïðèêî-
ñëîâíî ñëóøàþòñÿ � TaskTracker. Â çàäà÷è JobTracker'à âõîäèò ñîñòàâëå-
íèå ðàñïèñàíèÿ âûïîëíÿåìûõ ðàáîò, íàáëþäåíèå çà õîäîì âûïîëíåíèÿ, è
ïåðåðàñïðåäåëåíèå â ñëó÷àå âîçíèêíîâåíèÿ ñáîåâ.
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Â îáùåì ñëó÷àå êàæäîå ïðèëîæåíèå, ðàáîòàþùåå ñ ýòèì framework'îì,
ïðåäîñòàâëÿåò ìåòîäû äëÿ îñóùåñòâëåíèÿ ýòàïîâ map è reduce, à òàêæå
óêàçûâàåò ðàñïîëîæåíèÿ âõîäíûõ è âûõîäíûõ äàííûõ. Ïîñëå ïîëó÷åíèÿ
ýòèõ äàííûõ JobTracker ðàñïðåäåëÿåò çàäàíèå ìåæäó îñòàëüíûìè ìàøè-
íàìè è ïðåäîñòàâëÿåò êëèåíòó ïîëíóþ èíôîðìàöèþ î õîäå ðàáîò.

Ïîìèìî îñíîâíûõ âû÷èñëåíèé ìîãóò âûïîëíÿòüñÿ âñïîìîãàòåëüíûå
ïðîöåññû, òàêèå êàê ñîñòàâëåíèå îò÷åòîâ î õîäå ðàáîòû, êýøèðîâàíèå, ñîð-
òèðîâêà è òàê äàëåå.

HBase
Â ðàìêàõ Hadoop äîñòóïíà åùå è ñèñòåìà õðàíåíèÿ äàííûõ, êîòîðóþ

ïðàâäà ñëîæíî íàçâàòü ÑÓÁÄ â òðàäèöèîííîì ñìûñëå ýòîãî ñëîâà. ×àùå
ïðîâîäÿò àíàëîãèè ñ ïðîïðèåòàðíîé ñèñòåìîé ýòîãî æå ïëàíà îò Google �
BigTable.

HBase ïðåäñòàâëÿåò ñîáîé ðàñïðåäåëåííóþ ñèñòåìó õðàíåíèÿ áîëüøèõ
îáúåìîâ äàííûõ. Ïîäîáíî ðåëÿöèîííûì ÑÓÁÄ äàííûå õðàíÿòñÿ â âè-
äå òàáëèö, ñîñòîÿùèõ èç ñòðîê è ñòîëáöîâ. È äàæå äëÿ äîñòóïà ê íèì
ïðåäîñòàâëÿåòñÿ ÿçûê çàïðîñîâ HQL (êàê íè ñòðàííî � Hadoop Query
Language), îòäàëåííî íàïîìèíàþùèé áîëåå ðàñïðîñòðàíåííûé SQL. Ïî-
ìèìî ýòîãî ïðåäîñòàâëÿåòñÿ èòåðèðóþùìé èíòåðôåéñ äëÿ ñêàíèðîâàíèÿ
íàáîðîâ ñòðîê.

Îäíîé èç îñíîâíûõ îñîáåííîñòåé õðàíåíèÿ äàííûõ â HBase ÿâëÿåòñÿ
âîçìîæíîñòü íàëè÷èÿ íåñêîëüêèõ çíà÷åíèé, ñîîòâåòñòâóþùèõ îäíîé êîì-
áèíàöèè òàáëèöà-ñòðîêà-ñòîëáåö, äëÿ èõ ðàçëè÷åíèÿ èñïîëüçóåòñÿ èíôîð-
ìàöèÿ î âðåìåíè äîáàâëåíèÿ çàïèñè. Íà êîíöåïòóàëüíîì óðîâíå òàáëèöû
îáû÷íî ïðåäñòàâëÿþò êàê íàáîð ñòðîê, íî ôèçè÷åñêè æå îíè õðàíÿòñÿ ïî
ñòîëáöàì, äîñòàòî÷íî âàæíûé ôàêò, êîòîðûé ñòîèò ó÷èòûâàòü ïðè ðàçðà-
áîòêè ñõåìû õðàíåíèÿ äàííûõ. Ïóñòûå ÿ÷åéêè íå îòîáðàæàþòñÿ êàêèì-
ëèáî îáðàçîì ôèçè÷åñêè â õðàíèìûõ äàííûõ, îíè ïðîñòî îòñóòñòâóþò.
Ñóùåñòâóþò êîíå÷íî è äðóãèå íþàíñû, íî ÿ ïîñòàðàëñÿ óïîìÿíóòü ëèøü
îñíîâíûå.

HQL î÷åíü ïðîñò ïî ñâîåé ñóòè, åñëè Âû óæå çíàåòå SQL, òî äëÿ èçó-
÷åíèÿ åãî Âàì ïîíàäîáèòñÿ ëèøü ïðîñìîòðåòü ïî äèàãîíàëè êîðîòåíüêèé
âûâîä êîìàíäû help;, çàíèìàþùèé âñåãî ïàðó ýêðàíîâ â êîíñîëè. Âñå òå
æå SELECT, INSERT, UPDATE, DROP è òàê äàëåå, ëèøü ñî ñëåãêà èçìå-
íåííûì ñèíòàêñèñîì.

Ïîìèìî îáû÷íî êîìàíäíîé îáîëî÷êè HBase Shell, äëÿ ðàáîòû ñ HBase
òàêæå ïðåäîñòàâëåíî íåñêîëüêî API äëÿ ðàçëè÷íûõ ÿçûêîâ ïðîãðàììèðî-
âàíèÿ: Java, Jython, REST è Thrift.

HadoopDB
Â ïðîåêòå HadoopDB ñïåöèàëèñòû èç óíèâåðñèòåòîâ Yale è Brown ïðåä-

ïðèíèìàþò ïîïûòêó ñîçäàòü ãèáðèäíóþ ñèñòåìó óïðàâëåíèÿ äàííûìè, ñî-
÷åòàþùóþ ïðåèìóùåñòâà òåõíîëîãèé è MapReduce, è ïàðàëëåëüíûõ ÑÓÁÄ.
Â èõ ïîäõîäå MapReduce îáåñïå÷èâàåò êîììóíèêàöèîííóþ èíôðàñòðóêòó-
ðó, îáúåäèíÿþùóþ ïðîèçâîëüíîå ÷èñëî óçëîâ, â êîòîðûõ âûïîëíÿþòñÿ ýê-
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çåìïëÿðû òðàäèöèîííîé ÑÓÁÄ. Çàïðîñû ôîðìóëèðóþòñÿ íà ÿçûêå SQL,
òðàíñëèðóþòñÿ â ñðåäó MapReduce, è çíà÷èòåëüíàÿ ÷àñòü ðàáîòû ïåðåäà-
åòñÿ â ýêçåìïëÿðû ÑÓÁÄ. Íàëè÷èå MapReduce îáåñïå÷èâàåòñÿ ìàñøòàáè-
ðóåìîñòü è îòêàçîóñòîé÷èâîñòü, à èñïîëüçîâàíèå â óçëàõ êëàñòåðà ÑÓÁÄ
ïîçâîëÿåò äîáèòüñÿ âûñîêîé ïðîèçâîäèòåëüíîñòè.

Óñòàíîâêà è íàñòðîéêà

Âñÿ íàñòðîéêà âåäåòñÿ íà Ubuntu Server îïåðàöèîííîé ñèñòåìå.

Óñòàíîâêà Hadoop

Ïåðåä òåì, êàê ïðèñòóïèòü ñîáñòâåííî ãîâîðÿ ê óñòàíîâêå Hadoop,
íåîáõîäèìî âûïîëíèòü äâà ýëåìåíòàðíûõ äåéñòâèÿ, íåîáõîäèìûõ äëÿ ïðà-
âèëüíîãî ôóíêöèîíèðîâàíèÿ ñèñòåìû:

� îòêðûòü äîñòóï îäíîìó èç ïîëüçîâàòåëåé ïî ssh ê ýòîìó æå êîìïüþ-
òåðó áåç ïàðîëÿ, ìîæíî íàïðèìåð ñîçäàòü îòäåëüíîãî ïîëüçîâàòåëÿ
äëÿ ýòîãî [hadoop]:

Listing 5.14: Ñîçäàåì ïîëüçîâàòåëÿ ñ ïðàâàìè

1 $sudo groupadd hadoop

2 $sudo useradd -m -g hadoop -d /home/hadoop -s /bin/bash \

3 -c "Hadoop software owner" hadoop

Äàëåå äåéñòâèÿ âûïîëíÿåì îò åãî èìåíè:

Listing 5.15: Ëîãèíèìñÿ ïîä ïîëüçîâàòåëåì hadoop

1 su hadoop

Ãåíåðèì RSA-êëþ÷ äëÿ îáåñïå÷åíèÿ àóòåíòèôèêàöèè â óñëîâèÿõ îò-
ñóòñòâèÿ âîçìîæíîñòè èñïîëüçîâàòü ïàðîëü:

Listing 5.16: Ãåíåðèì RSA-êëþ÷

1 hadoop@localhost ~ $ ssh -keygen -t rsa -P ""

2 Generating public/private rsa key pair.

3 Enter file in which to save the key

(/home/hadoop /.ssh/id_rsa):

4 Your identification has been saved in

/home/hadoop /.ssh/id_rsa.

5 Your public key has been saved in

/home/hadoop /.ssh/id_rsa.pub.

6 The key fingerprint is:

7 7b:5c:cf:79:6b:93:d6:d6:8d:41:e3:a6:9d:04:f9:85

hadoop@localhost
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È äîáàâëÿåì åãî â ñïèñîê àâòîðèçîâàííûõ êëþ÷åé:

Listing 5.17: Äîáàâëÿåì åãî â ñïèñîê àâòîðèçîâàííûõ êëþ÷åé

1 cat $HOME/.ssh/id_rsa.pub >> $HOME /.ssh/authorized_keys

Ýòîãî äîëæíî áûòü áîëåå ÷åì äîñòàòî÷íî, ïðîâåðèòü ðàáîòîñïîñîá-
íîñòü ñîåäèíåíèÿ ìîæíî ïðîñòî íàïèñàâ:

Listing 5.18: Ïðîáóåì çàéòè íà ssh áåç ïàðîëÿ

1 ssh localhost

Íå çàáûâàåì ïðåäâàðèòåëüíî èíèöèàëèçèðîâàòü sshd:

Listing 5.19: Çàïóñê sshd

1 /etc/init.d/sshd start

� Ïîìèìî ýòîãî íåîáõîäèìî óáåäèòüñÿ â íàëè÷èè óñòàíîâëåííîé JVM
âåðñèè 1.5.0 èëè âûøå.

Listing 5.20: Óñòàíàâëèâàåì JVM

1 sudo aptitude install openjdk -6-jdk

Äàëüøå ñêà÷èâàåì è óñòàíàâëèâàåì Hadoop:

Listing 5.21: Óñòàíàâëèâàåì Hadoop

1 cd /opt

2 sudo wget http :// www.gtlib.gatech.edu/pub/apache/hadoop

3 /core/hadoop -0.20.2/ hadoop -0.20.2. tar.gz

4 sudo tar zxvf hadoop -0.20.2. tar.gz

5 sudo ln -s /opt/hadoop -0.20.2 /opt/hadoop

6 sudo chown -R hadoop:hadoop /opt/hadoop /opt/hadoop -0.20.2

7 sudo mkdir -p /opt/hadoop -data/tmp -base

8 sudo chown -R hadoop:hadoop /opt/hadoop -data/

Äàëåå ïåðåõîäèì â /opt/hadoop/conf/hadoop-env.sh è äîáàâëÿåì âíà-
÷àëå:

Listing 5.22: Óêàçûâàåì ïåðåìåííûå îêðóæåíèÿ

1 export JAVA_HOME =/usr/lib/jvm/java -6-openjdk

2 export HADOOP_HOME =/opt/hadoop

3 export HADOOP_CONF=$HADOOP_HOME/conf

4 export HADOOP_PATH=$HADOOP_HOME/bin

5 export HIVE_HOME =/opt/hive

6 export HIVE_PATH=$HIVE_HOME/bin
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8 export PATH=$HIVE_PATH:$HADOOP_PATH:$PATH

Äàëåå äîáàâèì â /opt/hadoop/conf/hadoop-site.xml:

Listing 5.23: Íàñòðîéêè hadoop

1 <configuration >

2 <property >

3 <name>hadoop.tmp.dir</name>

4 <value>/opt/hadoop -data/tmp -base</value>

5 <description >A base for other temporary

directories </description >

6 </property >

8 <property >

9 <name>fs.default.name</name>

10 <value>localhost:54311 </value >

11 <description >

12 The name of the default file system.

13 </description >

14 </property >

16 <property >

17 <name>hadoopdb.config.file</name>

18 <value>HadoopDB.xml</value >

19 <description >The name of the HadoopDB

20 cluster configuration file</description >

21 </property >

22 </configuration >

Â /opt/hadoop/conf/mapred-site.xml:

Listing 5.24: Íàñòðîéêè mapreduce

1 <configuration >

2 <property >

3 <name>mapred.job.tracker </name>

4 <value>localhost:54310 </value >

5 <description >

6 The host and port that the

7 MapReduce job tracker runs at.

8 </description >

9 </property >

10 </configuration >

Â /opt/hadoop/conf/hdfs-site.xml:

Listing 5.25: Íàñòðîéêè hdfs

1 <configuration >

2 <property >

3 <name>dfs.replication </name>

4 <value>1</value>

89



5.3. HadoopDB

5 <description >

6 Default block replication.

7 </description >

8 </property >

9 </configuration >

Òåïåðü íåîáõîäèìî îòôîðìàòèðîâàòü Namenode:

Listing 5.26: Ôîðìàòèðîâàíèå Namenode

1 $ hadoop namenode -format

2 10/05/07 14:24:12 INFO namenode.NameNode: STARTUP_MSG:

3 /************************************************************

4 STARTUP_MSG: Starting NameNode

5 STARTUP_MSG: host = hadoop1 /127.0.1.1

6 STARTUP_MSG: args = [-format]

7 STARTUP_MSG: version = 0.20.2

8 STARTUP_MSG: build = https :// svn.apache.org/repos

9 /asf/hadoop/common/branches/branch -0.20 -r

10 911707; compiled by 'chrisdo ' on Fri Feb 19 08:07:34 UTC 2010

11 ************************************************************/

12 10/05/07 14:24:12 INFO namenode.FSNamesystem:

13 fsOwner=hadoop ,hadoop

14 10/05/07 14:24:12 INFO namenode.FSNamesystem:

15 supergroup=supergroup

16 10/05/07 14:24:12 INFO namenode.FSNamesystem:

17 isPermissionEnabled=true

18 10/05/07 14:24:12 INFO common.Storage:

19 Image file of size 96 saved in 0 seconds.

20 10/05/07 14:24:12 INFO common.Storage:

21 Storage directory /opt/hadoop -data/tmp -base/dfs/name has been

22 successfully formatted.

23 10/05/07 14:24:12 INFO namenode.NameNode:

24 SHUTDOWN_MSG:

25 /************************************************************

26 SHUTDOWN_MSG: Shutting down NameNode at hadoop1 /127.0.1.1

27 ************************************************************/

Ãîòîâî. Òåïåðü ìû ìîæåì çàïóñòèòü Hadoop:

Listing 5.27: Çàïóñê Hadoop

1 $ start -all.sh

2 starting namenode , logging to /opt/hadoop/bin/..

3 /logs/hadoop -hadoop -namenode -hadoop1.out

4 localhost: starting datanode , logging to

5 /opt/hadoop/bin /../ logs/hadoop -hadoop -datanode -hadoop1.out

6 localhost: starting secondarynamenode , logging to

7 /opt/hadoop/bin /../ logs/hadoop -hadoop -secondarynamenode -hadoop1.out

8 starting jobtracker , logging to

9 /opt/hadoop/bin /../ logs/hadoop -hadoop -jobtracker -hadoop1.out

10 localhost: starting tasktracker , logging to

11 /opt/hadoop/bin /../ logs/hadoop -hadoop -tasktracker -hadoop1.out

Îñòàíîâêà Hadoop ïðîèçâîäèòñÿ ñêðèïòîì stop-all.sh.
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Óñòàíîâêà HadoopDB è Hive

Òåïåðü ñêà÷àåì HaddopDB7 è ðàñïàêóåì hadoopdb.jar â $HADOOP_HOME/lib:

Listing 5.28: Óñòàíîâêà HadoopDB

1 $cp hadoopdb.jar $HADOOP_HOME/lib

Òàêæå íàì ïîòðåáóåòñÿ PostgreSQL JDBC áèáëèîòåêà. Ñêà÷àéòå å¼8 è
ðàñïàêóéòå â äèðåêòîðèþ $HADOOP_HOME/lib.

Hive èñïîëüçóåòñÿ HadoopDB êàê SQL èíòåðôåéñ. Ïîäãîòîâèì äèðåê-
òîðèþ â HDFS äëÿ Hive:

Listing 5.29: Óñòàíîâêà HadoopDB

1 hadoop fs -mkdir /tmp

2 hadoop fs -mkdir /user/hive/warehouse

3 hadoop fs -chmod g+w /tmp

4 hadoop fs -chmod g+w /user/hive/warehouse

Â àðõèâå HadoopDB òàêæå åñòü àðõèâ SMS_dist. Ðàñïàêóåì åãî:

Listing 5.30: Óñòàíîâêà HadoopDB

1 tar zxvf SMS_dist.tar.gz

2 sudo mv dist /opt/hive

3 sudo chown -R hadoop:hadoop hive

Ïîñêîëüêó ìû óñïåøíî çàïóñòèëè Hadoop, òî è ïðîáëåì ñ çàïóñêîì
Hive íå äîëæíî áûòü:

Listing 5.31: Óñòàíîâêà HadoopDB

1 $ hive

2 Hive history file=/tmp/hadoop/

3 hive_job_log_hadoop_201005081717_1990651345.txt

4 hive >

6 hive > quit;

Òåñòèðîâàíèå

Òåïåðü ïðîâåäåì òåñòèðîâàíèå. Äëÿ ýòîãî ñêà÷àåì áåí÷ìàðê:

Listing 5.32: Òåñòèðîâàíèå

1 svn co http :// graffiti.cs.brown.edu/svn/benchmarks/

2 cd benchmarks/datagen/teragen

Èçìåíèì ñêðèïò benchmarks/datagen/teragen/teragen.pl ê âèäó:

7http://sourceforge.net/projects/hadoopdb/�les/
8http://jdbc.postgresql.org/download.html
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Listing 5.33: Òåñòèðîâàíèå

1 use strict;

2 use warnings;

4 my $CUR_HOSTNAME = `hostname -s`;

5 chomp($CUR_HOSTNAME);

7 my $NUM_OF_RECORDS_1TB = 10000000000;

8 my $NUM_OF_RECORDS_535MB = 100;

9 my $BASE_OUTPUT_DIR = "/data";

10 my $PATTERN_STRING = "XYZ";

11 my $PATTERN_FREQUENCY = 108299;

12 my $TERAGEN_JAR = "teragen.jar";

13 my $HADOOP_COMMAND = $ENV{'HADOOP_HOME '}."/bin/hadoop";

15 my %files = ( "535MB" => 1,

16 );

17 system("$HADOOP_COMMAND fs -rmr $BASE_OUTPUT_DIR");

18 foreach my $target (keys %files) {

19 my $output_dir = $BASE_OUTPUT_DIR."/SortGrep$target";

20 my $num_of_maps = $files{$target };

21 my $num_of_records = ($target eq "535MB" ?

22 $NUM_OF_RECORDS_535MB : $NUM_OF_RECORDS_1TB);

23 print "Generating $num_of_maps files in '$output_dir '\n";

25 ##

26 ## EXEC: hadoop jar teragen.jar 10000000000

27 ## /data/SortGrep/ XYZ 108299 100

28 ##

29 my @args = ( $num_of_records ,

30 $output_dir ,

31 $PATTERN_STRING ,

32 $PATTERN_FREQUENCY ,

33 $num_of_maps );

34 my $cmd = "$HADOOP_COMMAND jar $TERAGEN_JAR ".join(" ", @args);

35 print "$cmd\n";

36 system($cmd) == 0 || die("ERROR: $!");

37 } # FOR

38 exit (0);

Ïðè çàïóñêå äàííîãî Perl ñêðèïòà ñãåíåðèòñÿ äàííûå, êîòîðûå áóäóò
ñîõðàíåíû íà HDFS. Ïîñêîëüêó ìû íàñòðîèëè ñèñòåìó êàê åäèíñòâåííûé
êëàñòåð, òî âñå äàííûå áóäóò çàãðóæåíû íà îäèí HDFS. Ïðè ðàáîòå ñ áîëü-
øèì êîëè÷åñòâîì êëàñòåðîâ äàííûå áûëè áû ðàñïðåäåëåíû ïî êëàñòåðàì.
Ñîçäàäèì áàçó äàííûõ, òàáëèöó è çàãðóçèì äàííûå, ÷òî ìû ñîõðàíèëè íà
HDFS, â íåå:

Listing 5.34: Òåñòèðîâàíèå

1 $hadoop fs -get /data/SortGrep535MB/part -00000 my_file

2 $psql

3 psql > CREATE DATABASE grep0;

92



5.3. HadoopDB

4 psql > USE grep0;

5 psql > CREATE TABLE grep (

6 -> key1 character varying (255),

7 -> field character varying (255)

8 -> );

9 COPY grep FROM 'my_file ' WITH DELIMITER '|';

Òåïåðü íàñòðîèì HadoopDB. Â àðõèâå HadoopDB ìîæíî íàéòè ïðèìåð
ôàéëà Catalog.properties. Ðàñïàêóéò åãî è íàñòðîéòå:

Listing 5.35: Òåñòèðîâàíèå

1 #Properties for Catalog Generation

2 ##################################

3 nodes_file=machines.txt

4 relations_unchunked=grep , EntireRankings

5 relations_chunked=Rankings , UserVisits

6 catalog_file=HadoopDB.xml

7 ##

8 #DB Connection Parameters

9 ##

10 port =5432

11 username=postgres

12 password=password

13 driver=com.postgresql.Driver

14 url_prefix=jdbc\: postgresql \://

15 ##

16 #Chunking properties

17 ##

18 chunks_per_node =0

19 unchunked_db_prefix=grep

20 chunked_db_prefix=cdb

21 ##

22 #Replication Properties

23 ##

24 dump_script_prefix =/root/dump_

25 replication_script_prefix =/root/load_replica_

26 dump_file_u_prefix =/mnt/dump_udb

27 dump_file_c_prefix =/mnt/dump_cdb

28 ##

29 #Cluster Connection

30 ##

31 ssh_key=id_rsa

Ñîçäàéòå ôàéë machines.txt è äîáàâòå òóäà ¾localhost¿ ñòðî÷êó (áåç
êàâû÷åê). Òåïåð ñîçäàäèì HadoopDB êîíôèã è ñêîïèðóåì åãî â HDFS:

Listing 5.36: Òåñòèðîâàíèå

1 java -cp $HADOOP_HOME/lib/hadoopdb.jar \

2 > edu.yale.cs.hadoopdb.catalog.SimpleCatalogGenerator \

3 > Catalog.properties

4 hadoop dfs -put HadoopDB.xml HadoopDB.xml
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Òàêæå âîçìîæíî ñîçäàòü êîíôèã äëÿ ñîçäàíèÿ ðåïëèêàöèè êîìàíäîé:

Listing 5.37: Ðåïëèêàöèÿ

1 java -cp hadoopdb.jar

edu.yale.cs.hadoopdb.catalog.SimpleRandomReplicationFactorTwo

Catalog.properties

Èíñòðóìåíò ãåíåðèðóåò íîâûé ôàéë HadoopDB.xml, â êîòîðîì ñëó÷àé-
íûå ïîðöèè äàííûõ ðåïëèöèðóþòñÿ íà âñå óçëû. Ïîñëå ýòîãî íå çàáûâàåì
îáíîâèòü êîíôèã íà HDFS:

Listing 5.38: Îáíîâëÿåì êîíôèã

1 hadoop dfs -rmr HadoopDB.xml

2 hadoop dfs -put HadoopDB.xml HadoopDB.xml

è ïîñòàâèòü ¾true¿ äëÿ ¾hadoopdb.con�g.replication¿ â HADOOP_HOME/conf/hadoop-
site.xml.

