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Ðñüëïãïò

Ôá åñùôÞìáôá ïðôéêïý ðåäßïõ (line of sight - LOS - queries) áðïôåëïýí ìéá
ðñïçãìÝíç åöáñìïãÞ óôá óõóôÞìáôá Spatial DBMS êáé GIS (Geographical
Information Systems). Óôü÷ïò ôçò åñãáóßáò åßíáé ç åðéóêüðçóç óýã÷ñïíùí
ðñáêôéêþí ó÷åôéêþí ìå ôá åñùôÞìáôá ïðôéêïý ðåäßïõ, ç åðÝêôáóç êÜðïéùí
áðü áõôÝò êáé ç ðåéñáìáôéêÞ ìåëÝôç ôùí ðñáêôéêþí ðïõ èá åðåêôáèïýí.

ÅñùôÞìáôá ïðôéêïý ðåäßïõ (Line Of Sight) ïíïìÜæïíôáé ôá åñùôÞìáôá ïñá-
ôüôçôáò áíÜìåóá óå äýï ïíôüôçôåò ìå âÜóç êÜðïéá ðåñéï÷Þ êáé ðéèáíüí Üëëåò
ïíôüôçôåò-åìðüäéá. ÐáñïõóéÜæïõí éäéáßôåñï åíäéáöÝñïí óôéò ìÝñåò ìáò åîáéôßáò
ôçò áõîçìÝíçò äçìïôéêüôçôáò ôùí Ýîõðíùí êéíçôþí óõóêåõþí êáé ôç ñáãäáßá
áíÜðôõîç ôçò áóýñìáôçò ôå÷íïëïãßáò. Ôá åñùôÞìáôá ïðôéêïý ðåäßïõ åßíáé Ýíá
èÝìá ìå ðïëëÝò åöáñìïãÝò. Ôá óõíáíôÜìå óôá óõóôÞìáôá GPS, üðïõ åíäéáöå-
ñüìáóôå ãéá ðáñÜäåéãìá ãéá ôçí êïíôéíüôåñç ôñÜðåæá Þ ôï êïíôéíüôåñï âåíæé-
íÜäéêï óôçí êáôåýèõíóç ðïõ ðçãáßíïõìå. Ôá åñùôÞìáôá ïðôéêïý ðåäßïõ äßíïõí
áðáíôÞóåéò óå èÝìáôá üðùò áðü ðïéá èÝóç åßíáé ïñáôü êÜèå óçìåßï åíüò óõ-
ãêåêñéìÝíïõ ÷þñïõ. ÅðéðëÝïí åñùôÞóåéò üðùò ðïõ ìðïñåß íá ôïðïèåôçèåß ìéá
áößóá þóôå íá åßíáé ïñáôÞ óå êÜèå óçìåßï ôïõ äéáäñüìïõ óôï åìðïñéêü êÝíôñï,
ðïõ ìðïñåß íá ôïðïèåôçèåß ìéá êÜìåñá þóôå íá åëÝã÷åé üóï ôï äõíáôüí ìåãá-
ëýôåñï ìÝñïò åíüò ÷þñïõ. Åðßóçò ôïõñßóôåò ðïõ åíäéáöÝñïíôáé ãéá ðåñéï÷Ýò
üðïõ ôá áîéïèÝáôá åßíáé ïñáôÜ óå áõôïýò. Óå ðåäßá ìá÷þí üðïõ Üíèñùðïé êáé
üðëá åßíáé óå êßíçóç åíäéáöÝñïõí åñùôÞóåéò üðùò ðïõ âñßóêïíôáé ïé å÷èñïß ðïõ
åßíáé ïñáôïß áðü ìéá óõãêåêñéìÝíç èÝóç. ¢ëëïé ôïìåßò ðïõ âñßóêïõí åöáñìïãÞ
ôá åñùôÞìáôá ïðôéêïý ðåäßïõ åßíáé ðëçñïöïñßåò êõêëïöïñéáêÞò óõìöüñçóçò,
ðëçñïöïñßåò ãéá ôïí êáéñü ôïðéêÜ, óõóôÞìáôá áíß÷íåõóçò, êéíçôÞ äéáöÞìéóç,
êéíçôÝò õðçñåóßåò åíôïðéóìïý, ðëïÞãçóç.

Êëåßíïíôáò, èá Þèåëá íá åõ÷áñéóôÞóù ôïí åðéâëÝðïíôá ÁíáðëçñùôÞ Êáèç-
ãçôÞ Èåïäùñßäç ÉùÜííç ãéá ôçí óõíå÷Þ ôïõ õðïóôÞñéîç êáé åíèÜññõíóç óôçí
åêðüíçóç ôçò ðáñïýóáò åñãáóßáò. Åðßóçò åõ÷áñéóôþ ôá ìÝëç ôçò åîåôáóôéêÞò
åðéôñïðÞò ãéá ôï åíäéáöÝñïí ðïõ Ýäåéîáí ãéá ôç äïõëåéÜ ìïõ.
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1

ÅéóáãùãÞ

Ïé ÷ùñéêÝò åñùôÞóåéò ìðïñïýí íá äéáêñéèïýí óôéò áêüëïõèåò êáôçãïñßåò óýì-
öùíá ìå ôá [7] êáé [8].

• ÅñùôÞóåéò óçìåßïõ: Âñåò üëá áíôéêåßìåíá ðïõ ðåñéêëåßïõí Ýíá äïèÝí óç-
ìåßï.

• ÅñùôÞóåéò åýñïõò: Âñåò üëá ôá áíôéêåßìåíá ìÝóá óå ìéá (óõíÞèùò ïñèï-
ãþíéá) ðåñéï÷Þ.

• ÅñùôÞóåéò êïíôéíüôåñïõ ãåßôïíá: Âñåò ôï ðëçóéÝóôåñï áíôéêåßìåíï óå
ó÷Ýóç ìå Ýíá óçìåßï.

• ÅñùôÞìáôá ÷ùñéêÞò óýíäåóçò (ìåôáîý äýï óõíüëùí áíôéêåéìÝíùí): Âñåò
üëá ôá æåýãç áíôéêåéìÝíùí (Ýíá áðü êÜèå óýíïëï) ðïõ éêáíïðïéïýí ìéá
÷ùñéêÞ óõíèÞêç.

Ïé ðñáêôéêÝò LOS ðïõ Ý÷ïõí áíáðôõ÷èåß ìÝ÷ñé óÞìåñá, åðåîåñãÜæïíôáé äéá-
öïñåôéêïý ôýðïõ åñùôÞìáôá ïðôéêïý ðåäßïõ ôá ïðïßá êáëýðôïõí ìåãÜëï åýñïò
åöáñìïãþí êáé ðñïóåããßæïõí üóï ãßíåôáé ðåñéóóüôåñï ôïí ðñáãìáôéêü êüóìï
ìå ôá ïðôéêÜ åìðüäéá, ôá áíôéêåßìåíá óå êßíçóç, ôá ìç óçìåéáêÜ áíôéêåßìåíá
äåäïìÝíùí êôë. Åðßóçò êÜðïéá áðü áõôÜ ôá åñùôÞìáôá áðïôåëïýí ôç âÜóç
áíÜðôõîçò Üëëùí åñùôçìÜôùí ðïõ åðåêôåßíïõí ôá õðÜñ÷ïíôá.

Óôçí ðáñïýóá åñãáóßá åðéëÝãïíôáé äýï ôýðïé åñùôçìÜôùí áðü ôéò ôå÷íéêÝò
ðïõ ìåëåôÞèçêáí êáé ìå ôéò êáôÜëëçëåò ôñïðïðïéÞóåéò åðåêôåßíïíôáé Ýôóé þóôå
ç ìßá íá êáëýðôåé ôéò éäéüôçôåò ôïõ ÷þñïõ ôéò ïðïßåò éêáíïðïéåß ç Üëëç. ÔåëéêÜ
ðñïêýðôïõí äýï üìïéïé ôýðïé åñùôçìÜôùí ïðôéêïý ðåäßïõ, ôïõò ïðïßïõò óôç
óõíÝ÷åéá ìðïñïýìå íá ôïõò óõãêñßíïõìå.

Ôá åñùôÞìáôá ïðôéêïý ðåäßïõ äéá÷åéñßæïíôáé ÷ùñéêÜ äåäïìÝíá, äçëáäÞ ü÷é
áðëïýò ôýðïõò ôéìþí, üðùò áñéèìïß êáé óõìâïëïóåéñÝò. Ôá áíôéêåßìåíá ôïõ
÷þñïõ ðñïóåããßæïíôáé ìå óçìåßá, ãñáììÝò êáé ðïëýãùíá. Óå áõôü ôï ðëáßóéï
÷ñçóéìïðïéåßôáé óõ÷íÜ ôï MBR (Minimum Bounding Rectangle) äçëáäÞ ôï
ìéêñüôåñï ïñèïãþíéï ðáñáëëçëüãñáììï ðïõ ðåñéâÜëëåé Ýíá áíôéêåßìåíï.

Ôï ðñüâëçìá ìå ôá ÷ùñéêÜ äåäïìÝíá åßíáé üôé äåí Ý÷ïõí êÜðïéá öõóéêÞ
äéÜôáîç êáé Ýôóé äåí ìðïñïýí íá ÷ñçóéìïðïéçèïýí ôá óõíçèéóìÝíá åõñåôÞñéá.



2 1 ÅéóáãùãÞ

ÐïëëÝò ãíùóôÝò ìÝèïäïé áðïèÞêåõóçò, åõñåôçñéïðïßçóçò êáé áíáæÞôçóçò äåäï-
ìÝíùí âáóßæïíôáé óôçí Ýííïéá ôçò äéÜôáîçò. Ãéá íá åðéëõèåß áõôü ôï ðñüâëçìá
÷ñçóéìïðïéïýíôáé ïé ãñáììÝò äéÜó÷éóçò ôïõ ÷þñïõ êáé ôá ÷ùñéêÜ åõñåôÞñéá.
Ôá ðéï óõíçèéóìÝíá ÷ùñéêÜ åõñåôÞñéá åßíáé ôï R-tree [11], [12] êáé ôï Quadtree.
Ôá ÷ùñéêÜ åõñåôÞñéá ðáñÝ÷ïõí êáëýôåñåò áðïäüóåéò óôïõò õðïëïãéóìïýò.

Óôéò ðñáêôéêÝò LOS ùò ÷ùñéêü åõñåôÞñéï ÷ñçóéìïðïéåßôáé óõíÞèùò ôï R-
tree, åðåéäÞ åßíáé åõñÝùò äéáäåäïìÝíï åõñåôÞñéï ãéá ôá ÷ùñéêÜ äåäïìÝíá [13]
áëëÜ êáé åîáéôßáò ôçò áðïäïôéêüôçôÜò ôïõ [14]. ¸ôóé êáé óôéò ðñáêôéêÝò ðïõ
åðéëÝ÷èçêáí ãéá íá åðåêôáèïýí ÷ñçóéìïðïéåßôáé ôï R-tree. Ôï R-tree áðïôå-
ëåßôáé áðü ìéá éåñáñ÷ßá áðü MBRs, êáèÝíá áðü ôá ïðïßá áíôéóôïé÷åß óå Ýíáí
êüìâï ôïõ äÝíäñïõ êáé ðåñéêëåßåé üëá ôá MBRs ðïõ âñßóêïíôáé óôï õðïäÝíäñï
ôïõ. Ôá äåäïìÝíá âñßóêïíôáé áðïèçêåõìÝíá óôá öýëëá ôïõ äÝíäñïõ êáé åßíáé
÷ùñéóìÝíá ìå âÜóç êÜðïéá åõñåôéêÞ ìÝèïäï ðïõ Ý÷åé óêïðü íá åëá÷éóôïðïéÞóåé
ôï êüóôïò åéóüäïõ - åîüäïõ óôï åõñåôÞñéï.

Ôá äåäïìÝíá ðÜíù óôá ïðïßá åêôåëïýíôáé ïé ôå÷íéêÝò åñùôçìÜôùí ïðôéêïý
ðåäßïõ ðïõ åðåêôåßíïíôáé êáé åðïìÝíùò êáé áõôÜ ìå âÜóç ôá ïðïßá åêôåëïýíôáé
ôá ðåéñÜìáôá åßíáé ÷ùñéêÜ äåäïìÝíá. Ðñüêåéôáé ãéá áíôéêåßìåíá ðïõ áíáðáñß-
óôáíôáé ìå MBRs ÷ñçóéìïðïéþíôáò ôéò óõíôåôáãìÝíåò ôùí êïñõöþí áðü ôéò
ïðïßåò áðïôåëïýíôáé. Ãéá ôá ðåéñÜìáôá, åðïìÝíùò êáé ôéò óõãêñßóåéò ôùí áëãï-
ñßèìùí ðïõ èá åðåêôáèïýí, ÷ñçóéìïðïéïýíôáé äåäïìÝíá ìå áíôéêåßìåíá áðü ôïí
ðñáãìáôéêü êüóìï áëëÜ êáé ôå÷íçôÜ äåäïìÝíá. Ôá äåäïìÝíá áõôÜ ïñãáíþíï-
íôáé óå åõñåôÞñéá ôýðïõ R-tree êáé óôç óõíÝ÷åéá åêôåëïýíôáé ïé áëãüñéèìïé
åýñåóçò êïíôéíüôåñùí ãåéôüíùí ðÜíù óå áõôÜ ôá åõñåôÞñéá.

Óõíïøßæïíôáò ç åñãáóßá ÷ùñßæåôáé óå ôñßá èåìáôéêÜ ìÝñç. Ôï ðñþôï ìÝñïò
áðïôåëåßôáé áðü ôçí åðéóêüðçóç ôùí ó÷åôéêþí åñãáóéþí. Ôï äåýôåñï ìÝñïò ðå-
ñéëáìâÜíåé ôçí óõãêñéôéêÞ ðáñïõóßáóç ôùí åñãáóéþí ðïõ ìåëåôÞèçêáí êáé ôçí
åðéëïãÞ äýï ðñáêôéêþí áðü áõôÝò ðïõ ìåëåôÞèçêáí, þóôå íá åðåêôáèïýí. Óôç
óõíÝ÷åéá õëïðïéåßôáé ôï äýóêïëï êïììÜôé ôçò åðÝêôáóçò áõôþí ôùí õðáñ÷ü-
íôùí áëãïñßèìùí. Ôï ôñßôï ìÝñïò áöïñÜ óôçí ðåéñáìáôéêÞ ìåëÝôç ôùí ôå÷íéêþí
ðïõ åðåêôÜèçêáí êáé óôçí åîáãùãÞ óõìðåñáóìÜôùí.
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Ôá åñùôÞìáôá ïðôéêïý ðåäßïõ ÷ùñßæïíôáé óå äéÜöïñåò êáôçãïñßåò áíÜëïãá
ìå ôá äéáöïñåôéêïý ôýðïõ åñùôÞìáôá ðïõ åðéäéþêïõí íá åðéëýóïõí. ÊÜðïéá
áíáöÝñïíôáé óå êéíïýìåíá áíôéêåßìåíá, êÜðïéá ëáìâÜíïõí õðüøç ôá ïðôéêÜ
åìðüäéá [15] Þ/êáé ç êáôåýèõíóç ôùí áíôéêåéìÝíùí, óå êÜðïéá ôï áíôéêåßìåíï
ðïõ èÝôåé ôï åñþôçìá áíáðáñéóôÜíåôáé ìå óçìåßï êáé óå êÜðïéá Üëëá ìå ãñáììÞ
Þ ðïëýãùíï.

Nearest Surrounder (NS): ÄïèÝíôïò åíüò óõíüëïõ áíôéêåéìÝíùí O êáé åíüò
óçìåßïõ åñùôÞìáôïò q Ýíá åñþôçìá NS áíáêôÜ áðü ôï Ï ôïõò êïíôéíüôåñïõò
ãåßôïíåò óå äéáêñéôÝò ãùíßåò ùò ðñïò ôï q. Ôá åñùôÞìáôá áõôÜ åöáñìüæïíôáé
êáé óå ðåñéâÜëëïíôá üðïõ ôá áíôéêåßìåíá êáé ôï óçìåßï åñùôÞìáôïò êéíïýíôáé.
ÅñùôÞìáôá áõôïý ôïõ ôýðïõ åîåôÜæåé ôï [3].

Continuous Nearest Neighbor (CNN): ÄïèÝíôïò åíüò óõíüëïõ äåäïìÝíùí
óôïí ðïëõäéÜóôáôï ÷þñï êáé ìéáò ãñáììÞò åñùôÞìáôïò, ôï CNN åñþôçìá áíá-
êôÜ ôïõò êïíôéíüôåñïõò ãåßôïíåò áðü ôï óýíïëï äåäïìÝíùí ãéá êÜèå óçìåßï ôçò
ãñáììÞò åñùôÞìáôïò. Ôá åñùôÞìáôá áõôïý ôïõ ôýðïõ äåí ëáìâÜíïõí õðüøç ôá
åìðüäéá ôïõ ÷þñïõ. ¢ñèñá áõôÞò ôçò êáôçãïñßáò åñùôçìÜôùí åßíáé ôá [22],
[24], [25], [28]-[30].

Ìéá ãåíßêåõóç ôïõ CNN åñùôÞìáôïò åßíáé ôï åñþôçìá åýñïõò (Range
Query) [36], üðïõ ôï áíôéêåßìåíï ðïõ èÝôåé ôï åñþôçìá äåí áíÞêåé óôï ìï-
íïäéÜóôáôï ÷þñï, üðùò ôï óçìåßï Þ ç ãñáììÞ åñùôÞìáôïò, áëëÜ Ý÷åé ßóåò Þ
ðåñéóóüôåñåò áðü äýï äéáóôÜóåéò. ÄçëáäÞ åßíáé õðåñêýâïé ãéá ôïõò ïðïßïõò
áíáæçôïýíôáé êïíôéíüôåñïé ãåßôïíåò.

Visible Nearest Neighbor (VNN): Ôï åñþôçìá áõôü âñßóêåé ôï êïíôéíüôåñï
áíôéêåßìåíï ðïõ åßíáé ïñáôü áðü ôï óçìåßï ôïõ åñùôÞìáôïò. Ï áëãüñéèìïò åßíáé
öôéáãìÝíïò ãéá Ýíá óôáèåñü óçìåßï êáé ü÷é ãéá Ýíá åõèýãñáììï ôìÞìá ðïõ
ðåñéÝ÷åé ðïëëáðëÜ óçìåßá åñùôÞìáôïò. Ç âáóéêÞ éäÝá åßíáé íá ãßíåé áíáæÞôçóç
êïíôéíüôåñùí ãåéôüíùí êáé êáôüðéí íá åîåôáóôåß ç óõíèÞêç ïñáôüôçôáò ìå
ôñüðï óôáäéáêü. Ôá Üñèñá [1] êáé [6] åîåôÜæïõí åñùôÞìáôá VNN.

Ïñéóìüò - VNNQ: ÄïèÝíôïò åíüò óõíüëïõ äåäïìÝíùí S êáé åíüò óçìåßïõ
åñùôÞìáôïò Q, âñåò Ýíá áíôéêåßìåíï O ∈ S, Ýôóé þóôå (1) ôï Ï åßíáé ïñáôü óôï
Q (2) ∀O′ ∈ S, åÜí ôï O′ åßíáé ïñáôü óôï Q, ôüôå dist(O;Q) < dist(O′; Q),
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üðïõ dist åßíáé ìéá óõíÜñôçóç ðïõ åðéóôñÝöåé ôçí áðüóôáóç áíÜìåóá óå Ýíá
óçìåßï åñùôÞìáôïò êáé óå Ýíá áíôéêåßìåíï. Ôï Ï ïíïìÜæåôáé êïíôéíüôåñïò
ïñáôüò ãåßôïíáò ôïõ Q.

ÕðÜñ÷ïõí äéÜöïñåò ðáñáëëáãÝò ôïõ VNN åñùôÞìáôïò. Ìéá ôÝôïéá åßíáé ôï
åñþôçìá ôùí k êïíôéíüôåñùí ïñáôþí ãåéôüíùí (VkNN), ôï ïðïßï äåí âñßóêåé
ìüíï Ýíáí ãåßôïíá (ôïí êïíôéíüôåñï ïñáôü) áëëÜ áíáêôÜ óôáäéáêÜ ôïõò k êï-
íôéíüôåñïõò ïñáôïýò ãåßôïíåò. ÕðÜñ÷åé áêüìá êáé ôï åñþôçìá ôïõ áíôßóôñïöïõ
ïñáôïý êïíôéíüôåñïõ ãåßôïíá (Visible Reverse Nearest Neighbor - VRNN ) [5]
ôï ïðïßï áíáêôÜ ôá áíôéêåßìåíá ôá ïðïßá Ý÷ïõí ôï óçìåßï åñùôÞìáôïò ùò ôïí
êïíôéíüôåñï ïñáôü ãåßôïíá. ¢ñèñá ðïõ åîåôÜæïõí RNN åñùôÞìáôá åßíáé ôá
[37]-[41].

Ìéá ãåíßêåõóç ôïõ VkNN åñùôÞìáôïò åßíáé ôï óõíïëéêü VkNN (Aggregate
Visible k Nearest Neighbor - AVkNN ) [6] åñþôçìá ôï ïðïßï âñßóêåé k áíôé-
êåßìåíá ìå ôéò ìéêñüôåñåò óõíïëéêÝò áðïóôÜóåéò óå Ýíá óýíïëï Q áðü óçìåßá
åñùôÞìáôïò. Ùò óõíïëéêÞ óõíÜñôçóç ÷ñçóéìïðïéåßôáé åßôå ôï Üèñïéóìá, åßôå ôï
åëÜ÷éóôï, åßôå ôï ìÝãéóôï, äçëáäÞ ìéá áðü ôéò óõíáñôÞóåéò SUMMINVIDIST,
MAXMINVIDIST, MINMINVIDIST. ÅñùôÞìáôá ANN óõíáíôÜìå óôá Üñèñá
[32]-[35].

Continuous Visible Nearest Neighbor (CVNN): Óå áõôÞ ôçí ðåñßðôùóç ôï
åñþôçìá äåí áöïñÜ Ýíá óçìåßï áëëÜ ìéá ãñáììÞ óôï ÷þñï êáé åðßóçò ëáìâÜíï-
íôáé õðüøç ôá åìðüäéá. Ìå Üëëá ëüãéá äåí åíäéáöåñüìáóôå ãéá ôá êïíôéíüôåñá
áíôéêåßìåíá ðïõ åßíáé ïñáôÜ óå Ýíá óçìåßï áëëÜ ãéá áõôÜ ðïõ åßíáé ïñáôÜ óå Ýíá
äéÜóôçìá. Ôá åñùôÞìáôá óõíå÷ïýò êïíôéíüôåñïõ ïñáôïý ãåßôïíá åðéóôñÝöïõí
Ýíá óýíïëï áðü äõÜäåò (p, R) ôÝôïéá þóôå ôï p åßíáé ï êïíôéíüôåñïò ãåßôïíáò
óå Ýíá õðïäéÜóôçìá R ôçò ãñáììÞò åñùôÞìáôïò. Åñãáóßåò ðïõ áðáíôïýí óå
CVNN åñùôÞìáôá âëÝðïõìå óôá [2], [27], [31].

Áîéïóçìåßùôç åñåõíçôéêÞ ðñïóðÜèåéá Ý÷åé ãßíåé óå ðåñéâÜëëïíôá ìå êéíïý-
ìåíá áíôéêåßìåíá Þ/êáé êéíïýìåíåò èÝóåéò åñùôÞìáôïò, [4], [16]-[26], [37].

Ìéá Üëëç êáôçãüñéá åñùôçìÜôùí ïíïìÜæåôáé "All Nearest Neighbors"
(ANN) êáé áíáöÝñåôáé óå óýíïëá ðïëõäéÜóôáôùí áíôéêåéìÝíùí. ÄïèÝíôùí äýï
óõíüëùí Á êáé Â ðïëõäéÜóôáôùí áíôéêåéìÝíùí, ôï åñþôçìá ÁÍÍ áíáêôÜ ãéá
êÜèå áíôéêåßìåíï óôï óýíïëï Á ôïí êïíôéíüôåñï ãåßôïíÜ ôïõ óôï óýíïëï Â.
ÅñùôÞìáôá ÁÍÍ óõíáíôïýìå óôá [42], [43].

Ôï Üñèñï [44] áíáëýåé ôï åñþôçìá ôùí k êïíôéíüôåñùí æåõãáñéþí (k closest
pairs). Ôï åñþôçìá áõôü áíáæçôÜåé ôá k êïíôéíüôåñá æåõãÜñéá áíÜìåóá óå äýï
÷ùñéêÜ óýíïëá äåäïìÝíùí.

Óôç óõíÝ÷åéá áíáëýïíôáé äéåîïäéêÜ Ýîé óýã÷ñïíåò ðñáêôéêÝò ðïõ Ý÷ïõí áíá-
ðôõ÷èåß ãéá íá áíôéìåôùðßóïõí Ýîé äéáöïñåôéêïýò ôýðïõò åñùôçìÜôùí ïðôéêïý
ðåäßïõ. Ðñüêåéôáé ãéá åñùôÞìáôá êïíôéíüôåñïõ ïñáôïý ãåßôïíá (Visible Near-
est Neighbor) ôùí Üñèñùí [1] êáé [6], óõíïëéêÜ êïíôéíüôåñïõ ïñáôïý ãåßôïíá
(Aggregate Visible Nearest Neighbor) [6], óõíå÷ïýò êïíôéíüôåñïõ ïñáôïý ãåß-
ôïíá (Continuous Visible Nearest Neighbor) [2], êïíôéíüôåñïõ ðåñéâÜëëïíôïò
(Nearest Surrounder) [3], êïíôéíüôåñïõ ðåñéâÜëëïíôïò óå êéíïýìåíá áíôéêåß-
ìåíá [4] êáé áíôßóôñïöïõ êïíôéíüôåñïõ ïñáôïý ãåßôïíá (Visible Reverse Near-
est Neighbor) [5].
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2.1 ÅñùôÞìáôá Ïñáôïý Êïíôéíüôåñïõ Ãåßôïíá

Óôï Üñèñï [1] áíáëýåôáé ôï åñþôçìá áíáæÞôçóçò ôùí êïíôéíüôåñùí ïñáôþí ãåé-
ôüíùí (Visible k Nearest Neighbor - VkNN), ôï ïðïßï âñßóêåé ôá k êïíôéíüôåñá
áíôéêåßìåíá ðïõ åßíáé ïñáôÜ óå Ýíá óçìåßï åñùôÞìáôïò. Ç åéêüíá 2.1 äåß÷íåé
Ýíá ðáñÜäåéãìá ôïõ åñùôÞìáôïò VNN. Ôï óýíïëï äåäïìÝíùí áðïôåëåßôáé áðü
áíôéêåßìåíá äåäïìÝíùí (ìáýñåò ôåëåßåò êáé êýêëïé) êáé åìðüäéá (ãñáììÝò). Ôï
Q åßíáé ôï óçìåßï åñùôÞìáôïò. Áðü ôï Q êÜðïéá áíôéêåßìåíá åßíáé ïñáôÜ (ôá
b, d, f, h ðïõ áíáðáñßóôáíôáé áðü ôéò ìáýñåò ôåëåßåò), åíþ ç èÝáóç êÜðïéùí
áíôéêåéìÝíùí ìðëïêÜñåôáé áðü åìðüäéá, åßíáé äçëáäÞ ìç ïñáôÜ (ôá a, c, e, g
ðïõ áíáðáñßóôáíôáé áðü êýêëïõò). Ôï a, áíÜìåóá óå üëá ôá áíôéêåßìåíá, Ý÷åé
ôç ìéêñüôåñç áðüóôáóç áðü ôï Q, Üñá êáôÜ ôçí ðáñáäïóéáêÞ Ýííïéá åßíáé ï
êïíôéíüôåñïò ãåßôïíáò. ¼ìùò ôï a äåí åßíáé ï êïíôéíüôåñïò ïñáôüò ãåßôïíáò
ôïõ Q. ÁíÜìåóá óå üëá ôá ïñáôÜ áíôéêåßìåíá ôï b åßíáé ôï êïíôéíüôåñï óôï
Q, Üñá åßíáé ï êïíôéíüôåñïò ïñáôüò ãåßôïíáò ôïõ Q.

Åéêüíá 2.1. Ôï åñþôçìá VNN.

Óôï Üñèñï [1] ðñïôåßíåôáé Ýíáò áðïäïôéêüò áëãüñéèìïò ãéá ôçí åðåîåñãáóßá
áõôþí ôùí åñùôçìÜôùí. Ïé ïñáôïß ãåßôïíåò õðïëïãßæïíôáé óôáäéáêÜ êáèþò
ìåãáëþíåé ï ÷þñïò áíáæÞôçóçò. Ôï ðñïôÝñçìá áõôïý ôïõ áëãïñßèìïõ åßíáé
üôé ìåéþíåé óçìáíôéêÜ ôï õðïëïãéóôéêü êüóôïò äéüôé äåí áðáéôåß ôïí õðïëïãé-
óìü ôçò ïñáôüôçôáò üëùí ôùí áíôéêåéìÝíùí åê ôùí ðñïôÝñùí üðùò êÜíïõí ïé
õðÜñ÷ïõóåò ìÝèïäïé.

Ïñéóìüò åñùôçìÜôùí êïíôéíüôåñùí ïñáôþí ãåéôüíùí (VNN): ÄïèÝíôïò
åíüò óõíüëïõ äåäïìÝíùí S êáé åíüò óçìåßïõ åñùôÞìáôïò Q, âñßóêïõìå Ýíá
áíôéêåßìåíï O ∈ S Ýôóé þóôå: (1) ôï Ï åßíáé ïñáôü óôï Q êáé (2) ∀O′ ∈ S, áí
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ôï O′ åßíáé ïñáôü óôï Q ôüôå dist(O;Q) ≤ dist(O′; Q), üðïõ dist() åßíáé ìéá
óõíÜñôçóç ðïõ åðéóôñÝöåé ôçí áðüóôáóç áíÜìåóá óôï óçìåßï åñùôÞìáôïò êáé
óå Ýíá áíôéêåßìåíï. Ôï Ï ïíïìÜæåôáé ï êïíôéíüôåñïò ïñáôüò ãåßôïíáò ôïõ Q.

Ïñéóìüò åñùôçìÜôùí k êïíôéíüôåñùí ïñáôþí ãåéôüíùí (VkNN): ÄïèÝíôïò
åíüò óõíüëïõ äåäïìÝíùí S êáé åíüò óçìåßïõ åñùôÞìáôïò Q, âñßóêïõìå Ýíá
óýíïëï áíôéêåéìÝíùí Á, Ýôóé þóôå: (1) ôï Á íá ðåñéÝ÷åé k áíôéêåßìåíá áðü
ôï S êáé (2) ∀O ∈ A, ôï Ï åßíáé ïñáôü óôï Q êáé (3) ∀O′ ∈ S − A , áí ôï
O′ åßíáé ïñáôü óôï Q, ôüôå dist(O;Q) ≤ dist(O′; Q), üðïõ dist() åßíáé ìéá
óõíÜñôçóç ðïõ åðéóôñÝöåé ôçí áðüóôáóç áíÜìåóá óôï óçìåßï åñùôÞìáôïò êáé
Ýíá áíôéêåßìåíï. Ôï Á ïíïìÜæåôáé óýíïëï k êïíôéíüôåñùí ïñáôþí ãåéôüíùí
ôïõ Q.

Ï áëãüñéèìïò óå áõôü ôï Üñèñï [1] âáóßæåôáé óôçí ðáñáôÞñçóç üôé Ýíá
áðïìáêñõóìÝíï áíôéêåßìåíï äåí ìðïñåß íá åðçñåÜóåé ôçí ïñáôüôçôá åíüò êï-
íôéíüôåñïõ áíôéêåéìÝíïõ. ÅðïìÝíùò ìðïñåß ï áëãüñéèìïò íá îåêéíÞóåé áðü ôçí
áíÜêôçóç ôùí êïíôéíüôåñùí áíôéêåéìÝíùí êáé óôáäéáêÜ íá áðïêôÞóåé ôç ãíþóç
ôçò ïñáôüôçôáò, êáèþò âñßóêåé ôïõò ïñáôïýò ãåßôïíåò. ¸ôóé ôï êüóôïò ãéá ôç
äéåñåýíçóç ôçò ïñáôüôçôáò ôùí áíôéêåéìÝíùí åëá÷éóôïðïéåßôáé.

Ãéá ëüãïõò áðëïðïßçóçò ôá áíôéêåßìåíá ðïõ åðéóôñÝöïíôáé óáí áðïôÝëå-
óìá êáé ôá åìðüäéá ðïõ äçìéïõñãïýí áüñáôåò ðåñéï÷Ýò ïíïìÜæïíôáé êáé ôá äýï
áíôéêåßìåíá. Ôá áíôéêåßìåíá áíáðáñéóôÜíïíôáé óáí ðïëýãùíá êáé åðïìÝíùò
ìðïñåß íá åßíáé ìåñéêþò ïñáôÜ. ÅéóÜãåôáé Ýôóé ìéá íÝá óõíÜñôçóç áðüóôáóçò
MinViDist ðïõ åðéóôñÝöåé ôçí áðüóôáóç áíÜìåóá óôï óçìåßï åñùôÞìáôïò êáé
óôï êïíôéíüôåñï ïñáôü óçìåßï åíüò áíôéêåéìÝíïõ ìå âÜóç ìéá äïèåßóá óõíèÞêç
ïñáôüôçôáò. ÁõôÞ ç óõíÜñôçóç åßíáé äéáöïñåôéêÞ áðü ôçí êïéíþò ÷ñçóéìï-
ðïéïýìåíç óõíÜñôçóç MinDist. Ç åëÜ÷éóôç áðüóôáóç MinDist áíÜìåóá óå Ýíá
ðïëýãùíï êáé óå Ýíá óçìåßï åßíáé ç áðüóôáóç áíÜìåóá óôï óçìåßï áõôü êáé
óôï êïíôéíüôåñï óçìåßï ôïõ ðïëõãþíïõ.

Ïñéóìüò MinViDist : ÄïèÝíôïò åíüò ðïëõãþíïõ P êáé åíüò óçìåßïõ åñù-
ôÞìáôïò Q, MinViDist åßíáé ç áðüóôáóç áíÜìåóá óôï Q êáé óå Ýíá óçìåßï
T ∈ P , Ýôóé þóôå (1) ôï Ô åßíáé ïñáôü óôï Q êáé (2) ∀T ′ ∈ P , áí ôï T åßíáé
ïñáôü óôï Q, ôüôå dist(T;Q) ≤ dist(T ′; Q) üðïõ dist() åßíáé ìéá óõíÜñôçóç
ðïõ åðéóôñÝöåé ôçí áðüóôáóç áíÜìåóá óå äýï óçìåßá.

Ôï óýíïëï ôùí áíôéêåéìÝíùí êáèþò êáé ç óåéñÜ ìå ôçí ïðïßá ôá åðéóôñÝöåé
ç MinDist() åßíáé ðéèáíüí íá äéáöÝñåé áðü ôéò áðáíôÞóåéò ðïõ áíáæçôïýíôáé ìå
ôï åñþôçìá VkNN. Óõíåðþò ç óõíÜñôçóç MinDist() äåí åßíáé êáôÜëëçëç ãéá
Ýíáí VkNN áëãüñéèìï óå áíôßèåóç ìå ôç MinViDist().

Óôïí áëãüñéèìï ðïõ ðñïôåßíåôáé óôï Üñèñï [1] èåùñåßôáé üôé üëá ôá áíôé-
êåßìåíá åßíáé ôáîéíïìçìÝíá óå ÷ùñéêü åõñåôÞñéï R-tree (èá ìðïñïýóáí üìùò
íá ÷ñçóéìïðïéçèïýí êáé Üëëåò äïìÝò åõñåôçñßïõ). Ðñïôåßíïíôáé ôñåéò ðáñáëëá-
ãÝò ôïõ áëãïñßèìïõ ïé ïðïßåò äéáöÝñïõí óôï åÜí ôï êëÜäåìá ôùí áíôéêåéìÝíùí
ìå âÜóç ôçí ïñáôüôçôá, ãßíåôáé ðñéí Þ ìåôÜ ôçí áíÜêôçóç åíüò öýëëïõ ôïõ
R-tree. ÄéáöÝñïõí åðßóçò óôç óõíÜñôçóç áðüóôáóçò ðïõ ÷ñçóéìïðïéåßôáé ãéá
ôçí ôáîéíüìçóç ôùí áíôéêåéìÝíùí óôçí ïõñÜ ðñïôåñáéüôçôáò ç ïðïßá äéáôçñåß
ôá õðïøÞöéá áíôéêåßìåíá. Ôá áðïôåëÝóìáôá ôáîéíïìïýíôáé óýìöùíá ìå ôç óõ-
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íÜñôçóç MinViDist() êáé ãéá ôéò ôñåéò ðáñáëëáãÝò ôïõ áëãïñßèìïõ. Ïé ôñåéò
áõôÝò ðáñáëëáãÝò ðåñéãñÜöïíôáé óôç óõíÝ÷åéá.

PostPruning : Ãéá ôçí áíáæÞôçóç k êïíôéíüôåñùí ãåéôüíùí ÷ñçóéìïðïéåßôáé
Ýíáò õðÜñ÷ïí áëãüñéèìïò. Ç óõíÜñôçóç MinDist() ÷ñçóéìïðïéåßôáé ãéá íá ôá-
îéíïìÞóåé ôïõò õðïøÞöéïõò óôçí ïõñÜ ðñïôåñáéüôçôáò. ÅðéðëÝïí óå áõôüí ôïí
áëãüñéèìï ôá áíôéêåßìåíá åëÝã÷ïíôáé ùò ðñïò ôç óõíèÞêç ïñáôüôçôáò áöïý
áíáêôçèïýí áðü ôçí ïõñÜ êáé Ýôóé áãíïïýíôáé ôá ìç ïñáôÜ áíôéêåßìåíá. Ôá
áðïôåëÝóìáôá ôáîéíïìïýíôáé ôåëéêÜ ìå ôç óõíÜñôçóç MinViDist().

PrePruning - MinDist : ¼ðùò êáé óôïí áëãüñéèìï PostPruning ÷ñçóéìï-
ðïéåßôáé êáé åäþ ç óõíÜñôçóç MinDist() ãéá ôçí ôáîéíüìçóç ôùí õðïøçößùí
óôçí ïõñÜ ðñïôåñáéüôçôáò áëëÜ åäþ ôá áíôéêåßìåíá (åßôå êüìâïé åßôå áíôé-
êåßìåíá áðïôåëÝóìáôïò) åëÝã÷ïíôáé ùò ðñïò ôçí ïñáôüôçôá ðñéí áíáêôçèïýí.
¸ôóé áðïöåýãåôáé ï Üóêïðïò Ýëåã÷ïò áüñáôùí ðåñéï÷þí ïé ïðïßåò äåí ðåñéÝ-
÷ïõí áðïôåëÝóìáôá. ÔåëéêÜ êáé åäþ ôá áðïôåëÝóìáôá ôáîéíïìïýíôáé ìå âÜóç
ôç óõíÜñôçóç MinViDist().

PrePruning - MinViDist : Áõôüò ï áëãüñéèìïò äéáöÝñåé áðü ôïí PrePruning
- MinDist åðåéäÞ ÷ñçóéìïðïéåß ôç óõíÜñôçóç MinViDist() ãéá íá ôáîéíïìÞóåé
ôá õðïøÞöéá áíôéêåßìåíá óôçí ïõñÜ ðñïôåñáéüôçôáò. Ç MinViDist åßíáé ðéï
áêñéâÞò óôïí õðïëïãéóìü áëëÜ áõîÜíåé ôï õðïëïãéóôéêü êüóôïò.

ÓõìðåñáóìáôéêÜ ç óõíÜñôçóç MinViDist() ÷ñçóéìïðïéåßôáé ãéá ôçí ôáîé-
íüìçóç ôùí ôåëéêþí áðïôåëåóìÜôùí êáé åðßóçò óôïí áëãüñéèìï PrePruning -
MinViDist ãéá íá ôáîéíïìÞóåé ôá ðñï - äéåñåýíçóç áíôéêåßìåíá. Êáé ïé ôñåéò
ðáñáëëáãÝò áëãïñßèìïõ áðïêôïýí ôç ãíþóç ôçò ïñáôüôçôáò óôáäéáêÜ êáèþò
áíáêôïýíôáé ôá êïíôéíüôåñá ïñáôÜ áíôéêåßìåíá êáé Ýôóé ôï õðïëïãéóôéêü êü-
óôïò ãéá ôçí áðüöáóç ôùí ïñáôþí ðåñéï÷þí ìåéþíåôáé. Áðü ôá ðåéñáìáôéêÜ
áðïôåëÝóìáôá ôïõ Üñèñïõ [1] äéáðéóôþíåôáé üôé ïé ôåëåõôáßåò äýï ðáñáëëáãÝò
(PrePruning - MinDist êáé PrePruning - MinViDist) Ý÷ïõí ðåñéóóüôåñï êü-
óôïò óôï êëÜäåìá ìå âÜóç ôçí ïñáôüôçôá ðñïêåéìÝíïõ íá ìåéþóïõí ôï êüóôïò
áíÜêôçóçò äåäïìÝíùí. Áõôü èá ìðïñïýóå íá åßíáé ÷ñÞóéìï óå åöáñìïãÝò ðïõ
âáóßæïíôáé óôçí áðïèÞêåõóç äåäïìÝíùí óå äßóêï Þ óå äßêôõï, üðïõ ôï êüóôïò
áíÜêôçóçò äåäïìÝíùí åßíáé ðéï êñßóéìï áðü ôï êüóôïò åðåîåñãáóßáò. ÁõôÝò
ïé äýï ðáñáëëáãÝò åßíáé ðéï áðïäïôéêÝò áðü ôçí ðñþôç (PostPruning). Óôá
ðåéñÜìáôá öáßíåôáé üôé ï ÷ñüíïò áðüêñéóçò óôçí åðåîåñãáóßá ôïõ åñùôÞìáôïò
VkNN âåëôéþíåôáé êáôÜ 35%.

2.2 ÓôáäéáêÞ Áîéïëüãçóç ÅñùôçìÜôùí Ïñáôþí
Êïíôéíüôåñùí Ãåéôüíùí

Ôï Üñèñï [6] áðïôåëåß ìéá íÝá åðåêôáìÝíç Ýêäïóç ôïõ ðñïçãïýìåíïõ áñèñïõ
VkNN [1]. Óôï Üñèñï [1] åß÷áí ðñïôåßíåé ôï VkNN åñþôçìá êáé äýï ðñïóåããß-
óåéò ãéá ôçí åðåîåñãáóßá ôïõ. Ôïõò áëãïñßèìïõò PostPruning êáé PrePruning.
Óå áõôü ôï íÝï Üñèñï [6] ðñïôåßíïõí Ýíá íÝï PrePruning áëãüñéèìï ï ïðïßïò
åßíáé âÝëôéóôïò óå üñïõò êüóôïõò åéóüäïõ-åîüäïõ. ÅðéðëÝïí ãåíéêåýïõí ôï
VkNN åñþôçìá óå ìéá Ýêäïóç ìå ðïëëáðëÜ óçìåßá åñùôÞìáôïò, ôï óõíïëéêü
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VkNN (Aggregate VkNN - AVkNN) åñþôçìá. Ôï AVkNN åñþôçìá âñßóêåé k
áíôéêåßìåíá ìå ôéò óõíïëéêÜ ìéêñüôåñåò ïñáôÝò áðïóôÜóåéò óå Ýíá äïèÝí óýíïëï
áðü óçìåßá åñùôÞìáôïò êáé ü÷é ìüíï óå Ýíá óçìåßï åñùôÞìáôïò.

2.2.1 ÅñùôÞìáôá VkNN

Óôï Üñèñï [6] ðåñéãñÜöïíôáé êÜðïéåò ôå÷íéêÝò ðïõ öùôßæïõí ðåñéóóüôåñï ôçí
åðåîåñãáóßá ôïõ VkNN åñùôÞìáôïò. ÁíÜìåóá óôéò ôå÷íéêÝò áõôÝò áíáöÝñåôáé
üôé ï áëãüñéèìïò VkNN ðïõ åðåîåñãÜæïíôáé âáóßæåôáé óôïí áëãüñéèìï Best-
First óå üôé áöïñÜ ôç äéÜó÷éóç ôïõ äÝíäñïõ - åõñåôçñßïõ. Ï áëãüñéèìïò Best-
First Ý÷åé ôñßá ðëåïíåêôÞìáôá: (i) ç ôéìÞ ôïõ k äåí ÷ñåéÜæåôáé íá êáèïñéóôåß åê
ôùí ðñïôÝñùí, (ii) ôá áðïôåëÝóìáôá åî' ïñéóìïý ôáîéíïìïýíôáé óýìöùíá ìå ôéò
áðïóôÜóåéò ôïõò, (iii) ôï ðëÞèïò ôùí êüìâùí ðïõ åðéóêÝðôåôáé åßíáé åëÜ÷éóôï
êáé ãé' áõôü ï áëãüñéèìïò áõôüò èåùñåßôáé âÝëôéóôïò.

