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ÏÎÑÒÐÎÅÍÈÅ ÒÅÊÑÒÀ SQL ÇÀÏÐÎÑÀ ÈÇ ÐÅËßÖÈÎÍÍÎÃÎ 

ÄÅÐÅÂÀ ÇÀÏÐÎÑÀ 

 
Ïîñòàíîâêà çàäà÷è 

Â ñòàòüå [1] ðàññìàòðèâàëñÿ îáùèé ïîäõîä ê àâòîìàòèçàöèè 

ïðîöåññà ïðîåêòèðîâàíèÿ ñèñòåì óïðàâëåíèÿ áèçíåñîì. Â íåé áûëè 

îáîñíîâàíû àêòóàëüíîñòü è íåîáõîäèìîñòü àâòîìàòè÷åñêîãî 

ïîñòðîåíèÿ áàçû äàííûõ (ÁÄ) è ïðîãðàììíîãî îáåñïå÷åíèÿ (ÏÎ) íà 

îñíîâå ñåìàíòè÷åñêîãî îïèñàíèÿ ïðåäìåòíîé îáëàñòè.  

Ïðè ðåøåíèè çàäà÷è àâòîìàòè÷åñêîãî ïîñòðîåíèÿ ÁÄ è ÏÎ 

íåîáõîäèìî ðåøèòü ðÿä òåõíè÷åñêèõ è òåîðåòè÷åñêèõ çàäà÷. Â 

ïðåäëîæåííîì ïîäõîäå àíàëèòèê-ðàçðàáîò÷èê îïèñûâàåò ñèñòåìó â 

òåðìèíàõ ïîêàçàòåëåé. Ýòî îçíà÷àåò, ÷òî àíàëèòèê-ðàçðàáîò÷èê 

ñíà÷àëà ïðîåêòèðóåò ñèñòåìó ïîêàçàòåëåé, è ïîñëå ýòîãî äëÿ êàæäîãî 

äîêóìåíòà ñèñòåìû çàäàåò åìó çàïðîñ íà âûáîðêó íàä ïîêàçàòåëÿìè, 

èñïîëüçóÿ ïðàâèëà ðåëÿöèîííîé àëãåáðû.  Ïðè ãåíåðèðîâàíèè ÁÄ è 

ÏÎ ñïåöèàëüíûé àëãîðèòì ãåíåðèðóåò ÁÄ è ïðè ãåíåðèðîâàíèè ÏÎ 

àëãîðèòì çàìåùàåò çàïðîñû ðåëÿöèîííîé àëãåáðû íàä ïîêàçàòåëÿìè 

çàïðîñàìè íàä òàáëèöàìè, êàíîíèçèðóåò ïîëó÷åííûå âûðàæåíèÿ è 

ïðåîáðàçóåò èõ â òåêñò SQL. Â ýòîé ñòàòüå ðåøàåòñÿ çàäà÷à 

ïðåîáðàçîâàíèÿ ðåëÿöèîííîãî äåðåâà çàïðîñà íàä òàáëèöàìè â òåêñò 

SQL. Âõîäíûå äàííûå äëÿ çàäà÷è – ýòî ðåëÿöèîííîå äåðåâî çàïðîñà 

(ñîîòâåòñòâóåò ðåëÿöèîííîé àëãåáðå Êîäà [2]). Íà îñíîâàíèè åãî 

íåîáõîäèìî ïîñòðîèòü SQL çàïðîñ ñòàíäàðòà SQL-92. 
Îáçîð ïóáëèêàöèé 

Ïðè èçó÷åíèè ïóáëèêàöèé íà âûáðàííóþ òåìàòèêó áûëî 

íàéäåíî ìíîãî ðàáîò ïî ïðåîáðàçîâàíèþ SQL-çàïðîñîâ â ðåëÿöèîííîå 

äåðåâî [3],  íî ïðàêòè÷åñêè îòñóòñòâóþò ìàòåðèàëû ïî îáðàòíîìó 

ïðåîáðàçîâàíèþ. Åñòü ìàòåðèàëû ïî ïðåîáðàçîâàíèþ îäíîé 

ñòðóêòóðèðîâàííîé èíôîðìàöèè â äðóãóþ. Òàê, â [4] îïèñàí ìåòîä 

ïðåîáðàçîâàíèÿ ñòðóêòóðèðîâàííûõ äîêóìåíòîâ îäíîé ãðàììàòèêè â 

äðóãóþ, ïðè÷åì ýòî äîëæíû áûòü  êîíòåêñòíî-íåçàâèñèìûå 

ãðàììàòèêè è âõîäíûå äàííûå – ñòðóêòóðèðîâàííûé òåêñò.  