Òåïåðü ìû ãîòîâû ïðîâåðèòü ðàáîòû HadoopDB. Òåïåðü ìîæåì ïðîòå-
ñòèðîâàòü ïîèñê ïî äàííûì, çàãðóæåíûì ðàíåå â ÁÄ è HDFS:

Listing 5.39: Òåñòèðîâàíèå

1 java -cp $CLASSPATH:hadoopdb.jar \

2 > edu.yale.cs.hadoopdb.benchmark.GrepTaskDB \

3 > -pattern %wo% -output padraig -hadoop.config.file

HadoopDB.xml

Ïðèáëèçèòåëüíûé ðåçóëüòàò:

Listing 5.40: Òåñòèðîâàíèå

1 $java -cp $CLASSPATH:hadoopdb.jar

edu.yale.cs.hadoopdb.benchmark.GrepTaskDB \

2 > -pattern %wo% -output padraig -hadoop.config.file

HadoopDB.xml

3 14.08.2010 19:08:48 edu.yale.cs.hadoopdb.exec.DBJobBase

initConf

4 INFO: SELECT key1 , field FROM grep WHERE field LIKE '%%wo%%';

5 14.08.2010 19:08:48 org.apache.hadoop.metrics.jvm.JvmMetrics

init

6 INFO: Initializing JVM Metrics with processName=JobTracker ,

sessionId=

7 14.08.2010 19:08:48 org.apache.hadoop.mapred.JobClient

configureCommandLineOptions

8 WARNING: Use GenericOptionsParser for parsing the arguments.

9 Applications should implement Tool for the same.

10 14.08.2010 19:08:48 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

11 INFO: Running job: job_local_0001

12 14.08.2010 19:08:48

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader

getConnection
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13 INFO: Data locality failed for leo -pgsql

14 14.08.2010 19:08:48

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader

getConnection

15 INFO: Task from leo -pgsql is connecting to chunk 0 on host

localhost with

16 db url jdbc:postgresql :// localhost :5434/ grep0

17 14.08.2010 19:08:48 org.apache.hadoop.mapred.MapTask

runOldMapper

18 INFO: numReduceTasks: 0

19 14.08.2010 19:08:48

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader close

20 INFO: DB times (ms): connection = 104, query execution = 20,

row retrieval = 79

21 14.08.2010 19:08:48

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader close

22 INFO: Rows retrieved = 3

23 14.08.2010 19:08:48 org.apache.hadoop.mapred.Task done

24 INFO: Task:attempt_local_0001_m_000000_0 is done. And is in

the process of commiting

25 14.08.2010 19:08:48

org.apache.hadoop.mapred.LocalJobRunner$Job statusUpdate

26 INFO:

27 14.08.2010 19:08:48 org.apache.hadoop.mapred.Task commit

28 INFO: Task attempt_local_0001_m_000000_0 is allowed to commit

now

29 14.08.2010 19:08:48

org.apache.hadoop.mapred.FileOutputCommitter commitTask

30 INFO: Saved output of task 'attempt_local_0001_m_000000_0 ' to

file:/home/leo/padraig

31 14.08.2010 19:08:48

org.apache.hadoop.mapred.LocalJobRunner$Job statusUpdate

32 INFO:

33 14.08.2010 19:08:48 org.apache.hadoop.mapred.Task sendDone

34 INFO: Task 'attempt_local_0001_m_000000_0 ' done.

35 14.08.2010 19:08:49 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

36 INFO: map 100% reduce 0%

37 14.08.2010 19:08:49 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

38 INFO: Job complete: job_local_0001

39 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

40 INFO: Counters: 6

41 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

42 INFO: FileSystemCounters

43 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

44 INFO: FILE_BYTES_READ =141370

45 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

46 INFO: FILE_BYTES_WRITTEN =153336

47 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

48 INFO: Map -Reduce Framework

49 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

50 INFO: Map input records =3
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51 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

52 INFO: Spilled Records =0

53 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

54 INFO: Map input bytes =3

55 14.08.2010 19:08:49 org.apache.hadoop.mapred.Counters log

56 INFO: Map output records =3

57 14.08.2010 19:08:49 edu.yale.cs.hadoopdb.exec.DBJobBase run

58 INFO:

59 JOB TIME : 1828 ms.

Ðåçóëüòàò ñîõðàíåí â HDFS, â ïàïêå padraig:

Listing 5.41: Òåñòèðîâàíèå

1 $ cd padraig

2 $ cat part -00000

3 some data

Ïðîâåðèì äàííûå â PostgreSQL:

Listing 5.42: Òåñòèðîâàíèå

1 psql > select * from grep where field like '%wo%';

2 +--------------------------------+-------------------+

3 | key1 | field

4 |

5 +--------------------------------+-------------------+

6 some data

8 1 rows in set (0.00 sec)

10 psql >

Çíà÷åíèÿ ñîâàäàþò. Âñå ðàáîòàåò êàê òðåáóåòñÿ.
Ïðîâåäåì åùå îäèí òåñò. Äîáàâèì äàííûå â PostgreSQL:

Listing 5.43: Òåñòèðîâàíèå

1 psql > INSERT into grep(key1 , field) VALUES('I am live!',

'Maybe ');

2 psql > INSERT into grep(key1 , field) VALUES('I am live!',

'Maybewqe ');

3 psql > INSERT into grep(key1 , field) VALUES('I am live!',

'Maybewqesad ');

4 psql > INSERT into grep(key1 , field) VALUES (':)', 'May cool

string!');

Òåïåðü ïðîâåðèì ÷åðåç HadoopDB:

Listing 5.44: Òåñòèðîâàíèå

1 $ java -cp $CLASSPATH:hadoopdb.jar

edu.yale.cs.hadoopdb.benchmark.GrepTaskDB -pattern %May%

-output padraig -hadoopdb.config.file

/opt/hadoop/conf/HadoopDB.xml
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2 padraig

3 01.11.2010 23:14:45 edu.yale.cs.hadoopdb.exec.DBJobBase

initConf

4 INFO: SELECT key1 , field FROM grep WHERE field LIKE '%%May%%';

5 01.11.2010 23:14:46 org.apache.hadoop.metrics.jvm.JvmMetrics

init

6 INFO: Initializing JVM Metrics with processName=JobTracker ,

sessionId=

7 01.11.2010 23:14:46 org.apache.hadoop.mapred.JobClient

configureCommandLineOptions

8 WARNING: Use GenericOptionsParser for parsing the arguments.

Applications should implement Tool for the same.

9 01.11.2010 23:14:46 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

10 INFO: Running job: job_local_0001

11 01.11.2010 23:14:46

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader

getConnection

12 INFO: Data locality failed for leo -pgsql

13 01.11.2010 23:14:46

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader

getConnection

14 INFO: Task from leo -pgsql is connecting to chunk 0 on host

localhost with db url jdbc:postgresql :// localhost :5434/ grep0

15 01.11.2010 23:14:47 org.apache.hadoop.mapred.MapTask

runOldMapper

16 INFO: numReduceTasks: 0

17 01.11.2010 23:14:47

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader close

18 INFO: DB times (ms): connection = 181, query execution = 22,

row retrieval = 96

19 01.11.2010 23:14:47

edu.yale.cs.hadoopdb.connector.AbstractDBRecordReader close

20 INFO: Rows retrieved = 4

21 01.11.2010 23:14:47 org.apache.hadoop.mapred.Task done

22 INFO: Task:attempt_local_0001_m_000000_0 is done. And is in

the process of commiting

23 01.11.2010 23:14:47

org.apache.hadoop.mapred.LocalJobRunner$Job statusUpdate

24 INFO:

25 01.11.2010 23:14:47 org.apache.hadoop.mapred.Task commit

26 INFO: Task attempt_local_0001_m_000000_0 is allowed to commit

now

27 01.11.2010 23:14:47

org.apache.hadoop.mapred.FileOutputCommitter commitTask

28 INFO: Saved output of task 'attempt_local_0001_m_000000_0 ' to

file:/home/hadoop/padraig

29 01.11.2010 23:14:47

org.apache.hadoop.mapred.LocalJobRunner$Job statusUpdate

30 INFO:

31 01.11.2010 23:14:47 org.apache.hadoop.mapred.Task sendDone

32 INFO: Task 'attempt_local_0001_m_000000_0 ' done.
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33 01.11.2010 23:14:47 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

34 INFO: map 100% reduce 0%

35 01.11.2010 23:14:47 org.apache.hadoop.mapred.JobClient

monitorAndPrintJob

36 INFO: Job complete: job_local_0001

37 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

38 INFO: Counters: 6

39 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

40 INFO: FileSystemCounters

41 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

42 INFO: FILE_BYTES_READ =141345

43 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

44 INFO: FILE_BYTES_WRITTEN =153291

45 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

46 INFO: Map -Reduce Framework

47 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

48 INFO: Map input records =4

49 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

50 INFO: Spilled Records =0

51 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

52 INFO: Map input bytes =4

53 01.11.2010 23:14:47 org.apache.hadoop.mapred.Counters log

54 INFO: Map output records =4

55 01.11.2010 23:14:47 edu.yale.cs.hadoopdb.exec.DBJobBase run

56 INFO:

57 JOB TIME : 2332 ms.

Êàê ïàòòåðí ïîèñêà ÿ çàäàë ¾May¿. Â ëîãàõ ìîæíî óâèäåòü êàê ïðî-
èçâîäèòñÿ ïîèñê. Íà âûõîäå ïîëó÷àåì:

Listing 5.45: Òåñòèðîâàíèå

1 $ cd padraig

2 $ cat part -00000

3 I am live! Maybe

4 I am live! Maybewqe

5 I am live! Maybewqesad

6 :) May cool string!

Â óïðîùåííîé ñèñòåìå ñ îäíèì êëàñòåðîì PostgreSQL íå ïîíÿòíî ðà-
äè ÷åãî òàêèå ñëîæíîñòè. Íî åñëè ê HadoopDB ïîäêëþ÷èòü áîëåå îäíîãî
êëàñòåðà PostgreSQL, òî äàííîé ìåòîäèêîé âîçìîæíî ðàáîòàòü ñ äàííûìè
PostgreSQL, îáúåäèíåííûõ â shared-nothing êëàñòåð.

Áîëåå ïîäðîáíî ïî HadoopDB ìîæíî ïî÷èòàòü ïî äàííîé ññûëêå
http://hadoopdb.sourceforge.net/guide/quick_start_guide.html.

Çàêëþ÷åíèå

Â äàííîé ñòàòüå íå ïîêàçûâàåòñÿ, êàê ðàáîòàòü ñ Hive, êàê áîëåå ïðîùå
ðàáîòàòü ñ HadoopDB. Ýòà êíèãà íå ñìîæåò ó÷åñòü âñå, ÷òî òðåáóåòñÿ äëÿ
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ðàáîòû c Hadoop. Íàçíà÷åíèå ýòîé ãëàâû � äàòü îñíîâó äëÿ ðàáîòû ñ
Hadoop è HaddopDB.

HadoopDB íå çàìåíÿåò Hadoop. Ýòè ñèñòåìû ñîñóùåñòâóþò, ïîçâîëÿÿ
àíàëèòèêó âûáèðàòü ñîîòâåòñòâóþùèå ñðåäñòâà â çàâèñèìîñòè îò èìåþ-
ùèõñÿ äàííûõ è çàäà÷.

HadoopDB ìîæåò ïðèáëèçèòüñÿ â îòíîøåíèè ïðîèçâîäèòåëüíîñòè ê ïà-
ðàëëåëüíûì ñèñòåìàì áàç äàííûõ, îáåñïå÷èâàÿ ïðè ýòîì îòêàçîóñòîé÷è-
âîñòü è âîçìîæíîñòü èñïîëüçîâàíèÿ â íåîäíîðîäíîé ñðåäå ïðè òåõ æå ïðà-
âèëàõ ëèöåíçèðîâàíèÿ, ÷òî è Hadoop. Õîòÿ ïðîèçâîäèòåëüíîñòü HadoopDB,
âîîáùå ãîâîðÿ, íèæå ïðîèçâîäèòåëüíîñòè ïàðàëëåëüíûõ ñèñòåì áàç äàí-
íûõ, âî ìíîãîì ýòî îáúÿñíÿåòñÿ òåì, ÷òî â PostgreSQL òàáëèöû õðàíÿòñÿ
íå ïî ñòîëáöàì, è òåì, ÷òî â PostgreSQL íå èñïîëüçîâàëîñü ñæàòèå äàí-
íûõ. Êðîìå òîãî, Hadoop è Hive � ýòî ñðàâíèòåëüíî ìîëîäûå ïðîåêòû ñ
îòêðûòûìè êîäàìè.

Â HadoopDB ïðèìåíÿåòñÿ íåêîòîðûé ãèáðèä ïîäõîäîâ ïàðàëëåëüíûõ
ÑÓÁÄ è Hadoop ê àíàëèçó äàííûõ, ïîçâîëÿþùèé äîñòè÷ü ïðîèçâîäè-
òåëüíîñòè è ýôôåêòèâíîñòè ïàðàëëåëüíûõ ñèñòåì áàç äàííûõ, îáåñïå÷è-
âàÿ ïðè ýòîì ìàñøòàáèðóåìñòü, îòêàçîóñòîé÷èâîñòü è ãèáêîñòü ñèñòåì,
îñíîâàííûõ íà MapReduce. Ñïîñîáíîñòü HadoopDB ê ïðÿìîìó âêëþ÷å-
íèþ Hadoop è ïðîãðàììíîãî îáåñïå÷åíèÿ ÑÓÁÄ ñ îòêðûòûìè èñõîäíûìè
òåêñòàìè (áåç èçìåíåíèÿ êîäà) äåëàåò HadoopDB îñîáåííî ïðèãîäíîé äëÿ
âûïîëíåíèÿ êðóïíîìàñøòàáíîãî àíàëèçà äàííûõ â áóäóùèõ ðàáî÷èõ íà-
ãðóçêàõ.

5.4 Çàêëþ÷åíèå

Â äàííîé ãëàâå ðàñìîòðåíî ëèø áàçîâûå íàñòðîéêè êëàñòåðîâ ÁÄ. Ïðî
êëàñòåðû PostgreSQL ïîòðåáóåòñÿ íàïèñàòü îòäåëüíóþ êíèãó, ÷òîáû ðàñò-
ìîòðåòü âñå øàãè ñ óñòàíîâêîé, íàñòðîéêîé è ðàáîòîé êëàñòåðîâ. Íàäåþñü,
÷òî íåñìîòðÿ íà ýòî, èíôîðìàöèÿ áóäåò ïîëåçíà ìíîãèì ÷èòàòåëÿì.
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6

PgPool-II

Èìååòñÿ ñïîñîá ñäåëàòü ëó÷øå � íàéäè åãî.

Òîìàñ Àëâà Ýäèñîí

6.1 Ââåäåíèå

pgpool-II ýòî ïðîñëîéêà, ðàáîòàþùàÿ ìåæäó ñåðâåðàìè PostgreSQL è
êëèåíòàìè ÑÓÁÄ PostgreSQL. Îíà ïðåäîñòàâëÿåò ñëåäóþùèå ôóíêöèè:

� Îáúåäèíåíèå ñîåäèíåíèé

pgpool-II ñîõðàíÿåò ñîåäèíåíèÿ ñ ñåðâåðàìè PostgreSQL è èñïîëü-
çóåò èõ ïîâòîðíî â ñëó÷àå åñëè íîâîå ñîåäèíåíèå óñòàíàâëèâàåòñÿ
ñ òåìè æå ïàðàìåòðàìè (ò.å. èìÿ ïîëüçîâàòåëÿ, áàçà äàííûõ, âåð-
ñèÿ ïðîòîêîëà). Ýòî óìåíüøàåò íàêëàäíûå ðàñõîäû íà ñîåäèíåíèÿ è
óâåëè÷èâàåò ïðîèçâîäèòåëüíîñòü ñèñòåìû âöåëîì.

� Ðåïëèêàöèÿ

pgpool-II ìîæåò óïðàâëÿòü ìíîæåñòâîì ñåðâåðîâ PostgreSQL. Èñ-
ïîëüçîâàíèå ôóíêöèè ðåïëèêàöèè äàííûõ ïîçâîëÿåò ñîçäàíèå ðå-
çåðâíîé êîïèè äàííûõ â ðåàëüíîì âðåìåíè íà 2 èëè áîëåå ôèçè-
÷åñêèõ äèñêîâ, òàê ÷òî ñåðâèñ ìîæåò ïðîäîëæàòü ðàáîòàòü áåç îñòà-
íîâêè ñåðâåðîâ â ñëó÷àå âûõîäà èç ñòðîÿ äèñêà.

� Áàëàíñèðîâêà íàãðóçêè

Åñëè áàçà äàííûõ ðåïëèöèðóåòñÿ, òî âûïîëíåíèå çàïðîñà SELECT
íà ëþáîì èç ñåðâåðîâ âåðíåò îäèíàêîâûé ðåçóëüòàò. pgpool-II èñïîëü-
çóåò ïðåèìóùåñòâî ôóíêöèè ðåïëèêàöèè äëÿ óìåíüøåíèÿ íàãðóçêè
íà êàæäûé èç ñåðâåðîâ PostgreSQL ðàñïðåäåëÿÿ çàïðîñû SELECT
íà íåñêîëüêî ñåðâåðîâ, òåì ñàìûì óâåëè÷èâàÿ ïðîèçâîäèòåëüíîñòü
ñèñòåìû âöåëîì. Â ëó÷øåì ñëó÷àå ïðîèçâîäèòåëüíîñòü âîçðàñòàåò
ïðîïîðöèîíàëüíî ÷èñëó ñåðâåðîâ PostgreSQL. Áàëàíñèðîâêà íàãðóç-
êè ëó÷øå âñåãî ðàáîòàåò â ñëó÷àå êîãäà ìíîãî ïîëüçîâàòåëåé âûïîë-
íÿþò ìíîãî çàïðîñîâ â îäíî è òîæå âðåìÿ.
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6.2. Äàâàéòå íà÷íåì!

� Îãðàíè÷åíèå ëèøíèõ ñîåäèíåíèé

Ñóùåñòâóåò îãðàíè÷åíèå ìàêñèìàëüíîãî ÷èñëà îäíîâðåìåííûõ ñî-
åäèíåíèé ñ PostgreSQL, ïðè ïðåâûøåíèè êîòîðîãî íîâûå ñîåäèíåíèÿ
îòêëîíÿþòñÿ. Óñòàíîâêà ìàêñèìàëüíîãî ÷èñëà ñîåäèíåíèé, â òî æå
âðåìÿ, óâåëè÷èâàåò ïîòðåáëåíèå ðåñóðñîâ è ñíèæàåò ïðîèçâîäèòåëü-
íîñòü ñèñòåìû. pgpool-II òàêæå èìååò îãðàíè÷åíèå íà ìàêñèìàëüíîå
÷èñëî ñîåäèíåíèé, íî ¾ëèøíèå¿ ñîåäèíåíèÿ áóäóò ïîñòàâëåíû â î÷å-
ðåäü âìåñòî íåìåäëåííîãî âîçâðàòà îøèáêè.

� Ïàðàëëåëüíûå çàïðîñû

Èñïîëüçóÿ ôóíêöèþ ïàðàëëåëüíûõ çàïðîñîâ ìîæíî ðàçíåñòè äàííûå
íà ìíîæåñòâî ñåðâåðîâ, áëàãîäàðÿ ÷åìó çàïðîñ ìîæåò áûòü âûïîëíåí
íà âñåõ ñåðâåðàõ îäíîâðåìåííî äëÿ óìåíüøåíèÿ îáùåãî âðåìåíè âû-
ïîëíåíèÿ. Ïàðàëëåëüíûå çàïðîñû ðàáîòàþò ëó÷øå âñåãî ïðè ïîèñêå
â áîëüøèõ îáúåìàõ äàííûõ.

pgpool-II îáùàåòñÿ ïî ïðîòîêîëó áýêåíäà è ôðîíòåíäà PostgreSQL è
ðàñïîëàãàåòñÿ ìåæäó íèìè. Òàêèì îáðàçîì, ïðèëîæåíèå áàçû äàííûõ (ôðîí-
òåíä) ñ÷èòàåò ÷òî pgpool-II � íàñòîÿùèé ñåðâåð PostgreSQL, à ñåðâåð (áý-
êåíä) âèäèò pgpool-II êàê îäíîãî èç ñâîèõ êëèåíòîâ. Ïîñêîëüêó pgpool-II
ïðîçðà÷åí êàê äëÿ ñåðâåðà, òàê è äëÿ êëèåíòà, ñóùåñòâóþùèå ïðèëîæåíèÿ,
ðàáîòàþùèå ñ áàçîé äàííûõ, ìîãóò èñïîëüçîâàòüñÿ ñ pgpool-II ïðàêòè÷å-
ñêè áåç èçìåíåíèé â èñõîäíîì êîäå.

Îðèãèíàë ðóêîâîäñòâà äîñòóïåí ïî àäðåñó http://pgpool.projects.postgresql.org/pgpool-
II/doc/tutorial-en.html.

6.2 Äàâàéòå íà÷íåì!

Ïåðåä òåì êàê èñïîëüçîâàòü ðåïëèêàöèþ èëè ïàðàëëåëüíûå çàïðîñû
ìû äîëæíû íàó÷èòüñÿ óñòàíàâëèâàòü è íàñòðàèâàòü pgpool-II è óçëû áàçû
äàííûõ.

Óñòàíîâêà pgpool-II

Óñòàíîâêà pgpool-II î÷åíü ïðîñòà. Â êàòàëîãå, â êîòîðûé âû ðàñïàêî-
âàëè àðõèâ ñ èñõîäíûìè òåêñòàìè, âûïîëíèòå ñëåäóþùèå êîìàíäû.

Listing 6.1: Óñòàíîâêà pgpool-II

1 ./ configure

2 make

3 make install

Ñêðèïò con�gure ñîáèðàåò èíôîðìàöèþ î âàøåé ñèñòåìå è èñïîëüçóåò
åå â ïðîöåäóðå êîìïèëÿöèè. Âû ìîæåòå óêàçàòü ïàðàìåòðû â êîìàíäíîé
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ñòðîêå ñêðèïòà con�gure ÷òîáû èçìåíèòü åãî ïîâåäåíèå ïî-óìîë÷àíèþ, òà-
êèå, íàïðèìåð, êàê êàòàëîã óñòàíîâêè. pgpool-II ïî-óìîë÷àíèþ áóäåò óñòà-
íîâëåí â êàòàëîã /usr/local.

Êîìàíäà make ñêîìïèëèðóåò èñõîäíûé êîä, à make install óñòàíîâèò
èñïîëíÿåìûå ôàéëû. Ó âàñ äîëæíî áûòü ïðàâî íà çàïèñü â êàòàëîã óñòà-
íîâêè.

Îáðàòèòå âíèìàíèå: äëÿ ðàáîòû pgpool-II íåîáõîäèìà áèáëèîòåêà libpq
äëÿ PostgreSQL 7.4 èëè áîëåå ïîçäíåé âåðñèè (3 âåðñèÿ ïðîòîêîëà). Åñëè
ñêðèïò con�gure âûäàåò ñëåäóþùåå ñîîáùåíèå îá îøèáêå, âîçìîæíî íå
óñòàíîâëåíà áèáëèîòåêà libpq èëè îíà íå 3 âåðñèè.

Listing 6.2: Óñòàíîâêà pgpool-II

1 configure: error: libpq is not installed or libpq is old

Åñëè áèáëèîòåêà 3 âåðñèè, íî óêàçàííîå âûøå ñîîáùåíèå âñå-òàêè âû-
äàåòñÿ, âàøà áèáëèîòåêà libpq, âåðîÿòíî, íå ðàñïîçíàåòñÿ ñêðèïòîì con�gure.

Ñêðèïò con�gure èùåò áèáëèîòåêó libpq íà÷èíàÿ îò êàòàëîãà /usr/local/pgsql.
Åñëè âû óñòàíîâèëè PostgreSQL â êàòàëîã îòëè÷íûé îò /usr/local/pgsql
èñïîëüçóéòå ïàðàìåòðû êîìàíäíîé ñòðîêè �with-pgsql èëè �with-pgsql-
includedir âìåñòå ñ ïàðàìåòðîì �with-pgsql-libdir ïðè çàïóñêå ñêðèïòà con�gure.

Âî ìíîãèõ Linux ñèñòåìàõ pgpool-II ìîæåò íàõîäèòñÿ â ðåïîçèòîðèè
ïàêåòîâ. Äëÿ Ubuntu Linux, íàïðèìåð, äîñòàòî÷íî áóäåò âûïîëíèòü:

Listing 6.3: Óñòàíîâêà pgpool-II

1 sudo aptitude install pgpool2

Ôàéëû êîíôèãóðàöèè

Ïàðàìåòðû êîíôèãóðàöèè pgpool-II õðàíÿòñÿ â ôàéëå pgpool.conf. Ôîð-
ìàò ôàéëà: îäíà ïàðà ¾ïàðàìåòð = çíà÷åíèå¿ â ñòðîêå. Ïðè óñòàíîâêå
pgpool-II àâòîìàòè÷åñêè ñîçäàåòñÿ ôàéë pgpool.conf.sample. Ìû ðåêîìåí-
äóåì ñêîïèðîâàòü åãî â ôàéë pgpool.conf, à çàòåì îòðåäàêòèðîâàòü ïî âà-
øåìó æåëàíèþ.