Óôï Üñèñï [6] óôï ðåñéâÜëëïí óôï ïðïßï åðéëýåôáé ôï VkNN ðñüâëçìá (i)
ôá áíôéêåßìåíá áíáðáñßóôáíôáé ìå ðïëýãùíá êáé (ii) êÜèå áíôéêåßìåíï åßíáé åðß-
óçò êáé Ýíá åìðüäéï. ÄçëáäÞ êÜèå áíôéêåßìåíï áðïôåëåß åìðüäéï ïñáôüôçôáò
ôùí ðßóù áðü áõôü áíôéêåéìÝíùí. Åðßóçò üðùò ôïíßóôçêå êáé óôï ðñïçãïýìåíï
Üñèñï ôïõò [1] ÷ñçóéìïðïéåßôáé ç åëÜ÷éóôç ïñáôÞ áðüóôáóç (MinViDist) ãéá
ôçí ôáîéíüìçóç ôùí VkNN áðïôåëåóìÜôùí ðïõ óçìáßíåé üôé ôá ìç ïñáôÜ áíôé-
êåßìåíá, ðïõ Ý÷ïõí Üðåéñç áðüóôáóç, áãíïïýíôáé. Äéåõêñéíßæåôáé üôé ãéá ôïí
õðïëïãéóìü ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò áíÜìåóá óå Ýíá áíôéêåßìåíï ×
êáé Ýíá óçìåßï åñùôÞìáôïò q äåí áðáéôåßôáé ïëüêëçñï ôï óýíïëï ôùí áíôéêåéìÝ-
íùí S. Ôï áêüëïõèï ëÞììá ÷ñçóéìïðïéåßôáé ãéá íá áðïöáóéóôåß ôï õðïóýíïëï
Â ôïõ S Ýôóé þóôå ç óõíÜñôçóç MinViDist(q, X, S) íá Ý÷åé ôï ßäéï áðïôÝëåóìá
ìå ôç óõíÜñôçóç MinViDist(q, X, B).

ËÞììá: Áí ç MinViDist(q, Z, S) åßíáé ìåãáëýôåñç áðü ôç MinViDist(q,
X, S), ôüôå ç MinViDist(q, X, S) åßíáé ßóç ìå ôç MinViDist(q, X, S-Æ). Ôï
ëÞììá áõôü õðïíïåß üôé ìüíï áíôéêåßìåíá ìå MinViDist ìåãáëýôåñç áðü áõôÞ
ôïõ × ìðïñïýí íá áãíïçèïýí ìå áóöÜëåéá ùò åìðüäéá, üôáí õðïëïãßæåôáé ç
åëÜ÷éóôç ïñáôÞ áðüóôáóç áíÜìåóá óôï q êáé óôï X. Áõôü ôï ëÞììá åðéôñÝðåé
ôç óôáäéáêÞ áíÜêôçóç ôùí êïíôéíüôåñùí ïñáôþí ãåéôüíùí êáé ôçí êáôáóêåõÞ
ôçò ïñáôÞò ðåñéï÷Þò ôáõôü÷ñïíá. Óõíåðþò ç áðáéôïýìåíç £ðïóüôçôá¤ ïñáôü-
ôçôáò åëá÷éóôïðïéåßôáé. Ãéá ôçí åýñåóç ôùí áíôéêåéìÝíùí ìå åëÜ÷éóôç ïñáôÞ
áðüóôáóç ìåãáëýôåñç áðü áõôÞ ôïõ ðñïò åîÝôáóç áíôéêåéìÝíïõ ÷ñçóéìïðïéåßôáé
Ýíáò áéóéüäïîïò åêôéìçôÞò, ç åëÜ÷éóôç áðüóôáóç. ÄçëáäÞ áí ç MinDist ôïõ ×
åßíáé ìåãáëýôåñç áðü c, ôüôå ç MinViDist ôïõ × ðñÝðåé íá åßíáé ìåãáëýôåñç
áðü c åðßóçò.

Óôï Üñèñï [6] ðåñéãñÜöïíôáé ïé áëãüñéèìïé PostPruning êáé PrePruning ïé
ïðïßïé äéáöÝñïõí óôç óõíÜñôçóç áðüóôáóçò ðïõ ÷ñçóéìïðïéåßôáé ãéá íá ôáîéíï-
ìÞóåé ôéò åéóüäïõò óôçí ïõñÜ ðñïôåñáéüôçôáò áëëÜ ðáñÜãïõí ôá ßäéá áðïôåëÝ-
óìáôá. Ï áëãüñéèìïò PrePruning áðïôåëåß ìéá âåëôéóôïðïßçóç ôïõ áëãïñßèìïõ
PostPruning óå üñïõò êüóôïõò åéóüäïõ - åîüäïõ.
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2.2.2 Ãåíßêåõóç VkNN Åñþôçìáôïò

¸íá óõíïëéêü kNN (Aggregate k Nearest Neighbor - AkNN) åñþôçìá âñßóêåé
k áíôéêåßìåíá ìå ôéò óõíïëéêÜ ìéêñüôåñåò áðïóôÜóåéò óå Ýíá óýíïëï Q áðü
óçìåßá åñùôÞìáôïò. Ï åðßóçìïò ïñéóìüò åßíáé ï áêüëïõèïò.

Ïñéóìüò óõíïëéêïý kNN åñùôÞìáôïò: ÄïèÝíôïò åíüò óõíüëïõ Q áðü óç-
ìåßá åñùôÞìáôïò êáé åíüò óõíüëïõ S áðü áíôéêåßìåíá, ïé óõíïëéêïß kNN ôïõ
Q åßíáé Ýíá óýíïëï Á áðü áíôéêåßìåíá ôÝôïéá þóôå (i) ôï Á ðåñéÝ÷åé k áíôé-
êåßìåíá áðü ôï S (ii) ãéá êÜèå äïèÝí × ðïõ åßíáé óôï Á êáé Õ óôï (S-A), ç
óõíïëéêÞ MINDIST áíÜìåóá óôï Q êáé ôï X, AGGMINDIST(Q, X), åßíáé ßóç
Þ ìéêñüôåñç áðü ôçí AGGMINDIST(Q, Õ).

Ç óõíÜñôçóç AGGMINDIST ïñßæåôáé ùò áêïëïýèùò.
Ïñéóìüò óõíïëéêÞò åëÜ÷éóôçò áðüóôáóçò: ÄïèÝíôïò åíüò óõíüëïõ Q áðü

óçìåßá åñùôÞìáôïò êáé ìéáò åðéëïãÞò ãéá ôç óõíïëéêÞ óõíÜñôçóç, ç AGG-
MINDIST(Q, X) åðéóôñÝöåé åßôå ôçí åëÜ÷éóôç (MINMINDIST(Q, X)), åßôå ôç
ìÝãéóôç (MAXMINDIST(Q, X)) Þ ôï Üèñïéóìá (SUMMINDIST(Q, X)) ôçò
MINDIST(Q, X) ãéá üëá ôá óçìåßá åñùôÞìáôïò óôï óýíïëï Q.

¸íá ðáñÜäåéãìá ôïõ åñùôÞìáôïò AkNN äßíåôáé óôçí åéêüíá 2.2.

Åéêüíá 2.2. ÐáñÜäåéãìá óõíïëéêïý åñùôÞìáôïò ìå óýíïëï åñùôçìÜôùí Q = q1; q2
êáé áíôéêåßìåíá ×, Õ êáé Æ. Ïé åëëåßøåéò äåß÷íïõí ôá üñéá ôçò ðåñéï÷Þò áíáæÞôçóçò.

Óýìöùíá ìå ôç óõíïëéêÞ áðüóôáóç ôïõ áèñïßóìáôïò (SUMMINDIST), ïé
óõíïëéêïß 3 ÍÍs ôùí q1 êáé q2 åßíáé ×, Õ êáé Æ, óýìöùíá ìå ôç äéÜôáîç ðïõ
äßíåé ç áðüóôáóç SUMMINDIST.
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Ðåñéï÷Þ ÁíáæÞôçóçò

×ñçóéìïðïéþíôáò ôçí éäÝá ôçò óõíïëéêÞò ðåñéï÷Þò áíáæÞôçóçò åßíáé äõíáôüí
íá åöáñìïóôåß ìéá óôñáôçãéêÞ óôáäéáêÞò áíÜêôçóçò óôï AVkNN åñþôçìá. Ãéá
êÜèå êïíôéíüôåñï ãåßôïíá ðïõ áíáêôÜôáé áðü ôçí ïõñÜ ðñïôåñáéüôçôáò õðÜñ÷åé
ìéá áíôßóôïé÷ç ðåñéï÷Þ áíáæÞôçóçò (Search Region - SR) ç ïðïßá ðåñéïñßæåé
ôçí áíáæÞôçóç.

Ïñéóìüò óõíïëéêÞò ðåñéï÷Þò áíáæÞôçóçò: ÄïèÝíôïò åíüò óõíüëïõ Q áðü
óçìåßá åñùôÞìáôïò, ðåñéï÷Þ áíáæÞôçóçò AGGSR(Q, c) åßíáé Ýíá óýíïëï áðü
óçìåßá p ôÝôïéá þóôå ç AGGMINDIST(Q, p) åßíáé ßóç Þ ìéêñüôåñç áðü ôï c,
äçëáäÞ, AGGSR(Q; c) = p : AGGMINDIST (Q; p) ≤ c.

Áöïý èåùñïýìå ôñåéò óõíïëéêÝò óõíáñôÞóåéò SUM, MAX, êáé MIN õðÜñ-
÷ïõí ôñåéò ôýðïé óõíïëéêÞò ðåñéï÷Þò áíáæÞôçóçò, SUMSR, MAXSR êáé MINSR
áíôßóôïé÷á.

ËÞììá: Ç ðåñéï÷Þ áíáæÞôçóçò SUMSR åíüò åñùôÞìáôïò SUM-AkNN åßíáé
êõñôÞ.

Ôï ßäéï éó÷ýåé êáé ãéá ôç óõíÜñôçóç MAX. ×ñçóéìïðïéþíôáò ôçí êõñôü-
ôçôá ôùí SUMSRs êáé MAXSRs ðåñéï÷þí áíáæÞôçóçò, ìðïñåß íá áðïöáóéóôåß
áí õðÜñ÷ïõí áñêåôÜ åìðüäéá ãéá íá õðïëïãéóôåß ç óõíïëéêÞ MINVIDIST (AG-
GMINVIDIST) åíüò áíôéêåéìÝíïõ. Óõíåðþò ç áíÜêôçóç ôùí áíôéêåéìÝíùí êáé
ç êáôáóêåõÞ ôçò ïñáôÞò ðåñéï÷Þò ìðïñåß íá ãßíåé ìå ôñüðï óôáäéáêü. Ç MINSR
äåí Ý÷åé ôçí éäéüôçôá ôçò êõñôüôçôáò.

Åñþôçìá Óõíïëéêïý Ïñáôïý Êïíôéíüôåñïõ Ãåßôïíá

Ôï åñþôçìá óõíïëéêþí k êïíôéíüôåñùí ãåéôüíùí åßíáé ìéá ãåíßêåõóç ôïõ åñù-
ôÞìáôïò VkNN ãéá ðïëëÜ óçìåßá åñùôÞìáôïò.

Ïñéóìüò óõíïëéêïý VkNN åñùôÞìáôïò: ÄïèÝíôïò åíüò óõíüëïõ S áðü áíôé-
êåßìåíá êáé åíüò óõíüëïõ Q áðü óçìåßá åñùôÞìáôïò, ïé óõíïëéêïß ïñáôïß kNNs
ôïõ Q åßíáé Ýíá óýíïëï Á áðü áíôéêåßìåíá ôÝôïéá þóôå (i) ôï Á ðåñéÝ÷åé k áíôé-
êåßìåíá áðü ôï S, ôá ïðïßá åßíáé ïñáôÜ óôï Q (ii) ãéá êÜèå X óôï Á êáé Õ óôï
(S-A), ç AGGMINVIDIST(Q, X, S) åßíáé ßóç Þ ìéêñüôåñç áðü ôçí AGGMIN-
VIDIST(Q, Õ, S).

Ïñéóìüò óõíïëéêÞò MINVIDIST : ÄïèÝíôïò åíüò óõíüëïõ Q áðü óçìåßá
åñùôÞìáôïò, ç óõíÜñôçóç áðüóôáóçò AGGMINVIDIST(Q, X, S) åßíáé ç óõ-
íïëéêÞ áðüóôáóç ôùí MINVIDIST(q, X, S) ãéá üëá ôá q óôï Q.

Éäéüôçôåò: (i) Ãéá ôéò óõíáñôÞóåéò SUMMINVIDIST êáé MAXMINVIDIST,
ôï × åßíáé áüñáôï óôï Q, áí êáé ìüíï áí õðÜñ÷åé Ýíá óçìåßï åñùôÞìáôïò q
óôï Q ôÝôïéï þóôå ç MINVIDIST(q, X, S) åßíáé Üðåéñç. (ii) Ãéá ôç óõíÜñôçóç
MINMINVIDIST, ôï × åßíáé áüñáôï óôï Q áí êáé ìüíï áí ç MINVIDIST(q,
X, S) åßíáé Üðåéñç ãéá üëá ôá óçìåßá åñùôÞìáôïò q óôï Q.

Ôï ðñüâëçìá ôïõ åñùôÞìáôïò AVkNN äåí ìðïñåß íá åðéëõèåß ìå ôïõò óõì-
âáôéêïýò óõíïëéêïýò kNN (AkNN) áëãïñßèìïõò, êáèþò êÜèå óçìåßï åñùôÞ-
ìáôïò Ý÷åé Ýíá äéáöïñåôéêü óýíïëï áðü ïñáôÜ áíôéêåßìåíá êáé êÜèå ïñáôü
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áíôéêåßìåíï ìðïñåß íá Ý÷åé Ýíá äéáöïñåôéêü ïñáôü ìÝñïò ãéá êÜèå óçìåßï åñù-
ôÞìáôïò. ¸ôóé ðñïôåßíïíôáé äýï óôáäéáêÝò ðñïóåããßóåéò ãéá ôçí åðåîåñãáóßá
ôùí AVkNN åñùôçìÜôùí, ç ðïëëáðëÞ áíÜêôçóç ìåôþðïõ (Multiple Retrieval
Front - MRF) êáé ç åíéáßá áíÜêôçóç ìåôþðïõ (Single Retrieval Front - SRF)
ãéá ôéò ôñåéò óõíïëéêÝò óõíáñôÞóåéò (åëÜ÷éóôç, ìÝãéóôç êáé Üèñïéóìá). Ç áíÜ-
êôçóç ìåôþðïõ åßíáé Ýíá õðïåñþôçìá ðïõ ÷ñçóéìïðïéåßôáé ãéá íá ðñïóðåëáýíåé
ôç âÜóç äåäïìÝíùí. Ç åéêüíá 2.3 äåß÷íåé ðùò ïé äýï ðñïóåããßóåéò äéáöÝñïõí
óôïí ôñüðï ðñüóâáóçò óôç âÜóç äåäïìÝíùí.

Åéêüíá 2.3. ÄïìéêÞ óýãêñéóç áíÜìåóá óôïõò áëãïñßèìïõò MRF êáé SRF.

Ï MRF áëãüñéèìïò åêôåëåß ðïëëáðëÜ óôéãìéüôõðá ôïõ áëãïñßèìïõ GET-
NEXTVNN, ï ïðïßïò áíáêôÜ óôáäéáêÜ ôïõò VNNs âáóéóìÝíïò óôïí áëãü-
ñéèìï PrePruning ãéá êÜèå óçìåßï åñùôÞìáôïò. Ôá áðïôåëÝóìáôá áðü ôá äéá-
öïñåôéêÜ óçìåßá åñùôÞìáôïò óõíäõÜæïíôáé óå ìéá ïõñÜ ðñïôåñáéüôçôáò. Áðü
ôçí Üëëç ðëåõñÜ ç ðñïóÝããéóç SRF ðñïóðåëáýíåé ôç âÜóç äåäïìÝíùí ìÝóù
åíüò åíéáßïõ åñùôÞìáôïò ðïõ êÜíåé öéëôñÜñéóìá ôùí áíôéêåéìÝíùí áíÜëïãá ìå
ôçí ïñáôüôçôÜ ôïõò, õéïèåôþíôáò ìéá óôñáôçãéêÞ üìïéá ìå áõôÞ ôïõ Best-First
kNN áëãïñßèìïõ.

Ïé äýï ðñïóåããßóåéò MRF êáé SRF Ý÷ïõí ìéá äéáäéêáóßá ìåôáåðåîåñãá-
óßáò. Ãéá ôçí ðñïóÝããéóç MRF, ôï êïììÜôé ìåôáåðåîåñãáóßáò ÷ñçóéìïðïéåßôáé
ãéá ôçí áíáäéÜôáîç ôùí áíôéêåéìÝíùí ðïõ áíáêôÞèçêáí ãéá êÜèå óçìåßï åñùôÞ-
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ìáôïò óýìöùíá ìå ôçí áðüóôáóç AGGMINVIDIST óôï Q. Ãéá ôïí áëãüñéèìï
SRF ç ìåôáåðåîåñãáóßá ÷ñçóéìïðïéåßôáé ãéá ôçí áíáäéÜôáîç ôùí áíôéêåéìÝíùí
ðïõ áíáêôÞèçêáí áðü ôïí áëãüñéèìï öéëôñáñßóìáôïò, óýìöùíá ìå ôçí áðü-
óôáóç AGGMINVIDIST.

¼ëá ôá áíáêôçèÝíôá áíôéêåßìåíá êáé áðü ôéò äýï ðñïóåããßóåéò äéáôçñïý-
íôáé ùò åìðüäéá ãéá ôïí õðïëïãéóìü ôçò AGGMINVIDIST ôùí áíôéêåéìÝíùí
óôçí ïõñÜ ðñïôåñáéüôçôáò (MainPQ). Ç ïõñÜ MainPQ ÷ñçóéìïðïéåß ôçí AGG-
MINDIST ùò Ýíá áéóéüäïîï åêôéìçôÞ êáé ôçí AGGMINVIDIST óáí ôï ðñáã-
ìáôéêü ìÝôñï ôáîéíüìçóçò. ÅðïìÝíùò ôá áíôéêåßìåíá ðïõ áíáêôïýíôáé áðü ôçí
êïñõöÞ ôçò MainPQ åßíáé óå áýîïõóá óåéñÜ óýìöùíá ìå ôçí áðüóôáóç AG-
GMINVIDIST. Ùò áðïôÝëåóìá êáé ïé äýï ðñïóåããßóåéò ÷ñçóéìïðïéïýíôáé ãéá
ôç óôáäéáêÞ áíÜêôçóç óõíïëéêþí VkNNs áðü ôç âÜóç äåäïìÝíùí.

2.3 ÅñùôÞìáôá Óõíå÷ïýò Ïñáôïý Êïíôéíüôåñïõ Ãåßôïíá

Ç ôå÷íéêÞ ðïõ áíáðôýóóåôáé óôï Üñèñï [2] áðáíôÜåé óå åñùôÞìáôá óõíå÷ïýò,
êïíôéíüôåñïõ, ïñáôïý ãåßôïíá (Continuous Visible Nearest Neighbor - CVNN).
Óå áõôÞ ôçí ðåñßðôùóç ôï åñþôçìá äåí áöïñÜ Ýíá óçìåßï áëëÜ ìéá ãñáììÞ óôï
÷þñï êáé åðßóçò ëáìâÜíïíôáé õðüøç ôá åìðüäéá. Ìå Üëëá ëüãéá äåí åíäéáöåñü-
ìáóôå ãéá ôá êïíôéíüôåñá áíôéêåßìåíá ðïõ åßíáé ïñáôÜ óå Ýíá óçìåßï áëëÜ ãéá
áõôÜ ðïõ åßíáé ïñáôÜ óå Ýíá äéÜóôçìá. Ôá åñùôÞìáôá óõíå÷ïýò êïíôéíüôåñïõ
ïñáôïý ãåßôïíá åðéóôñÝöïõí Ýíá óýíïëï áðü äõÜäåò (p, R) ôÝôïéá þóôå ôï p
åßíáé ï êïíôéíüôåñïò ãåßôïíáò óå Ýíá õðïäéÜóôçìá R ôçò ãñáììÞò åñùôÞìáôïò.

¸íá ðáñÜäåéãìá CNN åñùôÞìáôïò öáßíåôáé óôçí åéêüíá 2.4a ìå óýíïëï äå-
äïìÝíùí P=a, b, c, d, f, g, h êáé q=[s, e] ôï åõèýãñáììï ôìÞìá åñùôÞìáôïò. Ôï
óýíïëï ôùí áðïôåëåóìÜôùí åßíáé CNN = {〈á; [s; s1]〉; 〈g; [s1; s2]〉; 〈h; [s2; s3]〉;
〈d; [s3; e]〉}, ôï ïðïßï äåß÷íåé üôé ôï óçìåßï a åßíáé ï êïíôéíüôåñïò ãåßôïíáò ãéá
êÜèå óçìåßï óôï åõèýãñáììï ôìÞìá [s, s1] êáé ïýôù êáèåîÞò. Ôá óçìåßá s1,
s2, s3 ïíïìÜæïíôáé óçìåßá äéáßñåóçò êáèþò ï êïíôéíüôåñïò ãåßôïíáò áëëÜæåé
óå áõôÜ ôá óçìåßá. Óôïí ðñáãìáôéêü êüóìï üìùò ìå ôá åìðüäéá ÷ñåéÜæåôáé íá
áðáíôçèïýí åñùôÞìáôá CVNN. ¸íá ðáñÜäåéãìá ôÝôïéïõ åñùôÞìáôïò öáßíåôáé
óôçí åéêüíá 2.4b. Ôï åñþôçìá êïíôéíüôåñïõ ïñáôïý ãåßôïíá ôßèåôáé óôï óçìåßï
s4 êáé ç áðÜíôçóç åßíáé ôï óçìåßï d. Ðáñüëï ðïõ ôï h åßíáé êïíôéíüôåñï óôï
s4 áðü ôï d, ôï ôåëåõôáßï ìðëïêÜñåôáé áðü ôï åìðüäéï o3 êáé Ýôóé åîáéñåßôáé
áðü ôï óýíïëï ôùí áðïôåëåóìÜôùí.

Ï áëãüñéèìïò óå áõôü ôï Üñèñï [2] óêïðåýåé íá äþóåé áðïôåëÝóìáôá äéá-
ôñÝ÷ïíôáò ìéá êáé ìïíáäéêÞ öïñÜ ôï óýíïëï ôùí áíôéêåéìÝíùí. Áñ÷éêÜ ôï
óýíïëï ôùí áðïôåëåóìÜôùí åßíáé êåíü ãéá ôï äéÜóôçìá ôïõ åñùôÞìáôïò êáé
êáôÜ ôçí áíáæÞôçóç áíáíåþíåôáé. Óå êÜèå âÞìá ôï óýíïëï ôùí áðáíôÞóåùí
Ý÷åé ôï ôñÝ÷ïí áðïôÝëåóìá ìå âÜóç üëá ôá áíôéêåßìåíá ðïõ Ý÷ïõí åîåôáóôåß
ìÝ÷ñé óôéãìÞò. Ôï áðïôÝëåóìá ôåëéêÜ ðåñéÝ÷åé äõÜäåò ðïõ áðïôåëïýíôáé áðü ôï
áíôéêåßìåíï êáé ôï äéÜóôçìá êõñéáñ÷ßáò ôïõ åðÜíù óôç ãñáììÞ åñùôÞìáôïò. Ôï
óýíïëï ôùí áíôéêåéìÝíùí êáé ôï óýíïëï ôùí åìðïäßùí äïìïýíôáé áðü äýï îå-
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Åéêüíá 2.4. ÐáñÜäåéãìá åñùôçìÜôùí CNN êáé CVNN.

÷ùñéóôÜ R-trees. Ïé ìÝèïäïé êëáäÝìáôïò áíôéêåéìÝíùí êáé åìðïäßùí áõîÜíïõí
ôçí ôá÷ýôçôá ôùí áëãïñßèìùí.

Ï áëãüñéèìïò áõôüò [2] äéáôñÝ÷åé ôá äÝíäñá - åõñåôÞñéá áíôéêåéìÝíùí êáé
åìðïäßùí ôï ðïëý ìéá öïñÜ. Ï áëãüñéèìïò áíáêôÜ áêñéâþò ôïõò êïíôéíüôåñïõò
ïñáôïýò ãåßôïíåò êÜèå óçìåßïõ óå ìéá ãñáììÞ åñùôÞìáôïò, äçëáäÞ äåí ÷Üíåé
óçìåßá êáé äåí êÜíåé ëÜèç. Áõôü óõìâáßíåé äéüôé ï áëãüñéèìïò åîåôÜæåé ìüíï
åêåßíá ôá áíôéêåßìåíá ðïõ ìðïñïýí íá óõììåôÜó÷ïõí óôï óýíïëï ôùí áðáíôÞ-
óåùí êáé áãíïåß üëá ôá áíôéêåßìåíá ðïõ äåí åßíáé éêáíÜ íá óõììåôÝ÷ïõí óôï
óýíïëï ôùí ëýóåùí.

Ðñïôïý áíáëõèïýí ïé ìÝèïäïé êëáäÝìáôïò ôïõ óõíüëïõ ôùí áíôéêåéìÝ-
íùí êáé ôùí åìðïäßùí ïñßæïíôáé ïé Ýííïéåò ôçò £êõñéáñ÷ßáò¤ êáé ôïõ £êýêëïõ
ãåéôíßáóçò¤.

Êõñéáñ÷ßá: ÄïèÝíôïò åíüò óçìåßïõ p, åíüò ôìÞìáôïò R (=[R.l, R.r]) êáé
åíüò óõíüëïõ äåäïìÝíùí P, ùò êõñéáñ÷ßá ôïõ p ðÜíù óôï R ïñßæåôáé üôáí
éó÷ýïõí äýï óõíèÞêåò: p′ ∈ P − {p}, (i) dist(p′; R:l) > dist(p;R:l) êáé (ii)
dist(p′; R:r) > dist(p;R:r).

Êýêëïò ãåéôíßáóçò: Ìå êÝíôñï Ýíá áðü ôá Üêñá åíüò ôìÞìáôïò R êáé áêôßíá
Ýíá óçìåßï áðü ôï óýíïëï ôùí áíôéêåéìÝíùí ïñßæåôáé ï êýêëïò ãåéôíßáóçò.

Ãéá íá åðéôåõ÷èåß áðü ôïí áëãüñéèìï, ç áðüäïóç áðïôåëåóìÜôùí, äéáôñÝ÷ï-
íôáò ôï óýíïëï ôùí áíôéêåéìÝíùí ìéá êáé ìïíáäéêÞ öïñÜ ÷ñçóéìïðïéïýíôáé ôá
áêüëïõèá ëÞììáôá.

ËÞììá: ÕðïèÝôïõìå üôé ôï p êõñéáñ÷åß óôï ôìÞìá R=[s, e]. ¸íá íÝï óçìåßï
p′ ðáñáâéÜæåé ôçí êõñéáñ÷ßá ôïõ p ðÜíù óôï R áíí ôï p′ åßíáé óôïí êýêëï
ãåéôíßáóçò ôïõ s (VC(s)) Þ/ êáé ôïõ e (VC(e)).

ËÞììá: ÄïèÝíôïò åíüò ôìÞìáôïò R=[s, e] êáé åíüò íÝïõ óçìåßïõ äåäïìÝíùí
p, ôï p äåí èá åßíáé VNN óå êáíÝíá óçìåßï ôïõ R, áí ôï p åßíáé áüñáôï óå
êÜèå óçìåßï ôïõ R.

ËÞììá: Ïñßæïõìå V Rp ôçí ïñáôÞ ðåñéï÷Þ åíüò óçìåßïõ äåäïìÝíùí p êáé
DRp ôçí ðåñéï÷Þ êõñéáñ÷ßáò ôïõ p. Ôï óçìåßï p ðñÝðåé íá åßíáé VNN ãéá ôï
ôìÞìá R = V Rp ∩DRp.

Ðáñáôçñïýíôáé áêüìá äýï óçìáíôéêÝò éäéüôçôåò ðïõ åßíáé ìïíáäéêÝò ãéá ôç
CVNN áíáæÞôçóç.
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Éäéüôçôá áóõíÝ÷åéáò: ¸íá óçìåßï áðïôåëÝóìáôïò ìðïñåß íá VNN óå ðïë-
ëáðëÜ ôìÞìáôá ôá ïðïßá äåí åßíáé ãåéôïíéêÜ.

Éäéüôçôá áüñáôïõ ôìÞìáôïò: Ç ëßóôá ôùí áðïôåëåóìÜôùí åíüò åñùôÞìáôïò
CVNN ìðïñåß íá Ý÷åé k(≥ 1) áüñáôá ôìÞìáôá 〈�; R〉, üðïõ êáíÝíá óçìåßï óôï
äïèÝí óýíïëï áíôéêåéìÝíùí P äåí åßíáé ïñáôü óå êáíÝíá óçìåßï ôïõ R.

2.3.1 ÊëÜäåìá ôïõ Óõíüëïõ ÁíôéêåéìÝíùí

Ïé áêüëïõèåò ôå÷íéêÝò ìåéþíïõí ôï ÷þñï áíáæÞôçóçò, êëáäåýïíôáò ôï óýíïëï
ôùí áíôéêåéìÝíùí.

ÌÝèïäïò 1: ¸íáò åíäéÜìåóïò (ü÷é öýëëï) êüìâïò E ôïõ R-tree ìðïñåß
íá ðåñéÝ÷åé áðáíôÞóåéò ìüíï åÜí ç mindist(E; q) < RLmaxD. ¼ðïõ q ç
ãñáììÞ åñùôÞìáôïò êáé RLmaxD ç ìÝãéóôç áðüóôáóç êÜðïéïõ áíôéêåéìÝíïõ
ôïõ áðïôåëÝóìáôïò, åßôå áðü ôï äåîß åßôå áðü ôï áñéóôåñü Üêñï ôïõ ôìÞìáôïò
ðïõ êõñéáñ÷åß.

ÌÝèïäïò 2 : Ç ìÝèïäïò áõôÞ åöáñìüæåôáé ìåôÜ ôç ìÝèïäï 1 åðåéäÞ ðñïêáëåß
åðéðëÝïí õðïëïãéóôéêü êüóôïò. ¸íáò åíäéÜìåóïò êüìâïò Å ìðïñåß íá ðåñéÝ÷åé
áðáíôÞóåéò ìüíï üôáí õðÜñ÷åé ôïõëÜ÷éóôïí Ýíá äéÜóôçìá R óôï óýíïëï ôùí
áðïôåëåóìÜôùí ôÝôïéùí þóôå ôï R íá êõñéáñ÷åßôáé áðü ôï Å.

ÌÝèïäïò 3 : Åöáñìüæåôáé ìåôÜ ôéò ìåèüäïõò 2 êáé 3. ÅðéðëÝïí óå áõôÜ ðïõ
ðñïûðïèÝôåé ç ìÝèïäïò 2 ôï Å ðñÝðåé íá åßíáé ïñáôü óôï R.

ÌÝèïäïò 4 : ÁöïñÜ óôç óåéñÜ åðéóêåøéìüôçôáò ôùí êüìâùí Ýôóé þóôå íá
âåëôéóôïðïéçèåß ôï êëÜäåìá. Ïé êüìâïé ôáîéíïìïýíôáé óå áýîïõóá óåéñÜ ìå
âÜóç ôçí åëÜ÷éóôç áðüóôáóç áðü ôç ãñáììÞ åñùôÞìáôïò.

2.3.2 ÊëÜäåìá ôïõ Óõíüëïõ Åìðïäßùí

Ìå ôéò áêüëïõèåò ôå÷íéêÝò áðïêüðôïíôáé ôá åìðüäéá ðïõ äåí ìðïñïýí íá åìðï-
äßóïõí ôçí ïñáôüôçôá åíüò áíôéêåéìÝíïõ. ¸ôóé äåí åîåôÜæïíôáé êáé ìåéþíåôáé
ôï õðïëïãéóôéêü êüóôïò ôçò áíáæÞôçóçò CVNN.

ÌÝèïäïò 5 : Ï ÷þñïò ÷ùñßæåôáé áðü ôç ãñáììÞ åñùôÞìáôïò óå äýï ìÝñç.
Áõôüí ðïõ åßíáé ðÜíù áðü ôç ãñáììÞ åñùôÞìáôïò êáé áõôüí ðïõ åßíáé êÜôù.
Ìå âÜóç áõôüí ôïí äéá÷ùñéóìü Ýíá åìðüäéï åðçñåÜæåé ôçí ïñáôüôçôá ôïõ ðñïò
åîÝôáóç áíôéêåéìÝíïõ ùò ðñïò ôç ãñáììÞ åñùôÞìáôïò üôáí Ýíá ôïõëÜ÷éóôïí
óçìåßï ôïõ åìðïäßïõ âñßóêåôáé óôçí ßäéá ðëåõñÜ ôçò ãñáììÞò åñùôÞìáôïò ìå
ôï áíôéêåßìåíï.

ÌÝèïäïò 6 : Ôá åìðüäéá åðçñåÜæïõí óßãïõñá ôçí ïñáôüôçôá åíüò áíôéêåé-
ìÝíïõ óôç ãñáììÞ åñùôÞìáôïò áí êáé ìüíï áí áëëçëåðéäñïýí Þ ðÝöôïõí ìÝóá
óôï ôñßãùíï ðïõ ó÷çìáôßæåôáé áðü ôï áíôéêåßìåíï êáé ôç ãñáììÞ åñùôÞìáôïò.

ÌÝèïäïò 7 : Ôï åìðüäéï o åðçñåÜæåé ôçí ïñáôüôçôá åíüò óçìåßïõ p óôç
ãñáììÞ åñùôÞìáôïò q ìüíï áí min(o; p) < min(p; q).

2.3.3 ÅðéìÝñïõò ÓõíáñôÞóåéò Áëãïñßèìïõ CVNN

Óôç óõíÝ÷åéá ðáñïõóéÜæïíôáé ïé åðéìÝñïõò óõíáñôÞóåéò áðü ôéò ïðïßåò áðïôå-
ëåßôáé ï áëãüñéèìïò CVNN.
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ÓõíÜñôçóç GetObstacle: ÐñïêåéìÝíïõ íá âñïýìå ôçí ïñáôÞ ðåñéï÷Þ åíüò
óçìåßïõ äåäïìÝíùí p ðÜíù óå ìéá ãñáììÞ åñùôÞìáôïò q ðáñïõóßá åìðïäßùí,
ðñÝðåé íá âñïýìå üëá ôá åìðüäéá ðïõ ìðïñïýí íá åðçñåÜóïõí ôçí ïñáôüôçôá
ôïõ p ðÜíù óôï q. Ç óõíÜñôçóç GetObstacle äßíåé ôç ëýóç. ÅîåôÜæåé ôá åìðüäéá
óå áýîïõóá óåéñÜ ìå âÜóç ôçí áðüóôáóÞ ôïõò áðü ôï q êáé ôåñìáôßæåé üôáí ôï
åìðüäéï Ý÷åé áðüóôáóç áðü ôï q ìåãáëýôåñç áðü mindist(p; q). ÅðéóôñÝöåôáé
ìéá óõíäåäåìÝíç ëßóôá ìå ôá åìðüäéá ðïõ åðçñåÜæïõí ôçí ïñáôüôçôá ôïõ p.

ÓõíÜñôçóç Visible Region Computation (VRC): Ìå ôç âïÞèåéá áõôÞò ôçò
óõíÜñôçóçò õðïëïãßæïíôáé ïé áüñáôåò ðåñéï÷Ýò ôïõ áíôéêåéìÝíïõ ìå âÜóç ôï
êÜèå åìðüäéï ðïõ ôï åðçñåÜæåé êáé áöáéñïýíôáé áðü ôç ãñáììÞ åñùôÞìáôïò.

ÓõíÜñôçóç Result List Update (RLU): ÁõôÞ ç óõíÜñôçóç ðñïôåßíåôáé ãéá
íá áíáíåþíåé ôç ëßóôá ôùí áðïôåëåóìÜôùí óå ìéá CVNN áíáæÞôçóç, üôáí
åêôéìÜôáé Ýíá íÝï óçìåßï äåäïìÝíùí. Ðáßñíåé óáí åßóïäï ôçí ôñÝ÷ïõóá ëßóôá
áðïôåëåóìÜôùí, Ýíá íÝï óçìåßï äåäïìÝíùí p êáé ôçí ïñáôÞ ðåñéï÷Þ ôïõ p, Ýôóé
þóôå íá åêôéìÞóåé ôçí åðéññïÞ ôïõ p óôç ëßóôá ôùí áðïôåëåóìÜôùí. Åéäéêüôåñá
ãéá êÜèå ðåñéï÷Þ R óôç ëßóôá ôùí áðïôåëåóìÜôùí, ç óõíÜñôçóç äéáêñßíåé äýï
ðåñéðôþóåéò: (i) ÅÜí ôï p åßíáé ïñáôü óôï R ç óõíÜñôçóç ðñþôá õðïëïãßæåé
ôçí åðéêÜëõøç Rint(= R ∩ V Rp) êáé ôç äéáöïñÜ Rdif (= R − V Rp) áíÜìåóá
óôï R êáé V Rp, üðïõ V Rp åßíáé ç ïñáôÞ ðåñéï÷Þ ôïõ p. Óôç óõíÝ÷åéá áí äåí
õðÜñ÷åé êïíôéíüôåñïò ïñáôüò ãåßôïíáò óôçí ðåñéï÷Þ R (åöåîÞò R.VNN), ôüôå
ôá 〈p;Rint〉 êáé 〈∅; Rdif 〉 (åöüóïí Rdif 6= ∅) åéóÜãïíôáé óôï ôñÝ÷ïí óýíïëï
ôùí áðïôåëåóìÜôùí. Áëëéþò, áí õðÜñ÷åé R.VNN, ç óõíÜñôçóç RLU åéóÜãåé
ôï 〈R:V NN;Rdif 〉 óôï ôñÝ÷ïí áðïôÝëåóìá (åöüóïí Rdif 6= ∅). Ôüôå êáëåßôáé
ç óõíÜñôçóç RS - CVNN ãéá íá áðïöáóßóåé áí ï R.VNN ìðïñåß íá áíôéêáôá-
óôáèåß ðëÞñùò Þ ìåñéêþò áðü ôï p ãéá ôçí ðåñéï÷Þ Rint. (ii) Áí ôï p åßíáé ìç
ïñáôü óôï R, óçìáßíåé üôé ôï p äåí Ý÷åé êáìéÜ åðéññïÞ óôç ðåñéï÷Þ R êáé Ýôóé
ç óõíÜñôçóç RLU åéóÜãåé ôï 〈R:V NN;R〉 óôï ôñÝ÷ïí áðïôÝëåóìá.

ÓõíÜñôçóç Region Split for CVNN (RS - CVNN): ÁõôÞ ç óõíÜñôçóç ÷ñç-
óéìïðïéåßôáé ãéá íá åëÝãîåé ôçí åãêõñüôçôá ôïõ R.VNN óå ó÷Ýóç ìå ôï p êáé
íá áíôéêáôáóôÞóåé ôï R.VNN ðëÞñùò Þ ìåñéêþò ìå ôï p, åÜí ÷ñåéÜæåôáé. ¼ôáí
êáëåßôáé áõôÞ ç óõíÜñôçóç ç ðåñéï÷Þ R åßíáé ïñáôÞ óôï p êáé åðïìÝíùò ôï ìüíï
ðïõ ÷ñåéÜæåôáé íá åëÝã÷åé åßíáé ç ó÷Ýóç êõñéáñ÷ßáò. Ç óõíÜñôçóç RS-CVNN
äéáêñßíåé ôÝóóåñåéò ðåñéðôþóåéò, (i) Áí ôï p äåí êõñéáñ÷åß óôï R ç áñ÷éêÞ
äõÜäá 〈R:V NN;R〉 ðáñáìÝíåé Ýãêõñç êáé ðñïóôßèåôáé óôçí ðñïóùñéíÞ ëßóôá
ôùí áðïôåëåóìÜôùí, (ii) Áí ôï p êõñéáñ÷åß óå ïëüêëçñï ôï R ï áëãüñéèìïò
áíôéêáèéóôÜ ôï R.VNN ìå ôï p êáé åéóÜãåé ôç äõÜäá 〈p;R〉 óôçí ðñïóùñéíÞ
ëßóôá áðïôåëåóìÜôùí, (iii) Áí ôï p åßíáé óôïí êýêëï ãåéôíßáóçò ôïõ äåîéïý
Üêñïõ ôïõ R, ôüôå ï áëãüñéèìïò õðïëïãßæåé ôï óçìåßï ôïìÞò s1 ðïõ ó÷çìáôß-
æåôáé áðü ôç ãñáììÞ åñùôÞìáôïò êáé ôçí êÜèåôç äé÷ïôüìï ôïõ åõèýãñáììïõ
ôìÞìáôïò [v, p] ìå ôï v íá åßíáé R.VNN êáé ðñïóèÝôåé ôéò äõÜäåò 〈p; [R:l; s1]〉
êáé 〈v; [s1; R:r]〉 óôçí ðñïóùñéíÞ ëßóôá áðïôåëåóìÜôùí, (iv) Áíôßóôïé÷á ìå ôçí
ðåñßðôùóç (iii) åÜí ôï p åßíáé ðéï êïíôÜ óôïí êýêëï ãåéôíßáóçò ôïõ áñéóôåñïý
Üêñïõ ôïõ R.
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2.3.4 Áëãüñéèìïò CVNN

ÕðÜñ÷ïõí äýï óùñïß, ï óùñüò ôùí áíôéêåéìÝíùí (Hp) êáé ï óùñüò ôùí åìðï-
äßùí (Ho) ðïõ äéáôçñïýí ôá äåäïìÝíá óå áýîïõóá óåéñÜ ôçò áðüóôáóÞò ôïõò
áðü ôç ãñáììÞ åñùôÞìáôïò. Óå êÜèå âÞìá ï áëãüñéèìïò åðéóêÝðôåôáé ôï áíôé-
êåßìåíï ôïõ Hp ìå ôç ìéêñüôåñç áðüóôáóç (ôçí êïñõöÞ e ôïõ óùñïý) êáé êÜíåé
ôá åîÞò:

1. ÅëÝã÷åé áí mindist(e; q) ≥ RLmaxD. Áí éó÷ýåé ï áëãüñéèìïò ôåñìáôß-
æåé äéüôé óýìöùíá ìå ôç ìÝèïäï 1 ôá õðüëïéðá áíôéêåßìåíá ôá óùñïý äåí
ðåñéÝ÷ïõí áðáíôÞóåéò.

2. ÄéáöïñåôéêÜ åîåôÜæåôáé áí ôï e åßíáé áíôéêåßìåíï êáëåßôáé ç GetObs ãéá íá
âñåé üëá ôá åìðüäéá ðïõ ìðïñåß íá åðçñåÜóïõí ôçí ïñáôüôçôá ôïõ. Êáôüðéí
êáëåßôáé ç óõíÜñôçóç Visible Region Computation ãéá íá õðïëïãéóôåß ç
ïñáôÞ ðåñéï÷Þ ôïõ e óôï q êáé êáôüðéí êáëåßôáé ç óõíÜñôçóç Result List
Update ãéá ôçí áíáíÝùóç ôïõ óõíüëïõ ôùí áðïôåëåóìÜôùí.

3. Áí ôï e åßíáé åíäéÜìåóïò êüìâïò êáé ü÷é áíôéêåßìåíï ï áëãüñéèìïò CVNN
åðéóêÝðôåôáé ôï õðïäÝíäñï ôïõ ìüíï áí ôá äåäïìÝíá ôïõ ìðïñïýí íá áðï-
ôåëÝóïõí ëýóåéò. Áõôü åëÝã÷åôáé óýìöùíá ìå ôéò ìåèüäïõò 2 êáé 3.

2.3.5 ÁíÜëõóç Áëãïñßèìïõ CVNN

Ï áëãüñéèìïò CVNN äéáôñÝ÷åé ôá äÝíäñá Tp (áíôéêåéìÝíùí) êáé Ôï (åìðï-
äßùí) ôï ðïëý ìéá öïñÜ. Ç ðïëõðëïêüôçôá ôïõ áëãïñßèìïõ åßíáé O(Nlog | Tp |
×(log | To | + | Lo | + | RL |)). Ï áëãüñéèìïò áíáêôÜ áêñéâþò ôïõò êïíôé-
íüôåñïõò ïñáôïýò ãåßôïíåò êÜèå óçìåßïõ óå ìéá ãñáììÞ åñùôÞìáôïò, äçëáäÞ
äåí ÷Üíåé óçìåßá êáé äåí êÜíåé ëÜèç. Áõôü óõìâáßíåé äéüôé ï áëãüñéèìïò åîåôÜ-
æåé ìüíï åêåßíá ôá áíôéêåßìåíá ðïõ ìðïñïýí íá óõììåôÜó÷ïõí óôï óýíïëï ôùí
áðáíôÞóåùí êáé áãíïåß üëá ôá áíôéêåßìåíá ðïõ äåí åßíáé éêáíÜ íá óõììåôÝ÷ïõí
óôï óýíïëï ôùí ëýóåùí óýìöùíá ìå ôéò ìåèüäïõò 1 Ýùò 4.

Óå áíôßèåóç ìå ôï íá äéáôçñïýìå äýï R-trees ìðïñïýìå íá Ý÷ïõìå ìüíï
Ýíá ìå üëá ôá áíôéêåßìåíá êáé ôá åìðüäéá êáé óõíåðþò ìüíï Ýíáí óùñü ìå
üëá ôá äåäïìÝíá óå áýîïõóá óåéñÜ óýìöùíá ìå ôçí áðüóôáóÞ ôïõò áðü ôï q.
Ìå áõôüí ôïí ôñüðï üëá ôá åìðüäéá ðïõ åðçñåÜæïõí Ýíá áíôéêåßìåíï Ý÷ïõí
ðñïóðåëáóôåß ðñéí áõôü êáé äåí ÷ñåéÜæåôáé íá êëçèåß ç óõíÜñôçóç GetObs.

Ï ðáñáðÜíù áëãüñéèìïò ìðïñåß íá åðåêôáèåß ãéá íá õðïóôçñßîåé êáé êÜðïéåò
ðáñáëëáãÝò ôùí CVNN åñùôçìÜôùí üðùò CVkNN êáé ä-CVNN. Ï CVkNN
âñßóêåé ôïõò k êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò óå ìéá ãñáììÞ åñùôÞìáôïò. Ï
ä-CVNN âáóßæåôáé óôïí ðåñéïñéóìü ðïõ èÝôåé ï ÷ñÞóôçò þóôå ïé áðáíôÞóåéò
ðïõ èá åðéóôñÝøåé ï áëãüñéèìïò íá âñßóêïíôáé ôï ðïëý óå áðüóôáóç ä.