                                                 
� © Ãðèøà Ñ.Í., Ðîäè÷åâà Î.Ñ., Ðîçäîëüñêèé Å.Î., 2009  
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Òàêæå ñóùåñòâóþò ïðåîáðàçîâàòåëè xml-äîêóìåíòîâ, òàêèå êàê 

XSLT [5]. Íî òàêèå ïðåîáðàçîâàòåëè òîæå íå ïîäõîäÿò äëÿ ðåøåíèÿ 

ïîñòàâëåííîé çàäà÷è, òàê êàê ïðåîáðàçóþò èç xml â xml è 

ìàëîïðèãîäíû äëÿ ïðåîáðàçîâàíèÿ â SQL. 

Èçó÷åíèå òðàíñôîðìàöèîííî-ïîðîæäàþùèõ (ÒÏ) ãðàììàòèê â 

ëèòåðàòóðå ïîêàçàëî, ÷òî áîëüøèíñòâî èññëåäîâàíèé íàïðàâëåíî íà 

èçó÷åíèå ÿçûêîâûõ ñòðóêòóð è ëèíãâèñòè÷åñêèõ ïðåîáðàçîâàíèé èç 

îäíîãî ðàçãîâîðíîãî ÿçûêà â äðóãîé [6]. Ïðèìåíåíèå æå òåðìèíà "ÒÏ 

ãðàììàòèêà" íå â îáëàñòè ëèíãâèñòèêè âñòðå÷àëîñü êðàéíå ðåäêî. 

Íåñìîòðÿ íà ýòî, èäåÿ ïðèìåíåíèÿ ÒÏ ãðàììàòèêè â ëèíãâèñòèêå 

ïîäõîäèò è äëÿ ïðåîáðàçîâàíèÿ äðóãèõ ñòðóêòóðèðîâàííûõ ÿçûêîâ, 

íî òîëüêî êîíòåêñòíî-íåçàâèñèìûõ. Äëÿ êîíòåêñòíî-çàâèñèìûõ 

ãðàììàòèê òàêæå îïèñàíû àëãîðèòìû, íî îíè íåòî÷íû è òðåáóþò 

êîíêðåòíîãî îïèñàíèÿ äëÿ êàæäîãî ÿçûêà. 
Àëãîðèòì 

Äëÿ ïðåîáðàçîâàíèÿ ðåëÿöèîííîãî äåðåâà â SQL çàïðîñ 

ïðèìåíÿåòñÿ òðàíñôîðìàöèîííàÿ ïîðîæäàþùàÿ ãðàììàòèêà, íà âõîä 

êîòîðîé ïîäàåòñÿ ðåëÿöèîííîå äåðåâî S  (çàïóñêàåòñÿ âûïîëíåíèå 

ïðîäóêöèé ãðàììàòèêè). Ðàññìîòðåíà áûëà ñòàíäàðòíàÿ ãðàììàòèêà 

SQL ñòàíäàðòà ANSI [7] â ðàñøèðåííîé ôîðìå Áýêóñà-Íàóðà [8]. 

Íà ïðèìåíåíèå ïîðîæäàþùåé ãðàììàòèêè íàêëàäûâàþòñÿ 

òàêèå óñëîâèÿ:  

1. çà îäèí øàã äîëæíû áûòü ïðèìåíåíà îäíà ïðîäóêöèÿ, ò.å. 

äåðåâî S  óìåíüøèòüñÿ íà îäèí óçåë; 

2. ïðîäóêöèè äîëæíû ïðîñìàòðèâàòüñÿ â òîì ïîðÿäêå, â 

êîòîðîì îíè ïðåäñòàâëåíû.  