Listing 6.4: Ôàéëû êîíôèãóðàöèè

1 cp /usr/local/etc/pgpool.conf.sample /usr/local/etc/pgpool.conf

pgpool-II ïðèíèìàåò ñîåäèíåíèÿ òîëüêî ñ localhost íà ïîðò 9999. Åñëè
âû õîòèòå ïðèíèìàòü ñîåäèíåíèÿ ñ äðóãèõ õîñòîâ, óñòàíîâèòå äëÿ ïàðà-
ìåòðà listen_addresses çíà÷åíèå ¾*¿.

Listing 6.5: Ôàéëû êîíôèãóðàöèè

1 listen_addresses = 'localhost '

2 port = 9999
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Ìû áóäåì èñïîëüçîâàòü ïàðàìåòðû ïî-óìîë÷àíèþ â ýòîì ðóêîâîäñòâå.
Â Ubuntu Linux êîíôèã íàõîäèòñÿ /etc/pgpool.conf.

Íàñòðîéêà êîìàíä PCP

Ó pgpool-II åñòü èíòåðôåéñ äëÿ àäìèíèñòðàòèâíûõ öåëåé � ïîëó÷èòü
èíôîðìàöèþ îá óçëàõ áàçû äàííûõ, îñòàíîâèòü pgpool-II è ò.ä. � ïî ñå-
òè. ×òîáû èñïîëüçîâàòü êîìàíäû PCP, íåîáõîäèìà èäåíòèôèêàöèÿ ïîëü-
çîâàòåëÿ. Ýòà èäåíòèôèêàöèÿ îòëè÷àåòñÿ îò èäåíòèôèêàöèè ïîëüçîâàòå-
ëåé â PostgreSQL. Èìÿ ïîëüçîâàòåëÿ è ïàðîëü íóæíî óêàçûâàòü â ôàéëå
pcp.conf. Â ýòîì ôàéëå èìÿ ïîëüçîâàòåëÿ è ïàðîëü óêàçûâàþòñÿ êàê ïà-
ðà çíà÷åíèé, ðàçäåëåííûõ äâîåòî÷èåì (:). Îäíà ïàðà â ñòðîêå. Ïàðîëè
çàøèôðîâàíû â ôîðìàòå õýøà md5.

Listing 6.6: Íàñòðîéêà êîìàíä PCP

1 postgres:e8a48653851e28c69d0506508fb27fc5

Ïðè óñòàíîâêå pgpool-II àâòîìàòè÷åñêè ñîçäàåòñÿ ôàéë pcp.conf.sample.
Ìû ðåêîìåíäóåì ñêîïèðîâàòü åãî â ôàéë pcp.conf è îòðåäàêòèðîâàòü.

Listing 6.7: Íàñòðîéêà êîìàíä PCP

1 $ cp /usr/local/etc/pcp.conf.sample /usr/local/etc/pcp.conf

Â Ubuntu Linux ôàéë íàõîäèòñÿ /etc/pcp.conf.
Äëÿ òîãî ÷òîáû çàøèôðîâàòü âàø ïàðîëü â ôîðìàòå õýøà md5 èñïîëü-

çóåòå êîìàíäó pg_md5, êîòîðàÿ óñòàíàâëèâàåòñÿ êàê îäèí èç èñïîëíÿåìûõ
ôàéëîâ pgpool-II. pg_md5 ïðèíèìàåò òåêñò â ïàðàìåòðå êîìàíäíîé ñòðîêè
è îòîáðàæàåò òåêñò åãî md5 õýøà.

Íàïðèìåð, óêàæèòå ¾postgres¿ â êà÷åñòâå ïàðàìåòðà êîìàíäíîé ñòðîêè
è pg_md5 âûâåäåò òåêñò õýøà md5 â ñòàíäàðòíûé ïîòîê âûâîäà.

Listing 6.8: Íàñòðîéêà êîìàíä PCP

1 $ /usr/bin/pg_md5 postgres

2 e8a48653851e28c69d0506508fb27fc5

Êîìàíäû PCP âûïîëíÿþòñÿ ïî ñåòè, òàê ÷òî â ôàéëå pgpool.conf äîë-
æåí áûòü óêàçàí íîìåð ïîðòà â ïàðàìåòðå pcp_port.

Ìû áóäåì èñïîëüçîâàòü çíà÷åíèå ïî-óìîë÷àíèþ äëÿ ïàðàìåòðà pcp_port
9898 â ýòîì ðóêîâîäñòâå.

Listing 6.9: Íàñòðîéêà êîìàíä PCP

1 pcp_port = 9898
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Ïîäãîòîâêà óçëîâ áàç äàííûõ

Òåïåðü íàì íóæíî íàñòðîèòü ñåðâåðû áýêåíäîâ PostgreSQL äëÿ pgpool-
II. Ýòè ñåðâåðû ìîãóò áûòü ðàçìåùåíû íà îäíîì õîñòå ñ pgpool-II èëè íà
îòäåëüíûõ ìàøèíàõ. Åñëè âû ðåøèòå ðàçìåñòèòü ñåðâåðû íà òîì æå õîñòå,
äëÿ âñåõ ñåðâåðîâ äîëæíû áûòü óñòàíîâëåíû ðàçíûå íîìåðà ïîðòîâ. Åñëè
ñåðâåðû ðàçìåùåíû íà îòäåëüíûõ ìàøèíàõ, îíè äîëæíû áûòü íàñòðîåíû
òàê ÷òîáû ìîãëè ïðèíèìàòü ñåòåâûå ñîåäèíåíèÿ îò pgpool-II.

Â ýòîì ðóêîâîäñòâå ìû ðàçìåñòèëè òðè ñåðâåðà â ðàìêàõ îäíîãî õîñòà
âìåñòå ñ pgpool-II è ïðèñâîèëè èì íîìåðà ïîðòîâ 5432, 5433, 5434 ñîîòâåò-
ñòâåííî. Äëÿ íàñòðîéêè pgpool-II îòðåäàêòèðóéòå ôàéë pgpool.conf êàê
ïîêàçàíî íèæå.

Listing 6.10: Ïîäãîòîâêà óçëîâ áàç äàííûõ

1 backend_hostname0 = 'localhost '

2 backend_port0 = 5432

3 backend_weight0 = 1

4 backend_hostname1 = 'localhost '

5 backend_port1 = 5433

6 backend_weight1 = 1

7 backend_hostname2 = 'localhost '

8 backend_port2 = 5434

9 backend_weight2 = 1

Â ïàðàìåòðàõ backend_hostname, backend_port, backend_weight óêà-
æèòå èìÿ õîñòà óçëà áàçû äàííûõ, íîìåð ïîðòà è êîýôôèöèåíò äëÿ áàëàí-
ñèðîâêè íàãðóçêè. Â êîíöå èìåíè êàæäîãî ïàðàìåòðà äîëæåí áûòü óêàçàí
èäåíòèôèêàòîð óçëà ïóòåì äîáàâëåíèÿ ïîëîæèòåëüíîãî öåëîãî ÷èñëà íà-
÷èíàÿ ñ 0 (ò.å. 0, 1, 2).

Ïàðàìåòðû backend_weight âñå ðàâíû 1, ÷òî îçíà÷àåò ÷òî çàïðîñû
SELECT ðàâíîìåðíî ðàñïðåäåëåíû ïî òðåì ñåðâåðàì.

Çàïóñê/Îñòàíîâêà pgpool-II

Äëÿ ñòàðòà pgpool-II âûïîëíèòå â òåðìèíàëå ñëåäóþùóþ êîìàíäó.

Listing 6.11: Çàïóñê

1 pgpool

Óêàçàííàÿ âûøå êîìàíäà, îäíàêî, íå ïå÷àòàåò ïðîòîêîë ñâîåé ðàáîòû
ïîòîìó ÷òî pgpool îòñîåäèíÿåòñÿ îò òåðìèíàëà. Åñëè âû õîòèòå ïîêàçàòü
ïðîòîêîë ðàáîòû pgpool, óêàæèòå ïàðàìåòð -n â êîìàíäíîé ñòðîêå ïðè
çàïóñêå pgpool. pgpool-II áóäåò çàïóùåí êàê ïðîöåññ íå-äåìîí è òåðìèíàë
íå áóäåò îòñîåäèíåí.

Listing 6.12: Çàïóñê

1 pgpool -n &
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Ïðîòîêîë ðàáîòû áóäåò ïå÷àòàòüñÿ íà òåðìèíàë, òàê ÷òî ðåêîìåíäóå-
ìûå äëÿ èñïîëüçîâàíèÿ ïàðàìåòðû êîìàíäíîé ñòðîêè, íàïðèìåð, òàêèå.

Listing 6.13: Çàïóñê

1 pgpool -n -d > /tmp/pgpool.log 2>&1 &

Ïàðàìåòð -d âêëþ÷àåò ãåíåðàöèþ îòëàäî÷íûõ ñîîáùåíèé.
Óêàçàííàÿ âûøå êîìàíäà ïîñòîÿííî äîáàâëÿåò âûâîäèìûé ïðîòîêîë

ðàáîòû â ôàéë /tmp/pgpool.log. Åñëè âàì íóæíî ðîòèðîâàòü ôàéëû ïðîòî-
êîëîâ, ïåðåäàâàéòå ïðîòîêîëû âíåøíåé êîìàíäå, ó êîòîðîé åñòü ôóíêöèÿ
ðîòàöèè ïðîòîêîëîâ. Âàì ïîìîæåò, íàïðèìåð, cronolog.

Listing 6.14: Çàïóñê

1 pgpool -n 2>&1 | /usr/sbin/cronolog

2 --hardlink =/var/log/pgsql/pgpool.log

3 '/var/log/pgsql/%Y-%m-%d-pgpool.log ' &

×òîáû îñòàíîâèòü ïðîöåññ pgpool-II, âûïîëíèòå ñëåäóþùóþ êîìàíäó.

Listing 6.15: Îñòàíîâêà

1 pgpool stop

Åñëè êàêèå-òî èç êëèåíòîâ âñå åùå ïðèñîåäèíåíû, pgpool-II æäåò ïî-
êà îíè íå îòñîåäèíÿòñÿ è ïîòîì çàâåðøàåò ñâîþ ðàáîòó. Åñëè âû õîòèòå
çàâåðøèòü pgpool-II íàñèëüíî, èñïîëüçóéòå âìåñòî ýòîé ñëåäóþùóþ êî-
ìàíäó.

Listing 6.16: Îñòàíîâêà

1 pgpool -m fast stop

6.3 Âàøà ïåðâàÿ ðåïëèêàöèÿ

Ðåïëèêàöèÿ âêëþ÷àåò êîïèðîâàíèå îäíèõ è òåõ æå äàííûõ íà ìíîæå-
ñòâî óçëîâ áàçû äàííûõ.

Â ýòîì ðàçäåëå ìû áóäåì èñïîëüçîâàòü òðè óçëà áàçû äàííûõ, êîòî-
ðûå ìû óæå óñòàíîâèëè â ðàçäåëå ¾6.2. Äàâàéòå íà÷íåì!¿, è ïðîâåäåì âàñ
øàã çà øàãîì ê ñîçäàíèþ ñèñòåìû ðåïëèêàöèè áàçû äàííûõ. Ïðèìåð äàí-
íûõ äëÿ ðåïëèêàöèè áóäåò ñãåíåðèðîâàí ïðîãðàììîé äëÿ òåñòèðîâàíèÿ
pgbench.

Íàñòðîéêà ðåïëèêàöèè

×òîáû âêëþ÷èòü ôóíêöèþ ðåïëèêàöèè áàçû äàííûõ óñòàíîâèòå çíà-
÷åíèå true äëÿ ïàðàìåòðà replication_mode â ôàéëå pgpool.conf.
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Listing 6.17: Íàñòðîéêà ðåïëèêàöèè

1 replication_mode = true

Åñëè ïàðàìåòð replication_mode ðàâåí true, pgpool-II áóäåò îòïðàâëÿòü
êîïèþ ïðèíÿòîãî çàïðîñà íà âñå óçëû áàçû äàííûõ.

Åñëè ïàðàìåòð load_balance_mode ðàâåí true, pgpool-II áóäåò ðàñïðå-
äåëÿòü çàïðîñû SELECT ìåæäó óçëàìè áàçû äàííûõ.

Listing 6.18: Íàñòðîéêà ðåïëèêàöèè

1 load_balance_mode = true

Â ýòîì ðàçäåëå ìû âêëþ÷èëè îáà ïàðàìåòðà replication_mode è load_balance_mode.

Ïðîâåðêà ðåïëèêàöèè

Äëÿ îòðàæåíèÿ èçìåíåíèé, ñäåëàííûõ â ôàéëå pgpool.conf, pgpool-
II äîëæåí áûòü ïåðåçàïóùåí. Ïîæàëóéñòà îáðàùàéòåñü ê ðàçäåëó ¾Çà-
ïóñê/Îñòàíîâêà pgpool-II¿.

Ïîñëå íàñòðîéêè pgpool.conf è ïåðåçàïóñêà pgpool-II, äàâàéòå ïðîâåðèì
ðåïëèêàöèþ â äåéñòâèè è ïîñìîòðèì âñå ëè ðàáîòàåò õîðîøî.

Ñíà÷àëà íàì íóæíî ñîçäàòü áàçó äàííûõ, êîòîðóþ áóäåì ðåïëèöèðî-
âàòü. Íàçîâåì åå ¾bench_replication¿. Ýòó áàçó äàííûõ íóæíî ñîçäàòü íà
âñåõ óçëàõ. Èñïîëüçóéòå êîìàíäó createdb ÷åðåç pgpool-II è áàçà äàííûõ
áóäåò ñîçäàíà íà âñåõ óçëàõ.

Listing 6.19: Ïðîâåðêà ðåïëèêàöèè

1 createdb -p 9999 bench_replication

Çàòåì ìû çàïóñòèì pgbench ñ ïàðàìåòðîì -i. Ïàðàìåòð -i èíèöèàëèçè-
ðóåò áàçó äàííûõ ïðåäîïðåäåëåííûìè òàáëèöàìè è äàííûìè â íèõ.

Listing 6.20: Ïðîâåðêà ðåïëèêàöèè

1 pgbench -i -p 9999 bench_replication

Óêàçàííàÿ íèæå òàáëèöà ñîäåðæèò ñâîäíóþ èíôîðìàöèþ î òàáëèöàõ è
äàííûõ, êîòîðûå áóäóò ñîçäàíû ïðè ïîìîùè pgbench -i. Åñëè íà âñåõ óçëàõ
áàçû äàííûõ ïåðå÷èñëåííûå òàáëèöû è äàííûå áûëè ñîçäàíû, ðåïëèêàöèÿ
ðàáîòàåò êîððåêòíî.

Èìÿ òàáëèöû ×èñëî ñòðîê
branches 1
tellers 10
accounts 100000
history 0

Äëÿ ïðîâåðêè óêàçàííîé âûøå èíôîðìàöèè íà âñåõ óçëàõ èñïîëüçóåì
ïðîñòîé ñêðèïò íà shell. Ïðèâåäåííûé íèæå ñêðèïò ïîêàæåò ÷èñëî ñòðîê
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â òàáëèöàõ branches, tellers, accounts è history íà âñåõ óçëàõ áàçû äàííûõ
(5432, 5433, 5434).

Listing 6.21: Ïðîâåðêà ðåïëèêàöèè

1 for port in 5432 5433 5434; do

2 > echo $port

3 > for table_name in branches tellers accounts history; do

4 > echo $table_name

5 > psql -c "SELECT count (*) FROM $table_name" -p \

6 > $port bench_replication

7 > done

8 > done

6.4 Âàø ïåðâûé ïàðàëëåëüíûé çàïðîñ

Äàííûå èç ðàçíûõ äèàïàçîíîâ ñîõðàíÿþòñÿ íà äâóõ èëè áîëåå óçëàõ áà-
çû äàííûõ ïàðàëëåëüíûì çàïðîñîì. Ýòî íàçûâàåòñÿ ðàñïðåäåëåíèåì (÷à-
ñòî èñïîëüçóåòñÿ áåç ïåðåâîäà òåðìèí partitioning ïðèì. ïåðåâîä÷èêà). Áî-
ëåå òîãî, îäíè è òå æå äàííûå íà äâóõ è áîëåå óçëàõ áàçû äàííûõ ìîãóò
áûòü âîñïðîèçâåäåíû ñ èñïîëüçîâàíèåì ðàñïðåäåëåíèÿ.

×òîáû âêëþ÷èòü ïàðàëëåëüíûå çàïðîñû â pgpool-II âû äîëæíû óñòà-
íîâèòü åùå îäíó áàçó äàííûõ, íàçûâàåìóþ ¾Ñèñòåìíîé áàçîé äàííûõ¿
(¾System Database¿) (äàëåå áóäåì íàçûâàòü åå SystemDB).

SystemDB õðàíèò îïðåäåëÿåìûå ïîëüçîâàòåëåì ïðàâèëà, îïðåäåëÿþ-
ùèå êàêèå äàííûå áóäóò ñîõðàíÿòüñÿ íà êàêèõ óçëàõ áûçû äàííûõ. Òàê-
æå SystemDB èñïîëüçóåòñÿ ÷òîáû îáúåäèíèòü ðåçóëüòàòû âîçâðàùåííûå
óçëàìè áàçû äàííûõ ïîñðåäñòâîì dblink.

Â ýòîì ðàçäåëå ìû áóäåì èñïîëüçîâàòü òðè óçëà áàçû äàííûõ, êîòîðûå
ìû óñòàíîâèëè â ðàçäåëå ¾6.2. Äàâàéòå íà÷íåì!¿, è ïðîâåäåì âàñ øàã çà
øàãîì ê ñîçäàíèþ ñèñòåìû áàç äàííûõ ñ ïàðàëëåëüíûìè çàïðîñàìè. Äëÿ
ñîçäàíèÿ ïðèìåðà äàííûõ ìû ñíîâà áóäåì èñïîëüçîâàòü pgbench.

Íàñòðîéêà ïàðàëëåëüíîãî çàïðîñà

×òîáû âêëþ÷èòü ôóíêöèþ âûïîëíåíèÿ ïàðàëëåëüíûõ çàïðîñîâ óñòà-
íîâèòå äëÿ ïàðàìåòðà parallel_mode çíà÷åíèå true â ôàéëå pgpool.conf.

Listing 6.22: Íàñòðîéêà ïàðàëëåëüíîãî çàïðîñà

1 parallel_mode = true

Óñòàíîâêà ïàðàìåòðà parallel_mode ðàâíûì true íå çàïóñòèò ïàðàë-
ëåëüíûå çàïðîñû àâòîìàòè÷åñêè. Äëÿ ýòîãî pgpool-II íóæíà SystemDB è
ïðàâèëà îïðåäåëÿþùèå êàê ðàñïðåäåëÿòü äàííûå ïî óçëàì áàçû äàííûõ.
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Òàêæå SystemDB èñïîëüçóåò dblink äëÿ ñîçäàíèÿ ñîåäèíåíèé ñ pgpool-
II. Òàêèì îáðàçîì, íóæíî óñòàíîâèòü çíà÷åíèå ïàðàìåòðà listen_addresses
òàêèì îáðàçîì ÷òîáû pgpool-II ïðèíèìàë ýòè ñîåäèíåíèÿ.

Listing 6.23: Íàñòðîéêà ïàðàëëåëüíîãî çàïðîñà

1 listen_addresses = '*'

Âíèìàíèå: Ðåïëèêàöèÿ íå ðåàëèçîâàíà äëÿ òàáëèö, êîòîðûå ðàñïðåäå-
ëÿþòñÿ ïîñðåäñòâîì ïàðàëëåëüíûõ çàïðîñîâ è, â òî æå âðåìÿ, ðåïëèêàöèÿ
ìîæåò áûòü óñïåøíî îñóùåñòâëåíà. Âìåñòå ñ òåì, èç-çà òîãî ÷òî íàáîð õðà-
íèìûõ äàííûõ îòëè÷àåòñÿ ïðè ïàðàëëåëüíûõ çàïðîñàõ è ïðè ðåïëèêàöèè,
áàçà äàííûõ ¾bench_replication¿, ñîçäàííàÿ â ðàçäåëå ¾6.3. Âàøà ïåðâàÿ
ðåïëèêàöèÿ¿ íå ìîæåò áûòü ïîâòîðíî èñïîëüçîâàíà.

Listing 6.24: Íàñòðîéêà ïàðàëëåëüíîãî çàïðîñà

1 replication_mode = true

2 load_balance_mode = false

ÈËÈ

Listing 6.25: Íàñòðîéêà ïàðàëëåëüíîãî çàïðîñà

1 replication_mode = false

2 load_balance_mode = true

Â ýòîì ðàçäåëå ìû óñòàíîâèì ïàðàìåòðû parallel_mode è load_balance_mode
ðàâíûìè true, listen_addresses ðàâíûì ¾*¿, replication_mode ðàâíûì false.

Íàñòðîéêà SystemDB

Â îñíîâíîì, íåò îòëè÷èé ìåæäó ïðîñòîé è ñèñòåìíîé áàçàìè äàííûõ.
Îäíàêî, â ñèñòåìíîé áàçå äàííûõ îïðåäåëÿåòñÿ ôóíêöèÿ dblink è ïðè-
ñóòñòâóåò òàáëèöà, â êîòîðîé õðàíÿòñÿ ïðàâèëà ðàñïðåäåëåíèÿ äàííûõ.
Òàáëèöó dist_def íåîáõîäèìî îïðåäåëÿòü. Áîëåå òîãî, îäèí èç óçëîâ áàçû
äàííûõ ìîæåò õðàíèòü ñèñòåìíóþ áàçó äàííûõ, à pgpool-II ìîæåò èñïîëü-
çîâàòüñÿ äëÿ ðàñïðåäåëåíèÿ íàãðóçêè êàñêàäíûì ïîäêëþ÷åíèì.

Â ýòîì ðàçäåëå ìû ñîçäàäèì SystemDB íà óçëå ñ ïîðòîì 5432. Äàëåå
ïðèâåäåí ñïèñîê ïàðàìåòðîâ êîíôèãóðàöèè äëÿ SystemDB

Listing 6.26: Íàñòðîéêà SystemDB

1 system_db_hostname = 'localhost '

2 system_db_port = 5432

3 system_db_dbname = 'pgpool '

4 system_db_schema = 'pgpool_catalog '

5 system_db_user = 'pgpool '

6 system_db_password = ''
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Íà ñàìîì äåëå, óêàçàííûå âûøå ïàðàìåòðû ÿâëÿþòñÿ ïàðàìåòðàìè
ïî-óìîë÷àíèþ â ôàéëå pgpool.conf. Òåïåðü ìû äîëæíû ñîçäàòü ïîëüçîâà-
òåëÿ ñ èìåíåì ¾pgpool¿ è áàçó äàííûõ ñ èìåíåì ¾pgpool¿ è âëàäåëüöåì
¾pgpool¿.

Listing 6.27: Íàñòðîéêà SystemDB

1 createuser -p 5432 pgpool

2 createdb -p 5432 -O pgpool pgpool

Óñòàíîâêà dblink

Äàëåå ìû äîëæíû óñòàíîâèòü dblink â áàçó äàííûõ ¾pgpool¿. dblink �
îäèí èç èíñòðóìåíòîâ âêëþ÷åííûõ â êàòàëîã contrib èñõîäíîãî êîäà PostgreSQL.

Äëÿ óñòàíîâêè dblink íà âàøåé ñèñòåìå âûïîëíèòå ñëåäóþùèå êîìàí-
äû.

Listing 6.28: Óñòàíîâêà dblink

1 USE_PGXS =1 make -C contrib/dblink

2 USE_PGXS =1 make -C contrib/dblink install

Ïîñëå òîãî êàê dblink áûë óñòàíîâëåí â âàøåé ñèñòåìå ìû äîáàâèì
ôóíêöèè dblink â áàçó äàííûõ ¾pgpool¿. Åñëè PostgreSQL óñòàíîâëåí â
êàòàëîã /usr/local/pgsql, dblink.sql (ôàéë ñ îïðåäåëåíèÿìè ôóíêöèé) äîë-
æåí áûòü óñòàíîâëåí â êàòàëîã /usr/local/pgsql/share/contrib. Òåïåðü âû-
ïîëíèì ñëåäóþùóþ êîìàíäó äëÿ äîáàâëåíèÿ ôóíêöèé dblink.