2.4 ÅñùôÞìáôá Êïíôéíüôåñïõ ÐåñéâÜëëïíôïò

Óå ïñéóìÝíåò ðåñéðôþóåéò üðùò óôï ðåäßï ìÜ÷çò ï áëãüñéèìïò ðïõ åðéóôñÝöåé
üëïõò ôïõò ðåñéâÜëëïíôåò å÷èñïýò åßíáé ðéï ÷ñÞóéìïò áðü áõôüí ðïõ åðéóôñÝöåé
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áðëþò ôïõò êïíôéíüôåñïõò å÷èñïýò. ¸ôóé äçìéïõñãÞèçêå ç áíÜãêç ãéá Ýíá íÝï
åñþôçìá, áõôü ôïõ êïíôéíüôåñïõ ðåñéâÜëëïíôïò áíôéêåéìÝíïõ.

Ôá åñùôÞìáôá êïíôéíüôåñïõ ðåñéâÜëëïíôïò NS (Nearest Surrounder) óå
áíôßèåóç ìå áõôÜ ôùí êïíôéíüôåñùí ãåéôüíùí ëáìâÜíïõí õðüøç ôïõò êáé ôçí
êáôåýèõíóç. Ãé' áõôü Ý÷ïõí éäéüôçôåò ðïõ âáóßæïíôáé óôç ãùíßá êáé ôçí áðü-
óôáóç.

Óôçí åéêüíá 2.5 öáßíåôáé Ýíá NS óçìåßï åñùôÞìáôïò, q, ôï ïðïßï ðåñéâÜë-
ëåôáé áðü äÝêá áíôéêåßìåíá o1; o2; :::o10. Ôï óýíïëï ôùí áðïôåëåóìÜôùí åßíáé
NS(q) = {〈o1; [ág; áá ]〉; 〈o3; [áá ; áb]〉; 〈o6; [áb; ác]〉; 〈o7; [ác; ád]〉; 〈o8; [ád; áe]〉;
〈o9; [áe; áf ]〉}, üðïõ áá Ýùò ág åßíáé äéáêñéôÝò ãùíßåò. Ôá áíôéêåßìåíá ôïõ óõ-
íüëïõ ôùí áðïôåëåóìÜôùí åßíáé ôá êïíôéíüôåñá ðåñéâÜëëïíôá áíôéêåßìåíá ôïõ
q óôéò áíôßóôïé÷åò ãùíßåò, êáèþò êáíÝíá Üëëï áíôéêåßìåíï äåí ðáñåìâÜëëåôáé
áíÜìåóá óå áõôÜ êáé ôï óçìåßï åñùôÞìáôïò óå áõôÝò ôéò ãùíßåò.

Åéêüíá 2.5. Åñþôçìá êïíôéíüôåñïõ ðåñéâÜëëïíôïò.

Ôï Üñèñï [3] ðñïôåßíåé äýï áëãïñßèìïõò ôïí Sweep êáé ôïí Ripple. Ï Sweep
áíáæçôÜ ôá ðåñéâÜëëïíôá áíôéêåßìåíá óýìöùíá ìå ôçí êáôåýèõíóç ôïõò åíþ ï
Ripple óýìöùíá ìå ôçí áðüóôáóç ôïõò áðü ôï óçìåßï åñùôÞìáôïò. Êáé ïé äýï
áëãüñéèìïé åëÝã÷ïõí ôï óýíïëï ôùí áíôéêåéìÝíùí ìüíï ìéá öïñÜ êáé ðáñáäß-
äïõí ôá áðïôåëÝóìáôá óôáäéáêÜ ìüëéò åßíáé äéáèÝóéìá.

Ïñéóìüò NS : ÄïèÝíôïò åíüò óõíüëïõ áíôéêåéìÝíùí êáé åíüò óçìåßïõ åñùôÞ-
ìáôïò, ï áëãüñéèìïò Nearest Surrounder áíáêôÜ ôïõò êïíôéíüôåñïõò ãåßôïíåò
åíüò óçìåßïõ åñùôÞìáôïò óå äéáöïñåôéêÝò ãùíßåò. Ôï áðïôÝëåóìá åßíáé Ýíá
óýíïëï äõÜäùí ôçò ìïñöÞò 〈o; [á; â]〉, üðïõ ï åßíáé ôï áíôéêåßìåíï êáé [á, â]
åßíáé ìéá ãùíßá óôçí ïðïßá ôï ï åßíáé ï êïíôéíüôåñïò ãåßôïíáò ôïõ óçìåßïõ
åñùôÞìáôïò.
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2.4.1 Ðñïåñãáóßá

×ñçóéìïðïéïýíôáé ïé ãùíéáêÝò éäéüôçôåò ôïõ Minimum Bounding Rectangle
(MBR) þóôå íá áðïêïìéóèïýí åõñåôéêÝò ìÝèïäïé ãéá áðïôåëåóìáôéêÞ áíáæÞ-
ôçóç NS.

Ùò ãùíéáêü åýñïò åíüò MBR ïñßæåôáé ç åëÜ÷éóôç êáé ç ìÝãéóôç ãùíßá
ôïõ MBR áðü ôï óçìåßï åñùôÞìáôïò q. Áí õðïèÝóïõìå üôé è`q;R åßíáé ç åëÜ-

÷éóôç ãùíßá ôïõ MBR ôïõ áíôéêåéìÝíïõ R êáé èaq;R ç ìÝãéóôç, ôüôå éó÷ýåé

è`q;R ≤ èaq;R. Ôï ãùíéáêü åýñïò êÜèå MBR - êüìâïõ óôï R-tree ðñÝðåé íá åßíáé
áñêåôÜ åõñý þóôå íá ðåñéÝ÷åé ôá MBRs ôùí ðáéäéþí ôïõ. Ïé êüìâïé ôïõ R-tree
åðéóêÝðôïíôáé óýìöùíá ìå ôéò åëÜ÷éóôåò ãùíßåò ôùí MBRs.

Ùò åëÜ÷éóôç ãùíéáêÞ áðüóôáóç åíüò MBR R ïñßæåôáé ç åõêëåßäåéá áðü-
óôáóç áðü ôï óçìåßï åñùôÞìáôïò q Ýùò ôï êïíôéíüôåñï óçìåßï ôïõ MBR óôï
åýñïò ìéáò ãùíßáò á êáé óõìâïëßæåôáé ìå madist(q, R, á). Ç ó÷Ýóç åëÜ÷éóôçò
ãùíéáêÞò áðüóôáóçò åíüò MBR Rp ìå ïðïéïäÞðïôå áðü ôá ðáéäéÜ ðïõ áõôü
ðåñéêëåßåé Rc åßíáé, madist(q;Rp; á) ≤ madist(q;Rc; á).

¼ñéï åëÜ÷éóôçò ãùíéáêÞò áðüóôáóçò: ÄïèÝíôïò åíüò ãùíéáêïý åýñïõò
[è`; èa] áðïöáóßæåôáé Ýíá åýñïò åëÜ÷éóôùí ãùíéáêþí áðïóôÜóåùí, ôï max
madist(q;R; [è`; èa]) êáé ôïmin madist(q;R; [è`; èa]) áíáöÝñïíôáé áíôßóôïé÷á
óôç ìÝãéóôç êáé ôçí åëÜ÷éóôç áðüóôáóç áíÜìåóá óå üëåò ôéò åëÜ÷éóôåò ãùíéá-
êÝò áðïóôÜóåéò ãéá ôç óõãêåêñéìÝíç ãùíßá.

Ìéá ìÝèïäïò êëáäÝìáôïò ôïõ ÷þñïõ áíáæÞôçóçò ðïõ áðïññÝåé åßíáé üôé åÜí
ç min mádist åíüò êüìâïõ åßíáé ìåãáëýôåñç áðü ôç max mádist åíüò NS ãéá
ôï ßäéï ãùíéáêü åýñïò, üëá ôá ðáéäéÜ ôïõ êüìâïõ áõôïý äåí ðåñéÝ÷ïõí NS êáé
Ýôóé áãíïïýíôáé.

2.4.2 Óýãêñéóç ÁíôéêåéìÝíùí

¸íá âáóéêü èÝìá óôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí åßíáé íá áðïöáóéóôïýí
ðïéá áíôéêåßìåíá áíÜìåóá óå üëá ôá õðïøÞöéá åßíáé NS óå Ýíá ãùíéáêü åýñïò.
Ç óýãêñéóç áíôéêåéìÝíùí åßíáé ìéá äõáäéêÞ óõíÜñôçóç, ç ïðïßá óõãêñßíåé äýï
áíôéêåßìåíá MBRs êáé åðéóôñÝöåé ôï ðéï êïíôéíü óå ïëüêëçñï ôï ãùíéáêü
åýñïò Þ êáé ôá äýï áíôéêåßìåíá ìå ôçí áíôßóôïé÷ç äéáéñåìÝíç ãùíßá óôçí ïðïßá
êÜèå áíôéêåßìåíï åßíáé êïíôéíüôåñï.

ÊÜèå MBR Ý÷åé ôï ðïëý äýï ðëåõñÝò áðÝíáíôé áðü ôï óçìåßï åñùôÞìáôïò,
ìéá ïñéæüíôéá êáé ìéá êÜèåôç. Óôç óõíÝ÷åéá ó÷åäéÜæïíôáé ïé êáìðýëåò ôùí
ãùíéáêþí áðïóôÜóåùí áðü ôï óçìåßï åñùôÞìáôïò óôéò ðëåõñÝò áõôÝò. Áðü
ôéò êáìðýëåò áõôÝò ìðïñåß íá áðïöáóéóôåß ôï êïíôéíüôåñï áíôéêåßìåíï ãéá ìéá
óõãêåêñéìÝíç ãùíßá. ÕðÜñ÷ïõí ôÝóóåñåéò ðåñéðôþóåéò ãéá ôçí áëëçëåðßäñáóç
ìåôáîý ôùí áêìþí ôùí áíôéêåéìÝíùí:

• ÐáñÜëëçëåò áêìÝò ÷ùñßò áëëçëåðßäñáóç.
• ÐáñÜëëçëåò áêìÝò ìå áëëçëåðßäñáóç.
• Ïñèïãþíéåò áêìÝò ÷ùñßò áëëçëåðßäñáóç.
• Ïñèïãþíéåò áêìÝò ìå áëëçëåðßäñáóç.
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Óôç óõíÝ÷åéá ðáñïõóéÜæïíôáé ïé áëãüñéèìïé ãéá ôçí NS áíáæÞôçóç.

2.4.3 Sweep

Ï áëãüñéèìïò Sweep äéáôçñåß ìéá ïõñÜ ðñïôåñáéüôçôáò ìå ôïõò êüìâïõò êáé
ôá áíôéêåßìåíá ôáîéíïìçìÝíá óýìöùíá ìå ôéò ãùíéÝò Ýíáñîçò. Áñ÷éêÜ ôï áðï-
ôÝëåóìá åßíáé {〈⊥ : [0; 2ð]〉} üðïõ ⊥ åßíáé ôï êåíü êáé ç åëÜ÷éóôç ãùíéáêÞ
áðüóôáóç åßíáé ∞. Áñ÷éêÜ ç ñßæá ôïõ R-tree åéóÜãåôå óôçí ïõñÜ ðñïôåñáéü-
ôçôáò êáé óôç óõíÝ÷åéá ðáßñíïõìå ôçí åßóïäï áðü ôçí êïñõöÞ ôçò ïõñÜò. Áí
ç åßóïäïò åßíáé êüìâïò ôá ðáéäéÜ ôïõ ôïðïèåôïýíôáé ðÜëé óôçí ïõñÜ åíþ áí
åßíáé áíôéêåßìåíï óõãêñßíåôáé ìå ôï ôñÝ÷ïí áðïôÝëåóìá NS ãéá ôçí ßäéá ãù-
íßá, ÷ñçóéìïðïéþíôáò ôç óõíÜñôçóç óýãêñéóçò áíôéêåéìÝíùí. Ôï áðïôÝëåóìá
ðïõ ðñïêýðôåé ðñïóôßèåôáé óôï NS áðïôÝëåóìá. ÁõôÞ ç äéáäéêáóßá óõíå÷ßæåôáé
ìÝ÷ñé íá åîåôáóôïýí üëåò ïé åßóïäïé ôçò ïõñÜò.

ÌÝèïäïé Êáëýôåñçò Áðüäïóçò ôïõ Sweep

ÅðåéäÞ äåí óõíåéóöÝñïõí üëåò ïé åßóïäïé ôçò ïõñÜò ðñïôåñáéüôçôáò óôï NS
áðïôÝëåóìá, Ý÷ïõí åðéíïçèåß äéÜöïñåò åõñåôéêÝò ìÝèïäïé ãéá ôï £êëÜäåìá¤ ôïõ
÷þñïõ áíáæÞôçóçò. ÁõôÝò ïé ìÝèïäïé ðåñéãñÜöïíôáé óôç óõíÝ÷åéá.

ÌÝèïäïò 1: Äïèåßóáò ôçò ãùíßáò åíüò MBR R, [è`q;R; è
a
q;R], üëá ôá NS

áíôéêåßìåíá ôïõ áðïôåëÝóìáôïò ôùí ïðïßùí ôá ãùíéáêÜ üñéá áëëçëåðéäñïýí ìå
áõôü åðéëÝãïíôáé êáé ôï ìÝãéóôï áðü ôéò max madist õðïëïãßæåôáé êáé ïíïìÜ-
æåôáé ðÜíù üñéï. ÅÜí ç min madist(q;R; [è`q;R; è

a
q;R]) åßíáé ìåãáëýôåñç áðü ôï

ðÜíù üñéï ôüôå ôï R åßôå óáí áíôéêåßìåíï åßôå óáí êüìâïò áíôéêåéìÝíùí ìðïñåß
íá áãíïçèåß.

ÌÝèïäïò 2 : ÕðïèÝôïíôáò üôé õðÜñ÷åé ìéá ãùíßá [è`; èa] ðïõ êáëýðôåé üëá ôá
NS áíôéêåßìåíá ôïõ áðïôåëÝóìáôïò, Ýíá MBR R åßíáé ðéèáíüôåñï íá ðåñéÝ÷åé
NS áíôéêåßìåíï áí Ý÷åé ôç ìéêñüôåñç ãùíéáêÞ áðüóôáóç óôçí êïéíÞ ãùíßá
[è`; èa] ∩ [è`q;R; è

a
q;R] áíÜìåóá óå üëåò ôéò Üëëåò åéóüäïõò ôçò ïõñÜò.

ÌÝèïäïò 3 : Áí ç ãùíßá Ýíáñîçò ôçò åéóüäïõ óôçí êïñõöÞ ôçò ïõñÜò ðñïôå-
ñáéüôçôáò åßíáé á, üëåò ïé õðüëïéðåò åßóïäïé ôçò ïõñÜò äåí åðçñåÜæïõí ôï NS
áðïôÝëåóìá åÜí Ý÷ïõí ãùíßåò ìéêñüôåñåò áðü á.

Áëãüñéèìïò Sweep

1. Áñ÷éêïðïßçóç ìåôáâëçôþí ùò åîÞò:
− Óôçí ïõñÜ ðñïôåñáéüôçôáò åéóÜãåôáé ç ñßæá ôïõ R-tree.
− Ãùíßá á åßíáé ç ìÝãéóôç ãùíßá ôùí áíôéêåéìÝíùí ðïõ Ý÷ïõí åîåôáóôåß

êáé áñ÷éêïðïéåßôáé óôï 0.
− Ôï áðïôÝëåóìá NS ôßèåôáé óôï {〈⊥ : [0; 2ð]〉}

2. Ç ïõñÜ ðñïôåñáéüôçôáò åîåôÜæåôáé áíáäñïìéêÜ ìÝ÷ñé íá áäåéÜóåé ïðüôå êáé
ôåëåéþíåé ï áëãüñéèìïò. Êáëåßôáé ç óõíÜñôçóç Lookahead ãéá íá åðéëÝîåé
ôçí êáëýôåñç åßóïäï ôçò ïõñÜò. Ç óõíÜñôçóç Lookahead åðéëÝãåé êáôÜ
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ðñïôåñáéüôçôá ôéò åéóüäïõò ðïõ êáëýðôïíôáé ðëÞñùò áðü ôçí ðáñÜìåôñï
ôçò ãùíßáò. Óôç óõíÝ÷åéá åðéëÝãåé åéóüäïõò ìå ôç ìéêñüôåñç min madist
óôçí êïéíÞ ãùíßá.

3. Ãéá ôçí åßóïäï ðïõ áíáêôÞèçêå áðü ôçí ïõñÜ åöáñìüæåôáé ç åõñåôéêÞ ìÝ-
èïäïò 1.

4. Åöüóïí ç åßóïäïò äåí áãíïçèåß åîåôÜæïõìå åÜí ðñüêåéôáé ãéá åíäéÜìåóï
êüìâï Þ áíôéêåßìåíï. Áí åßíáé åíäéÜìåóïò êüìâïò ôá ðáéäéÜ ôïõ åéóÜãïíôáé
óôçí ïõñÜ, áí åßíáé áíôéêåßìåíï êáëåßôáé ç óõíÜñôçóç NSIncorporate þóôå
íá áíáèåùñÞóåé ôï áðïôÝëåóìá NS. Ç óõíÜñôçóç NSIncorporate ðáßñíåé
óáí åßóïäï Ýíá áíôéêåßìåíï MBR o, ôï áðïôÝëåóìá NS êáé ôï óçìåßï
åñùôÞìáôïò. ÅîÜãåé áðü ôï NS óýíïëï Ýíá áíôéêåßìåíï ôïõ ïðïßïõ ç ãùíßá
áëëçëåðéäñÜ ìå áõôÞ ôïõ o êáé êáëåß ôçí ObjectCompare þóôå íá âñåé ôï
êïíôéíüôåñï áíôéêåßìåíï áíÜìåóá óôá äýï ãéá ôç óõãêåêñéìÝíç ãùíßá.

Ï áëãüñéèìïò Sweep ìðïñåß íá åðåêôáèåß êáé ãéá ðïëõåðßðåäç NS áíáæÞ-
ôçóç. Ðïëõåðßðåäç NS áíáæÞôçóç óçìáßíåé íá âñåèïýí ôá NS áíôéêåßìåíá óôá
m ðñþôá åðßðåäá áðü ôï óçìåßï åñùôÞìáôïò. Ãéá ôçí áíáðáñÜóôáóç ôùí NS
áíôéêåéìÝíùí óå êÜèå ãùíéáêü åýñïò ÷ñçóéìïðïéïýíôáé m ïðÝò áíôéêåéìÝíùí.
Ãéá ðáñÜäåéãìá ãéá 2-åðßðåäç NS áíáæÞôçóç ôï áðïôÝëåóìá áñ÷éêïðïéåßôáé ùò
åîÞò: {〈(⊥;⊥) : [0; 2ð)〉} . Ç ëïãéêÞ ôïõ áëãïñßèìïõ Sweep ãéá ôçí ðïëõåðßðåäç
áíáæÞôçóç åßíáé ç ßäéá ìå áõôÞí ðïõ ðåñéãñÜöôçêå ãéá ôï ðñþôï åðßðåäï.

2.4.4 Ripple

Óå áíôßèåóç ìå ôïí Sweep ï áëãüñéèìïò Ripple äéáôçñåß ìéá ïõñÜ ðñïôåñáéüôç-
ôáò ôùí áíôéêåéìÝíùí óå áýîïõóá áðüóôáóç áðü ôï óçìåßï åñùôÞìáôïò. ¸ôóé
ï Ripple îåêéíÜåé áðü ôï óçìåßï åñùôÞìáôïò ðñïò ôá Ýîù êáé ìðïñåß íá ôåñìá-
ôéóôåß ðñéí åîåôáóôåß üëç ç ïõñÜ óýìöùíá ìå ôçí åõñåôéêÞ ìÝèïäï 4.

ÌÝèïäïò 4 : Ç åîÝôáóç ôçò ïõñÜò ðñïôåñáéüôçôáò ìðïñåß íá ðáñáëçöèåß
åöüóïí éêáíïðïéïýíôáé äýï óõíèÞêåò. Ðñþôïí ôï NS áðïôÝëåóìá äåí ðåñéÝ÷åé
ôï áñ÷éêü êåíü áíôéêåßìåíï êáé äåýôåñïí üëåò ïé õðüëïéðåò åßóïäïé Ý÷ïõí áðï-
óôÜóåéò áðü ôï óçìåßï åñùôÞìáôïò, ìåãáëýôåñåò áðü ôï ðÜíù üñéï ïëüêëçñïõ
ôïõ NS áðïôåëÝóìáôïò.

Ìå Üëëá ëüãéá ï áëãüñéèìïò ìðïñåß íá ôåñìáôéóôåß üôáí ç ïõñÜ ðñïôåñáéü-
ôçôáò åîáíôëçèåß Þ üôáí éêáíïðïéïýíôáé ïé áêüëïõèåò óõíèÞêåò ôåñìáôéóìïý:
(i) óå êÜèå êáôåýèõíóç õðÜñ÷åé Ýíá NS, (ii) üëá ôá áíôéêåßìåíá óôçí ïõñÜ
ðñïôåñáéüôçôáò åßíáé Ýîù áðü ôï ìéêñüôåñï êýêëï (ìå êÝíôñï ôï óçìåßï åñù-
ôÞìáôïò) ðïõ ðåñéêëåßåé üëåò ôéò NS áðáíôÞóåéò. Ç óõíèÞêç áõôÞ ôåñìáôéóìïý
ïíïìÜæåôáé áëëéþò NS - TC (Nearest Surrounder - Termination Condition).

Ï áëãüñéèìïò Ripple ìðïñåß íá åðåêôáèåß êáé ãéá ðïëõåðßðåäç áñ÷éôåêôï-
íéêÞ. Ç éäÝá ôçò ðïëõåðßðåäçò áñ÷éôåêôïíéêÞò ôïõ Ripple åßíáé äéáöïñåôéêÞ áðü
áõôÞ ôïõ Sweep. Áíôß íá äéáôçñïýíôáé m NS ïðÝò óå êÜèå äõÜäá NS áðïôåëÝ-
óìáôïò, äéáôçñåßôáé ìéá ìÞôñá áðü m NS áðïôåëÝóìáôá. Ç äïìÞ ôïõ ðïëõåðß-
ðåäïõ NS áðïôåëÝóìáôïò ìïéÜæåé ìå áõôÞ ôùí äá÷ôõëéäéþí ôïõ êñåììõäéïý. Ôá
NS áðïôåëÝóìáôá ôùí ÷áìçëüôåñùí óôïéâÜäùí óõìðëçñþíïíôáé íùñßôåñá áðü
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áõôÜ ôùí õøçëüôåñùí óôïéâÜäùí. ¼ôáí Ýíá áíôéêåßìåíï åîåôÜæåôáé ìåëåôÜôáé
ðñþôá ðùò óõíåéóöÝñåé óôá ÷áìçëüôåñá åðßðåäá. Áí ôï áíôéêåßìåíï äåí åßíáé
êïíôÜ óôï óçìåßï åñùôÞìáôïò ùò ðñïò ôï ôñÝ÷ïí åðßðåäï åîåôÜæåôáé ìÞðùò óõ-
íåéóöÝñåé óå êÜðïéï Üëëï ìåãáëýôåñï åðßðåäï. ÄéáöïñåôéêÜ áí ôï áíôéêåßìåíï
åßíáé ðéï êïíôÜ áðü êÜðïéï ìÝñïò ôùí NS áíôéêåéìÝíùí ðïõ ßóùò õðÜñ÷ïõí,
ôüôå åîåôÜæïõìå üëá ôá õðüëïéðá NS áíôéêåßìåíá êáé ôá áíôéêåßìåíá ðïõ èá
áíôéêáôáóôáèïýí óôï áìÝóùò åðüìåíï åðßðåäï.

Ç ìÝèïäïò 4 åðåêôåßíåôáé óôç ìÝèïäï 5 äéáôçñþíôáò ôçí ðñþôç óõíèÞêç ôçò
ìåèüäïõ 4 êáé äéáìïñöþíïíôáò ôç äåýôåñç ùò åîÞò:

ÌÝèïäïò 5 : Áí ç êåöáëÞ ôçò ïõñÜò ðñïôåñáéüôçôáò åßíáé ðéï ìáêñéÜ áðü ôï
Üíù üñéï ôïõ NS áðïôåëÝóìáôïò óôï ôñÝ÷ïí åðßðåäï, ôüôå ïé õðüëïéðåò åßóïäïé
äåí åðçñåÜæïõí ôï NS áðïôÝëåóìá óå áõôü ôï åðßðåäï.

Ìå ôç ìÝèïäï 5 åëÝã÷åôáé áí ôï NS áðïôÝëåóìá ôïõ ôñÝ÷ïíôïò åðéðÝäïõ
Ý÷åé ïëïêëçñùèåß. ÅÜí íáé, ðáñáäßäåôáé Ýíá ìåñéêü óýíïëï.

2.4.5 Óýãêñéóç Ripple ìå Sweep

Ï áëãüñéèìïò Ripple öáßíåôáé ðéï ãñÞãïñïò áðü ôïí Sweep åðåéäÞ ç óõíèÞêç
ôåñìáôéóìïý êÜíåé ôïí Ripple íá ôåñìáôßæåé ÷ùñßò íá åîåôÜæåé ôçí õðüëïéðç
ïõñÜ. Ðáñüëá áõôÜ ï óõíôïìüôåñïò ÷ñüíïò ôåñìáôéóìïý ôïõ Ripple äåí óõíå-
ðÜãåôáé êáé êáëýôåñç áðüäïóç. ÄçëáäÞ åÜí äåí õðÜñ÷åé NS óå óõãêåêñéìÝíåò
ãùíßåò ï Ripple èá óõíå÷ßæåé íá åîåôÜæåé ôõöëÜ üëåò ôéò åéóüäïõò ôçò ïõñÜò.
ÅÜí ôá êåíÜ åßíáé äéáóðáñìÝíá ï Ripple åîåôÜæåé óõíå÷üìåíá åéóüäïõò ðïõ
áëëçëåðéäñïýí ìå ôá êåíÜ áõôÜ ìå áðïôÝëåóìá íá áõîÜíåôáé ôï õðïëïãéóôéêü
êüóôïò. Óôçí ßäéá ðåñßðôùóç ï Sweep èá ëåéôïõñãïýóå êáëýôåñá åðåéäÞ åîå-
ôÜæåé ôá áíôéêåßìåíá óýìöùíá ìå ôçí áýîïõóá ãùíßá ôïõò êáé Ýôóé ìðïñåß íá
ðñïóðåñÜóåé ôá êåíÜ.

2.5 ÅñùôÞìáôá Êïíôéíüôåñïõ ÐåñéâÜëëïíôïò óå Êéíïýìåíá
Áíôéêåßìåíá

Ôï Üñèñï [4] ðåñéãñÜöåé Ýíá óýóôçìá ãéá ôïí åíôïðéóìü NS áíôéêåéìÝíùí óå
ðåñéâÜëëïíôá üðïõ ôá áíôéêåßìåíá åßíáé óå êßíçóç. Óå ìåãÜëçò êëßìáêáò åöáñ-
ìïãÝò üðïõ ðïëëÜ áíôéêåßìåíá áëëÜæïõí èÝóåéò åßíáé êñßóéìïò ãéá ôçí åðéôõ÷ßá
ôïõ óõóôÞìáôïò ï áðïäïôéêüò ôñüðïò åðéêáéñïðïßçóçò ôùí NS åñùôçìÜôùí êáé
ç áíáíÝùóç ôïõ NS áðïôåëÝóìáôïò.

Áò õðïèÝóïõìå üôé ôï áíôéêåßìåíï o1 ôçò åéêüíáò 2.5 ìåôáêéíåßôáé ðñïò ôá
êÜôù, üðùò öáßíåôáé óôçí åéêüíá 2.6a, åíþ ôá Üëëá áíôéêåßìåíá ðáñáìÝíïõí
óôáèåñÜ. Óõíåðþò ôï o2 ðïõ ðñïçãïõìÝíùò Þôáí êñõììÝíï áðü ôï o1, ãßíå-
ôáé íÝï ìÝëïò ôïõ óõíüëïõ áðïôåëåóìÜôùí ìå ôá êïíôéíüôåñá ðåñéâÜëëïíôá
áíôéêåßìåíá ôïõ q êáé ç ãùíßá [af ; ag) ðïõ Þôáí ìéá êåíÞ ðåñéï÷Þ êáëýðôåôáé
ìåñéêþò áðü ôï o1. Ôï íÝï NS áðïôÝëåóìá ãßíåôáé:
NS(q) = {〈o1; [áh; ái]〉; 〈o2; [ái; áá ]〉; 〈o3; [áá ; áb]〉; 〈o6; [áb; ác]〉; 〈o7; [ác; ád]〉;
〈o8; [ád; áe]〉; 〈o9; [áe; áf ]〉}
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Åéêüíá 2.6. (a) ÁëëáãÞ ôçò èÝóçò ôïõ o1 êáé (b) áëëáãÞ èÝóçò ôïõ óçìåßïõ åñù-
ôÞìáôïò áðü ôï q óôï q'.

Ï áðëüò ôñüðïò èá Þôáí íá åîåôáóôïýí üëá ôá NS åñùôÞìáôá êáé íá áðï-
öáóéóôïýí áõôÜ ðïõ äåí åßíáé Ýãêõñá ìÝóù åñùôçìÜôùí êáé ìÝóù áíáèåþñçóçò
åñùôçìÜôùí. ÐñïêåéìÝíïõ íá ìåéùèåß ôï õðïëïãéóôéêü êüóôïò ÷ñçóéìïðïéåß-
ôáé ç éäÝá ôçò áóöáëïýò ðåñéï÷Þò (safe region), þóôå íá åëá÷éóôïðïéçèåß ôï
êüóôïò áíáæÞôçóçò. Åðßóçò ÷ñçóéìïðïéåßôáé ç éäÝá ôçò ìåñéêÞò áíáèåþñçóçò
ôïõ åñùôÞìáôïò þóôå íá åðáíåîåôáóôïýí ìüíï ôá ìç Ýãêõñá ìÝñç ôïõ áðï-
ôåëÝóìáôïò. Óôç óõíÝ÷åéá èá áíáëõèåß êÜèå ìéá áðü áõôÝò ôéò äýï ìåèüäïõò
ìåßùóçò ôïõ õðïëïãéóôéêïý êüóôïõò, ôï ïðïßï ðñïêáëåßôáé áðü ôçí êßíçóç ôùí
áíôéêåéìÝíùí.

ÁóöáëÞò ðåñéï÷Þ åßíáé ìéá ðåñéï÷Þ ðïõ ïñéïèåôåß ôï NS áðïôÝëåóìá. Äïèåß-
óáò ìéáò áóöáëïýò ðåñéï÷Þò, Ýíá NS åñþôçìá ÷ñåéÜæåôáé åðáíåêôßìçóç ìüíï
üôáí (i) Ýíá áíôéêåßìåíï êéíåßôáé ìÝóá óôçí áóöáëÞ ðåñéï÷Þ, (ii) Ýíá áíôéêåß-
ìåíï öåýãåé áðü ôçí áóöáëÞ ðåñéï÷Þ (iii) Ýíá áíôéêåßìåíï ìðáßíåé óôçí áóöáëÞ
ðåñéï÷Þ. Ìå Üëëá ëüãéá üëåò ïé áíáíåþóåéò Ýîù áðü ôçí áóöáëÞ ðåñéï÷Þ
áãíïïýíôáé åöüóïí äåí åðçñåÜæïõí ôï NS áðïôÝëåóìá. Ç ìåñéêÞ áíáèåþñçóç
åñùôÞìáôïò áðïöáóßæåé ìüíï ôéò áðáñáßôçôåò áëëáãÝò ôïõ áðïôåëÝóìáôïò áðü
ôï íá åêôåëåß ôá åñùôÞìáôá åîáñ÷Þò êáé Ýôóé ìåéþíåôáé ôï êüóôïò ôçò åðå-
îåñãáóßáò.

¸íá NS áðïôÝëåóìá ãßíåôáé áíåðßêáéñï ü÷é ìüíï üôáí ìåôáêéíïýíôáé ôá
NS áíôéêåßìåíá áëëÜ êáé üôáí ìåôáêéíåßôáé ôï óçìåßï åñùôÞìáôïò óå ìéá íÝá
èÝóç. Óõíåðþò ôï åñþôçìá ðñÝðåé íá åðáíáôåèåß ìå óõíÝðåéá íá áõîÜíåôáé ôï
õðïëïãéóôéêü êüóôïò. Ôï èÝìá ãßíåôáé ðéï óïâáñü åÜí ôï ðëÞèïò ôùí åñùôç-
ìÜôùí ðïõ ôßèåíôáé åßíáé ðïëý ìåãÜëï êáé ôï óçìåßï åñùôÞìáôïò áíáíåþíåé ôç
èÝóç ôïõ óõ÷íÜ. Óôçí ðñáãìáôéêüôçôá üôáí ç íÝá èÝóç ôïõ óçìåßïõ åñùôÞ-
ìáôïò äåí åßíáé ìáêñéÜ áðü ôçí ðáëéÜ, ôï NS áðïôÝëåóìá äåí åßíáé êáé ôüóï
äéáöïñåôéêü. Áíáðôýóóåôáé ëïéðüí ç ìÝèïäïò ôçò £áõîçôéêÞò áíáíÝùóçò ôïõ
áðïôåëÝóìáôïò¤ ãéá ôç ìåßùóç ôïõ êüóôïõò ðïõ ðñïêáëåßôáé áðü ôçí áëëáãÞ
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èÝóçò ôïõ óçìåßïõ åñùôÞìáôïò. Ç ìÝèïäïò áõôÞ áðïöáóßæåé ôéò áðáñáßôçôåò
áëëáãÝò ìå âÜóç ôá åðéðëÝïí áíôéêåßìåíá ðïõ ðñïóôßèåíôáé óôï áðïôÝëåóìá.
¸ôóé ìåãéóôïðïéåßôáé ç åðáíá÷ñçóéìïðïßçóç ôùí õðáñ÷üíôùí áðïôåëåóìÜôùí
ìå âÜóç ôéò ðñïçãïýìåíåò èÝóåéò ôïõ óçìåßïõ åñùôÞìáôïò.

Óôçí åéêüíá 2.6b õðïôßèåôáé üôé q' åßíáé ç íÝá èÝóç ôïõ óçìåßïõ åñùôÞìáôïò,
ü÷é ðïëý ìáêñéÜ áðü ôçí ðñïçãïýìåíç èÝóç ôïõ q. Óôç èÝóç q' ôá ßäéá NS
áíôéêåßìåíá o1; o2; o3; o6; o7; o8 áíÞêïõí óôï óýíïëï ôùí áðïôåëåóìÜôùí êáé
äåí ðñïóôßèåíôáé íÝá. ÄçëáäÞ NSq = NSq'. ¼ìùò ïé áíôßóôïé÷åò ãùíßåò ôùí
NS áíôéêåéìÝíùí Ý÷ïõí áëëÜîåé êáé ôï íÝï áðïôÝëåóìá ãßíåôáé:
NS(q) = {〈o1; [áz; ár]〉; 〈o2; [ár; ás]〉; 〈o3; [ás; át]〉; 〈o6; [át; áu]〉; 〈⊥; [áu; áv]〉;
〈o7; [áv; áw]〉; 〈o8; [áw; áx]〉; 〈o9; [áx; áy]〉; 〈⊥; [áy; áz]〉}

Ç äïõëåéÜ ðïõ ðáñïõóéÜæåôáé óôï Üñèñï áõôü ôïõ Round Eye [4] ðñïôßèå-
ôáé íá äþóåé ìéá íÝá äéÜóôáóç óôçí áíáæÞôçóç ôùí êïíôéíüôåñùí ãåéôüíùí.
ÄçëáäÞ ôç ó÷åôéêÞ èÝóç ôïõ áíôéêåéìÝíïõ ùò ðñïò ôç ãùíßá ôïõ óçìåßïõ åñù-
ôÞìáôïò ìå óêïðü ôçí áíáæÞôçóç ôùí êïíôéíüôåñùí ãåéôüíùí êáé åóôéÜæïíôáò
óôçí áíáíÝùóç ôïõ áðïôåëÝóìáôïò. ÅðéðëÝïí ç ìÝèïäïò áõôÞ äåí êÜíåé õðï-
èÝóåéò ãéá ôçí ôñï÷éÜ ôùí áíôéêåéìÝíùí üðùò ãßíåôáé óå ðïëëÝò ìåèüäïõò ôïõ
ôýðïõ CNNQ.

2.5.1 Áñ÷éôåêôïíéêÞ ÓõóôÞìáôïò Round-Eye

O ðéï óçìáíôéêüò ðáñÜãïíôáò ðïõ ðñÝðåé êáíåßò íá ëÜâåé õðüøç ôïõ óôï ó÷å-
äéáóìü ôïõ Round - Eye åîõðçñåôçôÞ åßíáé ç äéÜñêåéá áíáíÝùóçò ôïõ áðïôåëÝ-
óìáôïò. ÄçëáäÞ ï ÷ñüíïò áðü ôç óôéãìÞ ðïõ Ýíá åñþôçìá ãßíåôáé áíåðßêáéñï
(åîáéôßáò ôçò áëëáãÞò ôçò èÝóçò ôùí áíôéêåéìÝíùí Þ ôïõ óçìåßïõ åñùôÞìáôïò)
Ýùò ôçí áíáíÝùóç üëùí ôùí NS áðïôåëåóìÜôùí ðïõ åðçñåÜæïíôáé áðü ôçí
áëëáãÞ. ÐñïêåéìÝíïõ íá ìåéùèåß áõôüò ï ÷ñüíïò ðñïôåßíïíôáé äéÜöïñåò ôå÷íé-
êÝò üðùò ç £áóöáëÞò ðåñéï÷Þ¤, ç £ìåñéêÞ áíáèåþñçóç ôïõ åñùôÞìáôïò¤ êáé ç
£áõîçôéêÞ áíáíÝùóç ôïõ áðïôåëÝóìáôïò¤.

Ç áñ÷éôåêôïíéêÞ ôïõ óõóôÞìáôïò Round - Eye áðïôåëåßôáé áðü ôÝóóåñá
ìÝëç: (i) Ýíá óýíïëï êéíïýìåíùí áíôéêåéìÝíùí (ii) ðïëëáðëïýò óôáèìïýò âÜóçò
(iii) Ýíáí Round - Eye åîõðçñåôçôÞ êáé (iv) ðåëÜôåò åñùôçìÜôùí.

ÊÜèå êéíïýìåíï áíôéêåßìåíï äéáèÝôåé ìéá óõóêåõÞ åíôïðéóìïý èÝóçò êáé
ðåñéïäéêÜ åëÝã÷åé ôç èÝóç ôïõ. Áí áõôÞ åßíáé äéáöïñåôéêÞ áðü ôçí ðñïçãïý-
ìåíç åíçìåñþíåé ôïí óôáèìü âÜóçò ìÝóù áóýñìáôçò äéêôýùóçò. Óôç óõíÝ÷åéá
áõôüò ï óôáèìüò âÜóçò óôÝëíåé áõôÝò ôéò áíáöïñÝò ôùí áíôéêåéìÝíùí óôïí
êåíôñéêü åîõðçñåôçôÞ ìÝóù åíóýñìáôçò äéêôýùóçò. Ï êåíôñéêüò åîõðçñåôçôÞò
êáôáãñÜöåé ôéò èÝóåéò ôùí êéíïýìåíùí áíôéêåéìÝíùí êáé åßíáé õðåýèõíïò ãéá
ôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí. Ïé ðåëÜôåò ðïõ èÝôïõí ôá åñùôÞìáôá
áðïèçêåýïõí ôá äéêÜ ôïõò áðïôåëÝóìáôá êáé ìðïñïýí íá óõãêñßíïõí ôá íÝá
áðïôåëÝóìáôá ìå áõôÜ ðïõ Ý÷ïõí. ¸ôóé åßíáé äõíáôüí íá ãßíåôáé ìåñéêÞ áíá-
èåþñçóç ôïõ åñùôÞìáôïò êáé íá ðáñáäßäïíôáé ìüíï ôá áðïôåëÝóìáôá ðïõ åßíáé
äéáöïñåôéêÜ áðü ôá ðñïçãïýìåíá.
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Åéêüíá 2.7. Áñ÷éôåêôïíéêÞ óõóôÞìáôïò Round-Eye.

2.5.2 ÄïìÞ Round-Eye ÅîõðçñåôçôÞ

Ï Round - Eye åîõðçñåôçôÞò áðïôåëåßôáé áðü ðÝíôå óôïé÷åßá:

1. ôçí ïõñÜ áíáìïíÞò ôùí áéôçìÜôùí,
2. ôï åõñåôÞñéï ôùí áíôéêåéìÝíùí,
3. ôç âÜóç ôùí åñùôçìÜôùí,
4. ôïí åðåîåñãáóôÞ áíáíÝùóçò ôçò èÝóçò ôùí áíôéêåéìÝíùí,
5. êáé ôïí åðåîåñãáóôÞ ôùí åñùôçìÜôùí.

¼ëåò ïé åñùôÞóåéò ðïõ Ýñ÷ïíôáé (åßôå åñùôÞìáôá, åßôå áëëáãÞ èÝóçò ãéá
áíôéêåßìåíá Þ óçìåßá åñùôçìÜôùí) åéóÜãïíôáé óôçí ïõñÜ ôùí áéôÞóåùí. Ç âÜóç
ôùí åñùôçìÜôùí äéáôçñåß ðëçñïöïñßåò ãéá ôá åñùôÞìáôá ðïõ õðïâÜëëïíôáé.
ÔÝôïéåò ðëçñïöïñßåò åßíáé ôï id ôïõ åñùôÞìáôïò, ç èÝóç ôïõ, ôï áðïôÝëåóìá
êáé ðëçñïöïñßåò åðéêïéíùíßáò (üðùò ç äéåýèõíóç IP) ìå ôïí ðåëÜôç ðïõ èÝôåé
ôï åñþôçìá. Ï åðåîåñãáóôÞò ôùí åñùôçìÜôùí áíáëáìâÜíåé ôá åñùôÞìáôá ðïõ
õðïâÜëëïíôáé, ôçí áíáíÝùóç ôçò èÝóçò åñùôÞìáôïò, ôçí áêýñùóç åíüò åñùôÞ-
ìáôïò. Ï åðåîåñãáóôÞò áíáíÝùóçò èÝóçò ðõñïäïôåßôáé üôáí õðïâÜëëåôáé Ýíá
áßôçìá áíáíÝùóçò èÝóçò áíôéêåéìÝíïõ.

2.5.3 Áóöáëåßò Ðåñéï÷Ýò

Ïé áóöáëåßò ðåñéï÷Ýò äéáêñßíïíôáé óôéò áóöáëåßò ðåñéï÷Ýò êëåéóôþí ãùíéþí
êáé óôéò áóöáëåßò ðåñéï÷Ýò áíïé÷ôþí ãùíéþí, äçëáäÞ ôá äýï åßäç ãùíéþí ðïõ
õðÜñ÷ïõí óôá NS óýíïëá áðïôåëåóìÜôùí. Ïé ðñþôåò ðáñéóôÜíïõí ãùíßåò üðïõ
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ôá áíôéêåßìåíá åßíáé ãíùóôÜ åíþ óôéò äåýôåñåò äåí õðÜñ÷ïõí ãíùóôÜ áíôéêåß-
ìåíá. Áêïëïýèùò ðåñéãñÜöåôáé ðùò ïñãáíþíïíôáé ïé áóöáëåßò ðåñéï÷Ýò Ýôóé
þóôå íá åðéôá÷õíèåß ç äéáäéêáóßá ôùí åñùôçìÜôùí áíáæÞôçóçò.

ÁóöáëÞò Ðåñéï÷Þ Êëåéóôïý Ãùíéáêïý Åýñïõò

Óôéò êëåéóôÝò ãùíßåò åíüò NS åñùôÞìáôïò åíäéáöÝñåé åÜí Ýíá õðÜñ÷ïí NS
áíôéêåßìåíï äéáãñÜöåôáé Þ Ýíá íÝï áíôéêåßìåíï ôïðïèåôåßôáé ðéï êïíôÜ óôï
óçìåßï åñùôÞìáôïò áðü üëá ôá Üëëá õðÜñ÷ïíôá NS áíôéêåßìåíá. ÄïèÝíôïò
åíüò óçìåßïõ åñùôÞìáôïò ó÷çìáôßæåôáé Ýíá êïßëï ðïëýãùíï áðü ôéò áíôéêñéóôÝò
ðëåõñÝò üëùí ôùí NS áíôéêåéìÝíùí ðïõ ðåñéâÜëïõí áõôü ôï óçìåßï. Ôï êÜèå
áíôéêåßìåíï óõãêñßíåôáé ùò ðñïò ôç èÝóç ôïõ ìå ôï ðïëýãùíï. ÅðåéäÞ üìùò ï
õðïëïãéóìüò ôçò åðéêÜëõøçò áíÜìåóá óôï áíôéêåßìåíï êáé ôï ðïëýãùíï åßíáé
ðïëýðëïêïò ÷ñçóéìïðïéåßôáé ï êýêëïò óáí áóöáëÞò ðåñéï÷Þ. Ï êýêëïò áõôüò
ðåñéêëåßåé ôï ðïëýãùíï êáé Ýôóé ìåéþíåé ôï õðïëïãéóôéêü êüóôïò.