Êàæäûé ðåëÿöèîííûé îïåðàòîð ïîðîæäàåò èëè òåðìèíàë(û) èëè 

ïîÿâëåíèå âëîæåííîãî ïîäçàïðîñà, ïðè÷åì âòîðîå ñëó÷àåòñÿ, åñëè 

ñîîòâåòñòâóþùàÿ ïîçèöèÿ â òåêóùåì òðàíñëèðîâàííîì SQL-

âûðàæåíèè óæå çàíÿòà.  

Î÷åâèäíî, ãðàììàòèêà äëÿ ïðåîáðàçîâàíèÿ êîíòåêñòíî-

çàâèñèìà[9], òàê êàê óçëàì ðåëÿöèîííîãî äåðåâà ñîîòâåòñòâóþò 

íåñêîëüêî ïðàâèë âûâîäà, ÷òî çàâèñèò îò òåêóùåãî âèäà ïîëó÷åííîãî 

âûðàæåíèÿ SQL. Íàïðèìåð, ðàññìîòðèì òàêèå äâà ðåëÿöèîííûõ 

äåðåâà: 1 ( ( ))A CQ T� ��  è 2 ( ( ))C AQ T� �� . Â ïåðâîì ñëó÷àå ïðè 

ïðåîáðàçîâàíèè â SQL çàïðîñ íåîáõîäèìî â íåì ñäåëàòü ïîäçàïðîñ, âî 
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âòîðîì ñëó÷àå íå íóæíî õîòÿ îïåðàòîðû èñïîëüçîâàíû îäèíàêîâûå. 

SQL çàïðîñû äëÿ äåðåâüåâ 1Q  è 2Q  áóäóò òàêèìè: 

select 1( )Q = select A  from (select * from T  where C ) group by / aggA A  

select 2( )Q = select A  from T  where C  group by / aggA A  

ãäå aggA - àãðåãèðóþùèå àðãóìåíòû îïåðàòîðà ãðóïïèðîâêè. 

Òàêèì îáðàçîì, òåðìèíàëüíûå ñèìâîëû âìåñòå ñ íåòåðìèíàëîì 

áóäóò îïðåäåëÿòü ïðîäóêöèþ â òðàíñôîðìàöèîííîé ãðàììàòèêå. Äëÿ 

óïðîùåíèÿ ãðàììàòèêè (óìåíüøåíèÿ êîëè÷åñòâà ïðàâèë) äîáàâèì 

ïðåäâàðèòåëüíóþ îáðàáîòêó äåðåâà äëÿ åãî óïîðÿäî÷èâàíèÿ. Ñäåëàòü 

ýòî ìîæíî ïîñëå ýòàïà êàíîíèçàöèè, äîáàâèâ â ïðàâèëà êàíîíèçàöèè 

ïðàâèëà óïîðÿäî÷èâàíèÿ ñòðóêòóðû äåðåâà.  

Îïðåäåëèì íåîáõîäèìûé ïîðÿäîê äëÿ ñòðóêòóðû äåðåâà. Ïóñòü 

ýòî áóäåò òàêîé ïîðÿäîê äëÿ îïåðàòîðîâ ñ îäíèì àðãóìåíòîì: 

, , , ,� � � � � . Îïåðàòîðû ñ äâóìÿ àðãóìåíòàìè (îïåðàòîðû ñîåäèíåíèÿ è 

îáúåäèíåíèÿ) òóò íåëüçÿ ðàññìàòðèâàòü òàê ýòî îòíîñèòüñÿ ê 

îïòèìèçàöèè çàïðîñà, íàä ÷åì ðàáîòàåò àëãîðèòì êàíîíèçàöèè. 

Àëãîðèòì êàíîíèçàöèè âûðàæåíèé ìåíÿåò äåðåâî çàïðîñà òàê, ÷òîáû 

ïðèâåñòè åãî ê îïòèìàëüíîé ñòðóêòóðå çàïðîñà. Èçìåíåíèÿ æå 

ïîðÿäêà â äåðåâå íåîáõîäèìî òîëüêî äëÿ óïðîùåíèÿ ïðîöåññà 

ïîñòðîåíèÿ òåêñòà SQL çàïðîñà è íå âëèÿåò íà áûñòðîäåéñòâèå 

çàïðîñà. 