Listing 6.29: Óñòàíîâêà dblink

1 psql -f /usr/local/pgsql/share/contrib/dblink.sql -p 5432

pgpool

Ñîçäàíèå òàáëèöû dist_def

Ñëåäóþùèì øàãîì ìû ñîçäàäèì òàáëèöó ñ èìåíåì ¾dist_def¿, â êîòî-
ðîé áóäóò õðàíèòüñÿ ïðàâèëà ðàñïðåäåëåíèÿ äàííûõ. Ïîñêîëüêó pgpool-II
óæå áûë óñòàíîâëåí, ôàéë ñ èìåíåì system_db.sql äîëæåí áóòü óñòàíîâëåí
â /usr/local/share/system_db.sql (èìåéòå â âèäó ÷òî ýòî ó÷åáíîå ðóêîâîä-
ñòâî è ìû èñïîëüçîâàëè äëÿ óñòàíîâêè êàòàëîã ïî-óìîë÷àíèþ � /usr/local).
Ôàéë system_db.sql ñîäåðæèò äèðåêòèâû äëÿ ñîçäàíèÿ ñïåöèàëüíûõ òàá-
ëèö, âêëþ÷àÿ è òàáëèöó ¾dist_def¿. Âûïîëíèòå ñëåäóþùóþ êîìàíäó äëÿ
ñîçäàíèÿ òàáëèöû ¾dist_def¿.

Listing 6.30: Ñîçäàíèå òàáëèöû dist_def

1 $ psql -f /usr/local/share/system_db.sql -p 5432 -U pgpool

pgpool
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Âñå òàáëèöû â ôàéëå system_db.sql, âêëþ÷àÿ ¾dist_def¿, ñîçäàþòñÿ â
ñõåìå ¾pgpool_catalog¿. Åñëè âû óñòàíîâèëè ïàðàìåòð system_db_schema
íà èñïîëüçîâàíèå äðóãîé ñõåìû âàì íóæíî, ñîîòâåòñòâåííî, îòðåäàêòèðî-
âàòü ôàéë system_db.sql.

Îïèñàíèå òàáëèöû ¾dist_def¿ âûãëÿäèò òàê êàê ïîêàçàíî íèæå. Èìÿ
òàáëèöû íå äîëæíî èçìåíèòüñÿ.

Listing 6.31: Ñîçäàíèå òàáëèöû dist_def

1 CREATE TABLE pgpool_catalog.dist_def (

2 dbname text , -- èìÿ áàçû äàííûõ

3 schema_name text , -- èìÿ ñõåìû

4 table_name text , -- èìÿ òàáëèöû

5 col_name text NOT NULL CHECK (col_name = ANY (col_list)),

6 -- ñòîëáåö êëþ÷ äëÿ ðàñïðåäåëåíèÿ äàííûõ

7 col_list text[] NOT NULL , -- ñïèñîê èìåí ñòîëáöîâ

8 type_list text[] NOT NULL , -- ñïèñîê òèïîâ ñòîëáöîâ

9 dist_def_func text NOT NULL ,

10 -- èìÿ ôóíêöèè ðàñïðåäåëåíèÿ äàííûõ

11 PRIMARY KEY (dbname , schema_name , table_name)

12 );

Çàïèñè, õðàíèìûå â òàáëèöå ¾dist_def¿, ìîãóò áûòü äâóõ òèïîâ.

� Ïðàâèëî Ðàñïðåäåëåíèÿ Äàííûõ (col_name, dist_def_func)
� Ìåòà-èíôîðìàöèÿ î òàáëèöàõ (dbname, schema_name, table_name,
col_list, type_list)

Ïðàâèëî ðàñïðåäåëåíèÿ äàííûõ îïðåäåëÿåò êàê áóäóò ðàñïðåäåëåíû
äàííûå íà êîíêðåòíûé óçåë áàçû äàííûõ. Äàííûå áóäóò ðàñïðåäåëåíû
â çàâèñèìîñòè îò çíà÷åíèÿ ñòîëáöà ¾col_name¿. ¾dist_def_func¿ � ýòî
ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò çíà÷åíèå ¾col_name¿ â êà÷åñòâå àãðóìåíòà
è âîçâðàùàåò öåëîå ÷èñëî, êîòîðîå ñîîòâåòñòâóåò èäåíòèôèêàòîðó óçëà
áàçû äàííûõ, íà êîòîðîì äîëæíû áûòü ñîõðàíåíû äàííûå.

Ìåòà-èíôîðìàöèÿ èñïîëüçóåòñÿ äëÿ òîãî ÷òîáû ïåðåïèñûâàòü çàïðîñû.
Ïàðàëëåëüíûé çàïðîñ äîëæåí ïåðåïèñûâàòü èñõîäíûå çàïðîñû òàê ÷òîáû
ðåçóëüòàòû, âîçâðàùàåìûå óçëàìè-áýêåíäàìè, ìîãëè áûòü îáúåäèíåíû â
åäèíûé ðåçóëüòàò.

Ñîçäàíèå òàáëèöû replicate_def

Â ñëó÷àå åñëè óêàçàíà òàáëèöà, äëÿ êîòîðîé ïðîèçâîäèòñÿ ðåïëèêàöèÿ
â âûðàæåíèå SQL, èñïîëüçóþùåå çàðåãèñòðèðîâàííóþ â dist_def òàáëèöó
ïóòåì îáúåäèíåíèÿ òàáëèö, èíôîðìàöèÿ î òàáëèöå, äëÿ êîòîðîé íåîáõî-
äèìî ïðîèçâîäèòü ðåïëèêàöèþ, ïðåäâàðèòåëüíî ðåãèñòðèðóåòñÿ â òàáëèöå
ñ èìåíåì replicate_def. Òàáëèöà replicate_def óæå áûëà ñîçäàíà ïðè îáðà-
áîòêå ôàéëà system_db.sql âî âðåìÿ ñîçäàíèÿ òàáëèöû dist_def. Òàáëèöà
replicate_def îïèñàíà òàê êàê ïîêàçàíî íèæå.
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Listing 6.32: Ñîçäàíèå òàáëèöû replicate_def

1 CREATE TABLE pgpool_catalog.replicate_def (

2 dbname text , -- èìÿ áàçû äàííûõ

3 schema_name text , -- èìÿ ñõåìû

4 table_name text , -- èìÿ òàáëèöû

5 col_list text[] NOT NULL , -- ñïèñîê èìåí ñòîëáöîâ

6 type_list text[] NOT NULL , -- ñïèñîê òèïîâ ñòîëáöîâ

7 PRIMARY KEY (dbname , schema_name , table_name)

8 );

Óñòàíîâêà ïðàâèë ðàñïðåäåëåíèÿ äàííûõ

Â ýòîì ó÷åáíîì ðóêîâîäñòâå ìû îïðåäåëèì ïðàâèëà ðàñïðåäåëåíèÿ
äàííûõ, ñîçäàííûõ ïðîãðàììîé pgbench, íà òðè óçëà áàçû äàííûõ. Òå-
ñòîâûå äàííûå áóäóò ñîçäàíû êîìàíäîé ¾pgbench -i -s 3¿ (ò.å. ìàñøòàá-
íûé êîýôôèöèåíò ðàâåí 3). Äëÿ ýòîãî ðàçäåëà ìû ñîçäàäèì íîâóþ áàçó
äàííûõ ñ èìåíåì ¾bench_parallel¿.

Â êàòàëîãå sample èñõîäíîãî êîäà pgpool-II âû ìîæåòå íàéòè ôàéë
dist_def_pgbench.sql. Ìû áóäåì èñïîëüçîâàòü ýòîò ôàéë ñ ïðèìåðîì äëÿ
ñîçäàíèÿ ïðàâèë ðàñïðåäåëåíèÿ äëÿ pgbench. Âûïîëíèòå ñëåäóþùóþ êî-
ìàíäó â êàòàëîãå ñ ðàñïàêîâàííûì èñõîäíûì êîäîì pgpool-II.

Listing 6.33: Óñòàíîâêà ïðàâèë ðàñïðåäåëåíèÿ äàííûõ

1 psql -f sample/dist_def_pgbench.sql -p 5432 pgpool

Íèæå ïðåäñòàâëåíî îïèñàíèå ôàéëà dist_def_pgbench.sql.
Â ôàéëå dist_def_pgbench.sql ìû äîáàâëÿåì îäíó ñòðîêó â òàáëèöó

¾dist_def¿. Ýòî ôóíêöèÿ ðàñïðåäåëåíèÿ äàííûõ äëÿ òàáëèöû accounts. Â
êà÷åñòâå ñòîëáöà-êëþ÷à óêàçàí ñòîëáåö aid.

Listing 6.34: Óñòàíîâêà ïðàâèë ðàñïðåäåëåíèÿ äàííûõ

1 INSERT INTO pgpool_catalog.dist_def VALUES (

2 'bench_parallel ',

3 'public ',

4 'accounts ',

5 'aid',

6 ARRAY['aid', 'bid', 'abalance ', 'filler '],

7 ARRAY['integer ', 'integer ', 'integer ',

8 'character (84)'],

9 'pgpool_catalog.dist_def_accounts '

10 );

Òåïåðü ìû äîëæíû ñîçäàòü ôóíêöèþ ðàñïðåäåëåíèÿ äàííûõ äëÿ òàá-
ëèöû accounts. Çàìåòèì, ÷òî âû ìîæåòå èñïîëüçîâàòü îäíó è òó æå ôóíê-
öèþ äëÿ ðàçíûõ òàáëèö. Òàêæå âû ìîæåòå ñîçäàâàòü ôóíêöèè ñ èñïîëü-
çîâàíèåì ÿçûêîâ îòëè÷íûõ îò SQL (íàïðèìåð, PL/pgSQL, PL/Tcl, è ò.ä.).
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Òàáëèöà accounts â ìîìåíò èíèöèàëèçàöèè äàííûõ õðàíèò çíà÷åíèå
ìàñøòàáíîãî êîýôôèöèåíòà ðàâíîå 3, çíà÷åíèÿ ñòîëáöà aid îò 1 äî 300000.
Ôóíêöèÿ ñîçäàíà òàêèì îáðàçîì ÷òî äàííûå ðàâíîìåðíî ðàñïðåäåëÿþòñÿ
ïî òðåì óçëàì áàçû äàííûõ.

Ñëåäóþùàÿ SQL-ôóíêöèÿ áóäåò âîçâðàùàòü ÷èñëî óçëîâ áàçû äàííûõ.

Listing 6.35: Óñòàíîâêà ïðàâèë ðàñïðåäåëåíèÿ äàííûõ

1 CREATE OR REPLACE FUNCTION

2 pgpool_catalog.dist_def_branches(anyelement)

3 RETURNS integer AS $$

4 SELECT CASE WHEN $1 > 0 AND $1 <= 1 THEN 0

5 WHEN $1 > 1 AND $1 <= 2 THEN 1

6 ELSE 2

7 END;

8 $$ LANGUAGE sql;

Óñòàíîâêà ïðàâèë ðåïëèêàöèè

Ïðàâèëî ðåïëèêàöèè � ýòî òî ÷òî îïðåäåëÿåò êàêèå òàáëèöû äîëæíû
áûòü èñïîëüçîâàíû äëÿ âûïîëíåíèÿ ðåïëèêàöèè.

Çäåñü ýòî ñäåëàíî ïðè ïîìîùè pgbench ñ çàðåãèñòðèðîâàííûìè òàáëè-
öàìè branches è tellers.

Êàê ðåçóëüòàò, ñòàëî âîçìîæíî ñîçäàíèå òàáëèöû accounts è âûïîëíå-
íèå çàïðîñîâ, èñïîëüçóþùèõ òàáëèöû branches è tellers.

Listing 6.36: Óñòàíîâêà ïðàâèë ðåïëèêàöèè

1 INSERT INTO pgpool_catalog.replicate_def VALUES (

2 'bench_parallel ',

3 'public ',

4 'branches ',

5 ARRAY['bid', 'bbalance ', 'filler '],

6 ARRAY['integer ', 'integer ', 'character (88)']

7 );

9 INSERT INTO pgpool_catalog.replicate_def VALUES (

10 'bench_parallel ',

11 'public ',

12 'tellers ',

13 ARRAY['tid', 'bid', 'tbalance ', 'filler '],

14 ARRAY['integer ', 'integer ', 'integer ', 'character (84)']

15 );

Ïîäãîòîâëåííûé ôàéë Replicate_def_pgbench.sql íàõîäèòñÿ â êàòàëî-
ãå sample. Êîìàíäà psql çàïóñêàåòñÿ ñ óêàçàíèåì ïóòè ê èñõîäíîìó êîäó,
îïðåäåëÿþùåìó ïðàâèëà ðåïëèêàöèè, íàïðèìåð, êàê ïîêàçàíî íèæå.

Listing 6.37: Óñòàíîâêà ïðàâèë ðåïëèêàöèè

1 psql -f sample/replicate_def_pgbench.sql -p 5432 pgpool
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Ïðîâåðêà ïàðàëëåëüíîãî çàïðîñà

Äëÿ îòðàæåíèÿ èçìåíåíèé, ñäåëàííûõ â ôàéëå pgpool.conf, pgpool-
II äîëæåí áûòü ïåðåçàïóùåí. Ïîæàëóéñòà îáðàùàéòåñü ê ðàçäåëó ¾Çà-
ïóñê/Îñòàíîâêà pgpool-II¿.

Ïîñëå íàñòðîéêè pgpool.conf è ïåðåçàïóñêà pgpool-II, äàâàéòå ïðîâåðèì
õîðîøî ëè ðàáîòàþò ïàðàëëåëüíûå çàïðîñû.

Ñíà÷àëà íàì íóæíî ñîçäàòü áàçó äàííûõ, êîòîðàÿ áóäåò ðàñïðåäåëåíà.
Ìû íàçîâåì åå ¾bench_parallel¿. Ýòó áàçó äàííûõ íóæíî ñîçäàòü íà âñåõ
óçëàõ. Èñïîëüçóéòå êîìàíäó createdb ïîñðåäñòâîì pgpool-II è áàçà äàííûõ
áóäåò ñîçäàíà íà âñåõ óçëàõ.

Listing 6.38: Ïðîâåðêà ïàðàëëåëüíîãî çàïðîñà

1 createdb -p 9999 bench_parallel

Çàòåì çàïóñòèì pgbench ñ ïàðàìåòðàìè -i -s 3. Ïàðàìåòð -i èíèöèàëè-
çèðóåò áàçó äàííûõ ïðåäîïðåäåëåííûìè òàáëèöàìè è äàííûìè. Ïàðàìåòð
-s óêàçûâàåò ìàñøòàáíûé êîýôôèöèåíò äëÿ èíèöèàëèçàöèè.

Listing 6.39: Ïðîâåðêà ïàðàëëåëüíîãî çàïðîñà

1 pgbench -i -s 3 -p 9999 bench_parallel

Ñîçäàííûå òàáëèöû è äàííûå â íèõ ïîêàçàíû â ðàçäåëå ¾Óñòàíîâêà
ïðàâèë ðàñïðåäåëåíèÿ äàííûõ¿.

Îäèí èç ñïîñîáîâ ïðîâåðèòü êîððåêòíî ëè áûëè ðàñïðåäåëåíû äàí-
íûå � âûïîëíèòü çàïðîñ SELECT ïîñðåäñòâîì pgpool-II è íàïðÿìóþ íà
áýêåíäàõ è ñðàâíèòü ðåçóëüòàòû. Åñëè âñå íàñòðîåíî ïðàâèëüíî áàçà äàí-
íûõ ¾bench_parallel¿ äîëæíà áûòü ðàñïðåäåëåíà êàê ïîêàçàíî íèæå.

Èìÿ òàáëèöû ×èñëî ñòðîê
branches 3
tellers 30
accounts 300000
history 0

Äëÿ ïðîâåðêè óêàçàííîé âûøå èíôîðìàöèè íà âñåõ óçëàõ è ïîñðåä-
ñòâîì pgpool-II èñïîëüçóåì ïðîñòîé ñêðèïò íà shell. Ïðèâåäåííûé íèæå
ñêðèïò ïîêàæåò ìèíèìàëüíîå è ìàêñèìàëüíîå çíà÷åíèå â òàáëèöå accounts
èñïîëüçóÿ äëÿ ñîåäèíåíèÿ ïîðòû 5432, 5433, 5434 è 9999.

Listing 6.40: Ïðîâåðêà ïàðàëëåëüíîãî çàïðîñà

1 for port in 5432 5433 5434i 9999; do

2 > echo $port

3 > psql -c "SELECT min(aid), max(aid) FROM accounts" \

4 > -p $port bench_parallel

5 > done
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6.5 Master-slave ðåæèì

Ýòîò ðåæèì ïðåäíàçíà÷åí äëÿ èñïîëüçîâàíèÿ pgpool-II ñ äðóãîé ðåïëè-
êàöèåé (íàïðèìåð Slony-I, Londiste). Èíôîðìàöèÿ ïðî ÁÄ óêàçûâàåòñÿ êàê
äëÿ ðåïëèêàöèè. master_slave_mode è load_balance_mode óñòàíàâëèâàåò-
ñÿ â true. pgpool-II áóäåò ïîñûëàòü çàïðîñû INSERT/UPDATE/DELETE
íà Master DB (1 â ñïèñêå), à SELECT � èñïîëüçîâàòü áàëàíñèðîâêó íà-
ãðóçêè, åñëè ýòî âîçìîæíî.

Ïðè ýòîì, DDL è DML äëÿ âðåìåííîé òàáëèöû ìîæåò áûòü âûïîë-
íåí òîëüêî íà ìàñòåðå. Åñëè íóæåí SELECT òîëüêî íà ìàñòåðå, òî äëÿ
ýòîãî íóæíî èñïîëüçîâàòü êîììåíòàðèé /*NO LOAD BALANCE*/ ïåðåä
SELECT.

Â Master/Slave ðåæèìå replication_mode äîëæåí áûòü óñòàíîâëåí false,
à master_slave_mode � true.

Streaming Replication (Ïîòîêîâàÿ ðåïëèêàöèÿ)

Â master-slave ðåæèìå ñ ïîòîêîâîé ðåïëèêàöèåé, åñëè ìàñòåð èëè ñëåéâ
óïàë, âîçìîæíî èñïîëüçîâàòü îòêàçîóñòîè÷èâûé ôóíêöèîíàë âíóòðè pgpool-
II. Àâòîìàòè÷åñêè îòêëþ÷èâ óïàâøèé íîä PostgreSQL, pgpool-II ïåðåêëþ-
÷èòñÿ íà ñëåäóþùèé ñëåéâ êàê íà íîâûé ìàñòåð (ïðè ïàäåíèè ìàñòåðà),
èëè îñòàíåòñÿ ðàáîòàòü íà ìàñòåðå (ïðè ïàäåíèè ñëåéâà). Â ïîòîêîâîé
ðåïëèêàöèè, êîãäà ñëåéâ ñòàíîâèòñÿ ìàñòåðîì, òðåáóåòñÿ ñîçäàòü òðèã-
ãåð ôàéë (êîòîðûé óêàçàí â recovery.conf, ïàðàìåòð ¾trigger_�le¿), ÷òîáû
PostgreSQL ïåðåøåë èç ðåæèìà âîññòàíîâëåíèÿ â íîðìàëüíûé. Äëÿ ýòîãî
ìîæíî ñîçäàòü íåáîëüøîé ñêðèïò:

Listing 6.41: Ñêðèïò âûïîëíÿåòñÿ ïðè ïàäåíèè íîäà PostgreSQL

1 #! /bin/sh

2 # Failover command for streming replication.

3 # This script assumes that DB node 0 is primary , and 1 is

standby.

4 #

5 # If standby goes down , does nothing. If primary goes down ,

create a

6 # trigger file so that standby take over primary node.

7 #

8 # Arguments: $1: failed node id. $2: new master hostname. $3:

path to

9 # trigger file.

11 failed_node=$1

12 new_master=$2

13 trigger_file=$3

15 # Do nothing if standby goes down.

16 if [ $failed_node = 1 ]; then

17 exit 0;

114



6.6. Îíëàéí âîñòàíîâëåíèå

18 fi

20 # Create trigger file.

21 /usr/bin/ssh -T $new_master /bin/touch $trigger_file

23 exit 0;

Ðàáîòàåò îí ïðîñòî: åñëè ïàäàåò ñëåéâ � ñêðèïò íè÷åãî íå âûïîëíÿåò,
ïðè ïàäåíèè ìàñòåðà � ñîçäàåò òðèããåð ôàéë íà íîâîì ìàñòåðå. Ñîõðàíèì
ýòîò ôàéë ïîä èìåíåì ¾failover_stream.sh¿ è â pgpool.conf äîáàâèì:

Listing 6.42: ×òî âûïîëíÿòü ïðè ïàäåíèè íîäà

1 failover_command = '/path_to_script/failover_stream.sh %d %H

/tmp/trigger_file '

ãäå ¾/tmp/trigger_�le¿ � òðèããåð ôàéë, óêàçàíûé â êîíôèãå recovery.conf.
Òåïåðü, åñëè ìàñòåð ÑÓÁÄ óïàäåò, ñëåéâ áóäåò ïåðåêëþ÷åí ñ ðåæèìà

âîññòàíîâëåíèÿ â îáû÷íûé è ñìîæåò ïðèíèìàòü çàïðîñû íà çàïèñü.

6.6 Îíëàéí âîñòàíîâëåíèå

pgpool-II, â ðåæèìå ðåïëèêàöèè, ìîæåò ñèíõðîíèçèðîâàòü áàçû äàííûõ
è äîáàâëÿòü èõ êàê íîäû ê pgpool. Íàçûâàåòñÿ ýòî ¾îíëàéí âîññòàíîâëå-
íèå¿. Ýòîò ìåòîä òàêæå ìîæåò áûòü èñïîëüçîâàí, êîãäà íóæíî âåðíóòü â
ðåïëèêàöèþ óïàâøèé íîä áàçû äàííûõ.

Âñÿ ïðîöåäóðà âûïîëíÿåòñÿ â äâà çàäàíèÿ. Íåñêîëüêî ñåêóíä èëè ìè-
íóò êëèåíòà ìîæåò æäàòü ïîäêëþ÷åíèÿ ê pgpool, â òî âðåìÿ êàê âîññòàíîâ-
ëèâàåòñÿ óçåë áàçû äàííûõ. Îíëàéí âîñòàíîâëåíèå ñîñòîèò èç ñëåäóþùèõ
øàãîâ:

� CHECKPOINT;
� Ïåðâûé ýòàï âîññòàíîâëåíèÿ;
� Æäåì, ïîêà âñå êëèåíòû íå îòêëþ÷àòñÿ;
� CHECKPOINT;
� Âòîðîé ýòàï âîññòàíîâëåíèÿ;
� Çàïóñê postmaster (âûïîëíèòü pgpool_remote_start);
� Âîññòàíàâëèâàåì íîä ÑÓÁÄ;

Äëÿ ðàáîòû îíëàéí âîññòàíîâëåíèÿ ïîòðåáóåòñÿ óêàçàòü ñëåäóþùèå
ïàðàìåòðû:

� backend_data_directory

Êàòàëîã äàííûõ îïðåäåëåííîãî PostgreSQL êëàñòåðà.
� recovery_user

Èìÿ ïîëüçîâàòåëÿ PostgreSQL.
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� recovery_password

Ïàðîëü ïîëüçîâàòåëÿ PostgreSQL.
� recovery_1st_stage_command

Ïàðàìåòð óêàçûâàåò êîìàíäó äëÿ ïåðâîãî ýòàïà îíëàéí âîññòàíîâ-
ëåíèÿ. Ôàéë ñ êîìàíäàìè äîëæåí áûòü ïîìåùåí â êàòàëîã äàííûõ
ÑÓÁÄ êëàñòåðà èç-çà ïðîáëåì áåçîïàñíîñòè. Íàïðèìåð, åñëè
recovery_1st_stage_command = 'some_script', òî pgpool-II âûïîëíèò
$PGDATA/some_script. Îáðàòèòå âíèìàíèå, ÷òî pgpool-II ïðèíèìà-
åò ïîäêëþ÷åíèÿ è çàïðîñû â òî âðåìÿ êàê âûïîëíÿåòñÿ recovery_1st_stage.