Êýêëïò: Ó÷çìáôßæåôáé Ýíáò êýêëïò ìå êÝíôñï ôï óçìåßï åñùôÞìáôïò q êáé
áêôßíá ßóç ìå ôç ìÝãéóôç áðüóôáóç áðü ôï q ðñïò üëá ôá NS áíôéêåßìåíá
ãéá üëåò ôéò êëåéóôÝò ãùíßåò. ¸ôóé ï êýêëïò ðåñéêëåßåé ôï êïßëï ðïëýãùíï.
Óõíåðþò ï åðáíáðñïóäéïñéóìüò ôïõ NS áðïôåëÝóìáôïò ãßíåôáé ìüíï üôáí ç
ðåñéï÷Þ ôïõ áíôéêåéìÝíïõ - üôáí áõôü äéáãñÜöåôáé, åéóÜãåôáé Þ áíáíåþíåé ôç
èÝóç ôïõ - áëëçëåðéäñÜ ìå ôïí êýêëï. ÄçëáäÞ ìüíï üôáí ç åëÜ÷éóôç áðüóôáóç
áíÜìåóá óôï áíôéêåßìåíï êáé ôï óçìåßï åñùôÞìáôïò äåí îåðåñíÜ ôçí áêôßíá
ôïõ áíôßóôïé÷ïõ êýêëïõ.

×ñçóéìïðïéþíôáò ôïí êýêëï ãéá ôçí ðñïóÝããéóç ôïõ êïßëïõ ðïëõãþíïõ
ìåéþíåôáé ôï õðïëïãéóôéêü êüóôïò áëëÜ ðñïêýðôïõí ëáíèáóìÝíá áðïôåëÝ-
óìáôá åðåéäÞ Ýíá áíôéêåßìåíï ðïõ åîåôÜæåôáé ìðïñåß íá åßíáé ìÝóá óôïí êýêëï
áëëÜ äåí åßíáé áðáñáßôçôá ìÝóá óôï êïßëï ðïëýãùíï. Óõíåðþò ðñïôåßíåôáé Ýíáò
Üëëïò ôýðïò áóöáëïýò ðåñéï÷Þò ôï ôåôáñôïêýêëéï óýíïñï.

Ôåôáñôïêýêëéï ðáñáëëçëüãñáììï óýíïñï: Ï ÷þñïò ìå êÝíôñï ôï óçìåßï
åñùôÞìáôïò ÷ùñßæåôáé óå ôÝóóåñá ôåôáñôçìüñéá. Ãéá êÜèå ôåôáñôçìüñéï ó÷ç-
ìáôßæåôáé Ýíá ðáñáëëçëüãñáììï ðïõ êáëýðôåé óôåíÜ ôïí êåíü ÷þñï ãéá üëåò
ôéò êëåéóôÝò ãùíßåò óôï ôåôáñôçìüñéï. Ìå ôï ôåôáñôïêýêëéï ðáñáëëçëüãñáììï
óýíïñï åðé÷åéñåßôáé íá åëá÷éóôïðïéçèåß ç äéáöïñÜ áíÜìåóá óôçí ðåñéï÷Þ ðïõ
êáëýðôåé êáé åêåßíç ôïõ ðïëõãþíïõ. ¸ôóé ôï ôåôáñôïêýêëéï ðáñáëëçëüãñáììï
ïñéïèåôåß ôïí êåíü ÷þñï ðéï óôåíÜ áðü ôïí êýêëï.

Ôï ðïëýãùíï ãéá êÜèå NS åñþôçìá áíáðáñéóôÜôáé áðü ôÝóóåñá ðáñáëëçëü-
ãñáììá ìå áðïôÝëåóìá íá ÷ñçóéìïðïéåßôáé ðåñéóóüôåñç ìíÞìç êáé íá áõîÜíåôáé
ôï ðëÞèïò ôùí äåéêôþí. Ðáñüëá áõôÜ ìåéþíïíôáé óçìáíôéêÜ ïé ìç áðáñáßôçôåò
åðáíåêôéìÞóåéò åîáéôßáò ôçò õøçëüôåñçò áêñßâåéáò óôçí áíáðáñÜóôáóç, ãåãï-
íüò ðïõ áéôéïëïãåß êáé ôçí ðñïóÝããéóç.

ÁóöáëÞò Ðåñéï÷Þ Áíïé÷ôïý Ãùíéáêïý Åýñïõò

Óôéò áíïé÷ôÝò ãùíßåò åíüò NS åñùôÞìáôïò åíäéáöÝñåé åÜí Ýíá íÝï áíôéêåßìåíï
åéóÜãåôáé óôçí áíïé÷ôÞ ãùíßá êáé ãßíåôáé íÝï ìÝëïò óôï NS áðïôÝëåóìá. Ãéá
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íá áõîçèåß ç áðüäïóç ôùí åñùôçìÜôùí áíáæÞôçóçò ïñßæïíôáé áóöáëåßò ðåñéï-
÷Ýò áíïé÷ôïý ãùíéáêïý åýñïõò. Ìéá áíïé÷ôÞ ãùíßá êáëýðôåé Ýíáí êåíü ÷þñï.
ÂáóéóìÝíïé óôçí õðüèåóç üôé ç ðåñéï÷Þ áíáæÞôçóçò åßíáé ïñéïèåôçìÝíç, ç êåíÞ
ðåñéï÷Þ åßíáé Ýíá ôñßãùíï (Þ ðïëëáðëÜ ôñßãùíá, åÜí ç áíïé÷ôÞ ãùíßá áããßæåé
ðåñéóóüôåñåò áðü ìéá ðëåõñÝò ôçò ðåñéï÷Þò áíáæÞôçóçò), ôï ïðïßï ó÷çìáôß-
æåôáé áðü ôéò äýï áêôßíåò ôçò áíïé÷ôÞò ãùíßáò êáé ôçí ðëåõñÜ ôçò ðåñéï÷Þò
áíáæÞôçóçò. Åöüóïí êáíÝíá áíôéêåßìåíï äåí âñßóêåôáé ìÝóá óôï ôñßãùíï, èá
áíáöÝñåôáé óáí êïßëï ôñßãùíï.

ÅÜí ÷ñçóéìïðïéÞóïõìå Ýíá áðëü ïñèïãþíéï ðáñáëëçëüãñáììï ãéá íá ïñß-
óïõìå ôï ôñßãùíï, ç áóöáëÞ ðåñéï÷Þ ôïõëÜ÷éóôïí äéðëáóéÜæåé ôïí ÷þñï ðïõ
êáëýðôåôáé áðü ôï êïßëï ôñßãùíï. ¸ôóé Ýíá áíôéêåßìåíï ðïõ áëëçëåðéäñÜ ìå
ôçí áóöáëÞ ðåñéï÷Þ ìðïñåß ìå ìåãÜëç ðéèáíüôçôá íá ìçí ðÝöôåé ìÝóá óôï
ôñßãùíï ìå óõíÝðåéá íá ðñïêýðôïõí ëáíèáóìÝíá áðïôåëÝóìáôá.

ÐñïêåéìÝíïõ íá ìåéùèïýí ôá ëáíèáóìÝíá áðïôåëÝóìáôá ðñïôåßíåôáé Ýíáò
áðëüò êáé áðïäïôéêüò ôñüðïò ïñéóìïý ôïõ ôñéãþíïõ ìå ðáñáëëçëüãñáììá. Ôï
ôñßãùíï êüâåôáé êÜèåôá êáé êÜèå ôìÞìá ôïõ ïñßæåôáé ìå Ýíá ïñèïãþíéï ðá-
ñáëëçëüãñáììï. ¼óï ðåñéóóüôåñá ðáñáëëçëüãñáììá ÷ñçóéìïðïéçèïýí ôüóï
ðåñéóóüôåñï ðñïóåããßæåôáé ôï ó÷Þìá ôïõ ôñéãþíïõ êáé ôüóï ðåñéóóüôåñï áõ-
îÜíåôáé áíáëïãéêÜ ôï êüóôïò áíáðáñÜóôáóçò. Ãéá íá åîéóïññïðçèåß ç áêñßâåéá
ôçò áóöáëïýò ðåñéï÷Þò ìå ôï êüóôïò áðïèÞêåõóçò, ïñßæåôáé Ýíá êáôþöëé.

2.5.4 ÅðáíåîÝôáóç NS åñùôÞìáôïò Ëüãù ÁëëáãÞò ÈÝóçò ôïõ
ÁíôéêåéìÝíïõ

¼ôáí Ýíá êéíïýìåíï áíôéêåßìåíï áëëÜæåé ôç èÝóç ôïõ, ôï NS åñþôçìá ðñÝðåé
íá åðáíáôåèåß þóôå íá áíôéêáôïðôñßæåé ôá íÝá áðïôåëÝóìáôá. ÊÜèå ôåñìáôéêü
ðïõ èÝôåé Ýíá åñþôçìá Ý÷åé ôç äõíáôüôçôá íá åíóùìáôþíåé ôá áíáèåùñçìÝíá
áðïôåëÝóìáôá óôï áñ÷éêü óýíïëï áðïôåëåóìÜôùí. ¸ôóé õéïèåôåßôáé ç ðñïóÝã-
ãéóç ôçò ìåñéêÞò áíáèåþñçóçò ôïõ åñùôÞìáôïò, ãéá íá åêôéìçèïýí ìüíï ôá
áíåðßêáéñá ìÝñç ôïõ áðïôåëÝóìáôïò êáé íá ðáñáäïèïýí ïé áëëáãÝò ôïõ áðï-
ôåëÝóìáôïò ìüíï ãéá áõôÜ ôá ìÝñç. ÊáôÜ óõíÝðåéá ìåéþíåôáé ôï õðïëïãéóôéêü
êüóôïò êáé ç êáôáíÜëùóç ôïõ bandwidth - ãéá ôçí ðáñÜäïóç ôùí áðïôåëåóìÜ-
ôùí - óå óýãêñéóç ìå ôïí åðáíáðñïóäéïñéóìü ôïõ åñùôÞìáôïò áðü ôçí áñ÷Þ.

ÌåñéêÞ Áíáèåþñçóç ÅñùôÞìáôïò

Óôéò ðåñéóóüôåñåò ðåñéðôþóåéò ç áíáíÝùóç ôçò èÝóçò åíüò áíôéêåéìÝíïõ áíá-
èåùñåß ìüíï Ýíá ìÝñïò ôïõ NS áðïôåëÝóìáôïò. ¸ôóé ç áíáèåþñçóç ôùí áíåðß-
êáéñùí áðïôåëåóìÜôùí èá Þôáí áðïäïôéêÞ åíþ ôá áíåðçñÝáóôá ìÝñç ôïõ áðï-
ôåëÝóìáôïò ìðïñïýí íá äéáôçñçèïýí.

Áíáèåþñçóç ôïõ áðïôåëÝóìáôïò ðñïêýðôåé üôáí Ýíá íÝï áíôéêåßìåíï ìðáß-
íåé óôçí áóöáëÞ ðåñéï÷Þ Þ Ýíá Üëëï âãáßíåé áðü áõôÞ. ×ùñßò ðáñáâßáóç ôçò
ãåíéêüôçôáò áíôéìåôùðßæïõìå ôçí êßíçóç åíüò áíôéêåéìÝíïõ åíôüò ôçò áóöá-
ëïýò ðåñéï÷Þò óáí ôç äéáãñáöÞ êáé áêïëïýèùò ôçí åßóïäï ôïõ áíôéêåéìÝíïõ.
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¼ôáí äéáãñÜöåôáé Ýíá áíôéêåßìåíï ï üëá ôá NS åñùôÞìáôá ðïõ ðåñéÝ÷ïõí ôï
ï óôá áðïôåëÝóìáôÜ ôïõò ãßíïíôáé áíåðßêáéñá. ÊÜèå NS áðïôÝëåóìá ðåñéÝ÷åé
äõÜäåò ôçò ìïñöÞò (o; [á; b]) ∈ NS(q). Ìå ôç äéáãñáöÞ ôïõ ï ç äõÜäá áõôÞ
ðñÝðåé íá áíáèåùñçèåß ìå ôá êáéíïýñãéá o′ NS áíôéêåßìåíá ðïõ âñßóêïíôáé óôç
ãùíßá [á, b]. ÅÜí äåí õðÜñ÷åé êáíÝíá NS áíôéêåßìåíï óôç ãùíßá áõôÞ, ôüôå ç
äõÜäá ãñÜöåôáé (⊥; [á; b]). Ðáñáôçñïýìå üôé ç Ýíùóç ôùí ãùíéþí áðü üëåò ôéò
äéáãñáöåßóåò äõÜäåò éóïýôáé ìå ôéò ãùíßåò üëùí ôùí åéóá÷èÝíôùí äõÜäùí.

¼ðùò ç äéáãñáöÞ áíôéêåéìÝíïõ Ýôóé êáé ç åéóáãùãÞ åíüò íÝïõ áíôéêåéìÝíïõ
êáèéóôÜ áíåðßêáéñï ìÝñïò ôïõ NS áðïôåëÝóìáôïò. Óå áõôÞ ôçí ðåñßðôùóç åðá-
íåîåôÜæåôáé ìüíï åÜí ôï áíôéêåßìåíï ðïõ åéóÜãåôáé åßíáé ðéï êïíôÜ óôï óçìåßï
åñùôÞìáôïò áðü ïðïéïäÞðïôå Üëëï NS áíôéêåßìåíï.

ÐáñÜäïóç ÁíáèåùñçìÝíùí ÁðïôåëåóìÜôùí óôï Ôåñìáôéêü

ÅðåéäÞ ç áëëáãÞ ôçò èÝóçò åíüò áíôéêåéìÝíïõ áíôéìåôùðßæåôáé óáí äéáãñáöÞ ôïõ
áíôéêåéìÝíïõ êáé åéóáãùãÞ ôïõ óå ìéá íÝá èÝóç, èá äçìéïõñãïýíôáí ëáíèáóìÝíç
åéêüíá åÜí ôá áðïôåëÝóìáôá ðáñáäßäïíôáí ðñéí ôçí åéóáãùãÞ ôïõ áíôéêåéìÝíïõ
óôç íÝá èÝóç. Ãéá íá áíôéìåôùðéóôåß áõôü ôï ðñüâëçìá ïé óýíèåôåò äéáãñáöÝò
- åéóáãùãÝò èá ðñÝðåé íá ðáñáäßäïíôáé åíéáßá. Óôçí ðåñßðôùóç áíåîÜñôçôùí
áëëáãþí èÝóçò ïé áëëáãÝò áðïôåëÝóìáôïò óõóóùñåýïíôáé ðñéí ðáñáäïèïýí.
Áõôü óõìâáßíåé äéüôé äýï äõÜäåò ðïõ Ý÷ïõí ßäéï áíôéêåßìåíï êáé ãùíßá áëëÜ
ç ìéá áöïñÜ äéáãñáöÞ êáé ç Üëëç åéóáãùãÞ, áëëçëïáíáéñïýíôáé êáé óõíåðþò
ìðïñïýí íá ðáñáëçöèïýí.

2.5.5 ÅðáíåîÝôáóç NS ÅñùôÞìáôïò Ëüãù ÁëëáãÞò ÈÝóçò ôïõ
Óçìåßïõ ÅñùôÞìáôïò

ÊÜèå öïñÜ ðïõ Ýíá óçìåßï åñùôÞìáôïò ìåôáêéíåßôáé óå ìéá íÝá èÝóç ðõñïäïôåß
ôçí áíáíÝùóç ôïõ NS áðïôåëÝóìáôïò óôÝëíïíôáò ôï id ôïõ êáé ôç íÝá ôïõ
èÝóç óôï åîõðçñåôçôÞ ôùí åñùôçìÜôùí. Åîáéôßáò ôçò ÷ùñéêÞò èÝóçò ôá áðï-
ôåëÝóìáôá ôùí NS åñùôçìÜôùí, ðïõ ëáìâÜíïõí ÷þñá êïíôÜ ôï Ýíá óôï Üëëï,
èá ðåñéÝ÷ïõí ðáñüìïéá óýíïëá áíôéêåéìÝíùí. Ç ïìïéüôçôá ôùí óõíüëùí áðï-
ôåëåóìÜôùí åîáñôÜôáé áðü ôçí áðüóôáóç áíÜìåóá óôá óçìåßá åñùôÞìáôïò êáé
ôçí êáôáíïìÞ ôùí NS áíôéêåéìÝíùí ãýñù áðü áõôÜ.

Ôï êõñôü ðïëýãùíï ðáñÝ÷åé ÷ñÞóéìç ðëçñïöïñßá þóôå íá ëçöèåß ç áðü-
öáóç ôçò åðåîåñãáóßáò ôïõ åñùôÞìáôïò. Ôï êõñôü ðïëýãùíï åßíáé Ýíáò êåíüò
÷þñïò ðïõ ïñéïèåôåßôáé áðü üëá ôá ôñÝ÷ïíôá NS áíôéêåßìåíá. Áí ôï óçìåßï
åñùôÞìáôïò ðáñáìÝíåé ìÝóá óôïí êåíü ÷þñï åßíáé ðïëý ðéèáíüí íá äéáôçñåß
ìåñéêÜ, áí ü÷é üëá, áðü ôá õðÜñ÷ïíôá NS áíôéêåßìåíá óôï íÝï óýíïëï áðï-
ôåëåóìÜôùí, ðáñüëï ðïõ ïé ãùíßåò ãéá üëá ôá NS áíôéêåßìåíá Ý÷ïõí áëëÜîåé.
Áðü ôçí Üëëç ãéá Ýíá óçìåßï Ýîù áðü ôïí NS ÷þñï äåí ìðïñåß íá äéáâåâáéùèåß
ðüóá NS áíôéêåßìåíá èá åðáíá÷ñçóéìïðïéÞóåé êáé Ýôóé ðñÝðåé íá åîåôáóôåß áðü
ôçí áñ÷Þ. Ãéá ëüãïõò áðëïðïßçóçò áöáéñåßôáé ôï ðáëéü åñþôçìá êáé åéóÜãåôáé
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Ýíá Üëëï óå ìéá íÝá èÝóç. ÌåôÜ ôçí åðáíåîÝôáóç ôá ðñïçãïýìåíá áðïôåëÝ-
óìáôá ðïõ Þôáí áðïèçêåõìÝíá óôï ôåñìáôéêü áíôéêáèßóôáíôáé ðëÞñùò áðü ôá
íÝá áðïôåëÝóìáôá.

Ôï ìïíôÝëï ãéá ôçí áíáíÝùóç ôïõ NS áðïôåëÝóìáôïò, üóï ôï óçìåßï åñù-
ôÞìáôïò ðáñáìÝíåé ìÝóá óôïí êåíü ÷þñï, äïõëåýåé ùò åîÞò:

1. ÅêôÝëåóç áíáæÞôçóçò âáóéóìÝíç óôéò áíôéêñéóôÝò ðëåõñÝò ôùí õðáñ÷üíôùí
NS áíôéêåéìÝíùí.

2. ÁíáæÞôçóç ôùí äåéêôþí ôùí áíôéêåéìÝíùí ãéá ôçí åýñåóç åðéðëÝïí áíôéêåé-
ìÝíùí åÜí õðÜñ÷ïõí.

3. ÐáñÜäïóç ôùí åðéðëÝïí áíôéêåéìÝíùí óôá ôåñìáôéêÜ ðïõ èÝôïõí ôá åñùôÞ-
ìáôá.

4. ÁíáíÝùóç ôïõ áðïôåëÝóìáôïò ðïõ äéáôçñåßôáé óôï ôåñìáôéêü êáé óôç âÜóç
äåäïìÝíùí ôùí åñùôçìÜôùí óôïí åîõðçñåôçôÞ.

2.6 ÅñùôÞìáôá Ïñáôïý Áíôßóôñïöïõ Êïíôéíüôåñïõ Ãåßôïíá

Ôá åñùôÞìáôá áíôßóôñïöïõ êïíôéíüôåñïõ ãåßôïíá (Reverse Nearest Neighbor)
Ý÷ïõí åõñåßá åöáñìïãÞ óå óõóôÞìáôá üðùò ç õðïóôÞñéîç áðïöÜóåùí, ôï ìÜñ-
êåôéíãê ìå âÜóç ôï ðñïößë, ç êáôáíïìÞ ðüñùí êáé ç åîüñõîç äåäïìÝíùí. ¸íáò
áëãüñéèìïò ðïõ åðåîåñãÜæåôáé åñùôÞìáôá ïñáôïý áíôßóôñïöïõ êïíôéíüôåñïõ
ãåßôïíá (Visible Reverse k Nearest Neighbor - VRkNN) ðáñïõóéÜæåôáé óôï
Üñèñï [5]. ÄïèÝíôïò åíüò óõíüëïõ äåäïìÝíùí P êáé åíüò óçìåßïõ åñùôÞìáôïò
q, Ýíá åñþôçìá VRNN áíáêôÜ ôá óçìåßá ôïõ P ôá ïðïßá Ý÷ïõí ôï q ùò ôïí êï-
íôéíüôåñï ïñáôü ãåßôïíá. Ìéá öõóéêÞ ãåíßêåõóç åßíáé ôá åñùôÞìáôá VRkNN,
ðïõ âñßóêïõí üëá ôá óçìåßá p ðïõ áíÞêïõí óôï P ôá ïðïßá Ý÷ïõí ôï q ùò Ýíáí
áðü ôïõò k êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò.

Óôçí åéêüíá 2.8a âëÝðïõìå Ýíá ðáñÜäåéãìá ìå ôÝóóåñá óçìåßá äåäïìÝíùí,
ôá p1; p2; p3; p4. ÊáèÝíá áðü áõôÜ ôá óçìåßá ðåñéâÜëëåôáé áðü Ýíá êýêëï ìå
êÝíôñï ôï ßäéï ôï óçìåßï êáé áêôßíá ôçí áðüóôáóç ôïõ óçìåßïõ áõôïý áðü
ôïí êïíôéíüôåñï ãåßôïíá ôïõ. Ìå Üëëá ëüãéá ï êýêëïò ôïõ pi ðåñéêëåßåé ôïõò
êïíôéíüôåñïõò ãåßôïíåò ôïõ pi. Áí ôï óçìåßï åñùôÞìáôïò åßíáé ôï q ôüôå ôï
óýíïëï ôùí áðïôåëåóìÜôùí åßíáé RNN(q) = p4, äéüôé ôï q âñßóêåôáé ìüíï
ìÝóá óôïí êýêëï ôïõ p4. Óôçí åéêüíá 2.8b üðïõ õðÜñ÷ïõí åìðüäéá ôï óýíïëï
ôùí áðïôåëåóìÜôùí åßíáé äéáöïñåôéêü áðü áõôü ôïõ åñùôÞìáôïò RNN êáé åßíáé
V RNN(q) = p1.

¼ëïé ïé áëãüñéèìïé RNN/ RkNN ðïõ Ý÷ïõí ðñïôáèåß ìðïñïýí íá äéáêñé-
èïýí óå ôñåéò âáóéêÝò êáôçãïñßåò: (i) óå áõôïýò ðïõ âáóßæïíôáé óôçí ðñïåðå-
îåñãáóßá (ii) ôïõò äõíáìéêïýò áëãïñßèìïõò êáé (iii) óå áëãïñßèìïõò ãéá ôçí
åðåîåñãáóßá ôùí äéáöüñùí ôýðùí RNN/ RkNN åñùôçìÜôùí. Ôï êáéíïôüìï
ðïõ ðñïôåßíåôáé óôï Üñèñï [5] óå ó÷Ýóç ìå ôïõò õðüëïéðïõò áëãïñßèìïõò åß-
íáé üôé ëáìâÜíïíôáé õðüøç ôá öõóéêÜ åìðüäéá ðïõ õðÜñ÷ïõí óôïí ðñáãìáôéêü
êüóìï êáé ìðïñåß íá åðçñåÜæïõí ôçí ïñáôüôçôá/áðüóôáóç áíÜìåóá óå äýï
áíôéêåßìåíá. Ï áëãüñéèìïò óôï Üñèñï áõôü äïìåß ôá óýíïëá äåäïìÝíùí êáé
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Åéêüíá 2.8. ÐáñÜäåéãìá åñùôçìÜôùí RNN êáé VRNN.

åìðïäßùí óå R-trees åõñåôÞñéá. Ç ìÝèïäïò ôïõò äåí áðáéôåß ðñïåðåîåñãáóßá,
åêìåôáëëåýåôáé ôéò éäéüôçôåò ôïõ åðéðÝäïõ êáé êÜíåé Ýëåã÷ï ïñáôüôçôáò ðñïêåé-
ìÝíïõ íá êëáäÝøåé ôï ÷þñï áíáæÞôçóçò. Åðßóçò áêïëïõèåßôáé ç äéáäéêáóßá ôïõ
öéëôñáñßóìáôïò êáé ôçò åêëÝðôõíóçò. Ç ìÝèïäïò áõôÞ åããõÜôáé ôçí ïñèüôçôá
ôïõ áðïôåëÝóìáôïò êáèþò ïé åíáðïìåßíáíôåò êüìâïé êáé óçìåßá åðáíåîåôÜæï-
íôáé ðñïêåéìÝíïõ íá åîáëåéöèïýí ôá óöÜëìáôá.
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Óôï ðáñüí êåöÜëáéï óõãêñßíïíôáé üëåò ïé ðñáêôéêÝò ðïõ ìåëåôÞèçêáí äéåîï-
äéêÜ óôï êåöÜëáéï ôçò Åðéóêüðçóçò ôùí Óýã÷ñïíùí Ðñáêôéêþí ìå óôü÷ï ìå
ãßíïõí ðåñéóóüôåñï åõäéÜêñéôåò ïé ïìïéüôçôåò êáé ïé äéáöïñÝò áõôþí ôùí ðñá-
êôéêþí. ÌÝóá áðü áõôÞ ôç äéáäéêáóßá èá åðéëåãïýí äýï ðñáêôéêÝò þóôå íá åðå-
êôáèïýí êáé ôåëéêÜ íá åîïìïéùèïýí. Óôç óõíÝ÷åéá ôïõ êåöáëáßïõ óõãêñßíïíôáé
áíáëõôéêÜ ïé áëãüñéèìïé ôùí åñùôçìÜôùí ðïõ åðéëÝ÷èçêáí íá åðåêôáèïýí êáé
Ýôóé ãßíïíôáé ðéï óáöåßò ïé ôñïðïðïéÞóåéò ðïõ áðáéôïýíôáé óå êÜèå áëãüñéèìï.

3.1 ÓõãêñéôéêÞ Ðáñïõóßáóç ôùí Ðñáêôéêþí LOS

Óôïí ðßíáêá 3.1 âëÝðïõìå óõãêñéôéêÜ êÜèå ìéá áðü ôéò ìåèüäïõò ðïõ ìåëåôÞ-
èçêáí óôï ðñïçãïýìåíï êåöÜëáéï áíÜëïãá ìå ôá åñùôÞìáôá ðïõ åîåôÜæïõí.

Ðßíáêáò 3.1. Óýãêñéóç ôå÷íéêþí ùò ðñïò êÜðïéá âáóéêÜ óôïé÷åßá ôïõ ðñáãìáôéêïý
÷þñïõ.

ÏðôéêÜ åìðüäéá -
Ïñáôüôçôá

Áíôéêåßìåíá
óå êßíçóç

Ãùíßá ÅðéëïãÞ ðëÞèïõò
êïíôéíüôåñùí
ãåéôüíùí

VkNN [1], [6] X X
CVNN [2] ×
NS [3] × ×
Round-Eye [4] × × ×
RVkNN [5] × ×
AVkNN [6] × ×

Óôïí Ðßíáêá 3.1 âëÝðïõìå üôé üëåò ïé ðñáêôéêÝò ðïõ ìåëåôÞèçêáí ëáìâÜ-
íïõí õðüøç ôá ïðôéêÜ åìðüäéá ðïõ ðåñéïñßæïõí ôçí ïñáôüôçôá ôùí áíôéêåéìÝ-
íùí.
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Ç ôå÷íéêÞ CVNN [2] äåí åöáñìüæåôáé áêñéâþò ãéá ôá áíôéêåßìåíá óå êß-
íçóç, áëëÜ ìðïñåß äõíçôéêÜ íá åöáñìïóôåß óå áíôéêåßìåíá ðïõ êéíïýíôáé èåùñþ-
íôáò üôé áõôÜ Ý÷ïõí ìéá ðñïêáèïñéóìÝíç ôñï÷éÜ. Åöüóïí ôá åñùôÞìáôá CVNN
äåí áöïñïýí Ýíá óçìåßï åñùôÞìáôïò áëëÜ ìéá ãñáììÞ åñùôÞìáôïò. Ç ôå÷íéêÞ
Round-Eye [4] åöáñìüæåôáé óå áíôéêåßìåíá ðïõ âñßóêïíôáé óå êßíçóç êáé äåí
ðáßñíåé óáí äåäïìÝíï üôé áõôÜ ôá áíôéêåßìåíá Ý÷ïõí ðñïêáèïñéóìÝíåò ôñï÷éÝò.
Ç êáôåýèõíóç - ãùíßá ôùí áíôéêåéìÝíùí åßíáé èÝìá ðïõ åîåôÜæïõí ôá NS [3]
åñùôÞìáôá. Áêüìç åðåéäÞ ç ôå÷íéêÞ Round - Eye âñßóêåé ôá NS êéíïýìåíá
áíôéêåßìåíá, ëáìâÜíåé êáé áõôÞ õðüøç ôçí êáôåýèõíóç ôùí áíôéêåéìÝíùí. Ç
ôå÷íéêÞ VkNN [1], [6] êáé ç áíôßóôñïöÞ ôçò RVkNN [5] äßíïõí ôç äõíáôüôçôá
óôïí ÷ñÞóôç íá åðéëÝîåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ãåéôüíùí ðïõ åðéèõìåß íá
áíáæçôÞóåé. Áõôü äçëþíåôáé ìå ôï óôïé÷åßï k. Áí ôï k ðïõ èá äþóåé ï ÷ñÞóôçò
åßíáé ðïëý ìåãÜëï ôüôå ï áëãüñéèìïò ìðïñåß íá åðéóôñÝøåé üëïõò ôïõò êïíôé-
íüôåñïõò ãåßôïíåò. Ôï AVkNN [6] åñþôçìá ôï ïðïßï áðïôåëåß ãåíßêåõóç ôïõ
VkNN åñùôÞìáôïò ëáìâÜíåé õðüøç ôïõ üôé êáé ôï VkNN, äéüôé ç ãåíßêåõóç
Ýãêåéôáé óôï üôé ÷ñçóéìïðïéïýíôáé ðïëëáðëÜ óçìåßá åñùôÞìáôïò êáé ü÷é ìüíï
Ýíá üðùò óôï VkNN åñþôçìá.

Ðßíáêáò 3.2. Óýãêñéóç ôå÷íéêþí ùò ðñïò ôçí áðïäïôéêüôçôá.

Ìåßùóç
÷ñüíïõ

áðüêñéóçò

Ìåßùóç
õðïëïãéóôéêïý

êüóôïõò

Ìåßùóç
êüóôïõò
ìíÞìçò

Ïñèüôçôá
áðïôåëÝóìáôïò

VkNN [1], [6] X × ×
CVNN [2] × × × ×
NS [3] × × ×
Round-Eye [4] × × ×
RVkNN [5] × × × ×
AVkNN [6] × × ×

¼ðùò öáßíåôáé áðü ôïí Ðßíáêá 3.2 üëåò ïé ôå÷íéêÝò Ý÷ïõí äéÜöïñåò åõñå-
ôéêÝò ìåèüäïõò ìå ôéò ïðïßåò åðé÷åéñïýí íá ìåéþóïõí ôïí ÷ñüíï áðüêñéóçò, ôï
õðïëïãéóôéêü êüóôïò êáé ôï êüóôïò êáôáíÜëùóçò óå ìíÞìç, áëëÜ ìüíï ïé ôå-
÷íéêÝò CVNN [2] êáé RVkNN [5] åããõþíôáé ôçí ïñèüôçôá ôïõ áðïôåëÝóìáôïò.
Äéüôé ï áëãüñéèìïò CVNN [2] åîåôÜæåé ìüíï ôá áíôéêåßìåíá ðïõ åßíáé éêáíÜ íá
óõììåôÜó÷ïõí óôï óýíïëï ôùí áðáíôÞóåùí êáé áãíïåß üëá ôá õðüëïéðá êáé ï
áëãüñéèìïò RVkNN [5] åöáñìüæåé ôå÷íéêÝò ðïõ åîáëåßöïõí ôá óöÜëìáôá.

3.2 ÅðéëïãÞ Ðñáêôéêþí ðñïò ÅðÝêôáóç

Áðü ôéò ôå÷íéêÝò ðïõ ìåëåôÞèçêáí ç [1] êáé ç íÝá Ýêäïóç ôçò [6] ðïõ åîåôÜ-
æïõí ôá VkNN åñùôÞìáôá, ó÷åôßæåôáé ðåñéóóüôåñï ìå ôçí [3] êáèþò áöïñïýí



32 3 ÁíÜëõóç ÁðáéôÞóåùí

êáé óå èÝóåéò åñùôçìÜôùí ðïõ åßíáé óôáèåñÝò êáé óçìåéáêÝò. Ç [2] ó÷åôßæå-
ôáé ðåñéóóüôåñï ìå ôçí [4]. Óôçí [4] ç èÝóç åñùôÞìáôïò åßíáé óçìåéáêÞ áëëÜ
ôüóï ôï óçìåßï åñùôÞìáôïò üóï êáé ôá áíôéêåßìåíá ðñïò áíáæÞôçóç âñßóêï-
íôáé óå êßíçóç. ÄçëáäÞ ôï óçìåßï åñùôÞìáôïò äéáãñÜöåé ìéá ìç êáèïñéóìÝíç
ôñï÷éÜ. Óôçí ôå÷íéêÞ [2] ç èÝóç åñùôÞìáôïò äåí åßíáé óçìåéáêÞ áëëÜ áöïñÜ
Ýíá åõèýãñáììï ôìÞìá óå êÜèå óçìåßï ôïõ ïðïßïõ áíáæçôïýìå êïíôéíüôåñïõò
ãåßôïíåò. ÅíáëëáêôéêÜ óôçí ôå÷íéêÞ [2] ç èÝóç åñùôÞìáôïò èá ìðïñïýóå íá
èåùñçèåß óçìåéáêÞ êáé åðéðëÝïí üôé ôï óçìåßï åñùôÞìáôïò êéíåßôáé óôçí ôñï-
÷éÜ åíüò åõèýãñáììïõ ôìÞìáôïò óå êÜèå óçìåßï ôçò ïðïßáò áíáæçôïýìå ôïõò
êïíôéíüôåñïõò ãåßôïíåò. Ç ôå÷íéêÞ [5], üðùò öáßíåôáé êáé áðü ôï üíïìá ôçò,
åßíáé ç áíôßóôñïöç ôùí VkNN åñùôçìÜôùí [1], [6]. ÄçëáäÞ áíáæçôïýìå ü÷é ôá
áíôéêåßìåíá áëëÜ ôï óçìåßï ôïõ ÷þñïõ óôï ïðïßï ôá áíôéêåßìåíá áõôÜ åßíáé
ïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò. Ç èÝóç åñùôÞìáôïò, ãéá áõôÞ ôçí ðñáêôéêÞ,
åßíáé óçìåéáêÞ êáé óôáèåñÞ, üðùò êáé óôçí åõèåßá ðñáêôéêÞ [1], [6]. ¼ðùò
ðñïáíáöÝñèçêå ôï AVkNN åñþôçìá áöïñÜ ðïëëáðëÜ óôáèåñÜ óçìåßá åñùôÞ-
ìáôïò, óõíåðþò ùò ðñïò ôç èÝóç åñùôÞìáôïò äåí ìïéÜæåé ìå êáíÝíá Üëëï áðü
ôá åñùôÞìáôá ðïõ åîåôÜóôçêáí.

Ó÷çìáôßæåôáé ï ðßíáêáò 3.3 óýãêñéóçò ôùí ôå÷íéêþí ôùí åñùôçìÜôùí ïðôé-
êïý ðåäßïõ, üðïõ óõãêñßíïíôáé ìå âÜóç ôéò éäéüôçôåò ôçò èÝóçò åñùôÞìáôïò.

Ðßíáêáò 3.3. Óýãêñéóç ôå÷íéêþí ùò ðñïò ôç èÝóç åñùôÞìáôïò.

¸íá
óçìåßï

åñùôÞìáôïò

ÐïëëáðëÜ
óçìåßá

åñùôÞìáôïò

ÃñáììÞ
åñùôÞìáôïò

ÓôáèåñÞ
èÝóç

Êéíïýìåíç
èÝóç

VkNN [1], [6] X X
CVNN [2] × ×
NS [3] × X
Round-Eye [4] × X
RVkNN [5] × ×
AVkNN [6] × X

Áðü ôïõò ðßíáêåò 3.1 êáé 3.3 âëÝðïõìå üôé ïé ôå÷íéêÝò [1], [6] êáé [3] åßíáé
üìïéåò ùò ðñïò ôç èÝóç åñùôÞìáôïò êáé äéáöÝñïõí ùò ðñïò êÜðïéá ÷áñáêôç-
ñéóôéêÜ ôïõ ðßíáêá 3.1. ÓõãêåêñéìÝíá ç ôå÷íéêÞ ôùí VkNN åñùôçìÜôùí äßíåé
óôïí ÷ñÞóôç ôç äõíáôüôçôá íá åðéëÝîåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ãåéôüíùí
ðñïò áíáæÞôçóç êáé ç ôå÷íéêÞ ôùí NS åñùôçìÜôùí åðéóôñÝöåé ôçí áíôßóôïé÷ç
ãùíßá ôùí êïíôéíüôåñùí ãåéôüíùí. ÅðéëÝãïíôáé ëïéðüí ïé äýï ðñáêôéêÝò ãéá
íá åîïìïéùèïýí ìå ôçí åðÝêôáóç ôùí áëãïñßèìùí ôïõò Ýôóé þóôå ç ôå÷íéêÞ
[6] (íÝá Ýêäïóç ôçò [1]) íá åðéóôñÝöåé åðéðëÝïí ôçí áíôßóôïé÷ç ãùíßá ôùí êï-
íôéíüôåñùí ãåéôüíùí ðïõ áíáêôÜ êáé ç ôå÷íéêÞ [3] íá äßíåé ôçí åðéëïãÞ óôïí
÷ñÞóôç íá êáèïñßæåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ãåéôüíùí. Ïé íÝåò ðñáêôé-
êÝò èá áðáíôïýí óôá åñùôÞìáôá ôùí k ïñáôþí êïíôéíüôåñùí ãåéôüíùí ìå ôéò
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áíôßóôïé÷åò ãùíßåò ôïõò. Åí óõíôïìßá èá ïíïìÜæåôáé åñþôçìá VkNS (Visible
k Nearest Surrounder).

3.3 ÓõãêñéôéêÞ Åðéóêüðçóç ôùí Áëãïñßèìùí ðñïò
ÅðÝêôáóç

ÐñïêåéìÝíïõ ï êþäéêáò ðïõ èá áíáðôõ÷èåß íá åßíáé óõíåðÞò ìå áõôüí ðïõ ðå-
ñéãñÜöåôáé óôá áíôßóôïé÷á Üñèñá áíáæçôÞèçêáí ïé õëïðïéÞóåéò áðü ôïõò ßäéïõò
ôïõò óõããñáöåßò. ÅðéðëÝïí ãéá ôçí êáôáíüçóç êáé ôçí åðÝêôáóç áõôþí ôùí
ðñáêôéêþí ÷ñçóéìïðïéåßôáé ï øåõäïêþäéêáò ðïõ ðåñéãñÜöåôáé óôá áíôßóôïé÷á
Üñèñá.

ÊáôÝóôç äõíáôü íá âñåèåß ìüíï ï êþäéêáò ðïõ åðåîåñãÜæåôáé ôá NS åñù-
ôÞìáôá ôïõ Üñèñïõ [3]. Ãéá ôçí õëïðïßçóç êáé åðÝêôáóç ôùí VkNN [6] åñùôç-
ìÜôùí åðéëÝ÷ôçêå íá ÷ñçóéìïðïéçèåß ùò âÜóç ï êþäéêáò ôùí NS åñùôçìÜôùí.
ÊÜôé ôÝôïéï åßíáé äõíáôü íá ãßíåé êáèþò ôï õðïóôçñßæåé êáé ç ðñïóÝããéóç [6]
ôùí VkNN åñùôçìÜôùí ðïõ ìåëåôÞèçêå. Ï ôñüðïò ìå ôïí ïðïßï ìðïñåß íá ãßíåé
áõôü ðåñéãñÜöåôáé óôçí åðüìåíç åíüôçôá 3.3.1.

Óôï Üñèñï [6] ðåñéãñÜöïíôáé ïé áëãüñéèìïé PostPruning êáé PrePruning ïé
ïðïßïé äéáöÝñïõí óôï åÜí ôï êëÜäåìá ôùí áíôéêåéìÝíùí ìå âÜóç ôçí ïñáôüôçôá,
ãßíåôáé ðñéí Þ ìåôÜ ôçí áíÜêôçóç åíüò öýëëïõ ôïõ R-tree. Åðßóçò äéáöÝñïõí
óôç óõíÜñôçóç áðüóôáóçò ðïõ ÷ñçóéìïðïéåßôáé ãéá íá ôáîéíïìÞóåé ôéò åéóüäïõò
óôçí ïõñÜ ðñïôåñáéüôçôáò, áëëÜ ðáñÜãïõí ôá ßäéá áðïôåëÝóìáôá. Óôç óõíÝ÷åéá
ðáñïõóéÜæïíôáé ìå øåõäïêþäéêá ïé äýï áõôïß áëãüñéèìïé.

Óôïí áëãüñéèìï PostPruning ïé åßóïäïé åéóÜãïíôáé óôçí ïõñÜ ðñïôåñáéüôç-
ôáò óýìöùíá ìå ôçí åëÜ÷éóôç áðüóôáóç ôïõò áðü ôï óçìåßï åñùôÞìáôïò. Áõôü
öáßíåôáé óôéò ãñáììÝò ôïõ êþäéêá 14 - 17. Íá ðáñáôçñçèåß üôé üôáí ç åßóïäïò
ðïõ áíáêôÜôáé áðü ôçí ïõñÜ åßíáé áíôéêåßìåíï õðïëïãßæåôáé ç åëÜ÷éóôç ïñáôÞ
áðüóôáóÞ ôïõ áðü ôï óçìåßï åñùôÞìáôïò. Óôç óõíÝ÷åéá óõãêñßíåôáé áõôÞ ç
åëÜ÷éóôç ïñáôÞ áðüóôáóç ìå ôçí åëÜ÷éóôç áðüóôáóç ôçò åéóüäïõ óôçí êåöáëÞ
ôçò ïõñÜò ðñïôåñáéüôçôáò. Áí ç áðüóôáóç ôïõ êåöáëéïý ôçò ïõñÜò åßíáé ìéêñü-
ôåñç êáé ç áðüóôáóç ôïõ ðñïò åîÝôáóç áíôéêåéìÝíïõ äåí åßíáé Üðåéñç ôüôå ôï
áíôéêåßìåíï åéóÜãåôáé ðÜëé óôçí ïõñÜ (ãñáììÞ 10) ìå áðüóôáóç ôçí åëÜ÷éóôç
ïñáôÞ áðüóôáóç.

Ï áëãüñéèìïò PrePruning áðïôåëåß ìéá âåëôéóôïðïßçóç ôïõ áëãïñßèìïõ
PostPruning óå üñïõò êüóôïõò åéóüäïõ - åîüäïõ. Óå áíôßèåóç ìå ôïí Post-
Pruning ï PrePruning åöáñìüæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ôüóï óå áíôé-
êåßìåíá üóï êáé óå êüìâïõò. ÅðïìÝíùò ïé êüìâïé êëáäåýïíôáé óýìöùíá ìå
ôçí ïñáôüôçôá ôïõò ðñéí ôïõò åðéóêåöôïýìå.

¸÷ïíôáò ôç ãíþóç ôïõ ôñüðïõ åðåîåñãáóßáò ôùí åñùôçìÜôùí VkNN êáé
NS, ìðïñïýìå íá äïýìå óõãêñéôéêÜ ôéò äéáöïñÝò óôçí õëïðïßçóç ôùí äýï ðñá-
êôéêþí êáé Ýôóé íá ìðïñÝóïõìå ôåëéêÜ íá ôéò åðåêôåßíïõìå þóôå ï áëãüñéèìïò
VkNN íá êáëýðôåé åðéðëÝïí ôç ãùíßá êáé ï áëãüñéèìïò NS íá êáëýðôåé ôï k
- ðëÞèïò ôùí áíôéêåéìÝíùí.
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Áëãüñéèìïò 3.1 POSTPRUNING(Tree, q, k)

1: Create PQ with Tree.ROOT as the �rst entry
2: Create an empty set A of answers
3: while PQ is not empty and | A | is less than k do

4: E ← PQ.POPHEAD()
5: if E contains an object then
6: E.DST ← Calculate MinViDist(q, E, A)
7: if E.DST ≤ PQ.HEAD().DST then

8: Insert E.OBJ into A
9: else if E.DST is not in�nity then

10: Insert E back into PQ
11: end if

12: else if E contains a node then
13: Children ← Tree.GETCHILDNODES(E.NODE)
14: for all C in Children do

15: D ← Calculate MINDIST(q, C)
16: Create NewEntry from C and D
17: Insert NewEntry into PQ
18: end for

19: end if

20: end while

21: return A

Áëãüñéèìïò 3.2 PREPRUNING(Tree, q, k)

1: Create PQ with Tree.ROOT as the �rst entry
2: Create an empty set A of answers
3: while PQ is not empty and | A | is less than k do

4: E ← PQ.POPHEAD()
5: E.DST ← Calculate MinViDist(q, E, A)
6: if E.DST > PQ.HEAD().DST then

7: if E.DST is not in�nity then

8: insert E back into PQ
9: end if

10: else if E contains an object then
11: Énsert E.OBJ into A
12: else if E contains a node then
13: Children ← Tree.GETCHILDNODES(E.NODE)
14: for all C in Children do

15: D ← Calculate MINDIST(q, C)
16: Create NewEntry from C and D
17: Insert NewEntry into PQ
18: end for

19: end if

20: end while

21: return A
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3.3.1 Õëïðïßçóç ôïõ VkNN áðü ôï NS

Óôï Üñèñï [6] óõãêñßíåôáé ôï ðñüâëçìá ôùí VkNN åñùôçìÜôùí ìå ôïí áëãü-
ñéèìï åðßëõóçò ôùí NS åñùôçìÜôùí ôïõ Üñèñïõ [3], äçëáäÞ ïé ôå÷íéêÝò ôùí
Üñèñùí ïé ïðïßåò åðéäéþêåôáé íá åîïìïéùèïýí. Ôïíßæåôáé ëïéðüí, üôé ç êýñéá
äéáöïñÜ áíÜìåóá óôï åñþôçìá NS êáé óôï VkNN åßíáé üôé ôï NS âñßóêåé
üëá ôá ïñáôÜ áíôéêåßìåíá ãýñù áðü ôï óçìåßï åñùôÞìáôïò åíþ ï áñéèìüò ôùí
ïñáôþí áíôéêåéìÝíùí ãéá ôï VkNN åñþôçìá êáèïñßæåôáé áðü ôïí ÷ñÞóôç. Åðß-
óçò ðéï êÜôù óôï Üñèñï [6], ìåôÜ ôçí ðåñéãñáöÞ ôïõ áëãïñßèìïõ PostPruning,
ðåñéãñÜöåôáé åí óõíôïìßá ðùò ôñïðïðïéþíôáò ôïí áëãüñéèìï Ripple ôùí åñù-
ôçìÜôùí NS ðñïêýðôåé ï áëãüñéèìïò PostPruning-NS-TC (NS - Termination
Condition), äçëáäÞ ï áëãüñéèìïò PostPruning ìå ôç óõíèÞêç ôåñìáôéóìïý ôïõ
áëãïñßèìïõ NS.