Äëÿ ïîëó÷åíèÿ íóæíîãî ïîðÿäêà íåîáõîäèìî ïðèìåíèòü òàêèå 

ïðàâèëà êàê ïîêàçàíî â òàáëèöå Òàáëèöà 1. Ïî ñòðîêàì ïîêàçàí 

ïåðâûé îïåðàòîð, ïî êîëîíêàì – îïåðàòîð-àðãóìåíò. Â 

ñîîòâåòñòâóþùèõ ÿ÷åéêàõ íà ïåðåñå÷åíèè ýëåìåíòîâ ñòîèò: 

	 ïðî÷åðê â òîì ñëó÷àå, åñëè òàêîé ïîðÿäîê ñëåäîâàíèÿ 

îïåðàòîðîâ êîððåêòåí, è åãî íå íóæíî ìåíÿòü; 

	 " Q
 " â òîì ñëó÷àå, åñëè ñîîòâåòñòâóþùåå èçìåíåíèå 

ïîðÿäêà íå ìîæåò áûòü ñäåëàíî (èëè èç-çà íåñîîòâåòñòâèÿ àðãóìåíòîâ 

èëè èç-çà íåñîõðàíåíèÿ ðåçóëüòèðóþùåãî íàáîðà äàííûõ); 

	 ôîðìóëà – ýòî ïðàâàÿ ÷àñòü ïðîäóêöèè, êîòîðóþ íåîáõîäèìî 

ïðèìåíèòü ê ñîîòâåòñòâóþùèì îïåðàòîðàì, ÷òîáû óïîðÿäî÷èòü 

äåðåâî; ëåâàÿ ÷àñòü ïðîäóêöèè îáðàçóåòñÿ èç çíà÷åíèÿ ñòðîêè è 

êîëîíêè.  
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Òàáëèöà 1 

Ïðàâèëà óïîðÿäî÷èâàíèÿ äåðåâà 

 ( )�  '( )L�  '( )C�  '( )A�  '( )M�  
�  ( )�
 �  — — — — 

L�  ( ( ))L� �
 �  ( ') ( )L L�
 �  — — Q
  

C�  ( ( ))C� �
 �  ' ( ( ))L C� �
 �   and ' ( )C C�
 �  — ( ( ))M C� �
 �  

A�  Q
  Q
  Q
  Q
  Q
  

M�  ( ( ))M� �
 �  — — — ( )M�
 �  
 
Ðàññìîòðèì ïîäðîáíåå òàáëèöó. Â ÿ÷åéêàõ ïî äèàãîíàëè (êîãäà 

îïåðàòîð è åãî àðãóìåíò îäèíàêîâû), ïðîèñõîäèò ñëèÿíèå äëÿ âñåõ 

îïåðàòîðîâ êðîìå ãðóïïèðîâêè A�  ñ èçìåíåíèåì àðãóìåíòîâ. Åñëè 

àðãóìåíò îïåðàòîðà ãðóïïèðîâêè íå îáúåäèíåíèå, ñîåäèíåíèå èëè 

òàáëèöà, òî ýòîò àðãóìåíò ïîðîæäàåò âëîæåííûé ïîäçàïðîñ. Âñå 

àðãóìåíòû îïåðàòîðà ñåëåêöèè êðîìå ãðóïïèðîâêè ïîäíèìàþòñÿ 

ââåðõ ïî äåðåâó çàïðîñà. Îïåðàòîð ãðóïïèðîâêè Îïåðàòîð óäàëåíèÿ 

äóáëèêàòîâ âñåãäà íåîáõîäèìî ïåðåìåùàòü ïî äåðåâó ââåðõ. Ýòî 

âîçìîæíî âî âñåõ ñëó÷àÿõ êðîìå ãðóïïèðîâêè, òàê êàê ýòî ïîâëèÿëî 

áû íà ðåçóëüòèðóþùèé íàáîð äàííûõ. Îïåðàòîð ïðîåêöèè ìîæíî 

ïîäíèìàòü ââåðõ ïî äåðåâó òîëüêî åñëè îí ÿâëÿåòñÿ àðãóìåíòîì 

ñåëåêöèè è ñëèâàòü ñ îïåðàòîðîì ïðîåêöèè.  Îïåðàòîð ñîðòèðîâêè 

ïîäíèìàåòñÿ ââåðõ ïî äåðåâó, åñëè îí ÿâëÿåòñÿ àðãóìåíòîì ñåëåêöèè, 

â îñòàëüíûõ ñëó÷àÿõ èëè ïîðÿäîê ïðàâèëüíûé, èëè ïîðÿäîê íåëüçÿ 

ìåíÿòü, òàê êàê ýòî ïðèâåäåò ê èçìåíåíèþ íàáîðà äàííûõ. 