� recovery_2nd_stage_command

Ïàðàìåòð óêàçûâàåò êîìàíäó äëÿ âòîðîãî ýòàïà îíëàéí âîññòàíîâ-
ëåíèÿ. Ôàéë ñ êîìàíäàìè äîëæåí áûòü ïîìåùåí â êàòàëîã äàííûõ
ÑÓÁÄ êëàñòåðà èç-çà ïðîáëåì áåçîïàñíîñòè. Íàïðèìåð, åñëè
recovery_2st_stage_command = 'some_script', òî pgpool-II âûïîëíèò
$PGDATA/some_script. Îáðàòèòå âíèìàíèå, ÷òî pgpool-II ÍÅ ïðèíè-
ìàåò ïîäêëþ÷åíèÿ è çàïðîñû â òî âðåìÿ êàê âûïîëíÿåòñÿ recovery_2st_stage.
Òàêèì îáðàçîì, pgpool-II áóäåò æäàòü, ïîêà âñå êëèåíòû íå çàêðîþò
ïîäêëþ÷åíèÿ.

Streaming Replication (Ïîòîêîâàÿ ðåïëèêàöèÿ)

Â master-slave ðåæèìå ñ ïîòîêîâîé ðåïëèêàöèåé, îíëàéí âîññòàíîâëå-
íèå îòëè÷íîå ñðåäñòâî âåðíóòü íàçàä óïàâøèé íîä PostgreSQL. Âåðíóòü
âîçìîæíî òîëüêî ñëåéâ íîäû, òàêèì ìåòîäîì íå âîññòàíîâèòü óïàâøèé ìà-
ñòåð. Äëÿ âîññòàíîâëåíèÿ ìàñòåðà ïîòðåáóåòñÿ îñòàíîâèòü âñå PostgreSQL
íîäû è pgpool-II (äëÿ âîññòàíîâëåíèÿ èç ðåçåðâíîé êîïèè ìàñòåðà).

Äëÿ íàñòðîéêè îíëàéí âîññòàíîâëåíèÿ íàì ïîòðåáóåòñÿ:

� Óñòàíîâèòü ¾recovery_user¿. Îáû÷íî ýòî ¾postgres¿.

Listing 6.43: recovery_user

1 recovery_user = 'postgres '

� Óñòàíîâèòü ¾recovery_password¿ äëÿ ¾recovery_user¿ äëÿ ïîäêëþ÷å-
íèÿ ê ÑÓÁÄ.

Listing 6.44: recovery_password

1 recovery_password = 'some_password '

� Íàñòðîèòü ¾recovery_1st_stage_command¿. Äëÿ ýòîãî ñîçäàäèì ñêðèïò
basebackup.sh è ïîëîæèì åãî â ïàïêó ñ äàííûìè ìàñòåðà ($PGDATA),
óñòàíîâèâ åìó ïðàâà íà âûïîëíåíèå. Ñîäåðæàíèå ñêðèïòà:
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Listing 6.45: basebackup.sh

1 #! /bin/sh

2 # Recovery script for streaming replication.

3 # This script assumes that DB node 0 is primary , and 1 is

standby.

4 #

5 datadir=$1

6 desthost=$2

7 destdir=$3

9 psql -c "SELECT pg_start_backup('Streaming Replication ', 

true)" postgres

11 rsync -C -a --delete -e ssh --exclude postgresql.conf

--exclude postmaster.pid \

12 --exclude postmaster.opts --exclude pg_log --exclude

pg_xlog \

13 --exclude recovery.conf $datadir/ $desthost:$destdir/

15 ssh -T localhost mv $destdir/recovery.done

$destdir/recovery.conf

17 psql -c "SELECT pg_stop_backup ()" postgres

Ïðè âîññòàíîâëåíèÿ ñëåéâà, ñêðèïò çàïóñêàåò áýêàï ìàñòåðà è ÷åðåç
rsync ïåðåäàåò äàííûå ñ ìàñòåðà íà ñëåéâ. Äëÿ ýòîãî íåîáõîäèìî
íàñòðîèòü SSH òàê, ÷òîáû ¾recovery_user¿ ìîã ëîãèíèòñÿ ñ ìàñòåðà
íà ñëåéâ áåç ïàðîëÿ.

Äàëåå äîáàâèì ñêðèïò íà âûïîëíåíèå äëÿ ïåðâîãî ýòàïà îíëàéí âî-
ñòàíîâëåíèÿ:

Listing 6.46: recovery_1st_stage_command

1 recovery_1st_stage_command = 'basebackup.sh'

� Îñòàâëÿåì ¾recovery_2nd_stage_command¿ ïóñòûì. Ïîñëå óñïåø-
íîãî âûïîëíåíèÿ ïåðâîãî ýòàïà îíëàéí âîññòàíîâëåíèÿ, ðàçíèöó â
äàííûõ, ÷òî óñïåëè çàïèñàòñÿ âî âðåìÿ ðàáîòû ñêðèïòà basebackup.sh,
ñëåéâ çàáåðåò ÷åðåç WAL ôàéëû ñ ìàñòåðà.

� Óñòàíàâëèâàåì C è SQL ôóíêöèè äëÿ ðàáîòû îíëàéí âîñòàíîâëåíèÿ
íà êàæäûé íîä ÑÓÁÄ.

Listing 6.47: Óñòàíàâëèâàåì C è SQL ôóíêöèè

1 $ cd pgpool -II-x.x.x/sql/pgpool -recovery

2 $ make

3 $ make install

4 $ psql -f pgpool -recovery.sql template1
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Âîò è âñå. Òåïåðü âîçìîæíî èñïîëüçîâàòü ¾pcp_recovery_node¿ äëÿ
îíëàéí âîññòàíîâëåíèÿ óïàðøèõ ñëåéâîâ.

6.7 Çàêëþ÷åíèå

PgPool-II � ïðåêðàñíîå ñðåäñòâî, êîòîðîå íóæíî ïðèìåíÿòü ïðè ìàñ-
øòàáèðîâàíèè PostgreSQL.
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7

Ìóëüòèïëåêñîðû ñîåäèíåíèé

Åñëè ñðàçó óñïåõà íå äîáèëèñü, ïûòàéòåñü ñíîâà è

ñíîâà. Çàòåì îñòàâüòå ýòè ïîïûòêè. Êàêîé ñìûñë

ãëóïî óïîðñòâîâàòü?

Óèëüÿì Êëîä Ôèëäñ

7.1 Ââåäåíèå

Ìóëüòèïëåêñîðû ñîåäèíåíèé(ïðîãðàììû äëÿ ñîçäàíèÿ ïóëà êîííåê-
òîâ) ïîçâîëÿþò óìåíüøèòü íàêëàäíûå ðàñõîäû íà áàçó äàííûõ, â ñëó-
÷àå, êîãäà îãðîìíîå êîëè÷åñòâî ôèçè÷åñêèõ ñîåäèíåíèé âåäåò ê ïàäåíèþ
ïðîèçâîäèòåëüíîñòè PostgreSQL. Ýòî îñîáåííî âàæíî íà Windows, êîãäà
ñèñòåìà îãðàíè÷èâàåò áîëüøîå êîëè÷åñòâî ñîåäèíåíèé. Ýòî òàêæå âàæíî
äëÿ âåá-ïðèëîæåíèé, ãäå êîëè÷åñòâî ñîåäèíåíèé ìîæåò áûòü î÷åíü áîëü-
øèì.

Âîò ñïèñîê ïðîãðàìì, êîòîðûå ñîçäàþò ïóëû ñîåäèíåíèé:

� PgBouncer
� Pgpool

7.2 PgBouncer

Ýòî ìóëüòèïëåêñîð ñîåäèíåíèé äëÿ PostgreSQL îò êîìïàíèè Skype.
Ñóùåñòâóþò òðè ðåæèìà óïðàâëåíèÿ.

� Session Pooling. Íàèáîëåå ¾âåæëèâûé¿ ðåæèì. Ïðè íà÷àëå ñåññèè
êëèåíòó âûäåëÿåòñÿ ñîåäèíåíèå ñ ñåðâåðîì; îíî ïðèïèñàíî åìó â òå-
÷åíèå âñåé ñåññèè è âîçâðàùàåòñÿ â ïóë òîëüêî ïîñëå îòñîåäèíåíèÿ
êëèåíòà.

� Transaction Pooling. Êëèåíò âëàäååò ñîåäèíåíèåì ñ áàêåíäîì òîëü-
êî â òå÷åíèå òðàíçàêöèè. Êîãäà PgBouncer çàìå÷àåò, ÷òî òðàíçàêöèÿ
çàâåðøèëàñü, îí âîçâðàùàåò ñîåäèíåíèå íàçàä â ïóë.
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� Statement Pooling. Íàèáîëåå àãðåññèâíûé ðåæèì. Ñîåäèíåíèå ñ áà-
êåíäîì âîçâðàùàåòñÿ íàçàä â ïóë ñðàçó ïîñëå çàâåðøåíèÿ çàïðîñà.
Òðàíçàêöèè ñ íåñêîëüêèìè çàïðîñàìè â ýòîì ðåæèìå íå ðàçðåøå-
íû, òàê êàê îíè ãàðàíòèðîâàíî áóäóò îòìåíåíû. Òàêæå íå ðàáîòàþò
ïîäãîòîâëåííûå âûðàæåíèÿ (prepared statements) â ýòîì ðåæèìå.

Ê äîñòîèíñòâàì PgBouncer îòíîñèòñÿ:

� ìàëîå ïîòðåáëåíèå ïàìÿòè (ìåíåå 2 ÊÁ íà ñîåäèíåíèå);
� îòñóòñòâèå ïðèâÿçêè ê îäíîìó ñåðâåðó áàç äàííûõ;
� ðåêîíôèãóðàöèÿ íàñòðîåê áåç ðåñòàðòà.

Áàçîâàÿ óòèëèòà çàïóñêàåòñÿ òàê:

Listing 7.1: PgBouncer

1 pgbouncer [-d][-R][-v][-u user] <pgbouncer.ini >

Ïðîñòîé ïðèìåð äëÿ êîíôèãà:

Listing 7.2: PgBouncer

1 [databases]

2 template1 = host =127.0.0.1 port =5432 dbname=template1

3 [pgbouncer]

4 listen_port = 6543

5 listen_addr = 127.0.0.1

6 auth_type = md5

7 auth_file = userlist.txt

8 logfile = pgbouncer.log

9 pidfile = pgbouncer.pid

10 admin_users = someuser

Íóæíî ñîçäàòü ôàéë ïîëüçîâàòåëåé userlist.txt ïðèìåðíîãî ñîäåðæà-
íèÿ:�someuser� �same_password_as_in_server�

Àäìèíñêèé äîñòóï èç êîíñîëè ê áàçå äàííûõ pgbouncer:

Listing 7.3: PgBouncer

1 psql -h 127.0.0.1 -p 6543 pgbouncer

Çäåñü ìîæíî ïîëó÷èòü ðàçëè÷íóþ ñòàòèñòè÷åñêóþ èíôîðìàöèþ ñ ïî-
ìîùüþ êîìàíäû SHOW.

7.3 PgPool-II vs PgBouncer

Âñå î÷åíü ïðîñòî. PgBouncer íàìíîãî ëó÷øå ðàáîòàåò ñ ïóëàìè ñîåäè-
íåíèé, ÷åì PgPool-II. Åñëè âàì íå íóæíû îñòàëüíûå ôè÷è, êîòîðûìè âëà-
äååò PgPool-II (âåäü ïóëû êîííåêòîâ ýòî ìåëî÷è ê åãî ôóíêöèîíàëó), òî
êîíå÷íî ëó÷øå èñïîëüçîâàòü PgBouncer.
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7.3. PgPool-II vs PgBouncer

� PgBouncer ïîòðåáëÿåò ìåíüøå ïàìÿòè, ÷åì PgPool-II
� ó PgBouncer âîçìîæíî íàñòðîèòü î÷åðåäü ñîåäèíåíèé
� â PgBouncer ìîæíî íàñòðàèâàòü ïñåâäî áàçû äàííûõ (íà ñåðâåðå îíè
ìîãóò íàçûâàòñÿ ïî äðóãîìó)

Õîòÿ íåêîòîðûå èñïîëüçóþò PgBouncer è PgPool-II ñîâìåñòíî.
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8

Êýøèðîâàíèå â PostgreSQL

×òîáû ÷òî-òî óçíàòü, íóæíî óæå ÷òî-òî çíàòü.

Ñòàíèñëàâ Ëåì

8.1 Ââåäåíèå

Êýø èëè êåø � ïðîìåæóòî÷íûé áóôåð ñ áûñòðûì äîñòóïîì, ñîäåðæà-
ùèé èíôîðìàöèþ, êîòîðàÿ ìîæåò áûòü çàïðîøåíà ñ íàèáîëüøåé âåðîÿò-
íîñòüþ. Êýøèðîâàíèå SELECT çàïðîñîâ ïîçâîëÿåò ïîâûñèòü ïðîèçâîäè-
òåëüíîñòü ïðèëîæåíèé è ñíèçèòü íàãðóçêó íà PostgreSQL. Ïðåèìóùåñòâà
êýøèðîâàíèÿ îñîáåííî çàìåòíû â ñëó÷àå ñ îòíîñèòåëüíî ìàëåíüêèìè òàá-
ëèöàìè, èìåþùèìè ñòàòè÷åñêèå äàííûå, íàïðèìåð, ñïðàâî÷íûìè òàáëè-
öàìè.

Ìíîãèå ÑÓÁÄ ìîãóò êýøèðîâàòü SQL çàïðîñû, è äàííàÿ âîçìîæíîñòü
èäåò ó íèõ, â îñíîâíîì, ¾èç êîðîáêè¿. PostgreSQL íå îáëàäàåò ïîäîáíûì
ôóíêöèîíàëîì. Ïî÷åìó? Âî-ïåðâûõ, ìû òåðÿåì òðàíçàêöèîííóþ ÷èñòîòó
ïðîèñõîäÿùåãî â áàçå. ×òî ýòî çíà÷èò? Óïðàâëåíèå êîíêóðåíòíûì äîñòó-
ïîì ñ ïîìîùüþ ìíîãîâåðñèîííîñòè (MVCC � MultiVersion Concurrency
Control) � îäèí èç ìåõàíèçìîâ îáåñïå÷åíèÿ îäíîâðåìåííîãî êîíêóðåíòíî-
ãî äîñòóïà ê ÁÄ, çàêëþ÷àþùèéñÿ â ïðåäîñòàâëåíèè êàæäîìó ïîëüçîâà-
òåëþ ¾ñíèìêà¿ ÁÄ, îáëàäàþùåãî òåì ñâîéñòâîì, ÷òî âíîñèìûå äàííûì
ïîëüçîâàòåëåì èçìåíåíèÿ â ÁÄ íåâèäèìû äðóãèì ïîëüçîâàòåëÿì äî ìî-
ìåíòà ôèêñàöèè òðàíçàêöèè. Ýòîò ñïîñîá óïðàâëåíèÿ ïîçâîëÿåò äîáèòü-
ñÿ òîãî, ÷òî ïèøóùèå òðàíçàêöèè íå áëîêèðóþò ÷èòàþùèõ, è ÷èòàþùèå
òðàíçàêöèè íå áëîêèðóþò ïèøóùèõ. Ïðè èñïîëüçîâàíèè êýøèðîâàíèÿ, êî-
òîðîìó íåò äåëà ê òðàíçàêöèÿì ÑÓÁÄ, ¾ñíèìêè¿ ÁÄ ìîãóò áûòü ñ íåâåð-
íèìè äàííèìè. Âî-âòîðûõ, êåøèðîâàíèå ðåçóëüòàòîâ çàïðîñîâ, â îñíîâíîì,
äîëæíî ïðîèñõîäèòü íà ñòîðîíå ïðèëîæåíèÿ, à íå ÑÓÁÄ. Â òàêîì ñëó÷àå
óïðàâëåíèå êýøèðîâàíèåì ìîæåò ðàáîòàòü áîëåå ãèáêî (âêëþ÷àòü è îò-
êëþ÷àòü åãî ãäå ïîòðåáóåòñÿ äëÿ ïðèëîæåíèÿ), à ÑÓÁÄ áóäåò çàíèìàòñÿ
ñâîåé íåïîñðåäñòâåííîé öåëüþ � õðàíåíèå è ïðåäîñòàâëåíèå öåëîñíîñòè
äàííûõ.
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Íî, íåñìîòðÿ íà âñå ýòè ìèíóñè, ìíîãèì ðàçðàáîò÷èêàì òðåáóåòñÿ êý-
øèðîâàíèå íà óðîâíå áàçû äàííûõ. Äëÿ îðãàíèçàöèè êýøèðîâàíèÿ ñóùå-
ñòâóåò äâà èíñòðóìåíòà äëÿ PostgreSQL:

� Pgmemcache (ñ memcached)
� Pgpool-II (query cache)

8.2 Pgmemcache

Memcached1 � êîìïüþòåðíàÿ ïðîãðàììà, ðåàëèçóþùàÿ ñåðâèñ êýøè-
ðîâàíèÿ äàííûõ â îïåðàòèâíîé ïàìÿòè íà îñíîâå ïàðàäèãìû ðàñïðåäåëåí-
íîé õåø-òàáëèöû. Ñ ïîìîùüþ êëèåíòñêîé áèáëèîòåêè ïîçâîëÿåò êýøèðî-
âàòü äàííûå â îïåðàòèâíîé ïàìÿòè îäíîãî èëè íåñêîëüêèõ èç ìíîæåñòâà
äîñòóïíûõ ñåðâåðîâ. Ðàñïðåäåëåíèå ðåàëèçóåòñÿ ïóòåì ñåãìåíòèðîâàíèÿ
äàííûõ ïî çíà÷åíèþ õýøà êëþ÷à ïî àíàëîãèè ñ ñîêåòàìè õýø-òàáëèöû.
Êëèåíòñêàÿ áèáëèîòåêà èñïîëüçóÿ êëþ÷ äàííûõ âû÷èñëÿåò õýø è èñïîëü-
çóåò åãî äëÿ âûáîðà ñîîòâåòñòâóþùåãî ñåðâåðà. Ñèòóàöèÿ ñáîÿ ñåðâåðà
òðàêòóåòñÿ êàê ïðîìàõ êýøà, ÷òî ïîçâîëÿåò ïîâûøàòü îòêàçîóñòîé÷èâîñòü
êîìïëåêñà çà ñ÷åò íàðàùèâàíèÿ êîëè÷åñòâà memcached ñåðâåðîâ è âîçìîæ-
íîñòè ïðîèçâîäèòü èõ ãîðÿ÷óþ çàìåíó.

Pgmemcache2 � ýòî PostgreSQL API áèáëèîòåêà íà îñíîâå libmemcached
äëÿ âçàèìîäåéñòâèÿ ñ memcached. Ñ ïîìîùüþ äàííîé áèáëèîòåêè PostgreSQL
ìîæåò çàïèñûâàòü, ñ÷èòûâàòü, èñêàòü è óäàëÿòü äàííûå èç memcached.
Ïîïðîáóåì, ÷òî èç ñåáÿ ïðåäñòàâëÿåò äàííûé òèï êýøèðîâàíèÿ.

Óñòàíîâêà

Âî âðåìÿ íàïèñàíèÿ ýòîé ãëàâû áûëà äîñòóïíà 2.0.4 âåðñèÿ pgmemcache3.
Pgmemcache áóäåò óñòàíàâëèâàòñÿ è íàñòðàèâàòñÿ íà PostgreSQL âåðñèè
8.4 (äëÿ âåðñèè 9.0 âñå àíàëîãè÷íî), îïåðàöèîííàÿ ñèñòåìà � Ubuntu Server
10.10. Ïîñêîëüêó Pgmemcache èäåò êàê ìîäóëü, òî ïîòðåáóåòñÿ PostgreSQL
ñ PGXS (åñëè óæå íå óñòàíîâëåí, ïîñêîëüêó â ñáîðêàõ äëÿ Linux ïðèñóò-
ñòâóåò PGXS). Òàêæå ïîòðåáóåòñÿ memcached è libmemcached áèáëèîòåêà
âåðñèè íå íèæå 0.38.

Ïîñëå ñêà÷èâàíèÿ è ðàñïàêîâêè èñõîäíèêîâ, ñóùåñòâóåò äâà âàðèàíòà
óñòàíîâêè Pgmemcache:

� Óñòàíîâêà èç èñõîäíèêîâ

Äëÿ ýòîãî äîñòàòî÷íî âûïîëíèòü â êîíñîëè:

Listing 8.1: Óñòàíîâêà èç èñõîäíèêîâ

1http://memcached.org/
2http://pgfoundry.org/projects/pgmemcache/
3http://pgfoundry.org/frs/download.php/2672/pgmemcache_2.0.4.tar.bz2
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1 $ make

2 $ sudo make install

� Ñîçäàíèå è óñòàíîâêà deb ïàêåòà (äëÿ Debian, Ubuntu)

Èíîãäà, åñëè ó Âàñ íà ñåðâåðàõ Debian èëè Ubuntu, óäîáíåå ñîçäàòü
deb ïàêåò íóæíîé ïðîãðàììû è ðàñïîñòðàíàòü åãî ÷åðåç ñîáñòâåííûé
ðåïîçèòîðèé íà âñå ñåðâåðà ñ PostgreSQL:

Listing 8.2: Ñîçäàíèå è óñòàíîâêà deb ïàêåòà

1 $ sudo apt -get install libmemcached -dev

postgresql -server -dev -8.4 libpq -dev devscripts yada

flex bison

2 $ make deb84

3 # óñòàíàâëèâàåì deb ïàêåò

4 $ sudo dpkg -i ../ postgresql -pgmemcache -8.4*. deb

Äëÿ âåðñèè 2.0.4 óòèëèòà yada âûäàâàëà îøèáêó ïðè ñîçäàíèè deb
ïàêåòà ñî ñëåäóþùèì òåêñòîì:

Listing 8.3: Ñîçäàíèå è óñòàíîâêà deb ïàêåòà

1 Cannot recognize source name in 'debian/changelog ' at

/usr/bin/yada line 145, <CHANGELOG > line 1.

2 make: *** [deb84] Îøèáêà 9

Äëÿ óñòðàíåíèÿ ýòîé îøèáêè ïîòðåáóåòñÿ óäàëèòü ïåðâóþ ñòðî÷êó
òåêñòà â ¾debian/changelog¿ â êàòàëîãå, êîòîðîì ïðîèñõîäèò ñáîðêà:

Listing 8.4: Ñîçäàíèå è óñòàíîâêà deb ïàêåòà

1 $PostgreSQL: pgmemcache/debian/changelog ,v 1.2 2010/05/05

19:56:50 ormod Exp $ <---- óäàëèòü

2 pgmemcache (2.0.4) unstable; urgency=low

4 * v2.0.4

Óñòðàíèâ ýòó ïðîáëåìó, ñáîðêà deb ïàêåòà íå äîëæíà ñîñòàâèòü íè-
êàêèõ ïðîáëåì.

Íàñòðîéêà

Ïîñëå óñïåøíîé óñòàíîâêè Pgmemcache ïîòðåáóåòñÿ äîáàâèò âî âñå áà-
çû äàííûõ (íà êîòîðûõ âû õîòèòå èñïîëüçîâàòü Pgmemcache) ôóíêöèè
äëÿ ðàáîòû ñ ýòîé áèáëèîòåêîé:

Listing 8.5: Íàñòðîéêà
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1 % psql [mydbname] [pguser]

2 [mydbname ]=# BEGIN;

3 [mydbname ]=# \i

/usr/local/postgresql/share/contrib/pgmemcache.sql

4 # äëÿ Debian: \i

/usr/share/postgresql /8.4/ contrib/pgmemcache.sql

5 [mydbname ]=# COMMIT;

Òåïåðü ìîæíî äîáàâëÿòü ñåðâåðà memcached ÷åðåç memcache_server_add
è ðàáîòàòü ñ êýøåì. Íî åñòü îäíî íî. Âñå ñåðâåðà memcached ïðèäåòñÿ çà-
äàâàòü ïðè êàæäîì íîâîì ïîäêëþ÷åíèè ê PostgreSQL. Ýòî îãðàíè÷åíèå
ìîæíî îáîéòè, åñëè íàñòðîèòü ïàðàìåòðû â postgresql.conf ôàéëå:

� Äîáàâèòü ¾pgmemcache¿ â shared_preload_libraries (àâòîçàãðóçêà áèá-
ëèîòåêè pgmemcache âî âðåìÿ ñòàðòà PostgreSQL)

� Äîáàâèòü ¾pgmemcache¿ â custom_variable_classes (óñòàíàâëèâàåì
ïåðåìåííóþ äëÿ pgmemcache)

� Ñîçäàåì ¾pgmemcache.default_servers¿, óêàçàâ â ôîðìàòå ¾host:port¿
(port - îïöèîíàëüíî) ÷åðåç çàïÿòóþ. Íàïðèìåð:

Listing 8.6: Íàñòðîéêà default_servers

1 pgmemcache.default_servers = '127.0.0.1 ,

192.168.0.20:11211 ' # ïîäêëþ÷èëè äâà ñåðâåðà memcached

� Òàêæå ìîæåì íàñòðîèòü ðàáîòó ñàìîé áèáëèîòåêè pgmemcache ÷åðåç
¾pgmemcache.default_behavior¿. Íàñòðîéêè ñîîòâåòñòâóþò íàñòðîêàì
libmemcached. Íàïðèìåð:

Listing 8.7: Íàñòðîéêà pgmemcache

1 pgmemcache.default_behavior='BINARY_PROTOCOL :1'

Òåïåðü íå òðåáóåòñÿ ïðè ïîäêëþ÷åíèè ê PostgreSQL óêàçûâàòü ñåðâåðà
memcached.