Óôçí áõèåíôéêÞ åêäï÷Þ ôïõ áëãüñéèìïõ NS Ripple ôá áíôéêåßìåíá áíáêôïý-
íôáé áðü ôçí ïõñÜ ðñïôåñáéüôçôáò óýìöùíá ìå ôçí åëÜ÷éóôç áðüóôáóÞ ôïõò
áðü ôï óçìåßï åñùôÞìáôïò. Óýìöùíá ìå ôï [6] ï áëãüñéèìïò NS Ripple ìðïñåß
íá ôñïðïðïéçèåß þóôå íá áíáêôÜ óôáäéáêÜ ôïõò ïñáôïýò êïíôéíüôåñïõò ãåßôï-
íåò êáé íá óôáìáôÜ áöïý áíáêôÞóåé k êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò. ÁõôÞ ç
ôñïðïðïßçóç ãßíåôáé åöáñìüæïíôáò ôï ìÝôñï ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò
êáé åðáíåéóÜãïíôáò ôá áíôéêåßìåíá ðïõ ìðïñåß íá ìçí åßíáé ï åðüìåíïò VNN
óôçí ïõñÜ ðñïôåñáéüôçôáò. ÁõôÞ ç ôñïðïðïßçóç êáôáëÞãåé óôç äçìéïõñãßá ôïõ
áëãïñßèìïõ PostPruning-NS-TC. ÅðéðëÝïí áí áõôÞ ç ôñïðïðïßçóç ãßíåé áìÝ-
óùò ìüëéò áíáêôïýíôáé ïé åßóïäïé áðü ôçí ïõñÜ ðñïôåñáéüôçôáò êáé åðïìÝíùò
åöáñìïóôåß ü÷é ìüíï óå áíôéêåßìåíá, üðùò óôïí PostPruning, áëëÜ êáé óå
êüìâïõò, ôüôå èá ðñïêýøåé ï áëãüñéèìïò PrePruning-NS-TC.

¸÷ïíôáò ôïí êþäéêá õëïðïßçóçò ôïõ áëãïñßèìïõ NS [3] êáé ëáìâÜíïíôáò
õðüøç áõôÝò ôéò ôñïðïðïéÞóåéò èá äçìéïõñãçèïýí ïé áëãüñéèìïé PostPruning-
NS-TC êáé PrePruning-NS-TC ôïõ Üñèñïõ [6], äéáôçñþíôáò ðáñÜëëçëá ôçí
éäéüôçôá ôçò ãùíßáò ôïõ áëãïñßèìïõ NS. ¸ôóé èá Ý÷åé õëïðïéçèåß ï åðåêôáìÝíïò
áëãüñéèìïò VkNN ðïõ èá ëáìâÜíåé õðüøç ôç ãùíßá. ÁðïìÝíåé ç äçìéïõñãßá ôïõ
åðåêôáìÝíïõ áëãïñßèìïõ NS óôïí ïðïßï èá ðñïóôåèåß ç ðáñÜìåôñïò k. ÁõôÞ ç
ðñïóèÞêç ìðïñåß íá ãßíåé åßôå óôïí áëãüñéèìï NS - Ripple åßôå óôïí áëãüñéèìï
NS - Sweep.

¼ðùò óçìåéþíåôáé óôï Üñèñï [6] ï áëãüñéèìïò PostPruning-NS-TC Ý÷åé
ôçí ßäéá áðüäïóç ìå ôïí áëãüñéèìï PostPruning üôáí ôï k åßíáé ìéêñüôåñï
áðü ôïí áñéèìü ôùí êïíôéíüôåñùí ïñáôþí ãåéôüíùí. ¼ôáí ÷ñçóéìïðïéïýíôáé
ïé áëãüñéèìïé áõôïß ãéá ôçí ôáîéíüìçóç üëùí ôùí êïíôéíüôåñùí ïñáôþí ãåé-
ôüíùí óôï óýíïëï äåäïìÝíùí, ï áëãüñéèìïò PostPruning ðÜíôá åðéóêÝðôåôáé
üëïõò ôïõò êüìâïõò ôïõ R-tree åîáéôßáò ôçò áðïõóßáò óõíèÞêçò ôåñìáôéóìïý.
Ï áëãüñéèìïò PostPruning-NS-TC áðü ôçí Üëëç ðëåõñÜ ôåñìáôßæåé (i) üôáí ôï
óçìåßï åñùôÞìáôïò ðåñéâÜëëåôáé åíôåëþò áðü êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò
êáé (ii) ç åðüìåíç åßóïäïò ôçò ïõñÜò ðñïôåñáéüôçôáò åßíáé Ýîù áðü ôïí åëÜ÷éóôï
êýêëï ðïõ ðåñéêëåßåé üëïõò ôïõò ôñÝ÷ïíôåò õðïøÞöéïõò êïíôéíüôåñïõò ïñáôïýò
ãåßôïíåò. ¸ôóé üôáí ôï óçìåßï åñùôÞìáôïò ðåñéâÜëëåôáé áðü ãåßôïíåò êáé äåí
õðÜñ÷åé êáìßá êåíÞ ãùíßá ôüôå ó÷çìáôßæåôáé áõôüò ï êëåéóôüò êýêëïò êáé
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ï áëãüñéèìïò PostPruning-NS-TC áðïäßäåé êáëýôåñá áðü ôïí PostPruning.
¼ôáí õðÜñ÷åé êåíü óôïõò êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò ïé äýï ðáñáëëá-
ãÝò ôïõ ßäéïõ áëãïñßèìïõ óõìðåñéöÝñïíôáé ôï ßäéï. Êáé óôéò äýï ðåñéðôþóåéò,
åßôå ó÷çìáôßæåôáé êëåéóôüò êýêëïò, åßôå õðÜñ÷åé êåíÞ ãùíßá, ï áëãüñéèìïò
PrePruning åðéóêÝðôåôáé ìüíï ôïõò êüìâïõò ðïõ åðéêáëýðôïõí ôçí ïñáôÞ ðå-
ñéï÷Þ. ÅðïìÝíùò ï PrePruning Ý÷åé ìéêñüôåñï êüóôïò åéóüäïõ - åîüäïõ êáé
áðü ôéò äýï ðáñáëëáãÝò ôïõ áëãïñßèìïõ PostPruning.

Óõíåðþò ÷ùñßò âëÜâç óôçí áðüäïóç èá õëïðïéçèåß ï áëãüñéèìïò PostPruning-
NS-TC ï ïðïßïò èá êáëýðôåé åðéðëÝïí ôç ãùíßá áíôß íá õëïðïéçèåß áðëþò ï
áëãüñéèìïò PostPruning.
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¼ðùò áíáëýèçêå ï êþäéêáò ðïõ èá ÷ñçóéìïðïéçèåß ãéá ôçí åðÝêôáóç ôùí åñù-
ôçìÜôùí NS êáé VkNN åßíáé ï êþäéêáò ãéá ôçí åðåîåñãáóßá ôùí åñùôçìÜôùí
NS. Óôç óõíÝ÷åéá èá ðåñéãñáöåß ç áñ÷éôåêôïíéêÞ ôïõ óõóôÞìáôïò åðåîåñãáóßáò
ôùí NS åñùôçìÜôùí, þóôå íá ãßíïõí óáöÞ ôá óçìåßá ôïõ êþäéêá óôá ïðïßá
ðñÝðåé íá ãßíïõí ïé åðåìâÜóåéò - ôñïðïðïéÞóåéò, ðñïêåéìÝíïõ íá åîïìïéùèïýí
ôá åñùôÞìáôá NS êáé VkNN.

4.1 Áñ÷éôåêôïíéêÞ Åðåîåñãáóßáò NS ÅñùôçìÜôùí

¼ðùò åßäáìå ôï ðéï åõñÝùò äéáäåäïìÝíï åõñåôÞñéï ãéá ôá ÷ùñéêÜ äåäïìÝíá
åßíáé ôï R-tree. ¸ôóé êáé ãéá ôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí ôá ÷ù-
ñéêÜ äåäïìÝíá èá äïìçèïýí óå Ýíá R-tree. Ðñéí åêôåëÝóïõìå êÜðïéïí áðü ôïõò
áëãïñßèìïõò ãéá ôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí, ôïí Sweep Þ ôïí Rip-
ple, èá åêôåëÝóïõìå ôïí áëãüñéèìï - ðïõ óôïí êþäéêá ðïõ äüèçêå áðü ôïõò
óõããñáöåßò ïíïìÜæåôáé rtreetest - ï ïðïßïò èá äçìéïõñãÞóåé Ýíá áñ÷åßï ôýðïõ
åõñåôçñßïõ, ìå ôçí êáôÜëçîç .idx. Áõôü ôï áñ÷åßï óôç óõíÝ÷åéá èá ÷ñçóéìï-
ðïéçèåß óáí åßóïäïò óôïí áëãüñéèìï Sweep Þ Ripple.

Óôçí åéêüíá 4.1 âëÝðïõìå óå õøçëü åðßðåäï ôçí áñ÷éôåêôïíéêÞ ôïõ êþäéêá
äüìçóçò ôùí ÷ùñéêþí äåäïìÝíùí óå R-tree.

Ç åßóïäïò ãéá ôç äçìéïõñãßá ôïõ R-tree åßíáé âáóéêÜ ôï áñ÷åßï ôùí ÷ùñé-
êþí äåäïìÝíùí. Ðñüêåéôáé ãéá Ýíá áñ÷åßï ôýðïõ êåéìÝíïõ üðïõ ôá áíôéêåßìåíá
ðïõ ðåñéÝ÷åé óõíôÜóóïíôáé óôç ìïñöÞ "id, xmin, ymin, [zmin], xmax, ymax,
[zmax]". Åðßóçò ÷ñçóéìïðïéïýíôáé óáí åßóïäïé ôï ìÝãåèïò ôçò óåëßäáò åéóüäïõ
- åîüäïõ ôï ïðïßï ôõðéêÜ åßíáé 4096 bytes, ôï ðëÞèïò äéáóôÜóåùí ôïõ ÷þñïõ
óôïí ïðïßï ïñßæïíôáé ôá ðïëýãùíá - áíôéêåßìåíá, ôï üíïìá ôïõ åõñåôçñßïõ
ðïõ èá äçìéïõñãçèåß êáé ôï üíïìá ôçò åéêüíáò ôïõ åõñåôçñßïõ. Ùò Ýîïäïé ôïõ
áëãïñßèìïõ äçìéïõñãßáò R-tree åõñåôçñßïõ èá åßíáé ôï áñ÷åßï .idx êáé ç åéêüíá
ôïõ åõñåôçñßïõ áõôïý, ãéá íá öáßíåôáé êáé ïðôéêÜ ç äïìÞ ôïõ åõñåôçñßïõ ìå
ôá áíôéêåßìåíá óôï ÷þñï. Äåí èá áíáëõèåß ðåñéóóüôåñï ï ôñüðïò äüìçóçò ôùí
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Åéêüíá 4.1. Äüìçóç ôùí ÷ùñéêþí äåäïìÝíùí óå R-tree.

áíôéêåéìÝíùí óå R-tree êáé ïé ëåéôïõñãßåò ôïõ R-tree ãåíéêüôåñá êáèþò äåí
åßíáé áõôü ðïõ åíäéáöÝñåé óôçí ðáñïýóá åñãáóßá.

Óôçí åéêüíá 4.2 âëÝðïõìå óå õøçëü åðßðåäï ôéò åéóüäïõò ðïõ áðáéôïýíôáé
áðü ôïõò áëãïñßèìïõò Sweep êáé Ripple ãéá ôçí åðåîåñãáóßá ôùí NS åñùôç-
ìÜôùí êáé ôéò åîüäïõò ðïõ ðáñÜãïíôáé.

Ïé åßóïäïé ðïõ áðáéôïýíôáé ãéá ôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí åßíáé:

• Ôï åõñåôÞñéï äåäïìÝíùí, åßíáé ôï áñ÷åßï .idx ðïõ ðáñÞãáãå ï áëãüñéèìïò
äçìéïõñãßáò ôïõ R-tree åõñåôçñßïõ ðïõ åßäáìå óôçí åéêüíá 4.1.

• Ôï áñ÷åßï äåäïìÝíùí, åßíáé Ýíá áñ÷åßï ôýðïõ êåéìÝíïõ ðïõ ðåñéÝ÷åé ôá
áíôéêåßìåíá ôïõ ÷þñïõ áíÜìåóá óôá ïðïßá èá áíáæçôçèïýí ôá NS. Ôá áíôé-
êåßìåíá áõôÜ óõíôÜóóïíôáé óôç ìïñöÞ "id #vertices x0 y0 x1 y1 ... xn yn".
¼ðùò âëÝðïõìå äçëþíåôáé åðßóçò ôï ðëÞèïò ôùí êïñõöþí ôïõ ðïëõãþíïõ
Ýôóé þóôå ï NS áëãüñéèìïò íá îÝñåé ðüóåò ðëåõñÝò èá áíáãíþóåé. Ôá äåäï-
ìÝíá ðïõ èá ÷ñçóéìïðïéçèïýí ãéá ôçí åêôÝëåóç ôùí ðåéñáìÜôùí èá áöïñïýí
óå ïñèïãþíéá ðáñáëëçëüãñáììá Üñá èá åßíáé ðÜíôá ôÝóóåñåéò êïñõöÝò.

• Ôï áñ÷åßï ôùí åñùôçìÜôùí åßíáé Ýíá áñ÷åßï êåéìÝíïõ ðïõ ðåñéÝ÷åé óå êÜèå
ãñáììÞ Ýíá åñþôçìá óôç ìïñöÞ "id x y", üðïõ x, y åßíáé ïé óõíôåôáãìÝíåò
ôïõ óçìåßïõ åñùôÞìáôïò.

• Ôç ãùíßá Ýíáñîçò êáé ôç ãùíßá ëÞîçò. Åî' ïñéóìïý áõôÝò ïé ãùíßåò ïñß-
æïíôáé 0 êáé 360 ìïßñåò áëëÜ ìðïñïýí íá ðñïóäéïñéóôïýí áðü ôïí ÷ñÞóôç
óôçí ðåñßðôùóç ðïõ èÝëåé íá ïñßóåé Ýíá ìéêñüôåñï ãùíéáêü åýñïò ãéá ôçí
áíáæÞôçóç NS áíôéêåéìÝíùí.

• Ôï ðëÞèïò ôùí åðéðÝäùí. ÅðåéäÞ ï áëãüñéèìïò NS ìðïñåß íá åðåêôáèåß ãéá
íá äßíåé áðïôåëÝóìáôá óå ðåñéóóüôåñá ôïõ åíüò åðßðåäá, äßíåé ôç äõíáôüôçôá
óôïí ÷ñÞóôç íá åðéëÝîåé ôï ðëÞèïò ôùí åðéðÝäùí óôá ïðïßá åðéèõìåß íá
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Åéêüíá 4.2. Åßóïäïé êáé Ýîïäïé êáôÜ ôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí.

áíáæçôÞóåé NS áíôéêåßìåíá. Óôï ðñþôï åðßðåäï áíáæçôÜåé ôá áíôéêåßìåíá
ðïõ åßíáé ïñáôÜ óôï óçìåßï åñùôÞìáôïò. Óôá åðüìåíá åðßðåäá áíáæçôÜåé
ôá áíôéêåßìåíá ðïõ âñßóêïíôáé ðßóù áðü ôá ïñáôÜ. Óôçí åðÝêôáóç ôùí
áëãïñßèìùí ðïõ èá åðé÷åéñçèåß èá åîåôÜæåôáé ìüíï ôï ðñþôï åðßðåäï ôùí
ïñáôþí áíôéêåéìÝíùí êáé Ýôóé ôï ðëÞèïò ôùí åðéðÝäùí èá åßíáé ðÜíôá Ýíá.

• Ôï ðëÞèïò ôùí ôïìÝùí. Ï ÷ñÞóôçò ìðïñåß íá ïñßóåé êáé ôï ðëÞèïò ôùí
ôïìÝùí Ýôóé þóôå ç áíáæÞôçóç ôùí NS áíôéêåéìÝíùí íá ãßíåôáé äéáéñåìÝíç
óå ôïìåßò. Óôçí åðÝêôáóç ôùí áëãïñßèìùí èá ÷ñçóéìïðïéåßôáé ðÜíôá Ýíáò
ôïìÝáò ðïõ èá ðåñéëáìâÜíåé üëï ãùíéáêü åýñïò áíáæÞôçóçò.

• Ôï ìÝãåèïò óåëßäáò ìðïñåß åðßóçò íá ïñéóôåß áðü ôïí ÷ñÞóôç áëëÜ åðåéäÞ
ôõðéêÜ åßíáé 4096 bytes, óôá ðåéñÜìáôá ðïõ èá åêôåëåóôïýí èá ÷ñçóéìï-
ðïéåßôáé áõôü.

Ùò Ýîïäï ðáßñíïõìå Ýíá óýíïëï äõÜäùí ôçò ìïñöÞò 〈o; [á; â]〉, üðïõ ï åß-
íáé ôï êïíôéíüôåñï áíôéêåßìåíï óôç ãùíßá [á, â]. Åðßóçò óôçí Ýîïäï ðáßñíïõìå
êÜðïéá óôïé÷åßá áðüäïóçò ðïõ ìðïñïýí íá ÷ñçóéìïðïéçèïýí ãéá ôç äéåîáãùãÞ
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ôùí ðåéñáìÜôùí. ÁõôÜ åßíáé, ï ÷ñüíïò åðåîåñãáóßáò ôïõ åñùôÞìáôïò, ï áñéèìüò
ôùí áíôéêåéìÝíùí ðïõ åîåôÜóôçêáí, ï áñéèìüò ôùí åéóüäùí óôçí ïõñÜ ðñïôå-
ñáéüôçôáò ðïõ ìðïñåß íá ÷ñçóéìïðïéçèåß ãéá ôç ìÝôñçóç ôïõ êüóôïõò ìíÞìçò,
ôï ðëÞèïò ôùí áíôéêåéìÝíùí ôïõ áðïôåëÝóìáôïò, ôï êüóôïò åéóüäïõ - åîüäïõ.

Ïé áëëáãÝò ðïõ èá êÜíïõìå èá ðñáãìáôïðïéçèïýí åíôüò ôçò NS åðåîåñãá-
óßáò ðïõ óôçí åéêüíá 4.2 áíáðáñßóôáôáé ìå ôï ôåôñÜãùíï £NS åðåîåñãáóßá
(Sweep/Ripple)¤. Óôéò åéêüíåò 4.3 êáé 4.4 âëÝðïõìå ðéï áíáëõôéêÜ ôç äéåñãá-
óßá ðïõ ðñáãìáôïðïéåßôáé åíôüò áõôïý ôïõ ôåôñáãþíïõ ãéá êáèÝíáí áðü ôïõò
áëãïñßèìïõò Sweep êáé Ripple. ÓõãêåêñéìÝíá óôçí åéêüíá 4.3 âëÝðïõìå ôéò
âáóéêÝò óõíáñôÞóåéò ïé ïðïßåò áëëçëåðéäñïýí ìå ôïí áëãüñéèìï Sweep.

Åéêüíá 4.3. Áñ÷éôåêôïíéêÞ óõíáñôÞóåùí NS Sweep åðåîåñãáóßáò.

Ç óõíÜñôçóç EdgeCompare êÜíåé óýãêñéóç ìåôáîý äýï ðëåõñþí áíôéêåé-
ìÝíùí óå ìéá êïéíÞ ãùíßá, þóôå íá áðïöáóßóåé ðïéá ðëåõñÜ åßíáé êïíôéíüôåñç
óôï óçìåßï åñùôÞìáôïò êáé ôçí áíôßóôïé÷ç ãùíßá óôçí ïðïßá áõôü óõìâáßíåé.
Ç óõíÜñôçóç áõôÞ êáëåßôáé áðü ôç óõíÜñôçóç ObjectCompare. Ç ôåëåõôáßá
áíáëýåé ôçí åããýôçôá ìåôáîý äýï áíôéêåéìÝíùí êáé åðéóôñÝöåé ôï êïíôéíüôåñï
áíôéêåßìåíï ìå ôçí áíôßóôïé÷ç ãùíßá ôïõ. Óôçí áñ÷Þ ïñßæåôáé ìéá êïéíÞ ãùíßá
Ýîù áðü ôçí ïðïßá ôá áíåîÜñôçôá áíôéêåßìåíá óå ìç åðéêáëõðôüìåíåò ãùíßåò
åßíáé ìÝñç ôïõ áðïôåëÝóìáôïò, åöüóïí åßíáé áóýãêñéôá. Óôç óõíÝ÷åéá êáëåß-
ôáé ç óõíÜñôçóç EdgeCompare ãéá íá óõãêñßíåé ôéò ðëåõñÝò ôùí áíôéêåéìÝíùí
ðïõ Ý÷ïõí êïéíÞ ãùíßá. Ç óõíÜñôçóç NSIncorporate áíáíåþíåé ôï NS áðïôÝëå-
óìá. ÅîÜãåé áðü ôï NS áðïôÝëåóìá ôá áíôéêåßìåíá åêåßíá ôùí ïðïßùí ïé ãùíßåò
äéáóôáõñþíïíôáé ìå ôï ãùíéáêü üñéï ôïõ ðñïò åîÝôáóç áíôéêåéìÝíïõ. Óôç óõ-
íÝ÷åéá êáëåß ôç óõíÜñôçóç ObjectCompare ãéá íá áðïöáóßóåé ôá êïíôéíüôåñá
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áíôéêåßìåíá óôéò êáôÜëëçëåò ãùíßåò. ÔåëéêÜ ç NSIncorporate áíáíåþíåé ôï NS
áðïôÝëåóìá ìå ôá áíôéêåßìåíá ðïõ Ý÷åé âñåé êáé ôéò áíôßóôïé÷åò ãùíßåò ôïõò.

Ç óõíÜñôçóç Lookahead êáëåßôáé áðü ôïí áëãüñéèìï Sweep, ãéá íá åðéëÝîåé
ìå âÜóç êÜðïéåò åõñåôéêÝò ìåèüäïõò ôçí êáëýôåñç åßóïäï óôçí ïõñÜ ðñïôåñáéü-
ôçôáò. Óçìåéþíåôáé üôé óôçí ïõñÜ ðñïôåñáéüôçôáò, ãéá ôïí áëãüñéèìï Sweep,
äéáôçñïýíôáé êüìâïé êáé áíôéêåßìåíá ôïõ R-tree ðñïò åîÝôáóç, ôáîéíïìçìÝíá
óýìöùíá ìå ôçí áýîïõóá ãùíßá Ýíáñîçò. Ìéá åßóïäïò ôçò ïõñÜò ìðïñåß íá
áãíïçèåß ìå áóöÜëåéá, üôáí ç åëÜ÷éóôç ãùíéáêÞ áðüóôáóÞ ôçò åßíáé ìåãáëý-
ôåñç áðü ôç ìÝãéóôç ãùíéáêÞ áðüóôáóç ôùí NS áíôéêåéìÝíùí ìÝóá óôçí ßäéá
ãùíßá. Ìå âÜóç ëïéðüí áõôÞ ôçí åõñåôéêÞ ìÝèïäï 1 êáé ôç ìÝèïäï 21 ðïõ åßäáìå
óôçí åíüôçôá 2.4.3. ç óõíÜñôçóç Lookahead áíáèåùñåß ôç óåéñÜ ìå ôçí ïðïßá
áíáêôïýíôáé ïé åßóïäïé áðü ôçí ïõñÜ ðñïôåñáéüôçôáò. Äåí áëëÜæåé ôéò èÝóåéò
ôùí åéóüäùí óôçí ïõñÜ áëëÜ êÜèå öïñÜ ðïõ êáëåßôáé, åîåôÜæåé ôï ìðñïóôéíü
ìÝñïò ôçò ïõñÜò ãéá íá åðéëÝîåé ìéá åßóïäï óýìöùíá ìå ôçí áíáèåùñçìÝíç
ðñïôåñáéüôçôá. Óôç óõíÝ÷åéá ðáñïõóéÜæåôáé ï øåõäïêþäéêáò ôïõ áëãïñßèìïõ
Sweep, üðïõ óôç ãñáììÞ 6 âëÝðïõìå íá êáëåßôáé ç óõíÜñôçóç Lookahead.

Áëãüñéèìïò 4.1 SWEEP(q, root)

Input. a query point (q), and an R-tree root index node (root).
Output. An NS result, i.e. a set of 〈object:angular range〉 tuples.
1: Let Q be priority queue and be initialized with root;
2: Let á be max. ending angle of examined objects, initialized to 0;
3: Let N be the NS result and be initialized as {〈⊥ : [0; 2ð]〉};
4: while (Q is not empty)
5: Let å be an element (it could be either a node or an object);
6: å ← Lookahead(q, Q, [0, á]);
7: if(min madist(q; å; [è`q;å ; è

a
q;å ] > conservativeupperbound ∧ [è`q;å ; è

a
q;å ] ⊆ [0; á])

then skip;
8: else

9: if (å is node) then explore å and put all its child entries to Q;
10: else

11: N ← NSIncorporate(q, N, å);
12: á ← max(á; èaq;å);
13: Output N;

Óôïí øåõäïêþäéêá ôïõ Sweep óôéò ãñáììÝò 1-3 âëÝðïõìå ôçí áñ÷éêïðïßçóç
êÜðïéùí ðáñáìÝôñùí. Óôçí ïõñÜ ðñïôåñáéüôçôáò åéóÜãåôáé ç ñßæá ôïõ R-tree.
Ç ãùíßá á áíáðáñéóôÜ ôç ìÝãéóôç ãùíßá óôçí ïðïßá ôåëåéþíïõí üëá ôá áíôé-
êåßìåíá ðïõ Ý÷ïõí åîåôáóôåß êáé åßíáé áñ÷éêÜ 0. Ôï óýíïëï ôùí áðïôåëåóìÜ-

1 Ç ìÝèïäïò 2 ëÝåé üôé óôç ãùíßá [è`; èa] ðïõ êáëýðôåé üëá ôá NS áíôéêåßìåíá ôïõ
áðïôåëÝóìáôïò, Ýíá MBR R åßíáé ðéèáíüôåñï íá ðåñéÝ÷åé NS áíôéêåßìåíï áí Ý÷åé
ôç ìéêñüôåñç ãùíéáêÞ áðüóôáóç óôçí êïéíÞ ãùíßá [è`; èa] ∩ [è`q;R; è

a
q;R] áíÜìåóá

óå üëåò ôéò Üëëåò åéóüäïõò ôçò ïõñÜò.
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ôùí áñ÷éêïðïéåßôáé óôï {〈⊥ : [0; 2ð]〉}. Óôç ãñáììÞ 4 ç ïõñÜ ðñïôåñáéüôçôáò
åîåôÜæåôáé áíáäñïìéêÜ ìÝ÷ñé íá áäåéÜóåé. Óôç óõíÝ÷åéá êáëåßôáé ç óõíÜñôçóç
Lookahead ãéá íá åðéóôñÝøåé ôçí êáëýôåñç åßóïäï ôçò ïõñÜò. Ç åßóïäïò ç ïðïßá
Ý÷åé min madist (üðïõ madist åßíáé ç ìéêñüôåñç ãùíéáêÞ áðüóôáóç) ìåãáëý-
ôåñç áðü ôï óõíôçñçôéêü Üíù üñéï ìðïñåß íá áãíïçèåß áðü ôçí åîÝôáóç. Ôï
óõíôçñçôéêü Üíù üñéï ïñßæåôáé ùò ôï ìÝãéóôï áíÜìåóá óôéò max madists áðü
üëá ôá áëëçëåðéêáëõðôüìåíá NS áíôéêåßìåíá ôïõ ìÝ÷ñé ôþñá áðïôåëÝóìáôïò.
Óôç ãñáììÞ 9 üôáí ç åßóïäïò åßíáé êüìâïò ôá ðáéäéÜ ôïõ åéóÜãïíôáé ðÜëé óôçí
ïõñÜ ãéá ìåôÝðåéôá åîÝôáóç. ¼ôáí ç åßóïäïò åßíáé áíôéêåßìåíï êáëåßôáé ç óõ-
íÜñôçóç NSIncorporate ãéá íá áíáíåþóåé ôï NS áðïôÝëåóìá. Ç NSIncorporate
åîåôÜæåé ôï óýíïëï ôùí NS áðïôåëåóìÜôùí êáé åîÜãåé ôá áíôéêåßìåíá åêåßíá
ôùí ïðïßùí ïé ãùíßåò áëëçëåðéêáëýðôïíôáé ìå ôï ðñïò åîÝôáóç áíôéêåßìåíï.
Êáôüðéí êáëåß ôç óõíÜñôçóç ObjectCompare ãéá íá áðïöáóßóåé ôï êïíôéíü-
ôåñï áíôéêåßìåíï óôçí êïéíÞ ãùíßá Þ íá åðéóôñÝøåé êáé ôá äýï áíôéêåßìåíá ìå
ôçí áíôßóôïé÷ç äéáéñåìÝíç ãùíßá.

Óôçí åéêüíá 4.4 âëÝðïõìå ôéò âáóéêÝò óõíáñôÞóåéò ïé ïðïßåò áëëçëåðéäñïýí
ìå ôïí áëãüñéèìï Ripple.

Åéêüíá 4.4. Áñ÷éôåêôïíéêÞ óõíáñôÞóåùí NS Ripple åðåîåñãáóßáò.

Ç äéáöïñÜ ôçò NS Ripple åðåîåñãáóßáò åßíáé üôé äåí êáëåßôáé ç óõíÜñôçóç
Lookahead ãéá íá åðéóôñÝøåé ôçí êáëýôåñç åßóïäï ôçò ïõñÜò óýìöùíá ìå êÜ-
ðïéåò åõñåôéêÝò ìåèüäïõò. Áõôü óõìâáßíåé äéüôé ï áëãüñéèìïò Ripple äéáôçñåß
óôçí ïõñÜ ðñïôåñáéüôçôáò ôéò åéóüäïõò, êüìâïõò Þ áíôéêåßìåíá, óýìöùíá ìå
ôçí áýîïõóá áðüóôáóÞ ôïõò áðü ôï óçìåßï åñùôÞìáôïò. ¸ôóé äåí ÷ñåéÜæåôáé
íá áíáèåùñçèåß ç óåéñÜ áíÜêôçóçò ôùí åéóüäùí áðü ôçí ïõñÜ ðñïôåñáéüôçôáò.
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Ôáîéíïìþíôáò ôéò åéóüäïõò óå áýîïõóá áðüóôáóç, ç åîåñåýíçóç ôïõ Ripple ðç-
ãáßíåé áðü ôï óçìåßï åñùôÞìáôïò ðñïò ôá Ýîù. Ï Ripple ìðïñåß íá ôåñìáôßóåé
ðñïôïý ç ïõñÜ ðñïôåñáéüôçôáò åîåôáóôåß ðëÞñùò óýìöùíá ìå ôç óõíèÞêç NS
- TC ðïõ ðåñéãñÜöôçêå óôçí åíüôçôá 2.2.4. Ï øåõäïêþäéêáò ôïõ áëãïñßèìïõ
Ripple åßíáé üìïéïò ìå áõôüí ôïõ Sweep ìå ôç äéáöïñÜ üôé äåí ðåñéëáìâÜíåé
ôçí êëÞóç ôçò óõíÜñôçóçò Lookahead2.

Áëãüñéèìïò 4.2 RIPPLE(q, root)

Input. a query point (q), and an R-tree root index node (root).
Output. An NS result, i.e. a set of 〈object:angular range〉 tuples.
1: Let Q be priority queue and be initialized with root;
2: Let å be entry of Q;
3: Let N be the NS result and be initialized as {〈⊥ : [0; 2ð]〉};
4: while (Q is not empty)
5: å ← dequeue(Q);
6: check NS TC(å);
7: if(å is node) then explore å and put all its child entries to Q;
8: else

9: N ← NSIncorporate(q, N, å);
10: Output N;

Óôç óõíÝ÷åéá èá åíôïðéóôïýí ôá óçìåßá ôïõ êþäéêá NS óôá ïðïßá ðñÝ-
ðåé íá åðÝìâïõìå þóôå íá ðñáãìáôïðïéÞóïõìå ôçí åðÝêôáóç ôïõ áëãïñßèìïõ
Ripple óå PostPruningkNS, äçëáäÞ ôïí PostPruning ðïõ åðéóôñÝöåé k êïíôé-
íüôåñïõò ãåßôïíåò ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò. ÅðéðëÝïí èá åíôïðßóïõìå ôá
óçìåßá ãéá ôçí åðÝêôáóç ôïõ áëãüñéèìïõ Ripple óå PrePruningkNS, äçëáäÞ ï
âåëôéóôïðïéçìÝíïò áëãüñéèìïò PostPruning, ðïõ åðéóôñÝöåé k êïíôéíüôåñïõò
ãåßôïíåò ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò. Åðßóçò èá äïýìå ôçí åðÝêôáóç ôïõ
áëãüñéèìïõ Sweep óå SweepkNS, äçëáäÞ ôùí áëãüñéèìï Sweep ðïõ åðéóôñÝöåé
k NS.

4.2 ÅðÝêôáóç Áëãïñßèìïõ Sweep

¼ðùò äéåõêñéíßóôçêå ç ôñïðïðïßçóç ðïõ èá ãßíåé óôïí áëãüñéèìï NS þóôå
íá åðåêôáèåß åßíáé íá ðñïóôåèåß ç ðáñÜìåôñïò k, äçëáäÞ ôï ðëÞèïò ôùí NS
áíôéêåéìÝíùí ðïõ åðéèõìåß íá áíáæçôÞóåé ï ÷ñÞóôçò. Áðü ôïõò äýï áëãïñßèìïõò
åðéëÝãåôáé ôõ÷áßá ï áëãüñéèìïò Sweep, þóôå íá åðåêôåßíïõìå ôá NS åñùôÞìáôá
óå kNS. Áõôü óõíåðÜãåôáé üôé óôçí åðåîåñãáóßá ôùí NS åñùôçìÜôùí üðùò

2 ¼ðùò Ý÷åé áíáöåñèåß ç êýñéá äéáöïñÜ ôïõ áëãïñßèìïõ Ripple áðü ôï Sweep åßíáé
üôé ï Ripple åéóÜãåé ôá äåäïìÝíá (áíôéêåßìåíá Þ êüìâïé) ôïõ R-tree, óôçí ïõñÜ
ðñïôåñáéüôçôáò óýìöùíá ìå ôçí áýîïõóá áðüóôáóÞ ôïõò áðü ôï óçìåßï åñùôÞìá-
ôïò, åíþ ï Sweep óýìöùíá ìå ôçí áýîïõóá ãùíßá ôïõò.
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öáßíåôáé óôçí åéêüíá 4.2 èá ðñÝðåé íá ðñïóôåèåß Üëëç ìéá åßóïäïò, ç ðáñÜìåôñïò
k. ÅðéðëÝïí áëëáãÝò èá ðñÝðåé íá ãßíïõí êáé ìÝóá óôçí åðåîåñãáóßá ôùí NS
åñùôçìÜôùí.

Ôï ðñüâëçìá ìå ôïí áëãüñéèìï Sweep ùò ðñïò ôçí åðéëïãÞ k NS, åßíáé
üôé ç ïõñÜ ðñïôåñáéüôçôáò äéáôçñåß ôéò åéóüäïõò ôïõ R-tree óýìöùíá ìå ôçí
áýîïõóá ãùíßá Ýíáñîçò êáé Ýôóé ïé åßóïäïé áíáêôïýíôáé ìå áõôÞ ôçí ôáîé-
íüìçóç. Óõíåðþò áí èÝëïõìå íá áíáæçôÞóïõìå ôïõò k êïíôéíüôåñïõò - óôï
óçìåßï åñùôÞìáôïò - ãåßôïíåò ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò, äåí ìðïñïýìå
íá åðÝìâïõìå åíôüò ôïõ áëãïñßèìïõ Sweep êáé óôáäéáêÜ íá óôáìáôÞóïõìå ôçí
áíáæÞôçóç üôáí Ý÷ïõí áíáêôçèåß k NS. Áí ãéíüôáí êÜôé ôÝôïéï ï áëãüñéèìïò
èá åðÝóôñåöå óáí áðïôÝëåóìá ôïõò k NS óå Ýíá óõíå÷üìåíï ãùíéáêü åýñïò,
áðü ôç ãùíßá Ýíáñîçò ðïõ ïñßæåé ï ÷ñÞóôçò êáé ìÝ÷ñé ôç ãùíßá ðïõ èá âñåé k
áíôéêåßìåíá, ÷ùñßò íá åîåôÜóåé ôï õðüëïéðï ãùíéáêü åýñïò óôï ïðïßï èá ìðï-
ñïýóáí íá âñåèïýí êïíôéíüôåñïé ãåßôïíåò. Óõíåðþò ãéá íá åðéóôñÝøåé ï Sweep
k NS, èá ðñÝðåé íá ôñÝîåé ï áëãüñéèìïò Sweep, íá äþóåé áðïôåëÝóìáôá êáé óôç
óõíÝ÷åéá íá ôáîéíïìÞóïõìå áõôÜ ôá áðïôåëÝóìáôá óå áýîïõóá áðüóôáóç áðü
ôï óçìåßï åñùôÞìáôïò êáé íá ðÜñïõìå ôá k áíôéêåßìåíá ùò ôåëéêü áðïôÝëåóìá.

4.3 ÅðÝêôáóç Áëãïñßèìïõ Ripple

Óôçí åíüôçôá 3.3.1 åßäáìå ðïéåò ôñïðïðïéÞóåéò áðáéôïýíôáé ãéá íá äçìéïõñãçèåß
ï áëãüñéèìïò PostPruning NS - TC áðü ôïí áëãüñéèìï NS Ripple. Óôç óõíÝ-
÷åéá èá äïýìå óå ðïéá óçìåßá ôïõ êþäéêá NS Ripple èá ðñÝðåé íá åðÝìâïõìå
þóôå íá ðñáãìáôïðïéÞóïõìå áõôÝò ôéò áëëáãÝò.

'Oðùò âëÝðïõìå áðü ôïí øåõäïêþäéêá (ãñáììÞ 5 - 6) ôïõ áëãïñßèìïõ Post-
Pruning, üôáí ç åßóïäïò ðïõ áíáêôÜôáé áðü ôçí ïõñÜ ðñïôåñáéüôçôáò åßíáé
áíôéêåßìåíï õðïëïãßæåôáé ç åëÜ÷éóôç ïñáôÞ áðüóôáóÞ ôïõ. ¸ôóé åðåìâáßíïõìå
óôïí áëãüñéèìï Ripple, üôáí ç åßóïäïò ðïõ áíáêôÜôáé åßíáé áíôéêåßìåíï êáé
ðñéí êëçèåß ç óõíÜñôçóç ðïõ áíáíåþíåé ôï NS áðïôÝëåóìá (óõíÜñôçóç NSIn-
corporate), äçëáäÞ áíÜìåóá óôéò ãñáììÝò 8 êáé 9 ôïõ øåõäïêþäéêá ôïõ Ripple.
Óå áõôü ôï óçìåßï èá ðñÝðåé íá õëïðïéçèåß êáé íá êëçèåß ìéá óõíÜñôçóç ðïõ
íá õðïëïãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ôïõ áíôéêåéìÝíïõ. Êáôüðéí áõôÞ ç
ïñáôÞ áðüóôáóç ðïõ èá åðéóôñÝöåôáé èá óõãêñßíåôáé ìå ôçí áðüóôáóç ôçò åéóü-
äïõ óôçí êïñõöÞ ôçò ïõñÜò. Óçìåéþíåôáé üôé ïé åßóïäïé åéóÜãïíôáé óôçí ïõñÜ
óå áýîïõóá áðüóôáóç áðü ôï óçìåßï åñùôÞìáôïò. Áí ôï áíôéêåßìåíï Ý÷åé ìé-
êñüôåñç ïñáôÞ áðüóôáóç áðü ôçí êïñõöÞ ôçò ïõñÜò, ôüôå êáëåßôáé ç óõíÜñôçóç
NSIncorporate êáèþò Ý÷åé âñåèåß Ýíá íÝï NS áíôéêåßìåíï. ÄéáöïñåôéêÜ áí ôï
ðñïò åîÝôáóç áíôéêåßìåíï Ý÷åé ìåãáëýôåñç ïñáôÞ áðüóôáóç êáé ü÷é Üðåéñç, äç-
ëáäÞ äåí åßíáé ìç ïñáôü, åðáíåéóÜãåôáé óôçí ïõñÜ ðñïôåñáéüôçôáò ìå áðüóôáóç
ôçí åëÜ÷éóôç ïñáôÞ ðïõ õðïëïãßóôçêå.

Èá ðñÝðåé áêüìá íá åéóÜãïõìå óôïí Ripple êáé ôçí ðáñÜìåôñï k. Ìðïñåß
íá ðñïóôåèåß óôïí êþäéêá Ýíáò Ýëåã÷ïò þóôå íá êáëåßôáé ç óõíÜñôçóç NSIn-
corporate ìüíï åöüóïí ôï ðëÞèïò ôùí áíôéêåéìÝíùí óôï NS áðïôÝëåóìá åßíáé
ìéêñüôåñï Þ ßóï ôïõ k.
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Ç äéáäéêáóßá ðïõ ðåñéãñÜöçêå åßíáé ï êþäéêáò ðïõ ðñÝðåé íá õëïðïéçèåß
óôï óçìåßï ôïõ Ripple ðñéí êëçèåß ç óõíÜñôçóç NSIncorporate, þóôå íá äç-
ìéïõñãçèåß ï áëãüñéèìïò PostPruning NS - TC.

Ç äéáöïñÜ ôïõ áëãïñßèìïõ PostPruning áðü ôïí áëãüñéèìï PrePruning
åßíáé üôé ï ôåëåõôáßïò åëÝã÷åé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ü÷é ìüíï ôùí
áíôéêåéìÝíùí áëëÜ êáé ôùí êüìâùí ôïõ R-tree. ÄçëáäÞ ïé åßóïäïé êëáäåýïíôáé
óýìöùíá ìå ôçí ïñáôüôçôá áìÝóùò ìüëéò áíáêôïýíôáé áðü ôçí ïõñÜ ðñïôåñáéü-
ôçôáò êáé ü÷é üôáí åíôïðéóôåß êÜðïéï áíôéêåßìåíï, üðùò óõìâáßíåé óôïí Post-
Pruning. Áõôü öáßíåôáé êáé áðü ôç ãñáììÞ 5 ôïõ øåõäïêþäéêá PrePruning ðïõ
åßäáìå óôï êåöÜëáéï 3. Óôç óõíÝ÷åéá, üðùò êáé óôïí áëãüñéèìï PostPruning,
åëÝã÷åôáé áí áõôÞ ç åëÜ÷éóôç ïñáôÞ áðüóôáóç ðïõ õðïëïãßóôçêå åßíáé ìåãáëý-
ôåñç áðü ôçí áðüóôáóç ôçò åéóüäïõ óôçí êïñõöÞ ôçò ïõñÜò. Áí áõôü éó÷ýåé êáé
åðéðëÝïí ç åßóïäïò ôçò ïõñÜò ðïõ åîåôÜæåôáé äåí Ý÷åé Üðåéñç ïñáôÞ áðüóôáóç,
ôüôå åðáíåéóÜãåôáé óôçí ïõñÜ ìå áðüóôáóç ôçí åëÜ÷éóôç ïñáôÞ ðïõ õðïëï-
ãßóôçêå (ãñáììÝò 6-8 ôïõ øåõäïêþäéêá PrePruning). Áëëéþò áí ç åëÜ÷éóôç
ïñáôÞ áðüóôáóç ôçò åéóüäïõ ðïõ åîåôÜæåôáé åßíáé ìéêñüôåñç áðü ôçí áðüóôáóç
ôçò êïñõöÞò ôçò ïõñÜò, ôüôå óõíå÷ßæåôáé ï Ýëåã÷ïò ôïõ áëãïñßèìïõ ãéá ôï áí
ç åßóïäïò åßíáé êüìâïò Þ áíôéêåßìåíï êëð., äçëáäÞ ó÷åäüí ï ßäéïò Ýëåã÷ïò ðïõ
êÜíåé êáé ï Ripple.