Òàêèì îáðàçîì, ïîëó÷àåì ñëåäóþùèé íàáîð ïðîäóêöèé 

ãðàììàòèêè { , , , }O O O O OG T N P S  äëÿ óïîðÿäî÷èâàíèÿ äåðåâà: 

\ , { , , , , }0 0 L C A MT U N N y� � � �� �  

OP : 

( ( )) ( )� � �� 
 �  
( ( )) ( ( ))L L� � � �� 
 �  

' ( ')( ( )) ( )L L L L� � �� 
 �  
( ( )) ( ( ))C C� � � �� 
 �  

' '( ( )) ( ( ))C L L C� � � �� 
 �  

'  and '( ( )) ( )C C C C� � �� 
 �  
( ( )) ( ( ))C M M C� � � �� 
 �  
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( ( )) ( ( ))M M� � � �� 
 �  

'( ( )) ( )M M M� � �� 
 �  
Ýòîò íàáîð ïðîäóêöèé íåîáõîäèìî ïðèìåíèòü ê ðåëÿöèîííîìó 

äåðåâó ïåðåä ïðèìåíåíèåì ïîðîæäàþùåé ãðàììàòèêè. Òîãäà 

ïîðîæäàþùàÿ ãðàììàòèêà óïðîùàåòñÿ òàê è áóäåò îáðàáàòûâàòü 

îïåðàòîðû ïî ìåðå èõ ïîÿâëåíèÿ. Òàêèì îáðàçîì, ïîëó÷àåì 

ãðàììàòèêó ( , , , )G T N P S  òàêóþ: 

Òåðìèíàëû ãðàììàòèêè G : 

{ , , , , , , , ,
, , ,*, , ,..., , ,..., }1 1  n m

T select from where left right full natural join

distinct order by group by dual t t l l

�
 

ãäå 1,... nt t - íàçâàíèÿ òàáëèö, 1,..., ml l  - íàçâàíèÿ âñåõ àðãóìåíòîâ 

ðåëÿöèîííûõ îïåðàòîðîâ êðîìå òàáëèö êàæäîãî äåðåâà: 

1 1 1 1,... , ,..., \{ ,... , ,..., }n m n mt t l l T t t l l�  

Íåòåðìèíàëû ãðàììàòèêè G : 

{ , , , , , , , , , , , , }L R
C C

N � � � � ��  �
� � � �

�� �� �� �� �� ��
 

Ïðîäóêöèè ãðàììàòèêè: 

S� �
  
( )S S Q� 
  

( )( )i it Q t
  
( ) (select  S(from))S Q 
  
( )(from) distinct ( from)S S� 
  
( )(from) (from) order by 
il iS S l� 
  
( )(from) (  from)
il iS S l� 
  
( )(  from) (  from where )
il j j iS l S l l� 
  
( )(from) (* from where )
il iS S l� 
  

' ( )(from) ' from ( ) group by 
i il l i iS l S Q l� 
 
  

' '( )(  from)  from ( ( )( ))
i i i il l j j l lS l l S Q� �
 

  

'( )(  from where )  from ( ( )( ))  where 
i i i il l j k j l l kS l l l S Q l� �
 

  

( )(* from where ) ' from ( ) where  group by 
i il l j i j iS l l S l l� 
 
  

( )( from) * from i it t
  
( )(  from)  from i i i it l l t
  
( )(  from where )  from  where i j i j i it l l l t l
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( )(* from where ) * from  where i i i it l t l
  