Ïðîâåðêà

Ïîñëå óñïåøíîé óñòàíîâêè è íàñòðîéêè pgmemcache, ñòàíîâèòñÿ äîñòó-
ïåí ñïèñîê êîìàíä äëÿ ðàáîòû ñ memcached ñåðâåðàìè:

Ïîñìîòðèì ðàáîòó â ÑÓÁÄ äàííûõ ôóíêöèé. Äëÿ íà÷àëà óçíàåì èí-
ôîðìàöèþ ïî memcached ñåðâåðàõ:

Listing 8.8: Ïðîâåðêà memcache_stats

1 pgmemcache=# SELECT memcache_stats ();

2 memcache_stats

3 ---------------------------

125



8.2. Pgmemcache

Òàáëèöà 8.1: Ñïèñîê êîìàíä pgmemcache

Êîìàíäà Îïèñàíèå

memcache_server_add('hostname:port'::TEXT)
memcache_server_add('hostname'::TEXT)

Äîáàâëÿåò memcached ñåðâåð â ñïèñîê äîñòóï-
íûõ ñåðâåðîâ. Åñëè ïîðò íå óêàçàí, ïî óìîë÷à-
íèþ èñïîëüçóåòñÿ 11211.

memcache_add(key::TEXT, value::TEXT,
expire::TIMESTAMPTZ)
memcache_add(key::TEXT, value::TEXT,
expire::INTERVAL)
memcache_add(key::TEXT, value::TEXT)

Äîáàâëÿåò êëþ÷ â êýø, åñëè êëþ÷ íå ñóùåñòâó-
åò.

newval = memcache_decr(key::TEXT,
decrement::INT4)
newval = memcache_decr(key::TEXT)

Åñëè êëþ÷ ñóùåñòâóåò è ÿâëÿåòñÿ öåëûì ÷èñ-
ëîì, ïðîèñõîäèò óìåíüøåíèå åãî çíà÷åíèÿ íà
óêàçàíîå ÷èñëî (ïî óìîë÷àíèþ íà åäèíèöó).
Âîçâðàùàåò öåëîå ÷èñëî ïîñëå óìåíüøåíèÿ.

memcache_delete(key::TEXT,
hold_timer::INTERVAL)
memcache_delete(key::TEXT)

Óäàëÿåò óêàçàííûé êëþ÷. Åñëè óêàçàòü òàé-
ìåð, òî êëþ÷ ñ òàêèì æå íàçâàíèåì ìîæåò áûòü
äîáàâëåí òîëüêî ïîñëå îêîí÷àíèÿ òàéìåðà.

memcache_�ush_all() Î÷èùàåò âñå äàííûå íà âñåõ memcached ñåðâå-
ðàõ.

value = memcache_get(key::TEXT) Âûáèðàåò êëþ÷ èç êýøà. Âîçâðàùàåò NULL,
åñëè êëþ÷ íå ñóùåñòâóåò, èíà÷å � òåêñòîâóþ
ñòðîêó.

memcache_get_multi(keys::TEXT[])
memcache_get_multi(keys::BYTEA[])

Ïîëó÷àåò ìàññèâ êëþ÷åé èç êýøà. Âîç-
âðàùàåò ñïèñîê íàéäåííûõ çàïèñåé â âèäå
¾êëþ÷=çíà÷åíèå¿.

newval = memcache_incr(key::TEXT,
increment::INT4)
newval = memcache_incr(key::TEXT)

Åñëè êëþ÷ ñóùåñòâóåò è ÿâëÿåòñÿ öåëûì ÷èñ-
ëîì, ïðîèñõîäèò óâåëè÷åíèå åãî çíà÷åíèÿ íà
óêàçàíîå ÷èñëî (ïî óìîë÷àíèþ íà åäèíèöó).
Âîçâðàùàåò öåëîå ÷èñëî ïîñëå óâåëè÷åíèÿ.

memcache_replace(key::TEXT, value::TEXT,
expire::TIMESTAMPTZ)
memcache_replace(key::TEXT, value::TEXT,
expire::INTERVAL)
memcache_replace(key::TEXT, value::TEXT)

Çàìåíÿåò çíà÷åíèå äëÿ ñóùåñòâóþùåãî êëþ÷à.

memcache_set(key::TEXT, value::TEXT,
expire::TIMESTAMPTZ)
memcache_set(key::TEXT, value::TEXT,
expire::INTERVAL)
memcache_set(key::TEXT, value::TEXT)

Ñîçäàåì êëþ÷ ñî çíà÷åíèå. Åñëè òàêîé êëþ÷
ñóùåñòâóåò � çàìåíÿåì â íåì çíà÷åíèå íà óêà-
çàíîå.

stats = memcache_stats() Âîçâðàùàåò ñòàòèñòèêó ïî âñåì ñåðâåðàì
memcached.

5 Server: 127.0.0.1 (11211)

6 pid: 1116

7 uptime: 70

8 time: 1289598098

9 version: 1.4.5

10 pointer_size: 32

11 rusage_user: 0.0
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12 rusage_system: 0.24001

13 curr_items: 0

14 total_items: 0

15 bytes: 0

16 curr_connections: 5

17 total_connections: 7

18 connection_structures: 6

19 cmd_get: 0

20 cmd_set: 0

21 get_hits: 0

22 get_misses: 0

23 evictions: 0

24 bytes_read: 20

25 bytes_written: 782

26 limit_maxbytes: 67108864

27 threads: 4

29 (1 row)

Òåïåðü ñîõðàíèì äàííûå â memcached è ïîïðîáóåì èõ çàáðàòü:

Listing 8.9: Ïðîâåðêà

1 pgmemcache=# SELECT memcache_add('some_key ', 'test_value ');

2 memcache_add

3 --------------

4 t

5 (1 row)

7 pgmemcache=# SELECT memcache_get('some_key ');

8 memcache_get

9 --------------

10 test_value

11 (1 row)

Ìîæíî òàêæå ïðîâåðèòü ðàáîòó ñ÷åò÷èêîâ â memcached (äàííûé ôóíê-
öèîíàë ìîæåò ïðèãîäèòñÿ äëÿ ñîçäàíèÿ ïîñëåäîâàòåëüíîñòåé):

Listing 8.10: Ïðîâåðêà

1 pgmemcache=# SELECT memcache_add('some_seq ', '10');

2 memcache_add

3 --------------

4 t

5 (1 row)

7 pgmemcache=# SELECT memcache_incr('some_seq ');

8 memcache_incr

9 ---------------

10 11

11 (1 row)

13 pgmemcache=# SELECT memcache_incr('some_seq ');

14 memcache_incr
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15 ---------------

16 12

17 (1 row)

19 pgmemcache=# SELECT memcache_incr('some_seq ', 10);

20 memcache_incr

21 ---------------

22 22

23 (1 row)

25 pgmemcache=# SELECT memcache_decr('some_seq ');

26 memcache_decr

27 ---------------

28 21

29 (1 row)

31 pgmemcache=# SELECT memcache_decr('some_seq ');

32 memcache_decr

33 ---------------

34 20

35 (1 row)

37 pgmemcache=# SELECT memcache_decr('some_seq ', 6);

38 memcache_decr

39 ---------------

40 14

41 (1 row)

Äëÿ ðàáîòû ñ pgmemcache ëó÷øå ñîçäàòü ôóíêöèè è, åñëè òðåáóåòñÿ,
àêòèâèðîâàòü ýòè ôóíêöèè ÷åðåç òðèããåðû.

Íàïðèìåð, íàøå ïðèëîæåíèå êýøèðóåò çàøèôðîâàíûå ïàðîëè ïîëü-
çîâàòåëåé â memcached (äëÿ áîëåå áûñòðîãî äîñòóïà), è íàì òðåáóåòñÿ
îáíîâëÿòü èíôîðìàöèþ â êýøå, åñëè îíà èçìåíÿåòñÿ â ÑÓÁÄ. Ñîçäàåì
ôóíêöèþ:

Listing 8.11: Ôóíêöèÿ äëÿ îáíîâëåíèÿ äàííûõ â êýøå

1 CREATE OR REPLACE FUNCTION auth_passwd_upd () RETURNS TRIGGER

AS $$

2 BEGIN

3 IF OLD.passwd != NEW.passwd THEN

4 PERFORM memcache_set('user_id_ ' || NEW.user_id ||

'_password ', NEW.passwd);

5 END IF;

6 RETURN NEW;

7 END;

8 $$ LANGUAGE 'plpgsql ';

Àêòèâèðóåì òðèããåð äëÿ îáíîâëåíèÿ òàáëèöû ïîëüçîâàòåëåé:

Listing 8.12: Òðèããåð

1 CREATE TRIGGER auth_passwd_upd_trg AFTER UPDATE ON passwd FOR

EACH ROW EXECUTE PROCEDURE auth_passwd_upd ();
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Íî(!!!) äàííûé ïðèìåð òðàíçàêöèîííî íå áåçîïàñåí � ïðè îòìåíå òðàí-
çàöèè êýø íå âåðíåòñÿ íà ñòàðîå çíà÷åíèå. Ïîýòîìó ëó÷øå î÷èùàòü ñòàðûå
äàííûå:

Listing 8.13: Î÷èñòêà êëþ÷à â êýøå

1 CREATE OR REPLACE FUNCTION auth_passwd_upd () RETURNS TRIGGER

AS $$

2 BEGIN

3 IF OLD.passwd != NEW.passwd THEN

4 PERFORM memcache_delete('user_id_ ' || NEW.user_id ||

'_password ');

5 END IF;

6 RETURN NEW;

7 END;$$ LANGUAGE 'plpgsql ';

Òàêæå íóæåí òðèããåð íà ÷èñòêó êýøà ïðè óäàëåíèè çàïèñè èç ÑÓÁÄ:

Listing 8.14: Òðèããåð

1 CREATE TRIGGER auth_passwd_del_trg AFTER DELETE ON passwd FOR

EACH ROW EXECUTE PROCEDURE auth_passwd_upd ();

Çàìå÷ó îò ñåáÿ, ÷òî ñîçäàâàòü êýø â memcached íà êåøèðîâàíûé ïà-
ðîëü íîâîãî ïîëüçîâàòåëÿ (èëè îáíîâëåííîãî) ëó÷øå ÷åðåç ïðèëîæåíèå.

Çàêëþ÷åíèå

PostgreSQL ñ ïîìîùüþ Pgmemcache áèáëèîòåêè ïîçâîëÿåò ðàáîòàòü ñ
memcached ñåðâåðàìè, ÷òî ìîæåò ïîòðåáîâàòñÿ â îïðåäåëåííûõ ñëó÷àÿõ
äëÿ êýøèðîâàíèÿ äàííûõ íàïðÿìóþ ñ ÑÓÁÄ. Óäîáñòâî äàííîé áèáëèîòå-
êè çàêëþ÷àåòñÿ â ïîëíîì äîñòóïå ê ôóíêöèÿì memcached, íî âîò ãîòîâîé
ðåàëèçàöèè êýøèðîâàíèå SQL çàïðîñîâ òóò íåò, è å¼ ïðèäåòñÿ äîðàáàòû-
âàòü âðó÷íóþ ÷åðåç ôóíêöèè è òðèããåðû PostgreSQL.
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Ðàñøèðåíèÿ

Ãèáêîñòü óìà ìîæåò çàìåíèòü êðàñîòó.

Ñòåíäàëü

9.1 Ââåäåíèå

Îäèí èç ãëàâíûõ ïëþñîâ PostgreSQL ýòî âîçìîæíîñòü ðàñøèðåíèÿ åãî
ôóíêöèîíàëà ñ ïîìîùüþ ðàñøèðåíèé. Â äàííîé ñòàòüå ÿ çàòðîíó òîëüêî
ñàìûå èíòåðåñíûå è ïîïóëÿðíûå èç ñóùåñòâóþùèõ.

9.2 PostGIS

Ëèöåíçèÿ: Open Source
Ññûëêà: http://www.postgis.org/
PostGIS äîáàâëÿåò ïîääåðæêó äëÿ ãåîãðàôè÷åñêèõ îáúåêòîâ â PostgreSQL.

Ïî ñóòè PostGIS ïîçâîëÿåò èñïîëüçîâàòü PostgreSQL â êà÷åñòâå áýêýíäà
ïðîñòðàíñòâåííîé áàçû äàííûõ äëÿ ãåîèíôîðìàöèîííûõ ñèñòåì (ÃÈÑ),
òàê æå, êàê ESRI SDE èëè ïðîñòðàíñòâåííîãî ðàñøèðåíèÿ Oracle. PostGIS
ñëåäóåò OpenGIS "Ïðîñòûå îñîáåííîñòè Ñïåöèôèêàöèÿ äëÿ SQL"è áûë
ñåðòèôèöèðîâàí.

9.3 PostPic

Ëèöåíçèÿ: Open Source
Ññûëêà: http://github.com/drotiro/postpic
PostPic ðàñøèðåíèå äëÿ ÑÓÁÄ PostgreSQL, êîòîðîå ïîçâîëÿåò îáðàáà-

òûâàòü èçîáðàæåíèÿ â áàçå äàííûõ, êàê PostGIS äåëàåò ýòî ñ ïðîñòðàí-
ñòâåííûìè äàííûìè. Îí äîáàâëÿåò íîâûé òèïà ïîëÿ ¾image¿, à òàêæå
íåñêîëüêî ôóíêöèé äëÿ îáðàáîòêè èçîáðàæåíèé (êðîï, ñîçäàíèå ìèíèà-
òþð, ïîâîðîò è ò.ä.) è èçâëå÷åíèé åãî àòðèáóòîâ (ðàçìåð, òèï, ðàçðåøå-
íèå).
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9.4 OpenFTS

Ëèöåíçèÿ: Open Source
Ññûëêà: http://openfts.sourceforge.net/
OpenFTS (Open Source Full Text Search engine) ÿâëÿåòñÿ ïðîäâèíóòîé

PostgreSQL ïîèñêîâîé ñèñòåìîé, êîòîðàÿ îáåñïå÷èâàåò îíëàéí èíäåêñèðî-
âàíèÿ äàííûõ è àêòóàëüíîñòü äàííûõ äëÿ ïîèñêà ïî áàçå. Òåñíàÿ èíòå-
ãðàöèÿ ñ áàçîé äàííûõ ïîçâîëÿåò èñïîëüçîâàòü ìåòàäàííûå, ÷òîáû îãðà-
íè÷èòü ðåçóëüòàòû ïîèñêà.

9.5 PL/Proxy

Ëèöåíçèÿ: Open Source
Ññûëêà: http://pgfoundry.org/projects/plproxy/
PL/Proxy ïðåäñòàâëÿåò ñîáîé ïðîêñè-ÿçûê äëÿ óäàëåííîãî âûçîâà ïðî-

öåäóð è ïàðòèöèðîâàíèÿ äàííûõ ìåæäó ðàçíûìè áàçàìè. Ïîäðîáíåå ìîæ-
íî ïî÷èòàòü â �5.2 ãëàâå.

9.6 Texcaller

Ëèöåíçèÿ: Open Source
Ññûëêà: http://www.profv.de/texcaller/
Texcaller � ýòî óäîáíûé èíòåðôåéñ äëÿ êîìàíäíîé ñòðîêè TeX, êîòî-

ðàÿ îáðàáàòûâàåò âñå âèäû îøèáîê. Îí íàïèñàí â ïðîñòîì C, äîâîëüíî
ïîðòàòèâíûé, è íå èìååò âíåøíèõ çàâèñèìîñòåé, êðîìå TeX. Íåâåðíûé
TeX äîêóìåíòû îáðàáàòûâàþòñÿ ïóòåì ïðîñòîãî âîçâðàùåíèÿ NULL, à íå
ïðåðûâàòü ñ îøèáêîé. Â ñëó÷àå íåóäà÷è, à òàêæå â ñëó÷àå óñïåõà, äîïîë-
íèòåëüíàÿ îáðàáîòêà èíôîðìàöèè îñóùåñòâëÿåòñÿ ÷åðåç NOTICEs.

9.7 Pgmemcache

Ëèöåíçèÿ: Open Source
Ññûëêà: http://pgfoundry.org/projects/pgmemcache/
Pgmemcache � ýòî PostgreSQL API áèáëèîòåêà íà îñíîâå libmemcached

äëÿ âçàèìîäåéñòâèÿ ñ memcached. Ñ ïîìîùüþ äàííîé áèáëèîòåêè PostgreSQL
ìîæåò çàïèñûâàòü, ñ÷èòûâàòü, èñêàòü è óäàëÿòü äàííûå èç memcached.
Ïîäðîáíåå ìîæíî ïî÷èòàòü â �8.2 ãëàâå.

9.8 Pre�x

Ëèöåíçèÿ: Open Source
Ññûëêà: http://pgfoundry.org/projects/pre�x
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Pre�x ðåàëèçóåò ïîèñê òåêñòà ïî ïðåôèêñó (pre�x @> text). Pre�x èñ-
ïîëüçóåòñÿ â ïðèëîæåíèÿõ òåëåôîíèè, ãäå ìàðøðóòèçàöèÿ âûçîâîâ è ðàñ-
õîäû çàâèñÿò îò âûçûâàþùåãî/âûçûâàåìîãî ïðåôèêñà òåëåôîííîãî íîìå-
ðà îïåðàòîðà.

9.9 pgSphere

Ëèöåíçèÿ: Open Source
Ññûëêà: http://pgsphere.projects.postgresql.org/
pgSphere îáåñïå÷èâàåò PostgreSQL ñôåðè÷åñêèìè òèïàìè äàííûõ, à

òàêæå ôóíêöèÿìè è îïåðàòîðàìè äëÿ ðàáîòû ñ íèìè. Èñïîëüçóåòñÿ äëÿ
ðàáîòû ñ ãåîãðàôè÷åêèõìè (ìîæåò èñïîëüçîâàòñÿ âìåñòî PostGIS) èëè àñò-
ðîíàìè÷åñêèìè òèïàìè äàííûõ.

9.10 Çàêëþ÷åíèå

Ðàñøèðåíèÿ ïîìîãàþò óëó÷øèòü ðàáîòó PostgreSQL â ðåøåíèè ñïåöè-
ôè÷åêèõ ïðîáëåì. Ðàñøèðÿåìîñòü PostgreSQL ïîçâîëÿåò ñîçäàâàòü ñîá-
ñòâåííûå ðàñøèðåíèÿ, èëè æå íàîáîðîò, íå íàãðóæàòü ÑÓÁÄ ëèøíèì, íå
òðåáóåìûì ôóíêöèîíàëîì.

132



10

Áýêàï è âîññòàíîâëåíèå PostgreSQL

Åñòü äâà òèïà àäìèíèñòðàòîðîâ � òå, êòî íå äåëàåò

áýêàïû, è òå, êòî óæå äåëàåò

Íàðîäíàÿ ìóäðîñòü

Åñëè êàêàÿ-íèáóäü íåïðèÿòíîñòü ìîæåò ïðîèçîéòè,

îíà ñëó÷àåòñÿ.

Çàêîí Ìýðôè

10.1 Ââåäåíèå

Ëþáîé õîðîøèé ñèñàäìèí çíàåò � áýêàïû íóæíû âñåãäà. Íà ñêîëüêî
áû íàäåæíà íå êàçàëàñü Âàøà ñèñòåìà, âñåãäà ìîæåò ïðîèçîéòè ñëó÷àé,
êîòîðûé áûë íå ó÷òåí, è èç-çà êîòîðîãî ìîãóò áûòü ïîòåðÿíû äàííûå.

Òîæå ñàìîå êàñàåòñÿ è PostgreSQL áàç äàííûõ. Áåêàïû äîëæíû áûòü!
Ïîñûïàâøèéñÿ âèí÷åñòåð íà ñåðâåðå, îøèáêà â ôàëîâîé ñèñòåìå, îøèáêà
â äðóãîé ïðîãðàììå, êîòîðàÿ ïåðåòåðëà âåñü êàòàëîã PostgreSQL è ìíî-
ãîå äðóãîå ïðèâåäåò òîëüêî ê ïëà÷åâíîìó ðåçóëüòàòó. È äàæå åñëè ó Âàñ
ðåïëèêàöèÿ ñ ìíîæåñòâîì ñëåéâîâ, ýòî íå îçíà÷àåò, ÷òî ñèñòåìà â áåçîïàñ-
íîñòè � íåâåðíûé çàïðîñ íà ìàñòåð (DELETE, DROP), è ó ñëåéâîâ òàêàÿ
æå ïîðöèÿ äàííûõ (òî÷íåå èõ îòñóòñòâèå).

Ñóùåñòâóþò òðè ïðèíöèïèàëüíî ðàçëè÷íûõ ïîäõîäà ê ðåçåðâíîìó êî-
ïèðîâàíèþ äàííûõ PostgreSQL:

� SQL áýêàï;
� Áåêàï óðîâíÿ ôàéëîâîé ñèñòåìû;
� Íåïðåðûâíîå ðåçåðâíîå êîïèðîâàíèå;

Êàæäûé èç ýòèõ ïîäõîäîâ èìååò ñâîè ñèëüíûå è ñëàáûå ñòîðîíû.

10.2 SQL áýêàï

Èäåÿ ýòîãî ïîäõîäà â ñîçäàíèè òåêñòîâîãî ôàéëà ñ êîìàíäàìè SQL.
Òàêîé ôàéë ìîæíî ïåðåäàòü îáðàòíî íà ñåðâåð è âîññîçäàòü áàçó äàííûõ
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â òîì æå ñîñòîÿíèè, â êîòîðîì îíà áûëà âî âðåìÿ áýêàïà. Ó PostgreSQL
äëÿ ýòîãî åñòü ñïåöèàëüíàÿ óòèëèòà � pg_dump. Ïðèìåð èñïîëüçîâàíèÿ
pg_dump:

Listing 10.1: Ñîçäàåì áýêàï ñ ïîìîùüþ pg_dump

1 pg_dump dbname > outfile

Äëÿ âîññòàíîâëåíèÿ òàêîãî áýêàïà äîñòàòî÷íî âûïîëíèòü:

Listing 10.2: Âîññòàíàâëèâàåì áýêàï

1 psql dbname < infile

Ïðè ýòîì áàçó äàííûõ ¾dbname¿ ïîòðåáóåòñÿ ñîçäàòü ïåðåä âîññòàíîâ-
ëåíèåì. Òàêæå ïîòðåáóåòñÿ ñîçäàòü ïîëüçîâàòåëåé, êîòîðûå èìåþò äîñòóï
ê äàííûì, êîòîðûå âîññòàíàâëèâàþòñÿ (ýòî ìîæíî è íå äåëàòü, íî òî-
ãäà ïðîñòî â âûâîäå âîññòàíîâëåíèÿ áóäóò îøèáêè). Åñëè íàì òðåáóåòñÿ,
÷òîáû âîññòàíîâëåíèå ïðåêðàòèëîñü ïðè âîçíèêíîâåíèè îøèáêè, òîãäà ïî-
òðåáóåòñÿ âîññòàíàâëèâàòü áýêàï òàêèì ñïîñîáîì:

Listing 10.3: Âîññòàíàâëèâàåì áýêàï

1 psql --set ON_ERROR_STOP=on dbname < infile

Òàêæå, ìîæíî äåëàòü áýêàï è ñðàçó âîññòàíàâëèâàòü åãî íà äðóãóþ
áàçó:

Listing 10.4: Áåêàï â äðóãóþ ÁÄ

1 pg_dump -h host1 dbname | psql -h host2 dbname

Ïîñëå âîññòàíîâëåíèÿ áýêàïà æåëàòåëüíî çàïóñòèòü ¾ANALYZE¿, ÷òî-
áû îïòèìèçàòîð çàïðîñîâ îáíîâèë ñòàòèñòèêó.