¸ôóé ãéá íá õëïðïéÞóïõìå ôïí áëãüñéèìï PrePruningNS èá ðñÝðåé íá åðÝì-
âïõìå áíÜìåóá óôéò ãñáììÝò 6 êáé 7 ôïõ øåõäïêþäéêá ôïõ Ripple. ÄçëáäÞ
áêñéâþò ðñéí ãßíåé ï Ýëåã÷ïò ãéá ôï åÜí ç åßóïäïò ðïõ áöáéñÝèçêå áðü ôçí
ïõñÜ ðñïôåñáéüôçôáò åßíáé êüìâïò Þ áíôéêåßìåíï.

Ãéá íá ðñïóôåèåß ç ðáñÜìåôñïò k èá ãßíåé ï ßäéïò Ýëåã÷ïò ìå áõôüí ðïõ
Ýãéíå êáé ãéá ôïí áëãüñéèìïò PostPruningkNS. Ìå áõôÝò ôéò ôñïðïðïéÞóåéò
êáé äéáôçñþíôáò ôçí éäéüôçôá ôçò ãùíßáò êáé ôç óõíèÞêç ôåñìáôéóìïý NS-TC
ðïõ Ý÷åé ï áëãüñéèìïò Ripple, èá ðñïêýøåé ï áëãüñéèìïò PrePruningkNS.
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Áðü ôéò ôñïðïðïéÞóåéò óôïí NS êþäéêá ðïõ ðåñéãñÜöôçêáí óôï ðñïçãïýìåíï
êåöÜëáéï èá äçìéïõñãçèåß ï áëãüñéèìïò PostPruning-NS-TC, ï ïðïßïò èá åðé-
óôñÝöåé k NS ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò êáé åí óõíôïìßá èá ïíïìÜæåôáé
PostPruningkNS. Åßíáé åýêïëï íá äçìéïõñãçèåß êáé ç åêäï÷Þ ôïõ áëãïñßèìïõ
PostPruning ðïõ åðéóôñÝöåé üëïõò ôïõ NS êáé ü÷é ìüíï ôïõò k, åí óõíôï-
ìßá PostPruningNS. ÁëëÜæïíôáò ôçí èÝóç ðïõ ãßíåôáé ï Ýëåã÷ïò ôçò åëÜ÷é-
óôçò ïñáôÞò áðüóôáóçò, äçìéïõñãåßôáé ï áëãüñéèìïò PrePruning-NS-TC, ðïõ
åðéóôñÝöåé k NS ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò Þ áëëéþò ï PrePruningkNS.
Ïìïßùò äçìéïõñãåßôáé êáé ç åêäï÷Þ ðïõ åðéóôñÝöåé üëïõò ôïõò NS ãåßôïíåò,
äçëáäÞ ï PrePruningNS. ÅðéðëÝïí åßðáìå üôé èá åðåêôåßíïõìå ôïí áëãüñéèìï
Sweep þóôå íá åðéóôñÝöåé k NS, ï ïðïßïò èá ïíïìÜæåôáé SweepkNS, åíþ ï
áëãüñéèìïò Sweep ðïõ åðéóôñÝöåé üëïõò ôïõò êïíôéíüôåñïõò ãåßôïíåò ìå ôéò
áíôßóôïé÷åò ãùíßåò ôïõò õðÜñ÷åé Ýôïéìïò áðü ôïõò óõããñáöåßò ðïõ ìáò Ýäùóáí
ôïí êþäéêá. ¸ôóé êáôáëÞãïõìå ìå ðÝíôå áëãïñßèìïõò ïé ïðïßïé äçìéïõñãÞèç-
êáí åðåêôåßíïíôáò ôïõò õðÜñ÷ïíôåò êþäéêåò ôùí áëãïñßèìùí Ripple êáé Sweep.
ÓõíïðôéêÜ ïé áëãüñéèìïé áõôïß åßíáé:

• PostPruningkNS
• PostPruningNS
• PrePruningkNS
• PrePruningNS
• SweepkNS

5.1 ÅðÝêôáóç ôïõ Ripple óå PostPruning(k)NS

Óôï êåöÜëáéï ôçò áñ÷éôåêôïíéêÞò êáôÜ ôçí NS Ripple åðåîåñãáóßá ôùí åñùôç-
ìÜôùí åßäáìå ðïéåò óõíáñôÞóåéò êáëåß ï áëãüñéèìïò Ripple êáé ôé êÜíåé êÜèå
ìéá áðü áõôÝò ôéò óõíáñôÞóåéò. Óå áõôü ôï óçìåßï èá åóôéÜóïõìå óôïí áëãü-
ñéèìï Ripple êáèáõôü. Ï êþäéêáò ðïõ ìáò Ýäùóáí ïé óõããñáöåßò ôïõ Üñèñïõ



5.1 ÅðÝêôáóç ôïõ Ripple óå PostPruning(k)NS 47

[3] åßíáé ãñáììÝíïò óå C++, Ýôóé ïé åðåêôÜóåéò Ýãéíáí óå áõôÞ ôç ãëþóóá
ðñïãñáììáôéóìïý.

Ï áëãüñéèìïò ôïõ Ripple îåêéíÜåé åîÜãïíôáò áðü ôçí ïõñÜ ðñïôåñáéüôç-
ôáò ôç ñßæá ôïõ R-tree, åöüóïí ç ïõñÜ áñ÷éêïðïéåßôáé ìå ôç ñßæá ôïõ R-tree
åõñåôçñßïõ. Óôç óõíÝ÷åéá êÜíåé âáóéêÜ äýï ðñÜãìáôá, åëÝã÷åé áí ç åßóïäïò
ðïõ åîÞ÷èç áðü ôçí ïõñÜ åßíáé êüìâïò Þ áíôéêåßìåíï. ¼ôé äçëáäÞ êÜíåé êáé
ï áëãüñéèìïò PostPruning ðïõ èÝëïõìå íá äçìéïõñãÞóïõìå. Áí åßíáé êüìâïò
ôüôå êáé ïé äýï áëãüñéèìïé (Ripple êáé PostPruning) åîåñåõíïýí ôá ðáéäéÜ ôïõ
êáé ôá åéóÜãïõí óôçí ïõñÜ. ¸ôóé ç ïõñÜ ðñïôåñáéüôçôáò ãåìßæåé óôáäéáêÜ ìå
êüìâïõò êáé ôåëéêÜ áíôéêåßìåíá. Áí üìùò ç åßóïäïò åßíáé áíôéêåßìåíï ôüôå ï
áëãüñéèìïò PostPruning êÜíåé êÜôé äéáöïñåôéêü áðü ôïí Ripple. Ï Ripple èåù-
ñåß üôé Ý÷åé âñåé Ýíáí õðïøÞöéï êïíôéíüôåñï ãåßôïíá êáé êáëåß ôçí óõíÜñôçóç
ðïõ áíáíåþíåé ôï NS áðïôÝëåóìá. Ï PostPruning áðü ôçí Üëëç ðëåõñÜ êÜíåé
Ýíáí åðéðëÝïí Ýëåã÷ï ðñéí èåùñÞóåé ôï áíôéêåßìåíï õðïøÞöéï ãéá íá ìðåé óôï
óýíïëï ôùí áðïôåëåóìÜôùí. ÅëÝã÷åé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ôïõ. Ìéá
Ýííïéá ðïõ äåí õðÜñ÷åé óôïí áëãüñéèìï Ripple. ÅðïìÝíùò èá ðñÝðåé ðñéí ï Rip-
ple êáëÝóåé ôç óõíÜñôçóç ðïõ áíáíåþíåé ôï NS áðïôÝëåóìá, íá äçìéïõñãçèåß
êáé íá êëçèåß ìéá óõíÜñôçóç ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç.

Ðñéí áíáëõèåß ç ëïãéêÞ ìå ôçí ïðïßá õðïëïãßæåôáé ç åëÜ÷éóôç ïñáôÞ áðü-
óôáóç íá äéåõêñéíéóôåß üôé ï Ripple áíáíåþíåé ôï NS áðïôÝëåóìá ìå âÜóç
ôéò áêìÝò ôùí áíôéêåéìÝíùí êáé ü÷é ôá áíôéêåßìåíá êáèáõôÜ. Áõôü óçìáßíåé
üôé üôáí êáèþò äéáôñÝ÷åé ôï R-tree öôÜóåé óå êÜðïéï áíôéêåßìåíï ôüôå åéóÜ-
ãåé ôéò áêìÝò ôïõ áíôéêåéìÝíïõ óôçí ïõñÜ ðñïôåñáéüôçôáò. ¼ôáí áíáóýñåé áðü
ôçí ïõñÜ êÜðïéá áêìÞ ôüôå êáëåß ôç óõíÜñôçóç NSIncorporate ç ïðïßá êá-
ëåß ôçí ObjectCompare êáé áõôÞ ìå ôç óåéñÜ ôçò ôçí EdgeCompare, äçëáäÞ
ôç óõíÜñôçóç ðïõ óõãêñßíåé ôéò áêìÝò áíÜ äýï, ãéá íá áðïöáóßóåé ðïéá åßíáé
ç êïíôéíüôåñç. Áðü ôçí Üëëç ðëåõñÜ óôï Üñèñï [6] ãéá ôïí õðïëïãéóìü ôçò
åëÜ÷éóôçò ïñáôÞò áðüóôáóçò ôùí áëãïñßèìùí PostPruning êáé PrePruning,
óôçí åíüôçôá £ðñïåéóáãùãéêÜ¤, äéåõêñéíßæåôáé üôé ÷ñçóéìïðïéåßôáé ç óõíÜñ-
ôçóç CLIP ðïõ âáóßæåôáé óôï Üñèñï [9]. Óå áõôü ôï Üñèñï ôï åîÝôáóç äýï
ðïëõãþíùí ãßíåôáé äé÷ïôïìþíôáò ôï ÷þñï óýìöùíá ìå ôéò y óõíôåôáãìÝíåò
ôùí êïñõöþí ôùí ðïëõãþíùí. Ãéá êÜèå ìÝñïò ôïõ ÷þñïõ ó÷çìáôßæåôáé Ýíá
ìåñéêü ðåñßãñáììá ôïõ áðïôåëÝóìáôïò, åëÝã÷ïíôáò ãéá ðéèáíÝò ôïìÝò áíÜìåóá
óôá äýï ðïëýãùíá. Åöüóïí Ý÷ïõí åðåîåñãáóôåß üëá ôá ìÝñç ôïõ ÷þñïõ, áíá-
êôÜôáé ïëüêëçñï ôï ðïëýãùíï ôïõ áðïôåëÝóìáôïò, ÷ùñßò íá áðáéôåßôáé ìåôáå-
ðåîåñãáóßá, üðùò ãéá ðáñÜäåéãìá ç ôáîéíüìçóç ôùí áêìþí. Óôçí ðåñßðôùóÞ
ìáò ãéá ôçí õëïðïßçóç ôïõ áëãïñßèìïõ PostPruningkNS áëëÜ êáé ôùí óõíá-
öþí PostPruningNS, PrePruningkNS, PrePruning, èá ÷ñçóéìïðïéÞóïõìå ôçí
ôáîéíüìçóç ôùí áêìþí üðùò ãßíåôáé êáé óôïí áëãüñéèìï Ripple.

Åßíáé åýêïëï ôþñá íá ðåñéãñáöåß ç ëïãéêÞ ôçò õëïðïßçóçò ôçò óõíÜñôçóçò
calcMinViDist ôçò ïðïßáò ï êþäéêáò öáßíåôáé óôï ÐáñÜñôçìá Á. Ç óõíÜñ-
ôçóç áõôÞ ðáßñíåé óáí ïñßóìáôá ôï óýíïëï ôïõ ôñÝ÷ïíôïò áðïôåëÝóìáôïò, ôï
óçìåßï åñùôÞìáôïò, ôï id ôïõ ðïëõãþíïõ, ôçí áêìÞ ôçò ïðïßáò ôçí åëÜ÷éóôç
ïñáôÞ áðüóôáóç èÝëïõìå íá õðïëïãßóïõìå êáé ôï ãùíéáêü åýñïò áõôÞò ôçò
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áêìÞò. ÔåëéêÜ åðéóôñÝöåôáé ç åëÜ÷éóôç ïñáôÞ áðüóôáóç áõôÞò ôçò áêìÞò êáé
ôï áíôßóôïé÷ï ãùíéáêü åýñïò óôï ïðïßï åßíáé ïñáôÞ áðü ôï óçìåßï åñùôÞìáôïò.

Ç ëïãéêÞ ôçò óõíÜñôçóçò calcMinViDist âáóßæåôáé óôçí ðáñáôÞñçóç üôé
ìüíï ôá áíôéêåßìåíá ðïõ åßíáé êïíôéíüôåñá óôï óçìåßï åñùôÞìáôïò ìðïñïýí íá
åðçñåÜóïõí ôçí ïñáôüôçôá ôïõ ðñïò åîÝôáóç áíôéêåéìÝíïõ. ÅðéðëÝïí ôá áíôé-
êåßìåíá ðïõ åßíáé êïíôéíüôåñá óôï óçìåßï åñùôÞìáôïò áðü ôï ðñïò åîÝôáóç
áíôéêåßìåíï âñßóêïíôáé Þäç óôï ôñÝ÷ïí óýíïëï ôùí áðïôåëåóìÜôùí. ¸ôóé äåí
áðáéôåßôáé íá óõãêñßíïõìå ìå ôéò áðïóôÜóåéò ôùí áíôéêåéìÝíùí üëïõ ôïõ óõíü-
ëïõ ôùí ðïëõãþíùí, áëëÜ ìüíï áõôþí ðïõ âñßóêïíôáé óôï ôñÝ÷ïí áðïôÝëåóìá.

ÐåñéãñÜöïíôáò ôç óõíÜñôçóç ìå ëüãéá èá ëÝãáìå ôá åîÞò: Áí ôï áíôéêåß-
ìåíï ðïõ åîåôÜæåôáé åßíáé ôï ðñþôï ôïõ áðïôåëÝóìáôïò, ôüôå Ý÷åé åëÜ÷éóôç
ïñáôÞ áðüóôáóç ßóç ôçí åëÜ÷éóôç áðüóôáóÞ ôïõ áðü ôï óçìåßï åñùôÞìáôïò,
äéüôé êáíÝíá Üëëï áíôéêåßìåíï äåí Ý÷åé ìéêñüôåñç áðüóôáóç áðü áõôü. ¸ôóé ôï
åéóÜãïõìå óôï óýíïëï ôùí áðïôåëåóìÜôùí. ÄéáöïñåôéêÜ áí äåí åßíáé ôï ðñþôï
õðïøÞöéï áíôéêåßìåíï ãéá ôï áðïôÝëåóìá, ôüôå ãéá üëá ôá ìÝ÷ñé ôþñá áíôéêåß-
ìåíá ôïõ áðïôåëÝóìáôïò åëÝã÷ù áí Ý÷ïõí êïéíÞ ãùíßá. Áí íáé, áöáéñþ ôçí
êïéíÞ ãùíßá áðü ôï ãùíéáêü åýñïò ôïõ ðñïò åîÝôáóç áíôéêåéìÝíïõ. Äéüôé óôçí
êïéíÞ ôïõò ãùíßá ôï áíôéêåßìåíï ðïõ âñßóêåôáé Þäç óôï áðïôÝëåóìá åßíáé êï-
íôéíüôåñï êáé åðïìÝíùò óå áõôÞ ôç ãùíßá êñýâåé ôï ðñïò åîÝôáóç áíôéêåßìåíï.
ÅðáíáëáìâÜíïíôáò áõôÞ ôç äéáäéêáóßá ãéá üëá ôá áíôéêåßìåíá ôïõ ôñÝ÷ïíôïò
áðïôåëÝóìáôïò ìÝíåé óôï ôÝëïò ôï ïñáôü ãùíéáêü åýñïò ôïõ ðñïò åîÝôáóç
áíôéêåéìÝíïõ. Ìðïñïýìå ôþñá íá õðïëïãßóïõìå ôçí åëÜ÷éóôç áðüóôáóç ôïõ
áíôéêåéìÝíïõ óå áõôü ôï ãùíéáêü åýñïò. Ìå áõôü ôïí ôñüðï èá ðñïêýøåé ç
åëÜ÷éóôç ïñáôÞ áðüóôáóç.

ÅðéóôñÝöïõìå áðü ôç óõíÜñôçóç calcMinViDist êáé óýìöùíá ìå ôïí áëãü-
ñéèìï PostPruning, èá ðñÝðåé íá óõãêñßíïõìå áõôÞ ôçí åëÜ÷éóôç ïñáôÞ áðü-
óôáóç ìå ôçí áðüóôáóç ôçò åéóüäïõ ðïõ âñßóêåôáé óôçí êïñõöÞ ôçò ïõñÜò
ðñïôåñáéüôçôáò. Áí ôï áíôéêåßìåíï ðïõ åîåôÜæåôáé Ý÷åé åëÜ÷éóôç ïñáôÞ áðü-
óôáóç ìéêñüôåñç áðü ôçí åßóïäï óôçí êåöáëÞ ôçò ïõñÜò ôüôå ôï áíôéêåßìåíï
áõôü åéóÜãåôáé óôï óýíïëï ôùí áðïôåëåóìÜôùí. ÄéáöïñåôéêÜ åöüóïí ôï áíôé-
êåßìåíï ðïõ åîåôÜæåôáé äåí Ý÷åé Üðåéñç åëÜ÷éóôç ïñáôÞ áðüóôáóç, äçëáäÞ äåí
åßíáé ìç ïñáôü, ôüôå åðáíåéóÜãåôáé óôçí ïõñÜ ìå áðüóôáóç ôçí åëÜ÷éóôç ïñáôÞ
ðïõ õðïëïãßóôçêå. Óõíåðþò ìåôÜ ôçí êëÞóç ôçò óõíÜñôçóçò calcMinViDist êáé
ðñéí êëçèåß ç óõíÜñôçóç NSIncorporate õëïðïéåßôáé ï ðáñáðÜíù Ýëåã÷ïò.

Ìå üëåò áõôÝò ôéò áëëáãÝò Ý÷ïõìå äçìéïõñãÞóåé ôïí áëãüñéèìï PostPrun-
ingNS ï ïðïßïò óôïí êþäéêá õëïðïéåßôáé ìå ôç óõíÜñôçóç postpruning ôçò
êëÜóçò nspostpruning.cc, üðùò öáßíåôáé êáé óôï ÐáñÜñôçìá Á. ÁðïìÝíåé íá
äïèåß ç äõíáôüôçôá óôïí ÷ñÞóôç íá åðéëÝãåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ãåé-
ôüíùí. ÅéóÜãåôáé óôç óõíÜñôçóç postpruning Ýíá áêüìç üñéóìá, ï áêÝñáéïò
k, ï ïðïßïò åßíáé Ýíáò áñéèìüò ðïõ Ý÷åé áíáãíùóôåß áðü ôïí êþäéêá ùò åßóï-
äïò áðü ôïí ÷ñÞóôç. Ãéá íá õëïðïéçèåß ï Ýëåã÷ïò ôïõ k åëÝã÷ïõìå ôï ðëÞèïò
ôùí áíôéêåéìÝíùí ðïõ åßíáé óôï áðïôÝëåóìá. Åßíáé äõíáôüí íá ãßíåé êÜôé ôÝôïéï
åöüóïí ï áëãüñéèìïò Ripple ðïõ ôñïðïðïéïýìå áíáêôÜ ôïõò êïíôéíüôåñïõò ãåß-
ôïíåò óôáäéáêÜ, êáôÜ áýîïõóá áðüóôáóç áðü ôï óçìåßï åñùôÞìáôïò. ÅðïìÝíùò
ìðïñïýìå íá «ðïýìå» óôïí Ripple íá óôáìáôÞóåé üôáí èá Ý÷åé áíáêôÞóåé k ãåß-
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ôïíåò. Ï Ýëåã÷ïò áõôüò ðñïóôÝèçêå ðñéí êëçèåß ç óõíÜñôçóç calcMinViDist, ï
Ýëåã÷ïò ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò óå ó÷Ýóç ìå ôçí åëÜ÷éóôç áðüóôáóç
ôçò êåöáëÞò ôçò ïõñÜò êáé ç áíáíÝùóç ôïõ áðïôåëÝóìáôïò.

¼ðùò åßäáìå êáé ðéï ðÜíù óå áõôÞ ôçí åíüôçôá óôï áðïôÝëåóìá áðïèç-
êåýïíôáé áêìÝò ðïëõãþíùí êáé ü÷é ïëüêëçñá ðïëýãùíá. Ãéá áõôü ôï ëüãï äåí
ìðïñïýìå íá ðïýìå óôïí áëãüñéèìï íá óôáìáôÞóåé åöüóïí Ý÷åé k áêìÝò óôï
áðïôÝëåóìá. Äéüôé óôï áðïôÝëåóìá ìðïñåß íá ðåñéÝ÷ïíôáé äýï áêìÝò ôïõ ßäéïõ
ðáñáëëçëïãñÜììïõ (åíþ ï ÷ñÞóôçò Ý÷åé æçôÞóåé k ðáñáëëçëüãñáììá). Åöüóïí
ìÝ÷ñé äýï áêìÝò åíüò ïñèïãùíßïõ ðáñáëëçëïãñÜììïõ ìðïñåß íá åßíáé ïñáôÝò
áðü Ýíá óçìåßï åñùôÞìáôïò. ¸ôóé äçìéïõñãÞèçêå ç áíÜãêç íá õëïðïéçèïýí äýï
áêüìá ìéêñÝò óõíáñôÞóåéò ðïõ åëÝã÷ïõí ôá áíôéêåßìåíá ôïõ áðïôåëÝóìáôïò. Ç
óõíÜñôçóç existsInResult åëÝã÷åé áí Ýíá áíôéêåßìåíï õðÜñ÷åé Þäç óôï ôñÝ÷ïí
áðïôÝëåóìá. Ç óõíÜñôçóç noOfObjsInResult åðéóôñÝöåé ôïí áñéèìü ôùí áíôé-
êåéìÝíùí ðïõ âñßóêåôáé óôï ôñÝ÷ïí áðïôÝëåóìá. Ç óõíÜñôçóç noOfObjsInRe-
sult äåí áñêåß äéüôé óôï ôåëåõôáßï k áíôéêåßìåíï ðïõ åðé÷åéñåßôáé íá ðñïóôåèåß
óôï áðïôÝëåóìá êáé åíþ ôï óýíïëï áðïôåëåóìÜôùí Ý÷åé áêìÝò áðü k äéáöïñå-
ôéêÜ áíôéêåßìåíá, ìðïñåß ï áëãüñéèìïò íá åëÝã÷åé ìéá Üëëç áêìÞ åíüò áðü ôá
áíôéêåßìåíá ðïõ âñßóêïíôáé Þäç óôï áðïôÝëåóìá. Óå áõôÞ ôçí ðåñßðôùóç äåí
ìéëÜìå ãéá ôï k+1 áíôéêåßìåíï áëëÜ ãéá ôï k, êáé åðïìÝíùò ÷ñçóéìïðïéåßôáé
ç óõíÜñôçóç existsInResult þóôå íá åëÝãîåé áí áõôü ôï áíôéêåßìåíï Ý÷åé Þäç
áêìÞ ìÝóá óôï óýíïëï ôùí áðïôåëåóìÜôùí. Óõíåðþò ðñïêýðôåé ï áëãüñéèìïò
PostPruningkNS.

Óôçí åéêüíá 5.1 âëÝðïõìå ôçí áñ÷éôåêôïíéêÞ ôçò PostPruning kNS åðå-
îåñãáóßáò ðïõ õëïðïéÞóáìå.

Ðáñáôçñïýìå üôé óå áíôßèåóç ìå ôéò áñ÷éôåêôïíéêÝò ôùí ðñáêôéêþí Sweep
êáé Ripple êáëåßôáé áðü ôïí áëãüñéèìï PostPruningkNS ìéá áêüìá âáóéêÞ óõ-
íÜñôçóç, ç calcMinViDist, áíåîÜñôçôç áðü ôéò õðüëïéðåò âáóéêÝò óõíáñôÞóåéò.
Ùò minViDistCompare áíáöÝñåôáé ç äéáäéêáóßá ðïõ óõãêñßíåé ôçí åëÜ÷éóôç
ïñáôÞ áðüóôáóç åíüò áíôéêåéìÝíïõ ìå ôçí åëÜ÷éóôç áðüóôáóç ôçò êåöáëÞò ôçò
ïõñÜò êáé åðáíåéóÜãåé ôï áíôéêåßìåíï óôçí ïõñÜ, åÜí ç ôåëåõôáßá áðüóôáóç
åßíáé ìéêñüôåñç. Ãéá áõôÞ ôç äéáäéêáóßá äåí Ý÷åé äçìéïõñãçèåß îå÷ùñéóôÞ óõ-
íÜñôçóç, áëëÜ Ý÷åé åíóùìáôùèåß óôïí áëãüñéèìï PostPruning(k)NS. Ðáñïõ-
óéÜæåôáé óôçí åéêüíá 5.1 äéüôé åßíáé ìéá óçìáíôéêÞ äéáäéêáóßá ðïõ äåí õðÜñ÷åé
óôïõò áëãïñßèìïõò Ripple êáé Sweep. Ïýôå êáé ç äéáäéêáóßá ðïõ åëÝã÷åé áí
õðÜñ÷ïõí k áíôéêåßìåíá óôï áðïôÝëåóìá õðÜñ÷åé óôïõò áëãïñßèìïõò Ripple
êáé Sweep. ÁõôÞ ç äéáäéêáóßá ïíïìÜæåôáé óôçí åéêüíá 5.1 kCheck êáé ÷ñçóé-
ìïðïéåßôáé ìüíï áðü ôïí áëãüñéèìï PostPruningkNS.

Ç äéáäéêáóßá minViDistCompare õëïðïéåßôáé áìÝóùò ìåôÜ ôçí êëÞóç ôçò
óõíÜñôçóçò calcMinViDist êáé ìåôÜ áíÜëïãá ìå ôï áðïôÝëåóìá ôçò äéáäéêáóßáò
minViDistCompare êáëåßôáé ç óõíÜñôçóç NSIncorporate êáé ïé áêüëïõèåò óå
áõôÞ óõíáñôÞóåéò. ¼ëá áõôÜ ãßíïíôáé åöüóïí ç äéáäéêáóßá kCheck Ý÷åé âñåé
ëéãüôåñá Þ ßóá ìå k áíôéêåßìåíá óôï áðïôÝëåóìá.

ÌÝ÷ñé áõôü ôï óçìåßï Ý÷ïõìå åðåêôåßíåé ôç ìéá åêäï÷Þ, ôïí áëãüñéèìï
PostPruning, ôùí VkNN åñùôçìÜôùí, þóôå íá êáëýðôåé åðéðëÝïí ôçí êáôåý-
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Åéêüíá 5.1. Áñ÷éôåêôïíéêÞ óõíáñôÞóåùí PostPruning(k)NS åðåîåñãáóßáò.

èõíóç. Óôçí åðüìåíç åíüôçôá èá äïýìå êáé ôçí åðÝêôáóç ôçò Üëëçò åêäï÷Þò,
ôïõ áëãïñßèìïõ PrePruning.

5.2 ÅðÝêôáóç ôïõ Ripple óå PrePruning(k)NS

¼ðùò åßäáìå óå ðñïçãïýìåíï êåöÜëáéï ç äéáöïñÜ ôïõ PrePruning áðü ôïí
PostPruning åßíáé üôé ï PrePruning åëÝã÷åé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç
ü÷é ìüíï ôùí áíôéêåéìÝíùí áëëÜ êáé ôùí êüìâùí. Áõôü åðéôõã÷Üíåôáé üôáí
ï Ýëåã÷ïò áõôüò ãßíåôáé ìüëéò åîÜãåôáé Ýíá óôïé÷åßï ôçò ïõñÜò ðñïôåñáéüôç-
ôáò, åßôå áõôü åßíáé êüìâïò åßôå áíôéêåßìåíï. ÄçëáäÞ áëëÜæïíôáò ìÝóá óôïí
áëãüñéèìï ôïõ PostPruningNS ôçí èÝóç óôçí ïðïßá ãßíåôáé ï Ýëåã÷ïò ôçò åëÜ-
÷éóôçò ïñáôÞò áðüóôáóçò êáé ôçí åðáíåßóïäï óôçí ïõñÜ áí áõôÞ ç áðüóôáóç
åßíáé ìåãáëýôåñç áðü ôçí áðüóôáóç ôçò êåöáëÞò ôçò ïõñÜò, åðéôõã÷Üíïõìå ôç
äçìéïõñãßá ôïõ áëãïñßèìïõ PrePruningNS.

Ãéá ôçí õëïðïßçóç ôïõ áëãïñßèìïõ PostPruningNS äçìéïõñãÞèçêå ìéá óõ-
íÜñôçóç ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ôùí áêìþí. Êáèþò äéåõ-
êñéíßóôçêå üôé ãßíåôáé óýãêñéóç áêìþí êáé ü÷é ðïëõãþíùí êáé ôï NS áðïôÝëå-
óìá áíáíåþíåôáé ìå ôéò áêìÝò ôùí áíôéêåéìÝíùí. Óôçí ðåñßðôùóç ôïõ PrePrun-
ingNS üôáí åîÜãåôáé Ýíá óôïé÷åßï áðü ôçí ïõñÜ áõôü ìðïñåß íá åßíáé áêìÞ
Þ êüìâïò. Áí åßíáé êüìâïò, äçëáäÞ ïõóéáóôéêÜ åßíáé Ýíá åëÜ÷éóôï ïñèïãþ-
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íéï ïñéïèÝôçóçò (MBR), ôï ïðïßï ðåñéêëåßåé áíôéêåßìåíá Þ/êáé Üëëá åëÜ÷éóôá
ïñèïãþíéá ïñéïèÝôçóçò. Óõíåðþò åðéäéþêïõìå íá õðïëïãßóïõìå ôçí åëÜ÷éóôç
ïñáôÞ áðüóôáóç ãéá Ýíá ïñèïãþíéï ðïõ áðïôåëåßôáé áðü ôÝóóåñåéò áêìÝò, óå
áíôßèåóç ìå ôïí áëãüñéèìï PostPruningNS ðïõ åß÷áìå íá õðïëïãßóïõìå ôçí
åëÜ÷éóôç ïñáôÞ áðüóôáóç ãéá ìéá ìüíï áêìÞ.

Õëïðïéåßôáé ìéá íÝá óõíÜñôçóç, ç calcMinViDistNode ðïõ âëÝðïõìå óôï
ÐáñÜñôçìá Á, ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç åíüò êüìâïõ. Ç
óõíÜñôçóç áõôÞ óôá ïñßóìáôÜ ôçò áíôß ãéá ìéá áêìÞ, ðáßñíåé Ýíáí õðåñêýâï
Þ áëëéþò êüìâï ôïõ R-tree. Ç ëïãéêÞ ìå ôçí ïðïßá áõôÞ ç óõíÜñôçóç õðïëï-
ãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç åßíáé ßäéá ìå ôçí ëïãéêÞ ôçò óõíÜñôçóçò
calcMinViDist ðïõ åßäáìå óôçí ðñïçãïýìåíç åíüôçôá. ÄçëáäÞ ï óôü÷ïò åßíáé
íá áöáéñåèïýí áðü ôï ãùíéáêü åýñïò ôïõ êüìâïõ ïé ãùíßåò åêåßíåò óôéò ïðïßåò
åßíáé ìç ïñáôü, ïýôùò þóôå óôï ôÝëïò íá áðïìåßíåé ìüíï ôï ãùíéáêü åýñïò
ôïõ êüìâïõ óôï ïðïßï åßíáé ïñáôü áðü ôï óçìåßï åñùôÞìáôïò. Áõôü ãßíåôáé
åëÝã÷ïíôáò ôéò ôïìÝò ôçò ãùíßáò ôïõ êüìâïõ ðïõ åîåôÜæåôáé ìå ôéò ãùíßåò
üëùí ôùí áíôéêåßìåíùí ôïõ ôñÝ÷ïíôïò áðïôåëÝóìáôïò. Äéüôé ìüíï ôá áíôéêåß-
ìåíá ôïõ ôñÝ÷ïíôïò áðïôåëÝóìáôïò åßíáé ðéï êïíôÜ óôï óçìåßï åñùôÞìáôïò áðü
ôïí êüìâï ðïõ åîåôÜæåôáé êáé åðïìÝíùò ìüíï áõôÜ ìðïñïýí íá åðçñåÜóïõí ôçí
ïñáôüôçôÜ ôïõ. Åöüóïí õðïëïãéóôåß ç ïñáôÞ ãùíßá, õðïëïãßæåôáé êáôüðéí ç
åëÜ÷éóôç áðüóôáóç ôïõ êüìâïõ óå áõôÞ ôçí ïñáôÞ ãùíßá.

¼ðùò, üìùò, áíáöÝñèçêå ï êüìâïò áðïôåëåßôáé áðü ôÝóóåñåéò áêìÝò. ÐñïÝ-
êõøå ç áíÜãêç äçìéïõñãßáò ìéáò óõíÜñôçóçò ðïõ íá õðïëïãßæåé ôçí åëÜ÷éóôç
áðüóôáóç åíüò êüìâïõ óå óõãêåêñéìÝíç ãùíßá. Óôïí êþäéêá NS õðÞñ÷å ç óõ-
íÜñôçóç ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç áðüóôáóç ìéáò áêìÞò óå óõãêåêñéìÝíï
ãùíéáêü åýñïò, üìùò äåí õðÞñ÷å áíôßóôïé÷ç óõíÜñôçóç ãéá ôïí êüìâï. Áðü
ôçí óõíÜñôçóç calcMinViDistNode, üôáí Ý÷åé õðïëïãéóôåß ç ïñáôÞ ãùíßá, êá-
ëïýìå ôç óõíÜñôçóç mindistHC ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç áðüóôáóç åíüò
õðåñêýâïõ óå êÜðïéá ãùíßá. Ç óõíÜñôçóç áõôÞ åêìåôáëëåýåôáé ôçí õðÜñ÷ïõóá
óõíÜñôçóç ðïõ õðïëïãßæåé ôçí åëÜ÷éóôç áðüóôáóç ìéáò áêìÞò óå êÜðïéá ãù-
íßá. Ç mindistHC ðáßñíåé ôéò óõíôåôáãìÝíåò ôùí êïñõöþí ôïõ êüìâïõ êáé ãéá
êÜèå äýï óçìåßá äçìéïõñãåß ìéá áêìÞ. Óôç óõíÝ÷åéá êáëåß ôç óõíÜñôçóç ðïõ
õðïëïãßæåé ôçí åëÜ÷éóôç áðüóôáóç ôçò áêìÞò óôçí ïñáôÞ ãùíßá ðïõ ôçò Ý÷åé
äïèåß ùò üñéóìá. Áõôü ãßíåôáé ãéá üëåò ôéò áêìÝò ôïõ êüìâïõ êáé óôï ôÝëïò åðé-
óôñÝöåôáé ç åëÜ÷éóôç áðüóôáóç ôïõ êüìâïõ óôï óõãêåêñéìÝíï ãùíéáêü åýñïò
ðïõ äüèçêå ùò üñéóìá.

Ìå ôéò ðáñáðÜíù áëëáãÝò - ðñïóèÞêåò óôïí êþäéêá Ripple Þ áëëéþò ðá-
ñáëëÜóóïíôáò ôïí óõããåíÞ êþäéêá PostPruningNS Ý÷ïõìå äçìéïõñãÞóåé ôïí
áëãüñéèìï PrePruningNS. Ãéá ôçí ðáñáëëáãÞ PrePruningkNS áêïëïõèåßôáé
üìïéá äéáäéêáóßá üðùò óôïí PostPruningkNS. Ãéá íá Ý÷åé ôç äõíáôüôçôá ï
÷ñÞóôçò íá åðéëÝîåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ãåéôüíùí ðïõ åðéèõìåß íá ôïõ
åðéóôñÝøåé ï áëãüñéèìïò, åëÝã÷ïõìå ôï ðëÞèïò ôùí äéáöïñåôéêþí áíôéêåéìÝíùí
óôï áðïôÝëåóìá. Áõôü ãßíåôáé áêñéâþò ðñéí êëçèåß ç óõíÜñôçóç ðïõ áíáíåþíåé
ôï NS áðïôÝëåóìá. ¸ôóé áíáêôþíôáé óôáäéáêÜ k êïíôéíüôåñïé ãåßôïíåò. ¼ðùò
êáé óôïí áëãüñéèìï PostPruningkNS åðåéäÞ óôï áðïôÝëåóìá áðïèçêåýïíôáé
áêìÝò êáé ü÷é ðïëýãùíá, ÷ñçóéìïðïéïýíôáé ïé óõíáñôÞóåéò noOfObjsInResult
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êáé existsInResult ãéá íá õðïëïãéóôåß ôï ðëÞèïò ôùí äéáöïñåôéêþí áíôéêåéìÝ-
íùí óôï áðïôÝëåóìá.

Ç áñ÷éôåêôïíéêÞ ôçò PrePruning kNS åðåîåñãáóßáò ðïõ õëïðïéÞóáìå öáß-
íåôáé óôçí åéêüíá 5.2.

Åéêüíá 5.2. Áñ÷éôåêôïíéêÞ óõíáñôÞóåùí PrePruning(k)NS åðåîåñãáóßáò.

Óôçí áñ÷éôåêôïíéêÞ ôçò PrePruning(k)NS åðåîåñãáóßáò ÷ñåéÜóôçêå íá äéá-
êñßíïõìå ôç óõíÜñôçóç õðïëïãéóìïý ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò óå äýï
óõíáñôÞóåéò. Ãé' áõôü óôçí åéêüíá 5.2 õðÜñ÷ïõí äýï áíåîÜñôçôåò óõíáñôÞ-
óåéò ãéá ôïí õðïëïãéóìü ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò. Ç ìßá áíáöÝñåôáé
óôéò áêìÝò êáé ç Üëëç óôïõò êüìâïõò. ÅðéðëÝïí õðÜñ÷åé ç äéáäéêáóßá min-
ViDistCompare ðïõ óõãêñßíåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ôùí êüìâùí Þ
ôùí áêìþí ìå ôçí åëÜ÷éóôç áðüóôáóç ôçò êåöáëÞò ôçò ïõñÜò. Ç äéáäéêáóßá
minViDistCompare åöáñìüæåôáé áìÝóùò ìåôÜ ôéò êëÞóåéò ôùí óõíáñôÞóåùí
calcMinViDistNode êáé calcMinViDistEdge. Ï Ýëåã÷ïò ãéá ôï ðëÞèïò ôùí
áíôéêåéìÝíùí óôï ôñÝ÷ïí óýíïëï ôùí áðïôåëåóìÜôùí, kCheck, åöáñìüæåôáé
ðñéí êëçèåß ç óõíÜñôçóç NSIncorporate.
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5.3 ÅðÝêôáóç ôïõ Sweep óå SweepkNS

Ó÷åôéêÜ ìå ôçí åðÝêôáóç ôïõ áëãïñßèìïõ Sweep óå SweepkNS, õðÜñ÷åé Ýíá
âáóéêü ðñüâëçìá ðïõ Ý÷åé íá êÜíåé ìå ôçí óôáäéáêÞ áíÜêôçóç ôùí k êïíôéíü-
ôåñùí ãåéôüíùí.

Åî' ïñéóìïý ï áëãüñéèìïò Sweep âÜæåé áíôéêåßìåíá êáé êüìâïõò óôçí ïõñÜ
ðñïôåñáéüôçôáò óýìöùíá ìå ôçí áýîïõóá ãùíßá ÝíáñîÞò ôïõò êáé Ýôóé áíáæç-
ôÜåé ôá áíôéêåßìåíá óýìöùíá ìå ôçí êáôåýèõíóÞ ôïõò. ¼ôáí ï ÷ñÞóôçò èÝëåé íá
áíáæçôÞóåé ôïõò k êïíôéíüôåñïõò ãåßôïíåò, ôïí åíäéáöÝñïõí ïé k êïíôéíüôåñïé
óå ïðïéáäÞðïôå êáôåýèõíóç ìÝóá óôï ãùíéáêü åýñïò ðïõ Ý÷åé ïñßóåé. Ï áëãü-
ñéèìïò Sweep áíáæçôÜåé óôáäéáêÜ êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò óýìöùíá
ìå ôçí áýîïõóá ãùíéÜ ôïõò. ¸ôóé åßíáé áäýíáôï íá áíáæçôÞóïõìå óôáäéáêÜ
ôïõò k êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò ðñïò üëåò ôéò êáôåõèýíóåéò ìÝóá óôï
ãùíéáêü åýñïò ðïõ ïñßæåé ï ÷ñÞóôçò.

ÐñïêåéìÝíïõ íá åðéôåõ÷èåß ç áíáæÞôçóç ôùí k êïíôéíüôåñùí ïñáôþí ãåéôü-
íùí èá ðñÝðåé ðñþôá íá åêôåëåóôåß, ï áëãüñéèìïò Sweep, êáé íá äþóåé ôï ôåëéêü
óýíïëï ôùí áðïôåëåóìÜôùí ðïõ ðåñéÝ÷åé üëïõò ôïõò êïíôéíüôåñïõò ïñáôïýò
ãåßôïíåò. ÌåôÜ ôçí ïëïêëÞñùóç ôïõ áëãïñßèìïõ èá ðñÝðåé íá ôáîéíïìÞóïõìå
ôá áíôéêåßìåíá ôïõ áðïôåëÝóìáôïò óå áýîïõóá áðüóôáóç êáé íá ðÜñïõìå ôá
k ðñþôá áðü áõôÜ. Óõíåðþò äåí ãßíåôáé êáìßá åðÝìâáóç óôï åóùôåñéêü ôçò
NS Sweep åðåîåñãáóßáò. Ç áñ÷éôåêôïíéêÞ ôçò Sweep ðñáêôéêÞò áëëÜæåé óôï
ðñïçãïýìåíï åðßðåäï, áðü ôçí NS Sweep åðåîåñãáóßá êáé ãßíåôáé üðùò óôçí
åéêüíá 5.3.

Óôçí åéêüíá 5.3 ðáñáôçñïýìå üôé åêôüò ôçò NS Sweep åðåîåñãáóßáò, äç-
ëáäÞ üôáí ôåëåéþóåé ôçí åêôÝëåóç ï áëãüñéèìïò Sweep Ý÷åé õëïðïéçèåß ìéá äéá-
äéêáóßá ðïõ ôáîéíïìåß ôá áðïôåëÝóìáôá óå áýîïõóá áðüóôáóç áðü ôï óçìåßï
åñùôÞìáôïò. Êáôüðéí ìéá Üëëç äéáäéêáóßá åðéëÝãåé ôá k êïíôéíüôåñá áíôéêåß-
ìåíá ðñéí ðÜñïõìå ôá ôåëéêÜ áðïôåëÝóìáôá. Ïé äéáäéêáóßåò ôçò ôáîéíüìçóçò
êáé ôçò åðéëïãÞò áíôéêåéìÝíùí Ý÷ïõí õëïðïéçèåß åêôüò ôçò êëÜóçò ðïõ êÜíåé
ôçí êáèáõôü Sweep åðåîåñãáóßá, äçëáäÞ åêôüò ôçò êëÜóçò nssweep.cc êáé ìÝóá
óôçí êëÜóç sweepkns.cc (âë. ÐáñÜñôçìá Á). Ç ôåëåõôáßá êëÜóç äéáâÜæåé ôá
óôïé÷åßá åéóüäïõ ðïõ äßíåé ï ÷ñÞóôçò, êáëåß ôïí áëãüñéèìï Sweep, ôáîéíïìåß
ôá áðïôåëÝóìáôá ôïõ Sweep, åðéëÝãåé ôá k êïíôéíüôåñá áíôéêåßìåíá êáé ôõðþ-
íåé ôá áðïôåëÝóìáôá óôçí Ýîïäï, ìå áðëÜ ëüãéá äéá÷åéñßæåôáé ôçí NS Sweep
ðñáêôéêÞ êáé ðåñéÝ÷åé ôç óõíÜñôçóç main.

5.4 Õëïðïßçóç Åðéðñüóèåôùí ÓõíáñôÞóåùí

ÐÝñá áðü ôéò åðåêôÜóåéò ôùí áëãïñßèìùí ðïõ ðåñéãñÜöçêáí ðáñáðÜíù õëï-
ðïéÞèçêáí êáé êÜðïéåò åðéðñüóèåôåò óõíáñôÞóåéò ãéá ôçí åêôýðùóç ôùí áðï-
ôåëåóìÜôùí óå åéêüíá, ãéá ôçí åõäéÜêñéôç åìöÜíéóç ôùí áðïôåëåóìÜôùí óôçí
ïèüíç åîüäïõ êáé åðéðëÝïí äéïñèþèçêáí êÜðïéá óöÜëìáôá ôïõ áñ÷éêïý êþäéêá
ðïõ ðáñáëÞöèçêå áðü ôïõò óõããñáöåßò ôïõ Üñèñïõ [3].
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Åéêüíá 5.3. Áñ÷éôåêôïíéêÞ SweepkNS ðñáêôéêÞò.