( )i it t
  

1 2 1 2( , )(  from)  from ( , )i iS S l l S S 
   

1 2 1 2( , )(  from where )  from ( , ) where j i j iS S l l l S S l 
   

1 2 1 2( , )(* from where ) * from ( , ) where i iS S l S S l 
   

1 2 1 2( , )(from) from ( , )S S S S 
   

1 2 1 2( ( , )) ( )( ), ( )( )S S S Q S Q 
  

1 2 1 2( , )(  from)  from ( , )i iS S l l S S
�� ��  

1 2 1 2( , )(  from where )  from ( , ) where j i j iS S l l l S S l
�� ��  

1 2 1 2( , )(* from where ) * from ( , ) where i iS S l S S l
�� ��  

1 2 1 2( , )(from) from ( , )S S S S
�� ��  

1 2 1 2( ( , )) ( )( ) natural join ( )( )S S S Q S Q
��  

1 2 1 2( , )(  from)  from ( , )
i i

j jl l
S S l l S S
�� ��

 

1 2 1 2( , )(  from where )  from ( , ) where 
i i

j k j kl l
S S l l l S S l
�� ��

 

1 2 1 2( , )(* from where ) * from ( , ) where 
i i

j jl l
S S l S S l
�� ��

 

1 2 1 2( , )(from) from ( , )
i il l
S S S S
�� ��

 

1 2 1 2( ( , )) ( )( ) join ( )( ) on 
i

il
S S S Q S Q l
��

 

1 2 1 2( , )(  from)  from ( , )j jS S l l S S

� �

�� ��  

1 2 1 2( , )(  from where )  from ( , ) where j k j kS S l l l S S l

� �

�� ��  

1 2 1 2( , )(* from where ) * from ( , ) where j jS S l S S l

� �

�� ��  

1 2 1 2( , )(from) from ( , )S S S S

� �

�� ��  

1 2 1 2( ( , )) ( )( ) full join ( )( )S S S Q S Q

�

��  

1 2 1 2( , )(  from)  from ( , )
i i

X j j X
l l
S S l l S S


� �
�� ��

 

1 2 1 2( , )(  from where )  from ( , ) where 
i i

X j k j X k
l l
S S l l l S S l


� �
�� ��

 

1 2 1 2( , )(* from where ) * from ( , ) where 
i i

X j X j
l l
S S l S S l


� �
�� ��

 

1 2 1 2( , )(from) from ( , )S S S S

� �

�� ��  
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1 2 1 2( ( , )) ( )( ) full join ( )( ) on 
i

X i
l
S S S Q S Q l


�
��

 

1 2 1 2( , )(  from)  from ( , )j jS S l l S S� 
 �  

1 2 1 2( , )(  from where )  from ( , ) where j k j kS S l l l S S l� 
 �  

1 2 1 2( , )(* from where ) * from ( , ) where j jS S l S S l� 
 �  

1 2 1 2( , )(from) from ( , )S S S S� 
 �  

1 2 1 2( , ) ( )( ) union (( )( ))S S S Q S Q� 
  
Ãðàô ïåðåõîäîâ àâòîìàòà, ñîîòâåòñòâóþùåãî ãðàììàòèêå G , 

ïîêàçàí íà ðèñóíêå Ðèñóíîê 1. Äëÿ óìåíüøåíèÿ êîëè÷åñòâà óçëîâ, 

ñîîòâåòñòâóþùèõ îïåðàòîðàì ñîåäèíåíèÿ è îáúåäèíåíèÿ ñäåëàíà 

òàêàÿ çàìåíà:  

{ , , , , , }
i i

Xl l
� �  �

� �
�� �� �� ��

. 

Òàêèì îáðàçîì, ïîëó÷èëè àëãîðèòì ïðåîáðàçîâàíèÿ 

ðåëÿöèîííîãî äåðåâà â SQL çàïðîñ: 

1. ïîäãîòîâèòü äåðåâî: ïîñòðîèòü ñîîòâåòñòâèå ìåæäó âñåìè 

êîíå÷íûìè àðãóìåíòàìè, êðîìå òàáëèö, âñåõ îïåðàòîðîâ è 

îáîçíà÷åíèÿìè 1,..., ml l .  