À ÷òî, åñëè íóæíî ñäåëàòü áýêàï íå îäíîé áàçû äàííûõ, à âñåõ, äà è
åùå ïîëó÷èòü â áýêàïå èíôîðìàöèþ ïðî ðîëè è òàáëèöû? Â òàêîì ñëó-
÷àå ó PostgreSQL åñòü óòèëèòà pg_dumpall. pg_dumpall èñïîëüçóåòñÿ äëÿ
ñîçäàíèÿ áýêàïà äàííûõ âñåãî êëàñòåðà PostgreSQL:

Listing 10.5: Áåêàï êëàñòåðà PostgreSQL

1 pg_dumpall > outfile

Äëÿ âîññòàíîâëåíèÿ òàêîãî áýêàïà äîñòàòî÷íî âûïîëíèòü îò ñóïåð-
ïîëüçîâàòåëÿ:

Listing 10.6: Âîññòàíîâëåíèÿ áýêàïà PostgreSQL

1 psql -f infile postgres
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SQL áýêàï áîëüøèõ áàç äàííûõ

Íåêîòîðûå îïåðàöèîííûå ñèñòåìû èìåþò îãðàíè÷åíèÿ íà ìàêñèìàëü-
íûé ðàçìåð ôàéëà, ÷òî ìîæåò âûçûâàþòü ïðîáëåìû ïðè ñîçäàíèè áîëü-
øèõ áýêàïîâ ÷åðåç pg_dump. Ê ñ÷àñòüþ, pg_dump ìîæåòå áýêàïèòü â
ñòàíäàðòíûé âûâîä. Òàê ÷òî ìîæíî èñïîëüçîâàòü ñòàíäàðòíûå èíñòðóìåí-
òû Unix, ÷òîáû îáîéòè ýòó ïðîáëåìó. Åñòü íåñêîëüêî âîçìîæíûõ ñïîñîáîâ:

� Èñïîëüçîâàòü ñæàòèå äëÿ áýêàïà.

Ìîæíî èñïîëüçîâàòü ïðîãðàììó ñæàòèÿ äàííûõ, íàïðèìåð GZIP:

Listing 10.7: Ñæàòèå áýêàïà PostgreSQL

1 pg_dump dbname | gzip > filename.gz

Âîññòàíîâëåíèå:

Listing 10.8: Âîññòàíîâëåíèå áýêàïà PostgreSQL

1 gunzip -c filename.gz | psql dbname

èëè

Listing 10.9: Âîññòàíîâëåíèå áýêàïà PostgreSQL

1 cat filename.gz | gunzip | psql dbname

� Èñïîëüçîâàòü êîìàíäó split.

Êîìàíäà split ïîçâîëÿåò ðàçäåëèòü âûâîä â ôàéëû ìåíüøåãî ðàçìå-
ðà, êîòîðûå ÿâëÿþòñÿ ïîäõîäÿùèìè ïî ðàçìåðó äëÿ ôàéëîâîé ñèñòå-
ìû. Íàïðèìåð, áýêàï äåëèòñÿ íà êóñêè ïî 1 ìåãàáàéòó:

Listing 10.10: Ñîçäàíèå áýêàïà PostgreSQL

1 pg_dump dbname | split -b 1m - filename

Âîññòàíîâëåíèå:

Listing 10.11: Âîññòàíîâëåíèå áýêàïà PostgreSQL

1 cat filename* | psql dbname

� Èñïîëüçîâàòü ïîëüçîâàòåëüñêèé ôîðìàò äàìïà pg_dump

PostgreSQL ïîñòðîåí íà ñèñòåìå ñ áèáëèîòåêîé ñæàòèÿ Zlib, ïîýòîìó
ïîëüçîâàòåëüñêèé ôîðìàò áýêàïà áóäåò â ñæàòîì âèäå. Ýòî ïîõîæå
íà ìåòîä ñ èìïîëüçîâàíèåì GZIP, íî îí èìååò äîïîëíèòåëüíîå ïðå-
èìóùåñòâî � òàáëèöû ìîãóò áûòü âîññòàíîâëåíû âûáîðî÷íî:
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Listing 10.12: Ñîçäàíèå áýêàïà PostgreSQL

1 pg_dump -Fc dbname > filename

×åðåç psql òàêîé áýêàï íå âîññòàíîâèòü, íî äëÿ ýòîãî åñòü óòèëèòà
pg_restore:

Listing 10.13: Âîññòàíîâëåíèå áýêàïà PostgreSQL

1 pg_restore -d dbname filename

Ïðè ñëèøêîì áîëüøîé áàçå äàííûõ, âàðèàíò ñ êîìàíäîé split íóæíî
êîìáèíèðîâàòü ñ ñæàòèåì äàííûõ.

10.3 Áåêàï óðîâíÿ ôàéëîâîé ñèñòåìû

Àëüòåðíàòèâíûé ìåòîä ðåçåðâíîãî êîïèðîâàíèÿ çàêëþ÷àåòñÿ â íåïî-
ñðåäñòâåííîì êîïèðîâàíèè ôàéëîâ, êîòîðûå PostgreSQL èñïîëüçóåò äëÿ
õðàíåíèÿ äàííûõ â áàçå äàííûõ. Íàïðèìåð:

Listing 10.14: Áýêàï PostgreSQL ôàéëîâ

1 tar -cf backup.tar /usr/local/pgsql/data

Íî åñòü äâà îãðàíè÷åíèÿ, êîòîðûå äåëàåò ýòîò ìåòîä íåöåëåñîîáðàç-
íûì, èëè, ïî êðàéíåé ìåðå, óñòóïàþùèì SQL áýêàïó:

� PostgreSQL áàçà äàííûõ äîëæíà áûòü îñòàíîâëåííà, äëÿ òîãî, ÷òîáû
ïîëó÷èòü àêòóàëüíûé áýêàï (PostgreSQL äåðæèò ìíîæåñòâî îáüåê-
òîâ â ïàìÿòè, áóôåðèçàöèÿ ôàéëîâîé ñèñòåìû). Èçëèøíå ãîâîðèòü,
÷òî âî âðåìÿ âîññòàíîâëåíèÿ òàêîãî áýêàïà ïîòðåáóåòñÿ òàêæå îñòà-
íîâèòü PostgreSQL.

� Íå ïîëó÷èòñÿ âîñòàíîâèòü òîëüêî îïðåäåëåííûå äàííûå ñ òàêîãî áýêà-
ïà.

Êàê àëüòåðíàòèâà, ìîæíî äåëàòü ñíèìêè (snapshot) ôàéëîâ ñèñòåìû
(ïàïêè ñ ôàéëàìè PostgreSQL). Â òàêîì ñëó÷àå îñòàíàâëèâàòü PostgreSQL
íå òðåáóåòñÿ. Îäíàêî, ðåçåðâíàÿ êîïèÿ, ñîçäàííàÿ òàêèì îáðàçîì, ñîõðà-
íÿåò ôàéëû áàçû äàííûõ â ñîñòîÿíèè, êàê åñëè áû ñåðâåð áàçû äàííûõ
áûë íåïðàâèëüíî îñòàíîâëåí. Ïîýòîìó ïðè çàïóñêå PostgreSQL èç ðåçåðâ-
íîé êîïèè, îí áóäåò äóìàòü, ÷òî ïðåäûäóùèé ýêçåìïëÿð ñåðâåðà âûøåë èç
ñòðîÿ è ïîâòîðèò æóðíàëà WAL. Ýòî íå ïðîáëåìà, ïðîñòî íàäî çíàòü ïðî
ýòî (è íå çàáûòü âêëþ÷èòü WAL ôàéëû â ðåçåðâíóþ êîïèþ). Òàêæå, åñëè
ôàéëîâàÿ ñèñòåìà PostgreSQL ðàñïðåäåëåíà ïî ðàçíûì ôàéëîâûì ñèñòå-
ìà, òî òàêîé ìåòîä áýêàïà áóäåò î÷åíü íå íàäåæíûì � ñíèìêè ôàéëîâ
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ñèñòåìû äîëæíû áûòü ñäåëàíû îäíîâðåìåííî(!!!). Ïî÷èòàéòå äîêóìåíòà-
öèþ ôàéëîâîé ñèñòåìû î÷åíü âíèìàòåëüíî, ïðåæäå ÷åì äîâåðÿòü ñíèìêàì
ôàéëîâ ñèñòåìû â òàêèõ ñèòóàöèÿõ.

Òàêæå âîçìîæåí âàðèàíò ñ èñïîëüçîâàíèåì rsync. Ïåðâûì çàïóñêîì
rsync ìû êîïèðóåì îñíîâíûå ôàéëû ñ äèðåêòîðèè PostgreSQL (PostgreSQL
ïðè ýòîì ïðîäîëæàåò ðàáîòó). Ïîñëå ýòîãî ìû îñòàíàâëèâàåì PostgreSQL
è çàïóñêàåì ïîâòîðíî rsync. Âòîðîé çàïóñê rsync ïðîéäåò ãîðàçäî áûñò-
ðåå, ÷åì ïåðâûé, ïîòîìó ÷òî áóäåò ïåðåäàâàòü îòíîñèòåëüíî íåáîëüøîé
ðàçìåð äàííûõ, è êîíå÷íûé ðåçóëüòàò áóäåò ñîîòâåòñòâîâàòü îñòàíîâëåí-
íîé ÑÓÁÄ. Ýòîò ìåòîä ïîçâîëÿåò äåëàòü áåêàï óðîâíÿ ôàéëîâîé ñèñòåìû
ñ ìèíèìàëüíûì âðåìåíåì ïðîñòîÿ.

10.4 Íåïðåðûâíîå ðåçåðâíîå êîïèðîâàíèå

PostgreSQL ïîääåðæèâàåò óïðåæäàþøèþ çàïèñü ëîãîâ (Write Ahead
Log, WAL) â pg_xlog äèðåêòîðèþ, êîòîðàÿ íàõîäèòñÿ â äèðåêòîðèè äàí-
íûõ ÑÓÁÄ. Â ëîãè ïèøóòñÿ âñå èçìåíåíèÿ ñäåëàíûå ñ äàííûìè â ÑÓÁÄ.
Ýòîò æóðíàë ñóùåñòâóåò ïðåæäå âñåãî äëÿ áåçîïàñíîñòè âî âðåìÿ êðà-
õà PostgreSQL: åñëè ïðîèñõîäÿò ñáîè â ñèñòåìå, áàçû äàííûõ ìîãóò áûòü
âîññòàíîâëåíû ñ ïîìîùüþ ¾ïåðåçàïóñêà¿ ýòîãî æóðíàëà. Òåì íå ìåíåå,
ñóùåñòâîâàíèå æóðíàëà äåëàåò âîçìîæíûì èñïîëüçîâàíèå òðåòüþ ñòðàòå-
ãèè äëÿ ðåçåðâíîãî êîïèðîâàíèÿ áàç äàííûõ: ìû ìîæåì îáúåäèíèòü áåêàï
óðîâíÿ ôàéëîâîé ñèñòåìû ñ ðåçåðâíîé êîïèåé WAL ôàéëîâ. Åñëè òðåáó-
åòñÿ âîññòàíîâèòü òàêîé áýêàï, òî ìû âîññòàíîâëèâàåì ôàéëû ðåçåðâíîé
êîïèè ôàéëîâîé ñèñòåìû, à çàòåì ¾ïåðåçàïóñêàåì¿ ñ ðåçåðâíîé êîïèè ôàé-
ëîâ WAL äëÿ ïðèâåäåíèÿ ñèñòåìû ê àêòóàëüíîìó ñîñòîÿíèþ. Ýòîò ïîäõîä
ÿâëÿåòñÿ áîëåå ñëîæíûì äëÿ àäìèíèñòðèðîâàíèÿ, ÷åì ëþáîé èç ïðåäûäó-
ùèõ ïîäõîäîâ, íî îí èìååò íåêîòîðûå ïðåèìóùåñòâà:

� Íå íóæíî ñîãëàñîâûâàòü ôàéëû ðåçåðâíîé êîïèè ñèñòåìû. Ëþáàÿ
âíóòðåííÿÿ ïðîòèâîðå÷èâîñòü â ðåçåðâíîé êîïèè áóäåò èñïðàâëåíà
ïóòåì ïðåîáðàçîâàíèÿ æóðíàëà (íå îòëè÷àåòñÿ îò òîãî, ÷òî ïðîèñõî-
äèò âî âðåìÿ âîññòàíîâëåíèÿ ïîñëå ñáîÿ).

� Âîññòàíîâëåíèå ñîñòîÿíèÿ ñåðâåðà äëÿ îïðåäåëåííîãî ìîìåíòà âðå-
ìåíè.

� Åñëè ìû ïîñòîÿííî áóäåì ¾ñêàðìëèâàòü¿ ôàéëû WAL íà äðóãóþ
ìàøèíó, êîòîðàÿ áûëà çàãðóæåíà ñ òåõ æå ôàéëîâ ðåçåðâíîé áàçû,
òî ó íàñ áóäåò ðåçåðâíûé ñåðâåð PostgreSQL âñåãäà â àêòóàëüíîì
ñîñòîÿíèè (ñîçäàíèå ñåðâåðà ãîðÿ÷åãî ðåçåðâà).

Êàê è áýêàï ôàéëîâîé ñèñòåìû, ýòîò ìåòîä ìîæåò ïîääåðæèâàòü òîëü-
êî âîññòàíîâëåíèå âñåé áàçû äàííûõ êëàñòåðà. Êðîìå òîãî, îí òðåáóåò
ìíîãî ìåñòà äëÿ õðàíåíèÿ WAL ôàéëîâ.
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Íàñòðîéêà

Ïåðâûé øàã � àêòèâèðîâàòü àðõèâèðîâàíèå. Ýòà ïðîöåäóðà áóäåò êî-
ïèðîâàòüWAL ôàéëû â àðõèâíûé êàòàëîã èç ñòàíäàðòíîãî êàòàëîãà pg_xlog.
Ýòî äåëàåòñÿ â ôàéëå postgresql.conf:

Listing 10.15: Íàñòðîéêà àðõèâèðîâàíèÿ

1 archive_mode = on # enable archiving

2 archive_command = 'cp -v %p /data/pgsql/archives /%f'

3 archive_timeout = 300 # timeout to close buffers

Ïîñëå ýòîãî íåîáõîäèìî ïåðåíåñòè ôàéëû (â ïîðÿäêå èõ ïîÿâëåíèÿ) â
àðõèâíûé êàòàëîã. Äëÿ ýòîãî ìîæíî èñïîëüçîâàòü ôóíêöèþ rsync. Ìîæíî
ïîñòàâèòü ôóíêöèþ â ñïèñîê çàäà÷ êðîíà è, òàêèì îáðàçîì, ôàéëû ìîãóò
àâòîìàòè÷åñêè ïåðåìåùàòüñÿ ìåæäó õîñòìè êàæäûå íåñêîëüêî ìèíóò.

Listing 10.16: Êîïèðîâàíèå WAL ôàéëîâ íà äðóãîé õîñò

1 rsync -avz --delete prod1 :/data/pgsql/archives/ \

2 /data/pgsql/archives/ > /dev/null

Â êîíöå, íåîáõîäèìî ñêîïèðîâàòü ôàéëû â êàòàëîã pg_xlog íà ñåðâåðå
PostgreSQL (îí äîëæåí áûòü â ðåæèìå âîññòàíîâëåíèÿ). Äëÿ ýòîãî ñîçäà-
åòñÿ â êàòàëîãå äàííûõ PostgreSQL ñîçäàòü ôàéë recovery.conf ñ çàäàííîé
êîìàíäîé êîïèðîâàíèÿ ôàéëîâ èç àðõèâà â íóæíóþ äèðåêòîðèþ:

Listing 10.17: recovery.conf

1 restore_command = 'cp /data/pgsql/archives /%f "%p"'

Äîêóìåíòàöèÿ PostgreSQL ïðåäëàãàåò õîðîøåå îïèñàíèå íàñòðîéêè íåïðå-
ðûâíîãî êîïèðîâàíèÿ, ïîýòîìó ÿ íå óãëóáëÿëñÿ â äåòàëè (íàïðèìåð, êàê
ïåðåíåñòè äèðåêòîðèþ ÑÓÁÄ ñ îäíîãî ñåðâåðà íà äðóãîé, êàêèå ìîãóò
áûòü ïðîáëåìû). Áîëåå ïîäðîáíî âû ìîæåòå ïî÷èòàòü ïî ýòîé ññûëêå
http://www.postgresql.org/docs/9.0/static/continuous-archiving.html.

10.5 Çàêëþ÷åíèå

Â ëþáîì ñëó÷àå, óñèëèÿ è âðåìÿ, çàòðà÷åííûå íà ñîçäàíèå îïòèìàëü-
íîé ñèñòåìû ñîçäàíèÿ áýêàïîâ, áóäóò îïðàâäàíû. Íåâîçìîæíî ïðåäóãà-
äàòü êîãäà ïðîèçîéäóò ïðîáëåìû ñ áàçîé äàííûõ, ïîýòîìó áýêàïû äîëæíû
áûòü íàñòðîåíû äëÿ PostgreSQL (îñîáåííî, åñëè ýòî ïðîäàêøí ñèñòåìà).
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Ñòðàòåãèè ìàñøòàáèðîâàíèÿ äëÿ
PostgreSQL

Òî, ÷òî ìû íàçûâàåì çàìûñëîì (ñòðàòåãèåé),

îçíà÷àåò èçáåæàòü áåäñòâèÿ è ïîëó÷èòü âûãîäó.

Ó-öçû

Â êîíöå êîíöîâ, âñå ðåøàþò ëþäè, íå ñòðàòåãèè.

Ëàððè Áîññèäè

11.1 Ââåäåíèå

Ìíîãèå ðàçðàáîò÷èêè êðóïíûõ ïðîåêòîâ ñòàëêèâàþòñÿ ñ ïðîáëåìîé,
êîãäà îäèí åäèíñòâåííûé ñåðâåð áàçû äàííûõ íèêàê íå ìîæåò ñïðàâèòñÿ
ñ íàãðóçêàìè. Î÷åíü ÷àñòî òàêèå ïðîáëåìû ïðîèñõîäÿò èç-çà íåâåðíîãî
ïðîåêòèðîâàíèÿ ïðèëîæåíèÿ(ïëîõàÿ ñòðóêòóðà ÁÄ äëÿ ïðèëîæåíèÿ, îò-
ñóòñòâèå êåøèðîâàíèÿ). Íî â äàííîì ñëó÷àå ïóñòü ó íàñ åñòü ¾èäåàëüíîå¿
ïðèëîæåíèå, äëÿ êîòîðîãî îïòèìèçèðîâàíû âñå SQL çàïðîñû, èñïîëüçó-
åòñÿ êåøèðîâàíèå, PostgreSQL íàñòðîåí, íî âñå ðàâíî íå ñïðàâëÿåòñÿ ñ
íàãðóçêîé. Òàêàÿ ïðîáëåìà ìîæåò âîçíèêíóòü êàê íà ýòàïå ïðîåêòèðîâà-
íèÿ, òàê è íà ýòàïå ðîñòà ïðèëîæåíèÿ. È òóò âîçíèêàåò âîïðîñ: êàêóþ
ñòðàòåãèþ âûáðàòü ïðè âîçíèêíîâåíèè ïîäîáíîé ñèòóàöèè?

Åñëè Âàø çàêàç÷èê ãîòîâ êóïèòü ñóïåð ñåðâåð çà íåñêîëüêî òûñÿ÷ äîë-
ëàðîâ (à ïî ìåðå ðîñòà � äåñÿòêîâ òèñÿ÷ è ò.ä.), ÷òîáû ñýêîíîìèòü âðåìÿ
ðàçðàáîò÷èêîâ, íî ñäåëàòü âñå áûñòðî, ìîæåòå äàëüøå ýòó ãëàâó íå ÷èòàòü.
Íî òàêîé çàêàç÷èê � ìèôè÷åñêîå ñóùåñòâî è, â îñíîâíîì, òàêàÿ ïðîáëåìà
ëîæèòñÿ íà ïëå÷è ðàçðàáîò÷èêîâ.

Ñóòü ïðîáëåìû

Äëÿ òîãî, ÷òî-áû ñäåëàòü êàêîé-òî âûáîð, íåîáõîäèìî çíàòü ñóòü ïðî-
áëåìû. Ñóùåñòâóþò äâà ïðåäåëà, â êîòîðûå ìîãóò óòêíóòüñÿ ñåðâåðà áàç
äàííûõ:
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� Îãðàíè÷åíèå ïðîïóñêíîé ñïîñîáíîñòè ÷òåíèÿ äàííûõ;
� Îãðàíè÷åíèå ïðîïóñêíîé ñïîñîáíîñòè çàïèñè äàííûõ;

Ïðàêòè÷åñêè íèêîãäà íå âîçíèêàåò îäíîâðåìåííî äâå ïðîáëåìû, ïî
êðàéíå ìåðå, ýòî ìàëîâåðîÿòíî (åñëè âû êîíå÷íî íå Twitter èëè Facebook
ïèøåòå). Åñëè âäðóã òàêîå ïðîèñõîäèò � âîçìîæíî ñèñòåìà íåâåðíî ñïðî-
åêòèðîâàíà, è å¼ ðåàëèçàöèþ ñëåäóåò ïåðåñìîòðåòü.

11.2 Ïðîáëåìà ÷òåíèÿ äàííûõ

Îáû÷íî íà÷èíàåòñÿ ïðîáëåìà ñ ÷òåíèåì äàííûõ, êîãäà ÑÓÁÄ íå â ñî-
ñòîÿíèè îáåñïå÷èòü òî êîëè÷åñòâî âûáîðîê, êîòîðîå òðåáóåòñÿ. Â îñíîâíîì
òàêîå ïðîèñõîäèò â áëîãàõ, íîâîñòíûõ ëåíòàõ è ò.ä. Õî÷ó ñðàçó îòìåòèòü,
÷òî ïîäîáíóþ ïðîáëåìó ëó÷øå ðåøàòü âíåäðåíèåì êåøèðîâàíèÿ, à ïîòîì
óæå äóìàòü êàê ìàñøòàáèðîâàòü ÑÓÁÄ.

Ìåòîäû ðåøåíèÿ

� PgPool-II v.3 + Postgresql v.9 ñ Streaming Replication� îòëè÷-
íîå ðåøåíèå äëÿ ìàñøòàáèðîâàíèÿ íà ÷òåíèå, áîëåå ïîäðîáíî ìîæíî
îçíàêîìèòñÿ ïî ññûëêå1. Îñíîâíûå ïðåèìóùåñòâà:

� Íèçêàÿ çàäåðæêà ðåïëèêàöèè ìåæäó ìàñòåðîì è ñëåéâîì
� Ïðîèçâîäèòåëüíîñòü çàïèñè ïàäàåò íåçíà÷èòåëüíî
� Îòêàçîóñòîé÷èâîñòü (failover)
� Ïóëû ñîåäèíåíèé
� Èíòåëëåêòóàëüíàÿ áàëàíñèðîâêà íàãðóçêè � ïðîâåðêà çàäåðæêè
ðåïëèêàöèè ìåæäó ìàñòåðîì è ñëåéâîì.

� Äîáàâëåíèå ñëåéâ ÑÓÁÄ áåç îñòàíîâêè pgpool-II
� Ïðîñòîòà â íàñòðîéêå è îáñëóæèâàíèè

Òàêæå ìîæåòå ãëÿíóòü ïðåçåíòàöèþ2.
� PgPool-II v.3 + Postgresql ñ Slony � àíàëîãè÷íî ïðåäûäóùåìó
ðåøåíèå, íî ñ èñïîëüçîâàíèåì Slony. Îñíîâíûå ïðåèìóùåñòâà:

� Îòêàçîóñòîé÷èâîñòü (failover)
� Ïóëû ñîåäèíåíèé
� Èíòåëëåêòóàëüíàÿ áàëàíñèðîâêà íàãðóçêè � ïðîâåðêà çàäåðæêè
ðåïëèêàöèè ìåæäó ìàñòåðîì è ñëåéâîì.

� Äîáàâëåíèå ñëåéâ ÑÓÁÄ áåç îñòàíîâêè pgpool-II
� Ìîæíî èñïîëüçîâàòü Postgresql íèæå 9 âåðñèè

1http://pgpool.projects.postgresql.org/contrib_docs/simple_sr_setting/index.html
2http://www.slideshare.net/leopard_me/postgresql-5845499
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11.3 Ïðîáëåìà çàïèñè äàííûõ

Îáû÷íî òàêàÿ ïðîáëåìà âîçíèêàåò â ñèñòåìàõ, êîòîðûå ïðîèçâîäÿò
àíàëèç áîëüøèõ îáüåìîâ äàííûõ (íàïðèìåð âàø àíàëîã Google Analytics).
Äàííûå àêòèâíî ïèøóòñÿ è ìàëî ÷èòàþòñÿ (èëè ÷èòàåòñÿ òîëüêî ñóìàð-
íûé âàðèàíò ñîáðàííûõ äàííûõ).