Óå üëïõò ôïõò áëãüñéèìïõò ðïõ äçìéïõñãÞèçêáí (PostPruningNS, Post-
PruningkNS, PrePruningNS, PrePruningkNS, SweepkNS) êáé óôïí áëãüñéèìï
Sweep ðñïóôÝèçêå ìéá óõíÜñôçóç ðïõ åêôõðþíåé ôá áðïôåëÝóìáôá ôïõ V(k)NS
åñùôÞìáôïò óôï ïðïßï áðáíôïýí. ÓõãêåêñéìÝíá ôõðþíåé óå åéêüíá üëá ôá áíôé-
êåßìåíá ôïõ óõíüëïõ äåäïìÝíùí, ôõðþíåé ôç èÝóç ôïõ óçìåßïõ åñùôÞìáôïò êáé
÷ñùìáôßæåé äéáöïñåôéêÜ, áðü ôá õðüëïéðá, ôá áíôéêåßìåíá åêåßíá ðïõ åðéóôñÝ-
öïíôáé ùò áðïôÝëåóìá. Ç óõíÜñôçóç áõôÞ ïíïìÜæåôáé drawResult êáé åßíáé
õëïðïéçìÝíç ìÝóá óôçí êëÜóç ðïõ ðåñéÝ÷åé ôç main óõíÜñôçóç êÜèå áëãïñßè-
ìïõ. Ç óõíÜñôçóç áõôÞ äçìéïõñãåß Ýíá áñ÷åßï åéêüíáò ìå êáôÜëçîç .eps. Ôï
áñ÷åßï áõôü ÷ñçóéìïðïéåßôáé ãéá ôçí åðáëÞèåõóç ôùí áðïôåëåóìÜôùí - áíôéêåé-
ìÝíùí ðïõ åðéóôñÝöåé ôï êÜèå åñþôçìá ðïõ ôßèåôáé.

Óôïí áñ÷éêü êþäéêá õðÞñ÷áí êÜðïéá óöÜëìáôá ðïõ Ýäéíáí null ôéìÝò óôá
áðïôåëÝóìáôá. ¸íáò áðü ôïõò ëüãïõò ðïõ ãßíïíôáí áõôü åßíáé üôé äåí äïýëåõå
óùóôÜ ç óõíÜñôçóç ðïõ ÷ùñßæåé Ýíá áíôéêåßìåíï êáôÜ ìÞêïò ôïõ Üîïíá ôùí x.
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¼ðùò åßäáìå óôï êåöÜëáéï 2 óôïí ïñéóìü ôïõ ãùíéáêïý åýñïõò åíüò MBR,
ç åëÜ÷éóôç ãùíßá ôïõ MBR åßíáé ìéêñüôåñç áðü ôç ìÝãéóôç ãùíßá ôïõ. Áõôü
üìùò äåí éó÷ýåé óôçí ðåñßðôùóç ðïõ ôï MBR ôÝìíåôáé áðü ôïí Üîïíá ôùí
x ðïõ ÷áñÜóóåôáé ìå áñ÷Þ ôï óçìåßï åñùôÞìáôïò. Óå áõôÞ ôçí ðåñßðôùóç ôï
MBR äéá÷ùñßæåôáé ïñéæüíôéá óå äýï ïñèïãþíéá ðáñáëëçëüãñáììá Ýôóé þóôå
ôï Ýíá íá âñßóêåôáé áðü ôïí Üîïíá ôùí x êáé ðÜíù êáé ôï Üëëï íá åßíáé êÜôù
áðü ôïí Üîïíá ôùí x. ÁõôÞ ôç äéáäéêáóßá êáëåßôáé íá ôçí ðñáãìáôïðïéÞóåé ç
óõíÜñôçóç acrossX ðïõ âñßóêåôáé ìÝóá óôçí êëÜóç polygon.cc. Ç óõíÜñôçóç
áõôÞ äåí Ýêáíå óùóôü äéá÷ùñéóìü ôïõ MBR êáé åðéðëÝïí åðÝóôñåöå ôéìÝò null
üôáí ôï óçìåßï åñùôÞìáôïò êáé ôï MBR åß÷áí ôçí ßäéá y óõíôåôáãìÝíç. ¸ôóé
ç óõíÜñôçóç áõôÞ ôñïðïðïéÞèçêå.

Ç Üëëç áéôßá ãéá ôçí ïðïßá ï êþäéêáò åðÝóôñåöå ëáíèáóìÝíá áðïôåëÝóìáôá
åßíáé ç óõíÜñôçóç angle ôçò êëÜóçò point.cc. Ç óõíÜñôçóç áõôÞ êáëåßôáé áðü
Ýíá óçìåßï ôïõ ÷þñïõ ìå üñéóìá êÜðïéï Üëëï óçìåßï, áò ðïýìå ôï óçìåßï åñù-
ôÞìáôïò êáé åðéóôñÝöåé ôç ãùíßá ôïõ óçìåßïõ ðïõ ôçí êáëåß ùò ðñïò ôï óçìåßï
åñùôÞìáôïò. Ãéá íá ôï êÜíåé áõôü åëÝã÷åé óå ðïéï ôåôáñôçìüñéï ùò ðñïò ôï óç-
ìåßï åñùôÞìáôïò âñßóêåôáé ôï óçìåßï ðïõ ôçí êáëåß êáé êáôüðéí õðïëïãßæåé ôç
ãùíßá. Åäþ åðßóçò äåí åß÷å ðñïâëåöèåß ç ðåñßðôùóç üðïõ ôï óçìåßï ðïõ êáëåß
ôç óõíÜñôçóç åöÜðôåôáé óå Ýíáí áðü ôïõò Üîïíåò óõíôåôáãìÝíùí. ÅðéðëÝïí äåí
ãßíïíôáí ç óùóôÞ åðéëïãÞ ôùí ôåôáñôçìïñßùí ìå áðïôÝëåóìá íá åðéóôñÝöïíôáé
null ôéìÝò. Ç óõíÜñôçóç angle äéïñèþèçêå.

ÕëïðïéÞèçêå áêüìá ìÝóá óôç óõíÜñôçóç main ôïõ êÜèå áëãïñßèìïõ Ýíá
êïììÜôé êþäéêá ãéá ôçí ïìáëÞ åìöÜíéóç ôùí áðïôåëåóìÜôùí óôçí ïèüíç åîü-
äïõ. Ï êþäéêáò Ýôóé üðùò ðáñáëÞöèçêå áñ÷éêÜ ãéá íá ôõðþóåé ôá áðïôåëÝóìáôá
÷þñéæå ôï ãùíéáêü åýñïò óå ßóá êáé ìéêñÜ äéáóôÞìáôá ìïéñþí êáé åìöÜíéæå Ýíá
äéÜóôçìá êáé Ýíá áíôéêåßìåíï ôï ïðïßï Þôáí NS óå áõôü ôï äéÜóôçìá. Ôï áðï-
ôÝëåóìá åß÷å ðïëëáðëÝò åìöáíßóåéò ôïõ ßäéïõ áíôéêåéìÝíïõ, óå ðåñßðôùóç ðïõ
ôï áíôéêåßìåíï áõôü êÜëõðôå óõíå÷üìåíá ðïëëÜ ôÝôïéá ìéêñÜ äéáóôÞìáôá. Ï
êþäéêáò ðïõ õëïðïéÞèçêå ìÝóá óôçí main åìöáíßæåé ìéá öïñÜ ôï NS áíôéêåß-
ìåíï ìå üëï ôï ãùíéáêü åýñïò ðïõ êáëýðôåé óõíå÷üìåíá. Áí ôï áíôéêåßìåíï
åßíáé NS êáé óå êÜðïéï Üëëï ãùíéáêü åýñïò ðïõ äåí åßíáé óõíÝ÷åéá ôïõ ðñïç-
ãïýìåíïõ ãùíéáêïý åýñïõò, ôüôå ìüíï ôï áíôéêåßìåíï èá îáíáåìöáíéóôåß óôï
áðïôÝëåóìá.

Ìå ôçí äéüñèùóç áõôþí ôùí óöáëìÜôùí êáé üëåò ôéò ôñïðïðïéÞóåéò ôùí
áëãïñßèìùí ðïõ ðåñéãñÜöôçêáí ðáñáðÜíù óå áõôü ôï êåöÜëáéï Ý÷ïõí äç-
ìéïõñãçèåß ïëïêëçñùìÝíåò ðñáêôéêÝò ðïõ áðáíôïýí óôá åñùôÞìáôá êïíôéíü-
ôåñïõ ïñáôïý ãåßôïíá óå óõãêåêñéìÝíåò ãùíßåò äßíïíôáò ôç äõíáôüôçôá ôïõ
÷ñÞóôç íá åðéëÝãåé ôï ðëÞèïò áõôþí ôùí ãåéôüíùí.
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Ï êþäéêáò ðïõ ìïéñÜóôçêáí ìáæß ìáò ïé óõããñáöåßò ôïõ Üñèñïõ [3] åßíáé ãñáì-
ìÝíïò óå C++. Ç Ýêäïóç ôïõ ðáêÝôïõ ôïõ êþäéêá ìðïñåß íá ìåôáãëùôôßæåôáé
êáé íá åêôåëåßôáé óå ðåñéâÜëëïí Unix/Linux ìå ìåôáãëùôôéóôÞ gcc. ×ñçóé-
ìïðïéþíôáò áõôüí ôïí êþäéêá üëïé ïé áëãüñéèìïé ôùí åñùôçìÜôùí ïðôéêïý
ðåäßïõ ðïõ õëïðïéÞèçêáí åßíáé ãñáììÝíïé óå C++. Ðéï óõãêåêñéìÝíá ôï ðá-
êÝôï êþäéêá ìåôáãëùôôßóôçêå êáé åêôåëÝóôçêå óå ðåñéâÜëëïí Ubuntu 11.04
ìå ìåôáãëùôôéóôÞ gcc 4.5.2. ¼ëá ôá åêôåëÝóéìá âñßóêïíôáé ìÝóá óôïí öÜêåëï
bin. ¼ëåò ïé åíôïëÝò åêôåëïýíôáé ìÝóá áðü ôçí êïíóüëá ôïõ Linux.

6.1 ÅêôÝëåóç ôùí Áëãïñßèìùí

Ðñéí áðü ôçí åêôÝëåóç ïðïéïõäÞðïôå áëãïñßèìïõ èá ðñÝðåé íá äçìéïõñãçèåß
ôï R-tree åõñåôÞñéï ôùí ÷ùñéêþí äåäïìÝíùí, ìå âÜóç ôï ïðïßï èá ãßíïíôáé ïé
áíáæçôÞóåéò. Óôï ðáêÝôï êþäéêá ðïõ ìáò äüèçêå ðáñÝ÷åôáé ç õðçñåóßá ãéá ôç
äçìéïõñãßá åíüò R-tree, åéóáãùãÞò/äéáãñáöÞò óôïé÷åßùí, ðåñéÞãçóç êáé áíá-
æÞôçóçò. Ïé ðáñáðÜíù õðçñåóßåò ðáñÝ÷ïíôáé áðü ôçí êëÜóç rtreetest.cc ðïõ
âñßóêåôáé óôï áñ÷åßï src. Ç åíôïëÞ ìå ôçí ïðïßá äçìéïõñãïýìå ôï R-tree åõ-
ñåôÞñéï åßíáé:

./rtreetest -p 4096 -d 2 -f data.txt -i index_file.txt

-o rtree_image.eps -v true

¼ðïõ:

− p, åßíáé ôï ìÝãåèïò ôçò óåëßäáò åéóüäïõ åîüäïõ,
− d, åßíáé ç äéÜóôáóç ôïõ ÷þñïõ,
− f, åßíáé ôï áñ÷åßï ôùí ÷ùñéêþí äåäïìÝíùí, ìÝóá óôï ïðïßï ôá äåäïìÝíá

óõíôÜóóïíôáé óôç ìïñöÞ "id xmin ymin xmax ymax", ÷ùñéóìÝíá ìå tab.
ÄçëáäÞ ôï áñ÷åßï áõôü ðåñéÝ÷åé ôéò ìÝãéóôåò êáé ôéò åëÜ÷éóôåò óõíôåôáã-
ìÝíåò ôùí MBRs,

− i, åßíáé ôï üíïìá ôïõ áñ÷åßïõ åõñåôçñßïõ ðïõ èá äçìéïõñãçèåß,
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− ï, åßíáé ç åéêüíá ôïõ åõñåôçñßïõ ðïõ èá äçìéïõñãçèåß,
− v, ìéá ìåôáâëçôÞ ðïõ åßíáé ðÜíôá áëçèÞò.

Óôçí åéêüíá 6.1 âëÝðïõìå Ýíá ðáñÜäåéãìá ôïõ R-tree ðïõ äçìéïõñãåßôáé ìå
áõôÞ ôçí åíôïëÞ.

Åéêüíá 6.1. R-tree åõñåôÞñéï ìå ôïõò äñüìïõò ôçò ÅëëÜäáò.

Ðñüêåéôáé ãéá Ýíá óýíïëï äåäïìÝíùí ðïõ ðåñéÝ÷åé ôïõò äñüìïõò ôçò ÅëëÜ-
äáò. Ðáñáôçñïýìå üôé ôï R-tree ðåñéÝ÷åé MBRs ôá ïðïßá ðåñéÝ÷ïõí ìéêñüôåñá
MBRs ôá ïðïßá ôåëéêÜ ðåñéÝ÷ïõí ôá MBRs ôùí áíôéêåéìÝíùí, äçëáäÞ ôïõò
äñüìïõò ôçò ÅëëÜäáò. ÌåôÜ ôçí åêôÝëåóç ôçò åíôïëÞò rtreetest äçìéïõñãåßôáé
ìÝóá óôïí öÜêåëï bin ôï áñ÷åßï index �le.idx, ôï ïðïßï ìðïñåß íá ÷ñçóéìïðïéç-
èåß ãéá ôçí åêôÝëåóç ïðïéïõäÞðïôå áðü ôïõò áëãïñßèìïõò åñùôçìÜôùí ïðôéêïý
ðåäßïõ ôïõ ðáêÝôïõ êþäéêá.

Ãéá ôçí åêôÝëåóç ôïõ áëãïñßèìïõ PostPruningNS äßíïõìå óôï ôåñìáôéêü
ôçí åíôïëÞ:

./postpruningns -p 4096 -d 2 -f data.txt -i index_file.idx

-q query_file.txt -a0 0 -a1 360 -m 1 -t 1 -v true

Ôá óôïé÷åßá p, d êáé v åßíáé ôá ßäéá ðïõ äéåõêñéíßóôçêáí ãéá ôçí åêôÝëåóç
ôïõ êþäéêá rtreetest. Ôá õðüëïéðá óôïé÷åßá åßíáé:
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− f, åßíáé ôï áñ÷åßï ôùí ÷ùñéêþí äåäïìÝíùí üðïõ ôá äåäïìÝíá óõíôÜóóïíôáé
óôç ìïñöÞ "id #vertices xmin ymin xmax ymin xmax ymin xmax ymax
xmax ymax xmin ymax xmin ymax xmin ymin", ÷ùñéóìÝíá ìå tabs. ÐåñéÝ-
÷åé äçëáäÞ ôéò óõíôåôáãìÝíåò ôùí êïñõöþí ôùí MBRs åðáíáëáìâáíüìåíåò,
äéüôé ï êþäéêáò äéáâÜæåé óôï áñ÷åßï äåäïìÝíùí äýï êïñõöÝò êáé ó÷çìáôßæåé
ìéá áêìÞ, ìåôÜ äéáâÜæåé Üëëåò äýï êïñõöÝò êïê. ìÝ÷ñé ôïí ðëÞèïò ôùí êï-
ñõöþí ðïõ äçëþíåôáé óå êÜèå ãñáììÞ ôïõ áñ÷åßïõ. ÅðïìÝíùò Ýôóé ðñÝðåé
íá äïìçèåß ôï áñ÷åßï äåäïìÝíùí,

− i, åßíáé ôï åõñåôÞñéï ðïõ äçìéïõñãÞèçêå ìå ôïí êþäéêá rtreetest,
− q, åßíáé ôï áñ÷åßï êåéìÝíïõ ðïõ ðåñéÝ÷åé ôá óçìåßá åñùôçìÜôùí óôç ìïñöÞ

"id x y", ÷ùñéóìÝíá ìå tabs,
− a0, ç ãùíßá Ýíáñîçò áíáæÞôçóçò êïíôéíüôåñùí ïñáôþí ãåéôüíùí,
− a1, ç ãùíßá ôåñìáôéóìïý áíáæÞôçóçò,
− m, ôï ðëÞèïò ôùí åðéðÝäùí,
− t, ôï ðëÞèïò ôùí ôïìÝùí.

Óôï óçìåßï áõôü åðéóçìáßíåôáé üôé üëïé ïé áëãüñéèìïé õëïðïéÞèçêáí êáé
åëÝã÷èçêáí üôé åêôåëïýíôáé ÷ùñßò óöÜëìáôá ãéá äýï äéáóôÜóåéò (-d 2), ãéá
Ýíá åðßðåäï (-m 1) êáé ãéá Ýíá ôïìÝá (-t 1) ðïõ êáëýðôåé üëï ôï ãùíéáêü åýñïò
ðïõ äßíåé ï ÷ñÞóôçò.

Ãéá ôçí åêôÝëåóç ôïõ áëãïñßèìïõ PostPruningkNS äßíïõìå ôçí åíôïëÞ:

./postpruningkns -p 4096 -d 2 -f data.txt -i index_file.idx

-q query_file.txt -a0 0 -a1 360 -m 1 -t 1 -v true -k 30

Óôï ôÝëïò ôçò åíôïëÞò Ý÷åé ðñïóôåèåß êáé ç ðáñÜìåôñïò k ðïõ äçëþíåé
ôï ìÝãéóôï ðëÞèïò ôùí êïíôéíüôåñùí ãåéôüíùí ðïõ æçôåßôáé íá åðéóôñÝøåé ï
áëãüñéèìïò.

Ãéá ôïõò áëãïñßèìïõò Sweep êáé PrePruningNS ç åíôïëÞ åßíáé üìïéá ìå
áõôÞ ôïõ PostPruningNS. Ôï ìüíï ðïõ áëëÜæåé åßíáé ôï üíïìá ôïõ åêôåëÝóéìïõ
áñ÷åßïõ. Ïìïßùò ïé áëãüñéèìïé SweepkNS êáé PrePruningkNS åêôåëïýíôáé ìå
åíôïëÞ üìïéá ìå áõôÞ ôïõ PostPruningkNS.

Ôá áðïôåëÝóìáôá ôõðþíïíôáé óôçí ïèüíç åîüäïõ. Ãéá ðáñÜäåéãìá áò õðïèÝ-
óïõìå üôé åêôåëïýìå ôïí áëãüñéèìï PostPruningkNS óå Ýíá óýíïëï äåäïìÝíùí
ìå ôéò ëßìíåò ôçò ÅëëÜäáò, äßíïíôáò ôçí ðáñÜìåôñï k ßóç ìå 5. Ùò Ýîïäï èá
ðÜñïõìå:

q@: 400083,4.22009e+06

(0, 33.4075):-1

(33.4075, 47.167):65

(47.167, 138.37):-1

(138.37, 146.394):63

(146.394, 217.14):-1

(217.14, 222.307):71

(222.307, 301.511):-1

(301.511, 302.295):74

(302.295, 349.499):-1
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(349.499, 349.821):68

(349.821, 360):-1

Áõôü óçìáßíåé üôé ôï óçìåßï åñùôÞìáôïò åßíáé óôç èÝóç (x, y): 400083,4.22009e+06.
Ìå âÜóç áõôÞ ôç èÝóç åñùôÞìáôïò âñÝèçêáí ðÝíôå áíôéêåßìåíá. ÓõãêåêñéìÝíá
óôï ãùíéáêü åýñïò (0, 33.4075) äåí õðÜñ÷åé êáíÝíá êïíôéíüôåñï áíôéêåßìåíï
êáé åêôõðþíåôáé ôï -1. Óôç ãùíßá (33.4075, 47.167) âñÝèçêå ùò êïíôéíüôåñï
áíôéêåßìåíï áõôü ðïõ Ý÷åé id 65 êïê.. Ç åêôýðùóç ôùí áíôéêåéìÝíùí ôåëåéþíåé
óôç ãùíéÜ ëÞîçò ðïõ óå áõôÞ ôçí ðåñßðôùóç åßíáé 360 ìïßñåò.
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ÅìðåéñéêÞ ÌåëÝôç

Ç ðåéñáìáôéêÞ ìåëÝôç èá ðåñéëáìâÜíåé üëïõò ôïõò áëãïñßèìïõò ðïõ õëïðïéÞ-
èçêáí (PostPruningNS, PostPruningkNS, PrePruningNS, PrePruningkNS,
SweepkNS) êáé ôïí áëãüñéèìï Sweep. Ôá ðåéñÜìáôá èá ÷ùñéóôïýí óå ôñåéò
êáôçãïñßåò áíÜëïãá ìå ôçí åðßäñáóç ôçò ìåôáâëçôÞò ôïõ Üîïíá ôùí x, ùò ðñïò
ôçí ïðïßá ãßíïíôáé ïé åêôéìÞóåéò. ÁõôÝò ïé êáôçãïñßåò åßíáé ç åðßäñáóç ôçò
ðáñáìÝôñïõ k, ôï ìÝãåèïò ôïõ óõíüëïõ äåäïìÝíùí êáé ôï ìÝãåèïò ôùí áíôéêåé-
ìÝíùí. Ôá êñéôÞñéá áîéïëüãçóçò ôùí áëãïñßèìùí, ìåôÜ öõóéêÜ ôçí ïñèüôçôÜ
ôïõò, áíáöÝñïíôáé óôçí áðïäïôéêüôçôá. Ç áðïäïôéêüôçôá êáèïñßæåôáé áðü ôï
êüóôïò åéóüäïõ - åîüäïõ, ôïí ÷þñï ìíÞìçò êáé ôï ÷ñüíï åêôÝëåóçò.

Óôçí ðåñßðôùóç ôùí áëãïñßèìùí åñùôçìÜôùí ïðôéêïý ðåäßïõ ç ðåñéóóüôåñç
ìíÞìç êáôáíáëþíåôáé ãéá ôç äéáôÞñçóç ôçò ïõñÜò ðñïôåñáéüôçôáò. Óôçí ïõñÜ
ðñïôåñáéüôçôáò äéáôçñïýíôáé ïé êüìâïé êáé ôá öýëëá ôïõ R-tree, ðñïêåéìÝíïõ
íá ðñïóðåëáýíïíôáé áðü ôïí åêÜóôïôå áëãüñéèìï. ¸ôóé üóåò ðåñéóóüôåñåò
åéóüäïõò Ý÷åé ç ïõñÜ ðñïôåñáéüôçôáò ôüóç ðåñéóóüôåñç ìíÞìç êáôáíáëþíåôáé.
Ôï êüóôïò åéóüäïõ - åîüäïõ áöïñÜ ôçí ðñïóðÝëáóç ôùí êüìâùí/óåëßäùí óôï
åõñåôÞñéï R-tree. Ôï êüóôïò åðåîåñãáóßáò åîáñôÜôáé áðü ôçí ðïëõðëïêüôçôá
ôïõ åêÜóôïôå áëãïñßèìïõ êáé óôçí ðåñßðôùóç ôùí åñùôçìÜôùí ïðôéêïý ðåäßïõ
ï õðïëïãéóìüò ôçò ïñáôÞò ðåñéï÷Þò êÜèå óçìåßïõ åñùôÞìáôïò Ý÷åé ìåãÜëï
êüóôïò åðåîåñãáóßáò.

Ðñéí áíáëõèïýí ôá ðåéñÜìáôá èá ðñÝðåé íá äéåõêñéíéóôïýí ôá ÷áñáêôçñé-
óôéêÜ ôïõ õðïëïãéóôéêïý óõóôÞìáôïò óôï ïðïßï åêôåëÝóôçêáí. Ôï ëåéôïõñãéêü
óýóôçìá ðïõ ÷ñçóéìïðïéÞèçêå åßíáé Ubuntu 11.04 ìå åðåîåñãáóôÞ Intel Core 2
Duo 2.0 GHz. ÊÜèå óýíïëï äåäïìÝíùí áðïèçêåýåôáé óå Ýíá R-tree ìå ìÝãåèïò
óåëßäáò äßóêïõ óôá 4 ÊÂ. Ôï ìÝãåèïò ôçò ðñïóùñéíÞò ìíÞìçò (cache) ôßèåôáé
óôéò 30 óåëßäåò ãéá üëá ôá ðåéñÜìáôá. ÊÜèå ðåßñáìá äéåîÜãåôáé ãéá 20 óçìåßá
åñùôÞìáôïò óå ôõ÷áßåò èÝóåéò êáé ôá áðïôåëÝóìáôá ðïõ ìåôñïýíôáé åßíáé ï
ìÝóïò üñïò áõôþí ôùí 20 åñùôçìÜôùí.

Ãéá ôçí áîéïëüãçóç ôçò áðüäïóçò ôùí áëãïñßèìùí ÷ñçóéìïðïéïýíôáé ôå-
÷íçôÜ êáé áëçèéíÜ äåäïìÝíá. ×ñçóéìïðïéþíôáò ôå÷íçôÜ äåäïìÝíá ìðïñïýìå íá
áëëÜæïõìå ôéò ðáñáìÝôñïõò ôùí ðåéñáìÜôùí êáôÜ âïýëçóç êáé Ýôóé åîåôÜæïíôáò
äéáöïñåôéêÝò ðåñéðôþóåéò íá Ý÷ïõìå ìéá ðéï ïëïêëçñùìÝíç ðåéñáìáôéêÞ ìåëÝôç.
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Ãéá ôá ôå÷íçôÜ äåäïìÝíá ÷ñçóéìïðïéÞèçêå ìéá ðëáôöüñìá ðáñáãùãÞò ÷ùñéêþí
äåäïìÝíùí ðïõ áíáðôý÷èçêå óôï ðáíåðéóôÞìéï Ðåéñáéþò áðü ôçí ïìÜäá ôïõ ê.
Èåïäùñßäç ÃéÜííç êáé åßíáé äéáèÝóéìï óôçí éóôïóåëßäá [10]. Ôá ôå÷íçôÜ äåäï-
ìÝíá ðïõ äçìéïõñãïýíôáé êáôáíÝìïíôáé ôõ÷áßá êáé ïìïéüìïñöá óå Ýíá ÷þñï
10000 x 10000 ôåôñáãùíéêÝò ìïíÜäåò. Ôï ýøïò êáé ôï ðëÜôïò ôïõ êÜèå ïñèïãù-
íßïõ ðïéêßëåé ôõ÷áßá áðü 1 Ýùò 10 ìïíÜäåò åêôüò áðü ôçí ôåëåõôáßá êáôçãïñßá
ðåéñáìÜôùí üðïõ óõãêñßíïõìå ôçí áðüäïóç ôùí áëãïñßèìùí ùò ðñïò êÜðïéá
óõãêåêñéìÝíá ìåãÝèç áíôéêåéìÝíùí. Ôá áëçèéíÜ äåäïìÝíá áíáêôÞèçêáí áðü
ôçí éóôïóåëßäá [10]. Ôá äåäïìÝíá áõôÜ áöïñïýí äñüìïõò óôçí ÅëëÜäá êáé óôéò
ðüëåéò Long Beach êáé Montgomery ôùí ÇíùìÝíùí Ðïëéôåéþí.

7.1 ¸ëåã÷ïò Ïñèüôçôáò ÁðïôåëåóìÜôùí

Ç ïñèüôçôá ôùí áðïôåëåóìÜôùí åßíáé Ýíá Üëëï êñéôÞñéï áðïôßìçóçò ôçò åñãá-
óßáò, ãé' áõôü ðñéí áðü ôçí åêôÝëåóç ôùí ðåéñáìÜôùí åëÝã÷èçêå ç ïñèüôçôá.
¼ëïé ïé áëãüñéèìïé ðïõ õëïðïéÞèçêáí áðáíôïýí óôá ßäéá åñùôÞìáôá ïðôéêïý
ðåäßïõ. ÅðïìÝíùò ìå âÜóç ôï ßäéï óçìåßï åñùôÞìáôïò êáé ôï ßäéï óýíïëï äåäï-
ìÝíùí èá ðñÝðåé íá åðéóôñÝöïõí ôá ßäéá áíôéêåßìåíá óôéò ßäéåò áêñéâþò ãùíßåò.
Áõôü åëÝã÷èçêå ôüóï áðü ôá áðïôåëÝóìáôá ðïõ ôõðþíïíôáé óôçí ïèüíç åîüäïõ
üóï êáé ïðôéêÜ ìå ôçí åéêüíá ôùí áðïôåëåóìÜôùí. ÅðéðëÝïí ìå ôçí åéêüíá äéá-
ðéóôþíïõìå ïðôéêÜ áí ôá áíôéêåßìåíá ðïõ åðéóôñÝöïíôáé ùò áðïôÝëåóìá åßíáé
üíôùò ïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò, óôï óçìåßï åñùôÞìáôïò êáé óå óõãêå-
êñéìÝíåò ãùíßåò. Óôçí åéêüíá 7.1 âëÝðïõìå ôï áðïôÝëåóìá ðïõ åðéóôñÜöçêå
áðü ôçí åêôÝëåóç ôùí áëãïñßèìùí PostPruningNS, PrePruningNS êáé Sweep.
Ç åéêüíá åßíáé áêñéâþò ßäéá êáé ãéá ôïõò ôñåéò áõôïýò áëãïñßèìïõò.

Ôï óýíïëï äåäïìÝíùí ðïõ öáßíåôáé óôçí åéêüíá 7.1 áíáðáñéóôÜ ôéò ëßìíåò
ôçò ÅëëÜäáò êáé áíáêôÞèçêå áðü ôçí éóôïóåëßäá [10]. Ðñüêåéôáé ãéá Ýíá óýíïëï
äåäïìÝíùí ìå 77 ïñèïãþíéá ðáñáëëçëüãñáììá, ôï ïðïßï åðéëÝ÷èçêå óêüðéìá
ìéêñü ãéá íá åßíáé ðåñéóóüôåñï åõäéÜêñéôá ôá áðïôåëÝóìáôá ðïõ åðéóôñÝöïíôáé
áðü ôïõò áëãïñßèìïõò. ÊÜèå ðáñáëëçëüãñáììï ðïõ öáßíåôáé óôçí åéêüíá áíá-
ðáñéóôÜ ìéá ëßìíç. Ìå ôïõò áëãüñéèìïõò (PostPruningNS, PrePruningNS êáé
Sweep) ðïõ åêôåëÝóôçêáí óå áõôü ôï óýíïëï äåäïìÝíùí áíáæçôïýíôáé üëïé
ïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò ìå ôéò áíôßóôïé÷åò ãùíßåò ôïõò óôï ãùíéáêü
åýñïò 0 - 360 ìïßñåò.

Ôï óçìåßï åñùôÞìáôïò åßíáé ç ìðëå ôåëåßá. Ìå êüêêéíï ÷ñùìáôßæïíôáé ôá
ðåñéãñÜììáôá ôùí ðáñáëëçëïãñÜììùí ðïõ áíÞêïõí óôï óýíïëï ôùí êïíôéíü-
ôåñùí ïñáôþí ãåéôüíùí, äçëáäÞ óôï óýíïëï ôùí áðïôåëåóìÜôùí. Ìáýñá åßíáé
ôá ðáñáëëçëüãñáììá ðïõ äåí áíÞêïõí óå áõôü ôï óýíïëï. ¼ðùò öáßíåôáé,
ìáýñá åßíáé üëá ôá áíôéêåßìåíá ðïõ äåí åßíáé ïñáôÜ áðü ôç èÝóç åñùôÞìáôïò.

Áò äïýìå ðïéá èá åßíáé ç åéêüíá ôùí áðïôåëåóìÜôùí óôï ßäéï óýíïëï äåäï-
ìÝíùí üôáí ï ÷ñÞóôçò åðéëÝãåé íá áíáæçôÞóåé ôïõò ðÝíôå êïíôéíüôåñïõò ïñá-
ôïýò ãåßôïíåò óôï ßäéï ãùíéáêü åýñïò (0-360). Ãéá ôçí áðÜíôçóç óôï åñþôçìá
áõôü åêôåëïýíôáé ïé áëãüñéèìïé PostPruningkNS, PrePruningkNS êáé Sweep-
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Åéêüíá 7.1. ÁðïôÝëåóìá åîüäïõ áëãïñßèìùí PostPruningNS, PrePruningNS êáé
Sweep.

kNS. Ç åéêüíá ôïõ áðïôåëÝóìáôïò åßíáé ç ßäéá êáé ãéá ôïõò ôñåéò áëãïñßèìïõò
êáé åßíáé ç åéêüíá 7.2.

Áðü ôçí åéêüíá 7.2 åðéâåâáéþíåôáé ïðôéêÜ üôé ïé áëãüñéèìïé Ý÷ïõí åðé-
óôñÝøåé ôïõò óùóôïýò ðÝíôå êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò. ÂëÝðïõìå ðÝíôå
ðáñáëëçëüãñáììá ãýñù áðü ôï óçìåßï åñùôÞìáôïò ðïõ Ý÷ïõí ÷ñùìáôéóôåß
êüêêéíá åíþ üëá ôá õðüëïéðá åßíáé ìáýñá.

¸÷ïíôáò ïëïêëçñþóåé ôïí Ýëåã÷ï ïñèüôçôáò ôùí áðïôåëåóìÜôùí ìå ïñé-
óìÝíá óýíïëá äåäïìÝíùí ìðïñïýìå íá ðñï÷ùñÞóïõìå óôçí äéåîáãùãÞ ôùí ðåé-
ñáìÜôùí áðü ôá ïðïßá èá ðÜñïõìå ðëçñïöïñßåò ãéá ôçí áðüäïóç ôùí áëãïñßè-
ìùí.

7.2 Åðßäñáóç ôçò ÐáñáìÝôñïõ k

ÁõôÞ ç êáôçãïñßá ðåéñáìÜôùí áöïñÜ ìüíï ôïõò áëãïñßèìïõò ðïõ åðéôñÝðïõí
óôïí ÷ñÞóôç íá ïñßóåé ôïí áñéèìü ôùí êïíôéíüôåñùí ãåéôüíùí. ÄçëáäÞ ôïõò
áëãïñßèìïõò PostPruningkNS, PrePruningkNS êáé SweepkNS. Ïé ôñåéò áëãü-
ñéèìïé óõãêñßíïíôáé ùò ðñïò ôï êüóôïò åéóüäïõ - åîüäïõ, ôï êüóôïò åðåîåñãá-
óßáò êáé ôï êüóôïò ìíÞìçò ðïõ óôçí ðåñßðôùóç ôùí åñùôçìÜôùí ïðôéêïý ó÷å-
ôßæåôáé ìå ôï ìÝãåèïò ôçò ïõñÜò ðñïôåñáéüôçôáò. Ãéá ôçí äéåîáãùãÞ áõôïý ôïõ
ðåéñÜìáôïò èá ÷ñçóéìïðïéçèïýí ôå÷íçôÜ êáé áëçèéíÜ äåäïìÝíá. Ãéá áìöüôåñá
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Åéêüíá 7.2. ÁðïôÝëåóìá åîüäïõ áëãïñßèìùí PostPruning5NS, PrePruning5NS êáé
Sweep5NS.

ôá åßäç óõíüëùí äåäïìÝíùí ôï k ìåôáâÜëëåôáé áðü 15 Ýùò 150, áõîÜíïíôÜò ôï
êáôÜ 15 áíôéêåßìåíá ôç öïñÜ.

Ôá äéáãñÜììáôá ðïõ âëÝðïõìå óôçí åéêüíá 7.3 áöïñïýí ôå÷íçôÜ äåäïìÝíá
ìå 100000 MBRs. Ôá 20 óçìåßá åñùôÞìáôïò ðáñÜ÷èçêáí åðßóçò ôå÷íçôÜ ìå
ðáñáìÝôñïõò ßäéåò ìå áõôÝò ðïõ ðáñÜ÷èçêå ôï óýíïëï äåäïìÝíùí. ÄçëáäÞ ìå
ïìïéüìïñöç êáôáíïìÞ óå Ýíá ÷þñï 10000 x 10000 ôåôñáãùíéêÝò ìïíÜäåò.

¼ðùò Þôáí áíáìåíüìåíï, ãéá üëåò ôéò ìåôñÞóåéò êüóôïõò ï áëãüñéèìïò
Sweep äåí ðáñïõóéÜæåé êáìßá äéáêýìáíóç êáè' üëç ôç ìåôáâïëÞ ôçò ðáñáìÝôñïõ
k. ¼ðùò áíáëýèçêå êáé óå ðñïçãïýìåíá êåöÜëáéá ï áëãüñéèìïò SweepkNS,
åî' ïñéóìïý, äåí ìðïñåß íá áíáêôÞóåé óôáäéáêÜ ôïõò k êïíôéíüôåñïõò ãåßôï-
íåò. Ãéá íá ãßíåé êÜôé ôÝôïéï èá ðñÝðåé íá áíáêôÞóåé üëïõò ôïõò êïíôéíüôåñïõò
ãåßôïíåò êáé áöïý ôïõò ôáîéíïìÞóåé óå áýîïõóá áðüóôáóç íá åðéëÝîåé ôïõò k
ðñþôïõò áðü áõôïýò. ÅðïìÝíùò åßíáé ëïãéêü ðïõ ôïí âëÝðïõìå íá Ý÷åé ôüóï
ìåãÜëç äéáöïñÜ êüóôïõò, ãéá üëåò ôéò ìåôñÞóåéò, óõãêñéôéêÜ ìå ôïõò áëãï-
ñßèìïõò PostPruningkNS êáé PrePruningkNS. Åöüóïí ï SweepkNS áíáæçôÜåé
üëïõò ôïõò êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò ôçí ßäéá óôéãìÞ ðïõ ïé Üëëïé äýï
áëãüñéèìïé áíáæçôïýí k ãåßôïíåò.

Ãéá üëåò ôéò ìåôñÞóåéò êüóôïõò üóï ôï k áõîÜíåôáé, áõîÜíåôáé êáé ôï êüóôïò
ôùí áëãïñßèìùí PostPruningkNS êáé PrePruningkNS. ¼ôáí ôï k åßíáé ìéêñü
ïé äýï áëãüñéèìïé óõìðåñéöÝñïíôáé ôï ßäéï. Êáèþò ôï k áõîÜíåé ôï êüóôïò ôïõ
PostPruningkNS áõîÜíåôáé ðéï ãñÞãïñá áðü ôá êüóôïò ôïõ PrePruningkNS.
Áõôü óõìâáßíåé åðåéäÞ êáèþò áíáêôïýíôáé üëï êáé ðåñéóóüôåñïé êïíôéíüôåñïé
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Åéêüíá 7.3. Åðßäñáóç ôçò ðáñáìÝôñïõ k óå ôå÷íçôÜ äåäïìÝíá ìå 100000 MBRs.
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ïñáôïß ãåßôïíåò, ç áíáëïãßá ìåôáîý ïñáôþí êáé ìç ïñáôþí êüìâùí áõîÜíåôáé.
Áõôïß ïé ìç ïñáôïß êüìâïé êëáäåýïíôáé áðü ôïí PrePruningkNS ü÷é üìùò êáé
áðü ôïí PostPruningkNS.

Óå üñïõò êüóôïõò åéóüäïõ - åîüäïõ ï áëãüñéèìïò PrePruningkNS êïóôßæåé
ëéãüôåñï äéüôé åßíáé âÝëôéóôïò óôï êüóôïò åéóüäïõ - åîüäïõ. ¼ðùò áíáëýèçêå
óå ðñïçãïýìåíï êåöÜëáéï, ãéá ôïí õðïëïãéóìü ôçò åëÜ÷éóôçò ïñáôÞò áðüóôá-
óçò åíüò áíôéêåéìÝíïõ äåí áðáéôåßôáé ç åðåîåñãáóßá ïëüêëçñïõ ôïõ óõíüëïõ
äåäïìÝíùí áëëÜ åíüò ìÝñïõò áðü áõôü. Åöüóïí ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç
åíüò áíôéêåéìÝíïõ ìðïñïýí íá ôçí åðçñåÜóïõí ìüíï ôá áíôéêåßìåíá ìå ìéêñü-
ôåñç áðüóôáóç áðü áõôü. ÅðéðëÝïí åðåéäÞ ïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò ãéá
ôïõò áëãïñßèìïõò PostPruning(k)NS êáé PrePruning(k)NS áíáêôïýíôáé óôá-
äéáêÜ, ãéá ôïí õðïëïãéóìü ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò åíüò áíôéêåéìÝíïõ
ëáìâÜíïíôáé õðüøç ùò åìðüäéá ìüíï ôá áíôéêåßìåíá ôïõ ôñÝ÷ïíôïò óõíüëïõ
áðïôåëåóìÜôùí. Ìüíï áõôÜ ôá áíôéêåßìåíá Ý÷ïõí ìéêñüôåñç áðüóôáóç áðü
ôïí åîåôáæüìåíï êüìâï. Ï áëãüñéèìïò PrePruning(k)NS åëÝã÷åé ôçí åëÜ÷éóôç
ïñáôÞ áðüóôáóç ôùí êüìâùí êáé äåí ôïõò åîåôÜæåé áí áõôÞ ç áðüóôáóç åßíáé
ìåãáëýôåñç áðü áõôÞ ôçò êåöáëÞò ôçò ïõñÜò, áëëÜ ôïõò åðáíåéóÜãåé óôçí ïõñÜ
ðñïôåñáéüôçôáò. Óõíåðþò ï åðüìåíïò êïíôéíüôåñïò ïñáôüò ãåßôïíáò äåí ìðïñåß
íá áíáêôçèåß ÷ùñßò ðñþôá íá åîåñåõíçèåß ï êüìâïò ìå ôçí ôñÝ÷ïõóá ìéêñüôåñç
åëÜ÷éóôç ïñáôÞ áðüóôáóç. ÓõìðåñáóìáôéêÜ ï PrePruning(k)NS åðéóêÝðôåôáé
ôïí åëÜ÷éóôï áñéèìü êüìâùí êáé Ýôóé åßíáé âÝëôéóôïò óå êüóôïò åéóüäïõ -
åîüäïõ.

Óå üñïõò êüóôïõò CPU, ãéá ìéêñÝò ôéìÝò ôïõ k o PrePruningkNS Ý÷åé åëá-
öñþò ìåãáëýôåñï êüóôïò áðü ôïí PostPruningkNS. Áõôü óõìâáßíåé åðåéäÞ ï
PrePruningkNS åöáñìüæåé ôïí Ýëåã÷ï ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò ôüóï
óå áíôéêåßìåíá üóï êáé óå êüìâïõò, åíþ ï PostPruningkNS ôïí åöáñìüæåé
ìüíï óå áíôéêåßìåíá. Êáèþò üìùò áõîÜíåé ôï k áõîÜíåôáé ï áñéèìüò ôùí êï-
íôéíüôåñùí ïñáôþí ãåéôüíùí ðïõ ðñÝðåé íá áíáêôçèïýí êáé åðïìÝíùò ï Post-
PruningkNS ëáìâÜíåé õðüøç ðåñéóóüôåñåò åéóüäïõò, åíþ ï PrePruningkNS
êëáäåýåé áðïäïôéêÜ ðïëëïýò êüìâïõò.

Óå üñïõò êüóôïõò ìíÞìçò ðïõ ìåôáöñÜæåôáé óå áñéèìü åéóüäùí óôçí ïõñÜ
ðñïôåñáéüôçôáò, ãéá ìéêñÝò ôéìÝò ôïõ k ïé äýï áëãüñéèìïé, PostPruningkNS
êáé PrePruningkNS óõìðåñéöÝñïíôáé ôï ßäéï. ¼óï áõîÜíåôáé ôï k, ï Post-
PruningkNS ðáñïõóéÜæåé ìåãáëýôåñï êüóôïò áðü ôïí PrePruningkNS, äéüôé ï
ôåëåõôáßïò êëáäåýåé ðéï áðïôåëåóìáôéêÜ ôïí ÷þñï áíáæÞôçóçò ìå áðïôÝëåóìá
íá äéáôçñåß ìéá ðéï ìéêñÞ ïõñÜ ðñïôåñáéüôçôáò.

Ðáñüìïéá áðïôåëÝóìáôá ðáñáôçñïýíôáé êáé ìå ôçí äéåîáãùãÞ áõôþí ôùí
ðåéñáìÜôùí óå áëçèéíÜ äåäïìÝíá, üðùò öáßíåôáé óôçí åéêüíá 7.4. Ôá ðåéñÜìáôá
ôçò åéêüíáò 7.4 äéåîÞ÷èçêáí ìå ðñáãìáôéêÜ äåäïìÝíá. Ðñüêåéôáé ãéá 53145
MBRs ðïõ áíáðáñéóôïýí äñüìïõò ôçò ðüëçò Long Beach. Ôá óçìåßá åñùôÞ-
ìáôïò äçìéïõñãÞèçêáí ëáìâÜíïíôáò ôõ÷áßá óõíôåôáãìÝíåò áðü ôï óýíïëï ôùí
áëçèéíþí äåäïìÝíùí. Ðáñüìïéá ìå ôá áðïôåëÝóìáôá ôùí óõíèåôéêþí äåäïìÝíùí
ï PrePruningkNS Ý÷åé êáëýôåñç áðüäïóç áðü ôïí PostPruningkNS, ãéá üëá
ôá êñéôÞñéá áðïäïôéêüôçôáò. Ç äéáöïñÜ êüóôïõò áíÜìåóá óôïõò äýï áëãïñßè-
ìïõò åßíáé ìåãáëýôåñç áðü üôé óôá óõíèåôéêÜ äåäïìÝíá. Áõôü óõìâáßíåé åðåéäÞ
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Åéêüíá 7.4. Åðßäñáóç ôçò ðáñáìÝôñïõ k óå áëçèéíÜ äåäïìÝíá ìå 53145 MBRs áðü
äñüìïõò óôï Long Beach.
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ôá áëçèéíÜ äåäïìÝíá Ý÷ïõí ìåãáëýôåñç ðõêíüôçôá áðü ôá óõíèåôéêÜ. Ðáñüëï
ðïõ ôï ìÝãåèïò ôïõ óõíüëïõ äåäïìÝíùí åßíáé ó÷åäüí ôï ìéóü áðü áõôü ôùí
ôå÷íçôþí äåäïìÝíùí, ôï ìÝãåèïò ôùí MBRs åßíáé ìåãáëýôåñï ìå áðïôÝëåóìá
ôï óýíïëï äåäïìÝíùí íá åßíáé ðéï ðõêíü. Ç ìåãáëýôåñç ðõêíüôçôá ôïíßæåé ôç
äéáöïñÜ ôùí áðïôåëåóìÜôùí ðïõ ðáñÜãïíôáé áðü ôéò óõíáñôÞóåéò MinDist êáé
MinViDist. Ï áëãüñéèìïò SweepkNS êáé åäþ äåí åðçñåÜæåôáé áðü ôéò ìåôáâï-
ëÝò ôïõ k.