2. ïðèìåíèòü óïîðÿäî÷èâàþùóþ ãðàììàòèêó OG  ê 

ðåëÿöèîííîìó äåðåâó S ; 

3. ïðèìåíèòü ïîðîæäàþùóþ ãðàììàòèêó G  ê óïîðÿäî÷åííîìó 

äåðåâó – ðåçóëüòàòó ïðèìåíåíèÿ ïðîäóêöèé OG  ê ðåëÿöèîííîìó 

âûðàæåíèþ S  è ïîëó÷èòü òåðìèíàëüíóþ öåïî÷êó; 

4. â ïîëó÷åííîé òåðìèíàëüíîé öåïî÷êå çàìåíèòü âñå , 1,il i m�  íà 

ñîîòâåòñòâóþùèå èì çíà÷åíèÿ àðãóìåíòîâ. 

Îáà îïèñàííûõ àëãîðèòìà ÿâëÿþòñÿ ìîäèôèêàöèÿìè îäíîãî è 

òîãî æå ïîäõîäà – ïðèìåíåíèÿ òðàíñôîðìàöèîííîé ïîðîæäàþùåé 

êîíòåêñòíî-çàâèñèìîé ãðàììàòèêè ê ðåëÿöèîííîìó äåðåâó çàïðîñà. 
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�

S�

( )S Q
iS t�

�

S(from)
il

�

S(  from)il

il
�

S(  from 

where )
j

i

l
l

S(*  from 
where )il

il
�

il
�

'i il l� 


'i il l� 


'i il l� 


'i il l� 


it

it
it

it

it

1 2( , )S S�

{ , , , , , }
i i

Xl l
� �  �

� �
�� �� �� ��

�

�

�

�

 
Ðèñóíîê 1 – Ãðàô ïåðåõîäîâ àâòîìàòà 

 
Ïðèìåðû ïðåîáðàçîâàíèÿ 

Ðàññìîòðèì ïðèìåð ïðåîáðàçîâàíèÿ äåðåâà  ( ( ( , )))1 2C LS t t� ��   

Ïðèìåíèì àëãîðèòì ê çàäàííîìó ïðèìåðó. 

Øàã 1. Óïîðÿäî÷èâàíèå äåðåâà ñ ïîìîùüþ OG . 

Òàáëèöà 2 

Óïîðÿäî÷èâàíèå äåðåâà OG   

1) ( ( ( , ))) ( ( ( , )))1 2 1 2C L L Ct t t t� � � � 
   ������� 5 

 
Øàã 2. Ïðèìåíåíèå ãðàììàòèêè G  
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Òàáëèöà 3 

Ïðèìåíåíèå ãðàììàòèêè G   

1) ( ( ( , )))1 2L C t t� �� �
    
������� 0 

2) ( ( ( , ))) ( ( ( , )))( )1 2 1 2L C L Ct t t t Q�� � � � 
   
������� 1 

3) ( ( ( , )))( ) ( ( ( ( , )))( )1 2 1 2select  from)L C L Ct t Q t t� � � � 
    
������� 3 

4) 
( ( ( ( , )))( ) ( ( ( , ))( )1 2 1 2 1select  from) select  from)L C Ct t t t l� � � 
   

������� 6, 
1L l�  

5)

( ( ( , ))( ) ( ( , )( )1 2 1 1 2 1 2select  from) select  from where )C t t l t t l l�  
 
 

������� 7, 
2C l�  

6)
( ( , )( ) ( ( , )

)
1 2 1 2 1 1 2

2

select  from where ) select  from  

where 

t t l l l t t

l

 
 
  

������� 19 

7)

( ( , ) ) ( ( ), ( )
)

1 1 2 2 1 1 2

2

select  from  where select  from  

where 

l t t l l t Q t Q

l

 

  

������� 22 

8)
( ( ), ( ) ) ( ,

)
1 1 2 2 1 1 2

2

select  from  where select  from  

where 

l t Q t Q l l t t

l



   

������� 2 

 
Òàêèì îáðàçîì, ïîëó÷èëè 

( ( ( , ))) ( , )1 2 1 1 2 2select  from  where C LS t t l t t l� ��  
  

Îñòàëîñü çàìåíèòü , ,1 2il i �  íà ñîîòâåòñòâóþùèå çíà÷åíèÿ 

àðãóìåíòîâ ðåëÿöèîííûõ îïåðàòîðîâ è òåêñò SQL çàïðîñà ãîòîâ. 
Ïðîãðàììíûå ðåàëèçàöèÿ ïðåîáðàçîâàíèÿ ðåëÿöèîííîãî äåðåâà â 

òåêñò SQL çàïðîñà  

Òåêñò SQL çàïðîñà ìîæíî ãåíåðèðîâàòü èç ðåëÿöèîííîãî äåðåâà, 

ïðåäñòàâëåííîãî â âèäå: 

1. xml-ôàéëà; 

2. îáúåêòíîé ïðîãðàììíîé ìîäåëè; 

3. òàáëèöû áàçû äàííûõ. 