Ìåòîäû ðåøåíèÿ

Îäèí èç ñàìûõ ïîïóëÿðíûõ ìåòîäîâ ðåøåíèå ïðîáëåì � ðàçìàçàòü
íàãðóçêó ïî âðåìåíè ñ ïîìîùüþ ñèñòåì î÷åðåäåé. Íà÷íåì ñ PgQ.

PgQ � ýòî ñèñòåìà î÷åðåäåé, ðàçðàáîòàííàÿ íà áàçå PostgreSQL. Ðàç-
ðàáîò÷èêè � êîìïàíèÿ Skype. Èñïîëüçóåòñÿ â Londiste (ïîäðîáíåå �4.3).
Îñîáåííîñòè:

� Âûñîêàÿ ïðîèçâîäèòåëüíîñòü áëàãîäàðÿ îñîáåííîñòÿì PostgreSQL
� Îáùàÿ î÷åðåäü, ñ ïîääåðæêîé íåñêîëüêèõ îáðàáîò÷èêîâ è íåñêîëü-
êèõ ãåíåðàòîðîâ ñîáûòèé

� PgQ ãàðàíòèðóåò, ÷òî êàæäûé îáðàáîò÷èê óâèäèò êàæäîå ñîáûòèå,
êàê ìèíèìóì îäèí ðàç

� Ñîáûòèÿ äîñòàþòñÿ èç î÷åðåäè ¾ïà÷êàìè¿ (batches)
� ×èñòîå API íà SQL ôóíêöèÿõ
� Óäîáíûé ìîíèòîðèíã

Òàêæå ìîæíî âîñïîëüçîâàòñÿ åùå îäíîé óòèëèòîé � RabbitMQ. RabbitMQ�
ïëàòôîðìà, ðåàëèçóþùàÿ ñèñòåìó îáìåíà ñîîáùåíèÿìè ìåæäó êîìïîíåí-
òàìè ïðîãðàììíîé ñèñòåìû (Message Oriented Middleware) íà îñíîâå ñòàí-
äàðòà AMQP (Advanced Message Queuing Protocol). RabbitMQ âûïóñêàåòñÿ
ïîä Mozilla Public License. RabbitMQ ñîçäàí íà îñíîâå èñïûòàííîé Open
Telecom Platform, îáåñïå÷èâàþùèé âûñîêóþ íàä¼æíîñòü è ïðîèçâîäèòåëü-
íîñòü ïðîìûøëåííîãî óðîâíÿ è íàïèñàí íà ÿçûêå Erlang.
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Ñîâåòû ïî ðàçíûì âîïðîñàì
(Performance Snippets)

Áûñòðî íàéòè ïðàâèëüíûé îòâåò íà òðóäíûé

âîïðîñ � íè ñ ÷åì íå ñðàâíèìîå óäîâîëüñòâèå.

Ìàêñ Ôðàé. Îáæîðà-Õîõîòóí

� Âîïðîñ ðèòîðè÷åñêèé.

� Íåò, íî îí òàêèì êàæåòñÿ, ïîòîìó ÷òî ó òåáÿ íåò

îòâåòà.

Äîêòîð Õàóñ (House M.D.), ñåçîí 1 ñåðèÿ 1

12.1 Ââåäåíèå

Èíîãäà âîçíèêàþò î÷åíü èíòåðåñíûå ïðîáëåìû ïî ðàáîòå ñ PostgreSQL,
êîòîðûå ïðè íàõîæäåíèè îòâåòà ïîðàæàþò ñâîåé ëàêîíè÷íîñòüþ, êðàñî-
òîé è ïðîñòûì èñïîëíåíèåì (à ìîæåò è íå ïðîñòûì). Â äàííîé ãëàâå ÿ
ðåøèë ñîáðàòü èíòåðåñíûå ìåòîäû ðåøåíèÿ ðàçíûõ ïðîáëåì, ñ êîòîðû-
ìè ñòàëêèâàþòñÿ ëþäè ïðè ðàáîòå ñ PostgreSQL. ß íå ÿâëÿþñü îãðîìíûì
ñïåöèàëèñòîì ïî äàííîé òåìå, ïîýòîìó ìíîãèå ðåøåíèÿ ìíå ïîìîãàëè íà-
õîäèòü ëþäè èç PostgreSQL êîìüþíèòè, à èíîãäà õâàòàëî è ïîèñêà ïî
Èíòåðíåòó.

Åñëè âû âëåäååòå èíòåðåñíûìè ìåòîäàìè ðåøåíèÿ ðàçíûõ ïðîáëåì, òî
äîáàâëÿéòå èõ íà äàííîé ñòðàíèöå 1.

1https://github.com/le0pard/postgresql_book/issues
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12.2 Ñîâåòû

Ðàçìåð îáúåêòîâ â áàçå äàííûõ

Äàííûé çàïðîñ ïîêàçûâàåò ðàçìåð îáúåêòîâ â áàçå äàííûõ (íàïðè-
ìåð òàáëèö è èíäåêñîâ). PostgreSQL âåðñèè >= 8.1.

Listing 12.1: Ïîèñê ñàìûõ áîëüøèõ îáúåêòîâ â ÁÄ. SQL çàïðîñ

1 SELECT nspname || '.' || relname AS "relation",

2 pg_size_pretty(pg_relation_size(C.oid)) AS "size"

3 FROM pg_class C

4 LEFT JOIN pg_namespace N ON (N.oid = C.relnamespace)

5 WHERE nspname NOT IN ('pg_catalog ', 'information_schema ')

6 ORDER BY pg_relation_size(C.oid) DESC

7 LIMIT 20;

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910674
Ïðèìåð âûâîäà:

Listing 12.2: Ïîèñê ñàìûõ áîëüøèõ îáúåêòîâ â ÁÄ. Ïðèìåð âûâîä

1 relation | size

2 ------------------------+------------

3 public.accounts | 326 MB

4 public.accounts_pkey | 44 MB

5 public.history | 592 kB

6 public.tellers_pkey | 16 kB

7 public.branches_pkey | 16 kB

8 public.tellers | 16 kB

9 public.branches | 8192 bytes

Ðàçìåð ñàìûõ áîëüøèõ òàáëèö

Äàííûé çàïðîñ ïîêàçûâàåò ðàçìåð ñàìûõ áîëüøèõ òàáëèö â áàçå
äàííûõ. PostgreSQL âåðñèè >= 8.1.

Listing 12.3: Ðàçìåð ñàìûõ áîëüøèõ òàáëèö. SQL çàïðîñ

1 SELECT nspname || '.' || relname AS "relation",

2 pg_size_pretty(pg_total_relation_size(C.oid)) AS

"total_size"

3 FROM pg_class C

4 LEFT JOIN pg_namespace N ON (N.oid = C.relnamespace)

5 WHERE nspname NOT IN ('pg_catalog ', 'information_schema ')

6 AND C.relkind <> 'i'

7 AND nspname !~ '^pg_toast '

8 ORDER BY pg_total_relation_size(C.oid) DESC

9 LIMIT 20;
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Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910696
Ïðèìåð âûâîäà:

Listing 12.4: Ðàçìåð ñàìûõ áîëüøèõ òàáëèö. Ïðèìåð âûâîä

1 relation | total_size

2 --------------------------------+------------

3 public.actions | 4249 MB

4 public.product_history_records | 197 MB

5 public.product_updates | 52 MB

6 public.import_products | 34 MB

7 public.products | 29 MB

8 public.visits | 25 MB

¾Ñðåäíèé¿ count

Äàííûé ìåòîä ïîçâîëÿåò óçíàòü ïðèáëèçèòåëüíîå êîëè÷åñòâî çàïè-
ñåé â òàáëèöå. Äëÿ îãðîìíûõ òàáëèö ýòîò ìåòîä ðàáîòàåò áûñòðåå, ÷åì
îáûêíîâåííûé count.

Listing 12.5: ¾Ñðåäíèé¿ count. SQL çàïðîñ

1 CREATE LANGUAGE plpgsql;

2 CREATE FUNCTION count_estimate(query text) RETURNS integer AS

$$

3 DECLARE

4 rec record;

5 rows integer;

6 BEGIN

7 FOR rec IN EXECUTE 'EXPLAIN ' || query LOOP

8 rows := substring(rec."QUERY PLAN" FROM '

rows =([[: digit :]]+) ');

9 EXIT WHEN rows IS NOT NULL;

10 END LOOP;

12 RETURN rows;

13 END;

14 $$ LANGUAGE plpgsql VOLATILE STRICT;

17 Testing:

20 CREATE TABLE foo (r double precision);

21 INSERT INTO foo SELECT random () FROM generate_series (1, 1000);

22 ANALYZE foo;

24 # SELECT count (*) FROM foo WHERE r < 0.1;

25 count

26 -------

27 92
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28 (1 row)

30 # SELECT count_estimate('SELECT * FROM foo WHERE r < 0.1');

31 count_estimate

32 ----------------

33 94

34 (1 row)

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910728

Óçíàòü çíà÷åíèå ïî-óìîë÷àíèþ ó ïîëÿ â òàáëèöå

Äàííûé ìåòîä ïîçâîëÿåò óçíàòü çíà÷åíèå ïî-óìîë÷àíèþ ó ïîëÿ â
òàáëèöå (çàäàíîå ÷åðåç DEFAULT).

Listing 12.6: Óçíàòü çíà÷åíèå ïî-óìîë÷àíèþ ó ïîëÿ â òàáëèöå. SQL çàïðîñ

1 CREATE OR REPLACE FUNCTION ret_def(text ,text ,text) RETURNS

text AS $$

2 SELECT

3 COLUMNS.column_default ::text

4 FROM

5 information_schema.COLUMNS

6 WHERE table_name = $2

7 AND table_schema = $1

8 AND column_name = $3

9 $$ LANGUAGE sql IMMUTABLE;

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910749
Ïðèìåð:

Listing 12.7: Óçíàòü çíà÷åíèå ïî-óìîë÷àíèþ ó ïîëÿ â òàáëèöå. Ïðèìåð

1 # SELECT ret_def('schema ','table ','column ');

3 SELECT ret_def('public ','image_files ','id ');

4 ret_def

5 -----------------------------------------

6 nextval('image_files_id_seq ':: regclass)

7 (1 row)

9 SELECT ret_def('public ','schema_migrations ','version ');

10 ret_def

11 ---------

13 (1 row)
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Ñëó÷àéíîå ÷èñëî èç äèàïàçîíà

Äàííûé ìåòîä ïîçâîëÿåò âçÿòü ñëó÷àéíîå(random) ÷èñëî èç óêàçà-
íîãî äèàïàçîíà (öåëîå èëè ñ ïëàâàþùåé çàïÿòîé).

Listing 12.8: Ñëó÷àéíîå ÷èñëî èç äèàïàçîíà. SQL çàïðîñ

1 CREATE OR REPLACE FUNCTION random(numeric , numeric)

2 RETURNS numeric AS

3 $$

4 SELECT ($1 + ($2 - $1) * random ()):: numeric;

5 $$ LANGUAGE 'sql ' VOLATILE;

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910763
Ïðèìåð:

Listing 12.9: Ñëó÷àéíîå ÷èñëî èç äèàïàçîíà. Ïðèìåð

1 SELECT random (1,10)::int , random (1 ,10);

2 random | random

3 --------+------------------

4 6 | 5.11675184825435

5 (1 row)

7 SELECT random (1,10)::int , random (1 ,10);

8 random | random

9 --------+------------------

10 7 | 1.37060070643201

11 (1 row)

Àëãîðèòì Ëóíà

Àëãîðèòì Ëóíà èëè ôîðìóëà Ëóíà � àëãîðèòì âû÷èñëåíèÿ êîí-
òðîëüíîé öèôðû, ïîëó÷èâøèé øèðîêóþ ïîïóëÿðíîñòü. Îí èñïîëüçó-
åòñÿ, â ÷àñòíîñòè, ïðè ïåðâè÷íîé ïðîâåðêå íîìåðîâ áàíêîâñêèõ ïëà-
ñòèêîâûõ êàðò, íîìåðîâ ñîöèàëüíîãî ñòðàõîâàíèÿ â ÑØÀ è Êàíàäå.
Àëãîðèòì áûë ðàçðàáîòàí ñîòðóäíèêîì êîìïàíèè ¾IBM¿ Õàíñîì Ïå-
òåðîì Ëóíîì è çàïàòåíòîâàí â 1960 ãîäó.

Êîíòðîëüíûå öèôðû âîîáùå è àëãîðèòì Ëóíà â ÷àñòíîñòè ïðåä-
íàçíà÷åíû äëÿ çàùèòû îò ñëó÷àéíûõ îøèáîê, à íå ïðåäíàìåðåííûõ
èñêàæåíèé äàííûõ.

Ïîäðîáíåé http://en.wikipedia.org/wiki/Luhn_algorithm
Àëãîðèòì Ëóíà ðåàëèçîâàí íà ÷èñòîì SQL. Îáðàòèòå âíèìàíèå,

÷òî ýòà ðåàëèçàöèÿ ÿâëÿåòñÿ ÷èñòî àðèôìåòè÷åñêîé.
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Listing 12.10: Àëãîðèòì Ëóíà. SQL çàïðîñ

1 CREATE OR REPLACE FUNCTION luhn_verify(int8) RETURNS BOOLEAN

AS $$

2 -- Take the sum of the

3 -- doubled digits and the even -numbered undoubled digits , and

see if

4 -- the sum is evenly divisible by zero.

5 SELECT

6 -- Doubled digits might in turn be two digits. In

that case ,

7 -- we must add each digit individually rather than

adding the

8 -- doubled digit value to the sum. Ie if the original

digit was

9 -- `6' the doubled result was `12' and we must add

`1+2' to the

10 -- sum rather than `12'.

11 MOD(SUM(doubled_digit / INT8 '10' + doubled_digit %

INT8 '10'), 10) = 0

12 FROM

13 -- Double odd -numbered digits (counting left with

14 -- least significant as zero). If the doubled digits end up

15 -- having values

16 -- > 10 (ie they 're two digits), add their digits together.

17 (SELECT

18 -- Extract digit `n' counting left from least

significant

19 -- as zero

20 MOD( ( $1::int8 / (10^n)::int8 ), 10:: int8)

21 -- Double odd -numbered digits

22 * (MOD(n,2) + 1)

23 AS doubled_digit

24 FROM generate_series (0, CEIL(LOG( $1 )):: INTEGER - 1)

AS n

25 ) AS doubled_digits;

27 $$ LANGUAGE 'SQL '

28 IMMUTABLE

29 STRICT;

31 COMMENT ON FUNCTION luhn_verify(int8) IS 'Return true iff the

last digit of the

32 input is a correct check digit for the rest of the input

according to Luhn ''s

33 algorithm .';

34 CREATE OR REPLACE FUNCTION luhn_generate_checkdigit(int8)

RETURNS int8 AS $$

35 SELECT

36 -- Add the digits , doubling even -numbered digits

(counting left

37 -- with least -significant as zero). Subtract the

remainder of

38 -- dividing the sum by 10 from 10, and take the remainder
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39 -- of dividing that by 10 in turn.

40 ((INT8 '10' - SUM(doubled_digit / INT8 '10' +

doubled_digit % INT8 '10') %

41 INT8 '10') % INT8 '10')::INT8

42 FROM (SELECT

43 -- Extract digit `n' counting left from least

significant\

44 -- as zero

45 MOD( ($1::int8 / (10^n)::int8), 10:: int8 )

46 -- double even -numbered digits

47 * (2 - MOD(n,2))

48 AS doubled_digit

49 FROM generate_series (0, CEIL(LOG($1)):: INTEGER - 1)

AS n

50 ) AS doubled_digits;

52 $$ LANGUAGE 'SQL '

53 IMMUTABLE

54 STRICT;

56 COMMENT ON FUNCTION luhn_generate_checkdigit(int8) IS 'For the

input

57 value , generate a check digit according to Luhn ''s algorithm ';

58 CREATE OR REPLACE FUNCTION luhn_generate(int8) RETURNS int8 AS

$$

59 SELECT 10 * $1 + luhn_generate_checkdigit($1);

60 $$ LANGUAGE 'SQL '

61 IMMUTABLE

62 STRICT;

64 COMMENT ON FUNCTION luhn_generate(int8) IS 'Append a check

digit generated

65 according to Luhn ''s algorithm to the input value. The input

value must be no

66 greater than (maxbigint /10).';

67 CREATE OR REPLACE FUNCTION luhn_strip(int8) RETURNS int8 AS $$

68 SELECT $1 / 10;

69 $$ LANGUAGE 'SQL '

70 IMMUTABLE

71 STRICT;

73 COMMENT ON FUNCTION luhn_strip(int8) IS 'Strip the least

significant digit from

74 the input value. Intended for use when stripping the check

digit from a number

75 including a Luhn ''s algorithm check digit.';

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/910793
Ïðèìåð:

Listing 12.11: Àëãîðèòì Ëóíà. Ïðèìåð

1 Select luhn_verify (49927398716);

2 luhn_verify

148



12.2. Ñîâåòû

3 -------------

4 t

5 (1 row)

7 Select luhn_verify (49927398714);

8 luhn_verify

9 -------------

10 f

11 (1 row)

Âûáîðêà è ñîðòèðîâêà ïî äàííîìó íàáîðó äàííûõ

Âûáîð äàííûõ ïî îïðåäåëåííîìó íàáîðó äàííûõ ìîæíî ñäåëàòü ñ
ïîìîùüþ îáûêíîâåííîãî IN. Íî êàê ñäåëàòü ïîäîáíóþ âûáîðêó è îò-
ñîðòèðîâàòü äàííûå â òîì æå ïîðÿäêå, â êîòîðîì ïåðåäàí íàáîð äàí-
íûõ. Íàïðèìåð:

Äàí íàáîð: (2,6,4,10,25,7,9) Íóæíî ïîëó÷èòü íàéäåííûå äàííûå â
òàêîì æå ïîðÿäêå ò.å. 2 2 2 6 6 4 4

Listing 12.12: Âûáîðêà è ñîðòèðîâêà ïî äàííîìó íàáîðó äàííûõ. SQL çà-
ïðîñ

1 SELECT foo.* FROM foo

2 JOIN (SELECT id.val , row_number () over() FROM

(VALUES (3) ,(2) ,(6) ,(1) ,(4)) AS

3 id(val)) AS id

4 ON (foo.catalog_id = id.val) ORDER BY row_number;

ãäå
VALUES(3),(2),(6),(1),(4) � íàø íàáîð äàííûõ
foo � òàáëèöà, èç êîòîðîé èäåò âûáîðêà
foo.catalog_id � ïîëå ïî êîòîðîìó èùåì íàáîð äàííûõ (çàìåíà foo.catalog_id

IN(3,2,6,1,4))

Êóàéí, Çàïðîñ êîòîðûé âûâîäèò ñàì ñåáÿ

Êóàéí, êâàéí (àíãë. quine) � êîìïüþòåðíàÿ ïðîãðàììà (÷àñòíûé
ñëó÷àé ìåòàïðîãðàììèðîâàíèÿ), êîòîðàÿ âûäà¼ò íà âûõîäå òî÷íóþ êî-
ïèþ ñâîåãî èñõîäíîãî òåêñòà.

Â äàííîì âîò âàðèàíò ñ SQL äëÿ PostgreSQL.

Listing 12.13: Çàïðîñ êîòîðûé âûâîäèò ñàì ñåáÿ

1 select a || ' from (select ' || quote_literal(a) || b || ', '

|| quote_literal(b) || '::text as b) as quine ' from

2 (select 'select a || '' from (select '' || quote_literal(a) ||

b || '', '' || quote_literal(b) || ''::text as b) as
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3 quine '''::text as a, '::text as a':: text as b) as quine;

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/972335

Óñêîðÿåì LIKE

Àâòîêîìïëèò � î÷åíü ïîïóëÿðíàÿ ôèøêà â web2.0 ñèñòåìàõ. Äëÿ
áàçû ýòî ðåàëèçóåòñÿ ïðîñòûì LIKE ¾some%¿, ãäå ¾some¿ � òî, ÷òî
ïîëüçîâàòåëü óñïåë ââåñòè. Ïðîáëåìà â òîì, ÷òî è îãðîìíîé òàáëèöå
(íàïðèìåð òàáëèöà òåãîâ) òàêîé çàïðîñ áóäåò î÷åíü ìåäëåííûé.

Äëÿ óñêîðåíèÿ çàïðîñà òèïà ¾LIKE 'bla%'¿ ìîæíî èñïîëüçîâàòü
text_pattern_ops (èëè varchar_pattern_ops åñëè ó ïîëå varchar). Âíè-
ìàíèå íà ïðèìåð.

Listing 12.14: Óñêîðÿåì LIKE

1 prefix_test=# create table tags (

2 prefix_test(# tag text primary key ,

3 prefix_test(# name text not null ,

4 prefix_test(# shortname text ,

5 prefix_test(# status char default 'S',

6 prefix_test(#

7 prefix_test(# check( status in ('S', 'R') )

8 prefix_test(# );

9 NOTICE: CREATE TABLE / PRIMARY KEY will create implicit index

"tags_pkey" for table "tags"

10 CREATE TABLE

11 prefix_test=# CREATE INDEX i_tag ON tags USING

btree(lower(tag) text_pattern_ops);

12 CREATE INDEX

14 prefix_test=# create table invalid_tags (

15 prefix_test(# tag text primary key ,

16 prefix_test(# name text not null ,

17 prefix_test(# shortname text ,

18 prefix_test(# status char default 'S',

19 prefix_test(#

20 prefix_test(# check( status in ('S', 'R') )

21 prefix_test(# );

22 NOTICE: CREATE TABLE / PRIMARY KEY will create implicit index

"invalid_tags_pkey" for table "invalid_tags"

23 CREATE TABLE

27 prefix_test=# select count (*) from tags;

28 count

29 -------

30 11966

31 (1 row)
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33 prefix_test=# select count (*) from invalid_tags;

34 count

35 -------

36 11966

37 (1 row)

41 TEST STANDART LIKE

44 # EXPLAIN ANALYZE select * from invalid_tags where lower(tag)

LIKE lower ('0146% ');

45 QUERY PLAN

46 ------------------------------------------------------------------------------------------------------------

47 Seq Scan on invalid_tags (cost =0.00..265.49 rows =60

width =26) (actual time =0.359..20.695 rows=1 loops =1)

48 Filter: (lower(tag) ~~ '0146%':: text)

49 Total runtime: 20.803 ms

50 (3 rows)

52 # EXPLAIN ANALYZE select * from invalid_tags where lower(tag)

LIKE lower ('0146% ');

53 QUERY PLAN

54 ------------------------------------------------------------------------------------------------------------

55 Seq Scan on invalid_tags (cost =0.00..265.49 rows =60

width =26) (actual time =0.549..19.503 rows=1 loops =1)

56 Filter: (lower(tag) ~~ '0146%':: text)

57 Total runtime: 19.550 ms

58 (3 rows)

62 TEST VARIANT WITH text_pattern_ops

65 # EXPLAIN ANALYZE select * from tags where lower(tag) LIKE

lower ( '0146%');

66 QUERY

PLAN

67 -----------------------------------------------------------------------------------------------------------------------

68 Bitmap Heap Scan on tags (cost =5.49..97.75 rows =121

width =26) (actual time =0.054..0.057 rows=1 loops =1)

69 Filter: (lower(tag) ~~ '0146%':: text)

70 -> Bitmap Index Scan on i_tag (cost =0.00..5.46 rows =120

width =0) (actual time =0.032..0.032 rows=1 loops =1)

71 Index Cond: ((lower(tag) ~>=~ '0146':: text) AND

(lower(tag) ~<~ '0147':: text))

72 Total runtime: 0.119 ms

73 (5 rows)

75 # EXPLAIN ANALYZE select * from tags where lower(tag) LIKE

lower ( '0146%');
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76 QUERY

PLAN

77 -----------------------------------------------------------------------------------------------------------------------

78 Bitmap Heap Scan on tags (cost =5.49..97.75 rows =121

width =26) (actual time =0.025..0.025 rows=1 loops =1)

79 Filter: (lower(tag) ~~ '0146%':: text)

80 -> Bitmap Index Scan on i_tag (cost =0.00..5.46 rows =120

width =0) (actual time =0.016..0.016 rows=1 loops =1)

81 Index Cond: ((lower(tag) ~>=~ '0146':: text) AND

(lower(tag) ~<~ '0147':: text))

82 Total runtime: 0.050 ms

83 (5 rows)

Êîä äëÿ êîïèðîâàíèÿ: https://gist.github.com/972713
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