Âñå òðè âàðèàíòà ïðîãðàììíîãî ïðåäñòàâëåíèÿ ðåëÿöèîííîãî 

äåðåâà âçàèìîçàìåíÿåìû, è ïðè íàëè÷èè îäíîãî èç íèõ ýòî 

ïðåäñòàâëåíèå ëåãêî ïðåîáðàçîâàòü â äðóãîé. 
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Â çàâèñèìîñòè îò âèäà âõîäíûõ äàííûõ ìîæíî ïðèìåíèòü òàêèå 

ïðîãðàììíûå ïîäõîäû ê ðåàëèçàöèè ãåíåðàòèâíîé ãðàììàòèêè:  

1. èç xml-îïèñàíèÿ äåðåâà ñ èñïîëüçîâàíèåì ñãåíåðèðîâàííîãî ñ 

ïîìîùüþ ãåíåðàòîðà èíòåðïðåòàòîðà (íàïðèìåð ìîäèôèêàöèè Coco/R 

èëè ANTLR [10]) ïàðñåðà xml; 

2. òàêæå ñ èñïîëüçîâàíèåì  ãåíåðàòîðà èíòåðïðåòàòîðà 

(íàïðèìåð, ìîäèôèêàöèè Coco/R èëè ANTLR), íî ïðè ýòîì àëãîðèòì 

ñðàçó ïðåîáðàçóåò âõîäíîé xml-ôàéë â sql çàïðîñ, èñïîëüçóÿ 

ïîðîæäàþùóþ ãðàììàòèêó; 

3. èç îáúåêòíîé ïðîãðàììíîé ìîäåëè: äëÿ ýòîãî íåîáõîäèìî 

îñóùåñòâèòü îáõîä äåðåâà îáúåêòîâ â ãëóáèíó ñ èñïîëüçîâàíèåì 

îïèñàííûõ ïðàâèë ãðàììàòèêè. 

Â íàøåé ðåàëèçàöèè âûáðàí ìåòîä îáõîäà îáúåêòíîãî äåðåâà, 

òàê êàê ðåëÿöèîííîå äåðåâî ïðåäñòàâëåíî â ïðîãðàììíîé ðåàëèçàöèè 

ñèñòåìû â âèäå îáúåêòíîé ìîäåëè. 

Âûâîäû 

Â ñòàòüå ðàññìîòðåíà è ðåøåíà çàäà÷à ïðåîáðàçîâàíèÿ 

ðåëÿöèîííîãî äåðåâà â òåêñò SQL çàïðîñà. Ñäåëàí îáçîð 

ñóùåñòâóþùèõ ïóáëèêàöèé íà äàííóþ òåìàòèêó. Ïîêàçàíî àëãîðèòì 

ïðåîáðàçîâàíèÿ ñ èñïîëüçîâàíèåì ïîðîæäàþùåé òðàíñôîðìàöèîííîé 

ãðàììàòèêè. Ïîêàçàíû ïðèìåðû ïðèìåíåíèÿ ãðàììàòèêè ê 

êîíêðåòíûì ïðèìåðàì ðåëÿöèîííûõ äåðåâüåâ è ïðèâåäåíî îïèñàíèå 

ïðîãðàììíîé ðåàëèçàöèè àëãîðèòìà.  

Ýòè ðåçóëüòàòû ÿâëÿþòñÿ ÷àñòüþ òåõíîëîãèè 

èíòåëëåêòóàëèçèðîâàííîãî ãåíåðèðîâàíèÿ áàçû äàííûõ è 

ïðîãðàììíîãî îáåñïå÷åíèÿ "ÊÈÒ-XXI", îñíîâíûå êîíöåïöèè êîòîðîé 

îïèñàíû â  [1].  
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