7.3 Åðßäñáóç ôïõ ÌåãÝèïõò ôïõ Óõíüëïõ ÄåäïìÝíùí

Óå áõôÞ ôçí êáôçãïñßá ðåéñáìÜôùí ìåëåôÜìå ôçí åðßäñáóç ôïõ ìåãÝèïõò
ôïõ óõíüëïõ äåäïìÝíùí ÷ñçóéìïðïéþíôáò ôïõò áëãïñßèìïõò PostPruningNS,
PrePruningNS êáé Sweep ãéá íá áíáêôÞóïõìå üëïõò ôïõò êïíôéíüôåñïõò ïñá-
ôïýò ãåßôïíåò. Ôï ìÝãåèïò ôïõ óõíüëïõ äåäïìÝíùí ðïéêßëåé áðü 40000 Ýùò
250000, áõîÜíïíôáò ôï, êÜèå öïñÜ, êáôÜ 30000. Óôçí åéêüíá 7.5 âëÝðïõìå ôç
äéåîáãùãÞ ôùí ðåéñáìÜôùí ìå ôå÷íçôÜ äåäïìÝíá. Ôá óçìåßá åñùôÞìáôïò Ý÷ïõí
äçìéïõñãçèåß ìå ïìïéüìïñöç êáôáíïìÞ óå Ýíá ÷þñï 10000 x 10000.

Óôá äéáãñÜììáôá ôçò åéêüíáò 7.5 ðáñáôçñïýìå üôé ãéá ôï êüóôïò åéóüäïõ
- åîüäïõ, ôï êüóôïò CPU êáé ôï ìÞêïò ôçò ïõñÜò ðñïôåñáéüôçôáò ôï êüóôïò
ôïõ Sweep áõîÜíåé êáèþò áõîÜíåé ôï ìÝãåèïò ôïõ óõíüëïõ äåäïìÝíùí. Áõôü
óõìâáßíåé åðåéäÞ ï áëãüñéèìïò Sweep åîåôÜæåé üëïõò ôïõò êüìâïõò ôïõ R-tree,
åöüóïí äåí Ý÷åé êÜðïéá óõíèÞêç ôåñìáôéóìïý. Êáèþò ôï óýíïëï äåäïìÝíùí
áõîÜíåôáé, áõîÜíåôáé åðßóçò êáé ôï ìÝãåèïò ôïõ R-tree åðïìÝíùò ï Sweep
Ý÷åé ðåñéóóüôåñïõò êüìâïõò íá åðéóêåöôåß. Ãéá ìéêñü óýíïëï äåäïìÝíùí, üðùò
âëÝðïõìå óôï ðåßñáìá ìå ôá 40000 áíôéêåßìåíá ôï êüóôïò åðåîåñãáóßáò ôïõ
Sweep åßíáé ìéêñüôåñï áðü áõôü ôïõ PostPruningNS. Áõôü óõìâáßíåé ãéáôß ï
÷þñïò óôá 40000 áíôéêåßìåíá åßíáé ðéï áñáéüò êáé åßíáé ðéèáíüôåñï íá õðÜñ÷ïõí
êåíÝò ãùíßåò ÷ùñßò êáíÝíá NS êáé ï Sweep Ý÷åé ôçí äõíáôüôçôá íá îåðåñíÜåé
áõôÝò ôéò êåíÝò ãùíßåò êáé íá ìçí øÜ÷íåé åîáíôëçôéêÜ ãéá NS. Áõôü èá áíáëõèåß
ðåñéóóüôåñï óôçí åðüìåíç êáôçãïñßá ðåéñáìÜôùí ðïõ ìåëåôÜ ôçí åðßäñáóç ôïõ
ìåãÝèïõò ôùí áíôéêåéìÝíùí.

Ôï êüóôïò åéóüäïõ - åîüäïõ êáé ôï êüóôïò CPU ôïí áëãïñßèìùí PostPrun-
ingNS êáé PrePruningNS, ìåéþíåôáé êáèþò ôï óýíïëï äåäïìÝíùí áõîÜíåé. Ï
ëüãïò åßíáé üôé ïé áëãüñéèìïé áõôïß Ý÷ïõí åðåêôáèåß áðü ôïí áëãüñéèìï Rip-
ple êáé Ý÷ïõí êëçñïíïìÞóåé ôçí óõíèÞêç ôåñìáôéóìïý NS - TC ôïõ Ripple.
Õðåíèõìßæåôáé üôé óýìöùíá ìå áõôÞ ôç óõíèÞêç ï áëãüñéèìïò ôåñìáôßæåé üôáí
éêáíïðïéïýíôáé äýï üñïé: (i) óå êÜèå êáôåýèõíóç õðÜñ÷åé Ýíá NS êáé (ii) üëá
ôá áíôéêåßìåíá óôçí ïõñÜ ðñïôåñáéüôçôáò åßíáé Ýîù áðü ôï ìéêñüôåñï êýêëï
(ìå êÝíôñï ôï óçìåßï åñùôÞìáôïò) ðïõ ðåñéêëåßåé üëåò ôéò NS áðáíôÞóåéò. Ï
áëãüñéèìïò Ripple ìðïñåß íá åöáñìüæåé ìéá ôÝôïéá óõíèÞêç åðåéäÞ ôáîéíïìåß
óôçí ïõñÜ ðñïôåñáéüôçôáò ôá áíôéêåßìåíá óýìöùíá ìå ôçí áýîïõóá áðüóôáóÞ
ôïõò. Ï Sweep äåí ôï êÜíåé áõôü êáé åðïìÝíùò äåí ìðïñåß íá ðáñáëåßøåé ôïí
õðüëïéðï Ýëåã÷ï ôçò ïõñÜò ðñïôåñáéüôçôáò. Óõíåðþò ïé PostPruningNS êáé
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Åéêüíá 7.5. Åðßäñáóç ôïõ ìåãÝèïõò ôïõ óõíüëïõ äåäïìÝíùí óå ôå÷íçôÜ äåäïìÝíá.
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PrePruningNS ôåñìáôßæïõí ôçí áíáæÞôçóç üôáí üëïé ïé ðéèáíïß êïíôéíüôåñïé
ïñáôïß ãåßôïíåò Ý÷ïõí âñåèåß.

ÕðÜñ÷åé êáé Üëëïò ëüãïò ãéá ôïí ïðïßï ôï êüóôïò åéóüäïõ - åîüäïõ êáé
ôï êüóôïò CPU ôùí PostPruningNS êáé PrePruningNS ìåéþíåôáé. ÅðåéäÞ
åöáñìüæïõí ôïí Ýëåã÷ï ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò åíüò áíôéêåéìÝíïõ óå
ó÷Ýóç ìå ôçí áðüóôáóç ôçò êåöáëÞò ôçò ïõñÜò. Áõôü åðéôñÝðåé Ýíá êáëü êëÜ-
äåìá ôïõ ÷þñïõ áíáæÞôçóçò. ÅðéðëÝïí ï PrePruningNS åöáñìüæåé áõôüí ôïí
Ýëåã÷ï êáé óôïõò êüìâïõò ìå áðïôÝëåóìá íá åðéóêÝðôåôáé ìüíï êüìâïõò ðïõ
åðéêáëýðôïíôáé ìå ôçí ïñáôÞ ðåñéï÷Þ. Ãé' áõôü ðáñáôçñïýìå üôé Ý÷åé êáëýôåñç
áðüäïóç óõãêñéôéêÜ ìå ôïí PostPruningNS. Ç áñíçôéêÞ ó÷Ýóç ðïõ ðáñáôç-
ñïýìå óôï êüóôïò åéóüäïõ - åîüäïõ êáé óôï êüóôïò CPU ôùí PostPruningNS
êáé PrePruningNS êáèþò ôï ðëÞèïò ôïõ óõíüëïõ äåäïìÝíùí áõîÜíåôáé, ïöåß-
ëåôáé óôçí áñíçôéêÞ óõó÷Ýôéóç ìåôáîý ôïõ ðëÞèïõò ôùí êïíôéíüôåñùí ïñáôþí
ãåéôüíùí êáé ôïõ óõíüëïõ äåäïìÝíùí. Êáèþò ôï ðëÞèïò ôïõ óõíüëïõ äåäï-
ìÝíùí áõîÜíåôáé ï ÷þñïò ãßíåôáé ðéï ðõêíüò ìå áðïôÝëåóìá íá ðåñéïñßæåôáé
ç ïñáôüôçôá ðïëëþí áíôéêåéìÝíùí. ¼ôáí ôï óýíïëï äåäïìÝíùí åßíáé ðéï ìé-
êñü ï ÷þñïò áíáæÞôçóçò áõîÜíåôáé êáèþò ç áêôßíá ïñáôüôçôáò ìåãáëþíåé êáé
ðåñéëáìâÜíåé ðåñéóóüôåñá áíôéêåßìåíá.

Ðáñáôçñïýìå óôçí åéêüíá 7.5 üôé ôï ìÞêïò ôçò ïõñÜò ðñïôåñáéüôçôáò áõîÜ-
íåôáé ëßãï êáé ãéá ôïõò áëãïñßèìïõò PostPruningNS êáé PrePruningNS. Ãéá
ôïí áëãüñéèìï Sweep äéåõêñéíßóôçêå üôé áõôü óõìâáßíåé åðåéäÞ äåí Ý÷åé ôç óõí-
èÞêç ôåñìáôéóìïý NS - TC ðïõ Ý÷ïõí ïé Üëëïé äýï áëãüñéèìïé, ìå áðïôÝëåóìá
ç äéáöïñÜ êüóôïõò ìíÞìçò óå ó÷Ýóç ìå ôïõò Üëëïõò áëãïñßèìïõò íá åßíáé
ìåãÜëç. Ãéá ôïõò Üëëïõò äýï áëãïñßèìïõò ôï êüóôïò áõîÜíåôáé ëßãï. ¼ëïé
ïé áëãüñéèìïé ãåìßæïõí ôçí ïõñÜ ðñïôåñáéüôçôáò ìå êüìâïõò êáé áíôéêåßìåíá
áíáäñïìéêÜ. ÄçëáäÞ üôáí âãÜæïõí êÜðïéïí êüìâï áðü ôçí ïõñÜ áíáêôïýí ôá
ðáéäéÜ ôïõ êáé ôá âÜæïõí óôçí ïõñÜ ðñïôåñáéüôçôáò. ¼ôáí ôï óýíïëï äåäï-
ìÝíùí åßíáé ìåãáëýôåñï ôüôå ôï R-tree åßíáé ìåãáëýôåñï, ìå áðïôÝëåóìá êÜèå
êüìâïò íá Ý÷åé ðåñéóóüôåñá ðáéäéÜ. ÅðïìÝíùò ãéá ôïõò PostPruningNS êáé
PrePruningNS ôï êüóôïò áõîÜíåôáé. ÅðéðëÝïí åðåéäÞ ï Ýëåã÷ïò ôçò åëÜ÷éóôçò
ïñáôÞò áðüóôáóçò êëáäåýåé áðïäïôéêÜ ôïõò êüìâïõò ðïõ åîåôÜæïíôáé ðáñáôç-
ñïýìå üôé áõôÞ ç áýîçóç åßíáé ìéêñÞ.

Óå êÜèå ðåñßðôùóç êüóôïõò ï PrePruningNS áðïäßäåé êáëýôåñá áðü ôïõò
Üëëïõò äýï áëãïñßèìïõò. Ï ëüãïò åßíáé üôé óõãêñéôéêÜ ìå ôïõò Üëëïõò áëãï-
ñßèìïõò ï PrePruningNS åðéóêÝðôåôáé ëéãüôåñïõò êüìâïõò, åêôåëåß ëéãüôåñïõò
åëÝã÷ïõò ïñáôüôçôáò êáé Ý÷åé ìéêñüôåñï ÷ñüíï åðåîåñãáóßáò.

7.4 Åðßäñáóç ôïõ ÌåãÝèïõò ôùí ÁíôéêåéìÝíùí

Ç ðõêíüôçôá ôïõ ÷þñïõ áíáæÞôçóçò åîáñôÜôáé ôüóï áðü ôïí ðëçèÜñéèìï ôùí
áíôéêåéìÝíùí üóï êáé áðü ôï ìÝãåèïò ôùí áíôéêåéìÝíùí. ¼óï ìåãáëýôåñï ôï
ìÝãåèïò ôùí áíôéêåéìÝíùí ôüóï ìåãáëýôåñç ç ðõêíüôçôá ôïõ ÷þñïõ áíáæÞôç-
óçò. Ðõêíüò ÷þñïò áíáæÞôçóçò óçìáßíåé üôé ï áëãüñéèìïò äåí ÷ñåéÜæåôáé íá
øÜ÷íåé ðïëý ìáêñéÜ áðü ôï óçìåßï åñùôÞìáôïò ãéá íá âñßóêåé êïíôéíüôåñïõò
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ãåßôïíåò êáé åðßóçò óçìáßíåé üôé ìåéþíïíôáé ïé ãùíßåò ôïõ ÷þñïõ üðïõ äåí
õðÜñ÷åé êáíÝíáò êïíôéíüôåñïò ãåßôïíáò.

ÁõôÞ ç êáôçãïñßá ðåéñáìÜôùí ìðïñåß íá åêôåëåóôåß ìüíï ìå óõíèåôéêÜ äå-
äïìÝíá êáèþò ìüíï óå áõôÜ ìðïñïýìå íá êáèïñßóïõìå êáé íá ìåôáâÜëïõìå ôï
ìÝãåèïò ôùí áíôéêåéìÝíùí. Èá ÷ñçóéìïðïéçèïýí ïé áëãüñéèìïé PostPruningNS,
PrePruningNS êáé Sweep ãéá íá áíáêôçèïýí üëïé ïé êïíôéíüôåñïé ïñáôïß ãåß-
ôïíåò. Ôï ìÝãåèïò ôïõ óõíüëïõ äåäïìÝíùí ïñßæåôáé óôá 100000 MBRs êáé ÷ñç-
óéìïðïéåßôáé ôï ßäéï óýíïëï óçìåßùí åñùôçìÜôùí üðùò êáé óôá ðñïçãïýìåíá
ðåéñÜìáôá ìå ôå÷íçôÜ äåäïìÝíá. Ôï ìÝãåèïò ôùí áíôéêåéìÝíùí ìåôáâÜëëåôáé
áðü [2, 2], [4, 4] Ýùò [6, 6]. Ïé óõãêñßóåéò ôùí áëãïñßèìùí èá ãßíïõí ùò ðñïò
ôï êüóôïò åéóüäïõ - åîüäïõ, ôï êüóôïò ìíÞìçò êáé ôï êüóôïò åðåîåñãáóßáò.

Óå üñïõò êüóôïõò åéóüäïõ - åîüäïõ, áýîçóç ôïõ ìåãÝèïõò ôùí áíôéêåéìÝíùí
óçìáßíåé êáëýôåñç áðüäïóç ãéá üëïõò ôïõò áëãïñßèìïõò. Ìå óôáèåñü ôï ðëÞèïò
ôùí áíôéêåéìÝíùí, üóï áõîÜíåôáé ôï ìÝãåèïò ôùí áíôéêåéìÝíùí ðõêíþíåé ï
÷þñïò áíáæÞôçóçò êáé üëï êáé ëéãüôåñïé êïíôéíüôåñïé ãåßôïíåò åßíáé ïñáôïß
ìå áðïôÝëåóìá íá ìéêñáßíåé ï áñéèìüò ôùí áíôéêåéìÝíùí ðïõ ÷ñåéÜæåôáé íá
áíáêôçèïýí áðü ôï äßóêï. ÅðïìÝíùò Ý÷ïõìå ëéãüôåñåò ðñïóðåëÜóåéò óôï äßóêï.

¼ôáí ôï ìÝãåèïò ôùí áíôéêåéìÝíùí åßíáé ìéêñü [2, 2], ï Sweep Ý÷åé ìé-
êñüôåñï ÷ñüíï åêôÝëåóçò áðü ôïí PostPruningNS. ¼ôáí ôá áíôéêåßìåíá åßíáé
ìéêñÜ åßíáé ðéèáíüôåñï óôï óýíïëï ôùí áðïôåëåóìÜôùí íá õðÜñ÷ïõí ãùíßåò
÷ùñßò êáíÝíá êïíôéíüôåñï ïñáôü ãåßôïíá. Ï Sweep åðéóêÝðôåôáé êüìâïõò êáé
áíôéêåßìåíá ôïõ R-tree óýìöùíá ìå ôçí áýîïõóá ãùíßá ÝíáñîÞò ôïõò. Áõôü ôï
÷áñáêôçñéóôéêü ôïõ äßíåé ôç äõíáôüôçôá íá îåðåñíÜåé áõôÝò ôéò ïðÝò (ðåñéï-
÷Ýò ÷ùñßò êáíÝíá NS) óôï óýíïëï ôùí áðïôåëåóìÜôùí. Áðü ôçí Üëëç ðëåõñÜ
ï áëãüñéèìïò Ripple êáé êáô' åðÝêôáóç ïé áëãüñéèìïé PostPruningNS êáé
PrePruningNS ðïõ äçìéïõñãÞèçêáí áðü áõôüí, üôáí õðÜñ÷ïõí ïðÝò óõíå÷ß-
æïõí ôõöëÜ íá åîåôÜæïõí ôéò åéóüäïõò ôçò ïõñÜò áõîÜíïíôáò ôï êüóôïò õðï-
ëïãéóìïý.

Åðéðñüóèåôá óôçí ðåñßðôùóç ìéêñïý ìåãÝèïõò áíôéêåéìÝíùí Ý÷ïõìå ðïë-
ëïýò êïíôéíüôåñïõò ïñáôïýò ãåßôïíåò êáé åðïìÝíùò ðïëëÜ áíôéêåßìåíá ãéá íá
õðïëïãßóåé ï PostPruningNS ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç, ãåãïíüò ðïõ êï-
óôßæåé óôïí PostPruningNS óå ÷ñüíï åêôÝëåóçò. Ï PrePruningNS áðü ôçí
Üëëç ðëåõñÜ õðïëïãßæåé ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç êáé ôïí êüìâùí, äçëáäÞ
óå õøçëüôåñï åðßðåäï áðü ôá áíôéêåßìåíá, ìå áðïôÝëåóìá íá êëáäåýåé áðïäï-
ôéêÜ ôï óýíïëï ôùí áíôéêåéìÝíùí êáé Ýôóé Ý÷åé ìéêñüôåñï êüóôïò áêüìá êáé
áðü ôïí Sweep ðïõ Ý÷åé ôçí éêáíüôçôá íá îåðåñíÜåé ôéò ïðÝò. Áõîáíüìåíïõ ôïõ
ìåãÝèïõò ôùí áíôéêåéìÝíùí ôï êüóôïò ôùí PostPruningNS êáé PrePruningNS
ìåéþíåôáé äéüôé üðùò åßðáìå, ï ÷þñïò åßíáé ðéï ðõêíüò êáé áíáêôïýíôáé ëéãü-
ôåñïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò. Äåí óõìâáßíåé ôï ßäéï êáé ãéá ôïí Sweep.

¼óï áõîÜíåôáé ôï ìÝãåèïò ôùí áíôéêåéìÝíùí ï ÷ñüíïò åêôÝëåóçò ôïõ
Sweep áõîÜíåôáé. Ôï ìåãáëýôåñï õðïëïãéóôéêü êüóôïò óôïí Sweep ôï ðñï-
êáëåß ç óõíÜñôçóç ObjectCompare. ¼ôáí ìéá åßóïäïò ðïõ áíáêôÜôáé áðü ôçí
ïõñÜ ðñïôåñáéüôçôáò åßíáé áíôéêåßìåíï, óõãêñßíåôáé ìå ôï ôñÝ÷ïí óýíïëï ôùí
NS áðïôåëåóìÜôùí ãéá ôçí êïéíÞ ãùíßá ðïõ Ý÷åé ç åßóïäïò ìå ôá áíôéêåßìåíá
ôïõ áðïôåëÝóìáôïò. ÁõôÞ ôç óýãêñéóç ôçí êÜíåé ç óõíÜñôçóç ObjectCompare.
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Åéêüíá 7.6. Åðßäñáóç ôïõ ìåãÝèïõò ôùí áíôéêåéìÝíùí óå ôå÷íçôÜ äåäïìÝíá ìå
100000 MBRs.
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¼ôáí ôá áíôéêåßìåíá ìåãáëþíïõí óå ìÝãåèïò áõîÜíåôáé ôï ãùíéáêü ôïõò åý-
ñïò. Áõôü óçìáßíåé üôé åßíáé ðéï ðéèáíü íá Ý÷ïõí ãùíßåò ðïõ åðéêáëýðôïíôáé
ìå ãùíßåò áíôéêåßìåíùí ôïõ ôñÝ÷ïíôïò áðïôåëÝóìáôïò, ðñÜãìá ðïõ óçìáßíåé
ðåñéóóüôåñåò êëÞóåéò ôçò óõíÜñôçóçò ObjectCompare êáé åðïìÝíùò áýîçóç
ôïõ õðïëïãéóôéêïý êüóôïõò.

¼ìùò óõíÜñôçóç ObjectCompare Ý÷ïõí êáé ïé áëãüñéèìïé PrePruningNS
êáé PostPruningNS. Ç Ýëåã÷ïò ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò áõôþí ôùí
äýï áëãïñßèìùí ãßíåôáé ðñéí ôçí êëÞóç ôçò óõíÜñôçóçò ObjectCompare. Åðï-
ìÝíùò ãßíåôáé Ýíá êáëü êëÜäåìá ôùí áíôéêåéìÝíùí Þ/êáé ôïí êüìâùí ðñéí
êëçèåß ç ObjectCompare êáé Ýôóé ïé êëÞóåéò ôéò ôåëåõôáßáò óõíÜñôçóçò åëá-
÷éóôïðïéïýíôáé. Ôï üöåëïò áðü ôïí Ýëåã÷ï ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò
õðåñéó÷ýåé ôïõ êüóôïõò ôçò óõíÜñôçóçò ObjectCompare. Óõíåðþò ïé PrePrun-
ingNS êáé PostPruningNS Ý÷ïõí ìéêñü õðïëïãéóôéêü êüóôïò.

Óå üñïõò ìÞêïõò ôçò ïõñÜò ðñïôåñáéüôçôáò áõîáíüìåíïõ ôïõ ìåãÝèïõò ôùí
áíôéêåéìÝíùí ôï êüóôïò ôùí PrePruningNS êáé PostPruningNS ìåéþíåôáé åíþ
ôï êüóôïò ôïõ Sweep áõîÜíåé. ¼ðùò åßäáìå üôáí ðõêíþíåé ï ÷þñïò áíáæÞ-
ôçóçò ìåéþíåôáé ï áñéèìüò ôùí êïíôéíüôåñùí ïñáôþí áíôéêåéìÝíùí Üñá êáé ï
áñéèìüò ôùí êüìâùí Þ/êáé áíôéêåéìÝíùí ðïõ ðñÝðåé íá åîåôáóôïýí Ýôóé ç ïõñÜ
ðñïôåñáéüôçôáò ðïõ ãåìßæåé áíáäñïìéêÜ ìå áíôéêåßìåíá ìåéþíåôáé.

Ðáñüëï ðïõ ïé êïíôéíüôåñïé ïñáôïß ãåßôïíåò ìåéþíïíôáé êáé ãéá ôïí áëãü-
ñéèìï Sweep óôçí åéêüíá 7.6 ðáñáôçñïýìå üôé ôï ìÞêïò ôçò ïõñÜò ãéá ôïí
Sweep áõîÜíåé. Áõôü óõìâáßíåé äéüôé ôï ìåãáëýôåñï ìÝãåèïò ôùí áíôéêåéìÝíùí
äåí åðéôñÝðåé óôç óõíÜñôçóç Lookahead, ç ïðïßá õðÜñ÷åé ìüíï óôïí Sweep êáé
ü÷é óôïí Ripple, íá ëåéôïõñãÞóåé áðïäïôéêÜ. Ç óõíÜñôçóç Lookahead êáëåßôáé
áðü ôïí Sweep ãéá íá åðéëÝîåé ôçí êáëýôåñç åßóïäï ôçò ïõñÜò ðñïôåñáéüôçôáò
óýìöùíá ìå êÜðïéåò åõñåôéêÝò ìåèüäïõò. Êáëýôåñç åßóïäïò åßíáé áõôÞ ðïõ åßíáé
ðéï ðéèáíü, óýìöùíá ìå êÜðïéåò ìåèüäïõò, íá ðåñéÝ÷åé êÜðïéï NS áíôéêåßìåíï.
Ç óõíÜñôçóç Lookahead äßíåé ôç ìåãáëýôåñç ðñïôåñáéüôçôá óôéò åéóüäïõò ôçò
ïõñÜò ïé ïðïßåò êáëýðôïíôáé ðëÞñùò áðü ôï ãùíéáêü åýñïò üëùí ôùí ôñå÷ü-
íôùí NS áíôéêåéìÝíùí. ÌåãÜëï ìÝãåèïò áíôéêåéìÝíùí óõíåðÜãåôáé ìåãáëýôåñï
ãùíéáêü åýñïò ãéá ôï ôñÝ÷ïí NS óýíïëï áðïôåëåóìÜôùí. ÅðïìÝíùò åßíáé ðéï
ðéèáíü íá âñßóêïíôáé óôçí ïõñÜ ðñïôåñáéüôçôáò åßóïäïé ðïõ êáëýðôïíôáé ðëÞ-
ñùò áðü ôï ãùíéáêü åýñïò ôïõ ôñÝ÷ïíôïò óõíüëïõ, ÷ùñßò áõôü íá óçìáßíåé üôé
åßíáé êáé ïé êáëýôåñïé åßóïäïé ðïõ ðñÝðåé íá åðéóôñáöïýí áðü ôç óõíÜñôçóç
Lookahead. Áõôü Ý÷åé óáí áðïôÝëåóìá íá åîåñåõíïýíôáé Üóêïðá ðåñéóóüôåñïé
åßóïäïé ôçò ïõñÜò ðñïôåñáéüôçôáò êáé Üñá íá áõîÜíåôáé ôï ìÞêïò ôçò, äçëáäÞ
ôï êüóôïò ìíÞìçò.



8

ÓõìðåñÜóìáôá

Óôï êåöÜëáéï 2 ðáñïõóéÜóôçêáí ôá äéáöïñåôéêïý ôýðïõ åñùôÞìáôá ïðôéêïý ðå-
äßïõ ðïõ Ý÷ïõí ðñïôáèåß êáé åñåõíçèåß áðü ôçí åðéóôçìïíéêÞ êïéíüôçôá. ÁõôÜ åß-
íáé ôá åñùôÞìáôá: (i) êïíôéíüôåñïõ ðåñéâÜëëïíôïò (NS), (ii) êïíôéíüôåñïõ ïñá-
ôïý ãåßôïíá (VNN), (iii) áíôßóôñïöïõ êïíôéíüôåñïõ ïñáôïý ãåßôïíá (VRNN),
(iv) óõíå÷ïýò êïíôéíüôåñïõ ãåßôïíá (CNN), (v) óõíå÷ïýò êïíôéíüôåñïõ ïñáôïý
ãåßôïíá (CVNN), (vi) óõíïëéêÜ êïíôéíüôåñïõ ïñáôïý ãåßôïíá (AVNN), (vii)
åýñïõò (Range Queries), (viii) üëùí ôùí êïíôéíüôåñùí ãåéôüíùí (All-NN), (ix)
k êïíôéíüôåñùí æåõãþí (K-Closest Pairs) êáé (x) åñùôÞìáôá ìå áíôéêåßìåíá
êáé èÝóåéò åñùôçìÜôùí óå êßíçóç. Áêïëïýèùò, ìåëåôÞèçêáí äéåîïäéêÜ Ýîé áðü
ôéò ðáñáðÜíù ðñïóåããßóåéò äéáöïñåôéêïý ôýðïõ åñùôçìÜôùí ïðôéêïý ðåäßïõ:
NS, VkNN, VRNN, CVNN, AVNN êáé NS óå êéíïýìåíá ðåñéâÜëëïíôá.

Óôï êåöÜëáéï 3 ðáñïõóéÜóôçêáí óõãêñéôéêÜ ôá äéáöïñåôéêïý ôýðïõ åñù-
ôÞìáôá ôïõ ðñïçãïýìåíïõ êåöáëáßïõ. Ç áîéïëüãçóç Ýãéíå ùò ðñïò ïñéóìÝíá
âáóéêÜ ÷áñáêôçñéóôéêÜ ôïõ ðñáãìáôéêïý ÷þñïõ óôá ïðïßá äßíïõí óçìáóßá ôá
åñùôÞìáôá êáé åðéðëÝïí ùò ðñïò óõãêåêñéìÝíá ÷áñáêôçñéóôéêÜ ôçò ïíôüôçôáò
ðïõ èÝôåé ôï åñþôçìá óå êÜèå ôýðï åñùôÞìáôïò. Áðü ôç óýãêñéóç åðéëÝ÷ôçêáí
ïé ðñáêôéêÝò ôùí Üñèñùí NS [3] êáé VkNN [6], ãéá íá åðåêôáèïýí. Ï ëüãïò
áõôÞò ôçò åðéëïãÞò åßíáé üôé êáé ïé äýï ðñáêôéêÝò áíáöÝñïíôáé óå óôáèåñÞ êáé
óçìåéáêÞ èÝóç åñùôÞìáôïò, äçëáäÞ ìïéÜæïõí ùò ðñïò ôç âÜóç êáé äéáöÝñïõí
ùò ðñïò ôá ÷áñáêôçñéóôéêÜ ôïõ ðñáãìáôéêïý êüóìïõ ðïõ õðïëïãßæïõí. Ôï
åñþôçìá NS õðïëïãßæåé ôç ãùíßá ôùí áíôéêåéìÝíùí êáé ôï VkNN åðéôñÝðåé
óôï ÷ñÞóôç íá åðéëÝîåé ôï ðëÞèïò ôùí êïíôéíüôåñùí ïñáôþí ãåéôüíùí, åíþ êáé
ôá äýï åñùôÞìáôá ëáìâÜíïõí õðüøç ôçí ïñáôüôçôá ôùí áíôéêåéìÝíùí. Ìå ôçí
åðÝêôáóç, ï NS áëãüñéèìïò äßíåé óôï ÷ñÞóôç ôçí åðéëïãÞ ôïõ ðëÞèïõò ôùí
êïíôéíüôåñùí ãåéôüíùí êáé ï VkNN åðéóôñÝöåé ôç ãùíßá ôùí áíôéêåéìÝíùí.

Ãéá ôçí õëïðïßçóç êáé åðÝêôáóç ôùí VkNN åñùôçìÜôùí ôïõ Üñèñïõ [6] åðé-
ëÝ÷ôçêå íá ÷ñçóéìïðïéçèåß ùò âÜóç ï êþäéêáò ôùí NS åñùôçìÜôùí. Ï áëãü-
ñéèìïò Ripple ôùí åñùôçìÜôùí NS ìðïñåß íá ôñïðïðïéçèåß þóôå íá áíáêôÜ
óôáäéáêÜ ôïõò k êïíôéíüôåñïõò ãåßôïíåò. ÁõôÞ ç ôñïðïðïßçóç Ýãéíå õðïëïãß-
æïíôáò ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóçò ôùí áíôéêåéìÝíùí êáé åðáíåéóÜãïíôáò
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ôá áíôéêåßìåíá ðïõ ìðïñåß íá ìçí åßíáé ï åðüìåíïò VNN, óôçí ïõñÜ ðñïôåñáéü-
ôçôáò.

Óôï êåöÜëáéï 4, ó÷åäéÜóôçêå ç áñ÷éôåêôïíéêÞ ôùí óõóôçìÜôùí NS êáé
VkNN þóôå íá äéáðéóôùèïýí ôá óçìåßá óôá ïðïßá ðñÝðåé íá åðÝìâïõìå ãéá íá
õëïðïéçèïýí ïé áðáñáßôçôåò áëëáãÝò ãéá ôçí åðÝêôáóÞ ôïõò. Óôï êåöÜëáéï 5
áíáëýïíôáé ïé íÝåò ðñïóåããßóåéò ðïõ õëïðïéÞèçêáí.

Ç ïìïéüôçôá ôùí áëãïñßèìùí Ripple êáé PostPruning åßíáé üôé êáé ïé äýï
áñ÷éêïðïéïýí ôçí ïõñÜ ðñïôåñáéüôçôáò ìå ôç ñßæá ôïõ R-tree åõñåôçñßïõ êáé óôç
óõíÝ÷åéá ôç ãåìßæïõí áíáäñïìéêÜ ìå êüìâïõò êáé áíôéêåßìåíá. ¼ôáí áíáêôïýí
ìéá åßóïäï áðü ôçí ïõñÜ ðñïôåñáéüôçôáò åëÝã÷ïõí áí ç åßóïäïò áõôÞ åßíáé êüì-
âïò Þ áíôéêåßìåíï. Ï PostPruning üôáí âñßóêåé Ýíá áíôéêåßìåíï åëÝã÷åé ôçí
åëÜ÷éóôç ïñáôÞ áðüóôáóÞ ôïõ êáé ôç óõãêñßíåé ìå ôçí áðüóôáóç ôçò êïñõöÞò
ôçò ïõñÜò. Áí ôï ðñïò åîÝôáóç áíôéêåßìåíï Ý÷åé ìåãáëýôåñç ïñáôÞ áðüóôáóç
áðü ôçí êïñõöÞ ôçò ïõñÜò åðáíåéóÜãåôáé óôçí ïõñÜ áëëéþò ìðïñåß íá áðï-
ôåëÝóåé ìÝñïò ôïõ áðïôåëÝóìáôïò. Ï Ripple äåí Ý÷åé áõôüí ôïí Ýëåã÷ï ôçò
åëÜ÷éóôçò ïñáôÞò áðüóôáóçò êáé üôáí âñßóêåé Ýíá áíôéêåßìåíï êáëåß ìéá óõ-
íÜñôçóç ðïõ áíáíåþíåé ôï NS áðïôÝëåóìá. Óõíåðþò, åéóÞ÷èçêå óôïí Ripple
áõôüò ï Ýëåã÷ïò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò, üôáí âñßóêåé êÜðïéï áíôéêåß-
ìåíï êáé ðñéí êáëÝóåé ôç óõíÜñôçóç áíáíÝùóçò ôïõ áðïôåëÝóìáôïò. Ãéá íá
ðñáãìáôïðïéçèåß áõôüò ï Ýëåã÷ïò õëïðïéÞèçêå ìéá óõíÜñôçóç õðïëïãéóìïý
ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò.

Äéáôçñþíôáò ôéò éäéüôçôåò ôçò ãùíßáò êáé ôçò óõíèÞêçò ôåñìáôéóìïý ôïõ
Ripple åðåêôÜèçêå ï áëãüñéèìïò áõôüò óôïí PostPruning-NS-TC, ï ïðïßïò
åðéóôñÝöåé êáé ôç ãùíßá ôùí áíôéêåéìÝíùí. ÌåôáöÝñïíôáò ôïí Ýëåã÷ï ôçò åëÜ-
÷éóôçò ïñáôÞò áðüóôáóçò êáôÜ ôçí áíÜêôçóç ôùí åéóüäùí áðü ôçí ïõñÜ êáé
ðñéí åëåã÷èåß áí ç åßóïäïò åßíáé êüìâïò Þ áíôéêåßìåíï Ý÷ïõìå ôçí õëïðïßçóç
ôïõ áëãïñßèìïõ PrePruning-NS-TC. ÅðéðëÝïí, ãéá íá äïèåß óôï ÷ñÞóôç ç äõíá-
ôüôçôá åðéëïãÞò ôùí k êïíôéíüôåñùí ãåéôüíùí ðñïóôÝèçêå Ýíáò Ýëåã÷ïò ðïõ
åîåôÜæåé ôçí ïõñÜ áíáäñïìéêÜ ìÝ÷ñé íá õðÜñîïõí k áíôéêåßìåíá óôï ôñÝ÷ïí
áðïôÝëåóìá.

ÌÝ÷ñé áõôü ôï óçìåßï Ý÷åé õëïðïéçèåß ôï Ýíá óêÝëïò ôçò åðÝêôáóçò, äç-
ëáäÞ ôá VkNN åñùôÞìáôá ðïõ åðéóôñÝöïõí ôç ãùíßá. Ãéá ôçí åðÝêôáóç ôùí NS
åñùôçìÜôùí þóôå íá åðéóôñÝöïõí ôïõò k êïíôéíüôåñïõò ãåßôïíåò åðéëÝ÷èçêå
ôõ÷áßá áðü ôïõò Sweep êáé Ripple, ï áëãüñéèìïò Sweep. Äéáðéóôþèçêå üôé ï
áëãüñéèìïò áõôüò äåí ìðïñåß íá áíáêôÞóåé óôáäéáêÜ ôïõò VkNN êáèþò åîå-
ôÜæåé ôá áíôéêåßìåíá ôïõ ÷þñïõ ôáîéíïìçìÝíá óýìöùíá ìå ôçí áýîïõóá ãùíßá
ÝíáñîÞò ôïõò. ¸ôóé ãéá ôçí åðéëïãÞ ôùí VkNN ôáîéíïìïýíôáé ôá ôåëéêÜ áðï-
ôåëÝóìáôá ôïõ Sweep óýìöùíá ìå ôçí áýîïõóá áðüóôáóÞ ôïõò áðü ôï óçìåßï
åñùôÞìáôïò êáé åðéëÝãïíôáé ôá k áðü áõôÜ. ¸ôóé ïëïêëçñþèçêå ç åðÝêôáóç
ôùí áëãïñßèìùí.

Óôï êåöÜëáéï 6 ðåñéãñÜöïíôáé ïé ëåðôïìÝñåéåò ôçò åêôÝëåóçò ôùí áëãï-
ñßèìùí ðïõ õëïðïéÞèçêáí. Óôï êåöÜëáéï 7 äéåîÞ÷èç ç ðåéñáìáôéêÞ ìåëÝôç ôùí
áëãïñßèìùí PostPruning(k)NS, PrePruning(k)NS êáé Sweep(k)NS óå üñïõò
êüóôïõò åéóüäïõ - åîüäïõ (page accesses), ÷ñüíïõ åêôÝëåóçò (CPU time) êáé
ìÞêïõò ïõñÜò ðñïôåñáéüôçôáò (queue length). Óôá åñùôÞìáôá ïðôéêïý ðåäßïõ
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ç ïõñÜ ðñïôåñáéüôçôáò êáôáíáëþíåé ôçí ðåñéóóüôåñç ìíÞìç êáé Ýôóé ÷ñçóéìï-
ðïéåßôáé ôï ìÞêïò ôçò ãéá ôçí ìÝôñçóç ôïõ êüóôïõò ìíÞìçò.

Ãéá ôïí áëãüñéèìï SweepkNS äéáðéóôþèçêå üôé äåí åðçñåÜæåôáé áðü ôéò ìå-
ôáâïëÝò ôïõ k, åöüóïí äåí ìðïñåß íá áíáêôÞóåé óôáäéáêÜ ôïõò VkNN áëëÜ ðñÝ-
ðåé óå êÜèå ðåñßðôùóç íá áíáêôÞóåé üëïõò ôïõò VNN ôïõ óõíüëïõ äåäïìÝíùí.
Áðü ôá ðåéñÜìáôá üðïõ ìåôáâÜëëåôáé ôï ðëÞèïò ôùí äåäïìÝíùí, äéáðéóôþèçêå
üôé ìå ôçí áýîçóç ôïõ óõíüëïõ äåäïìÝíùí ç áðüäïóç ôïõ Sweep ÷åéñïôåñåýåé,
ãéá üëá ôá êñéôÞñéá êüóôïõò. Áõôü óõìâáßíåé äéüôé ï Sweep äåí Ý÷åé ôç óõíèÞêç
ôåñìáôéóìïý NS-TC ðïõ Ý÷ïõí ïé áëãüñéèìïé PostPruning(k)NS êáé PrePrun-
ing(k)NS. Ôï áðïôÝëåóìá åßíáé íá åîåôÜæïíôáé åîáíôëçôéêÜ üëåò ïé åßóïäïé ôçò
ïõñÜò ðñïôåñáéüôçôáò áêüìá êáé üôáí üëïé ïé VNNs Ý÷ïõí âñåèåß. Áýîçóç ôïõ
ðëÞèïõò ôùí áíôéêåéìÝíùí óõíåðÜãåôáé áýîçóç ôïõ ìåãÝèïõò ôïõ R-tree, Üñá
ðåñéóóüôåñïé åßóïäïé ãéá íá åîåôÜóåé ï Sweep, ìå óõíÝðåéá íá ìåéþíåôáé ç
áðüäïóÞ ôïõ.

¼ôáí áõîÜíåôáé ôï ìÝãåèïò ôùí áíôéêåéìÝíùí ôï êüóôïò åéóüäïõ - åîü-
äïõ ôïõ Sweep ìåéþíåôáé ãéáôß ìåãáëþíåé ç ðõêíüôçôá ôïõ ÷þñïõ êáé üëï êáé
ëéãüôåñá áíôéêåßìåíá åßíáé ïñáôÜ. ¼ìùò ôï êüóôïò åðåîåñãáóßáò ôïõ Sweep
áõîÜíåôáé ìå ôçí áýîçóç ôïõ ìåãÝèïõò ôùí áíôéêåéìÝíùí äéüôé áõîÜíåôáé ôï
ãùíéáêü åýñïò ôùí áíôéêåéìÝíùí êáé åðïìÝíùò êáé ïé åðéêáëýøåéò ôùí ãùíéþí
ìåôáîý ôïõ áíôéêåéìÝíïõ ðïõ åîåôÜæåôáé êÜèå öïñÜ êáé ôùí áíôéêåéìÝíùí ôïõ
ôñÝ÷ïíôïò áðïôåëÝóìáôïò. ¸ôóé ï áëãüñéèìïò áõôüò Ý÷åé íá êÜíåé ðåñéóóüôå-
ñåò óõãêñßóåéò ìåôáîý ôùí áíôéêåéìÝíùí ãéá íá åðéëÝîåé ôïõò êïíôéíüôåñïõò
ãåßôïíåò. ÅðéðëÝïí êáé ôï êüóôïò ìíÞìçò ôïõ Sweep áõîÜíåôáé ìå ôçí áýîçóç
ôïõ ìåãÝèïõò ôùí áíôéêåéìÝíùí åðåéäÞ ôï ìåãÜëï ãùíéáêü åýñïò ôùí áíôéêåé-
ìÝíùí äåí åðéôñÝðåé óôç óõíÜñôçóç êëáäÝìáôïò ôïõ Sweep íá ëåéôïõñãÞóåé
áðïäïôéêÜ.

ÕðÜñ÷åé ìéá ðåñßðôùóç ðïõ ï áëãüñéèìïò Sweep(k)NS åßíáé ðéï áðïäïôéêüò
óå êüóôïò åðåîåñãáóßáò áðü ôïõò PostPruning(k)NS êáé PrePruning(k)NS.
ÁõôÞ ç ðåñßðôùóç éó÷ýåé üôáí ï ÷þñïò áíáæÞôçóçò åßíáé áñáéüò äçëáäÞ õðÜñ-
÷ïõí êåíÝò ãùíßåò óôï óýíïëï ôùí áðïôåëåóìÜôùí. Ôüôå, ï Sweep Ý÷åé ôç
äõíáôüôçôá íá ðñïóðåñíÜåé áõôÜ ôá êåíÜ êáé íá ìçí øÜ÷íåé åîáíôëçôéêÜ ôçí
ïõñÜ ãéá áíôéêåßìåíá ðïõ áëëçëåðéäñïýí ìå áõôÜ ôá êåíÜ üðùò êÜíïõí ïé Üëëïé
äýï áëãüñéèìïé. Óå áõôÞ ôçí ðåñßðôùóç åðßóçò, ï áëãüñéèìïò Sweep Ý÷åé ôçí
ßäéá áðüäïóç ìå ôïí PostPruningNS óå êüóôïò åéóüäïõ - åîüäïõ.

Ôï êüóôïò ôïõ PostPruningkNS áõîÜíåôáé ìå ôçí áýîçóç ôçò ðáñáìÝôñïõ
k (ðëÞèïò VNNs ðïõ åðéëÝãåé ï ÷ñÞóôçò) åðåéäÞ áõîÜíåôáé ï áñéèìüò ôùí VNN
ðïõ ðñÝðåé íá áíáêôçèïýí êáé Ýôóé ï áëãüñéèìïò ëáìâÜíåé õðüøç ôïõ ðåñéóóü-
ôåñåò åéóüäïõò ôçò ïõñÜò. Ìå ôçí áýîçóç ôïõ ðëÞèïõò ôùí óõíüëùí äåäïìÝíùí
ôï êüóôïò åéóüäïõ - åîüäïõ êáé ôï êüóôïò åðåîåñãáóßáò ôïõ PostPruningNS
ìåéþíåôáé ãéáôß õðÜñ÷åé áñíçôéêÞ ó÷Ýóç ìåôáîý ôçò áýîçóçò ôïõ áñéèìïý ôùí
áíôéêåéìÝíùí êáé ôùí VNNs. ÅðïìÝíùò, üëï êáé ëéãüôåñïé ãåßôïíåò åßíáé ïñáôïß
üôáí áõîÜíåôáé ôï óýíïëï äåäïìÝíùí. ¸ôóé ï PostPruningNS Ý÷åé ëéãüôåñïõò
ïñáôïýò ãåßôïíåò ãéá íá õðïëïãßóåé. Ôï êüóôïò ìíÞìçò áõîÜíåôáé ëßãï ãéá ôïí
PostPruningNS äéüôé ìåãáëýôåñï óýíïëï äåäïìÝíùí óçìáßíåé ðåñéóóüôåñá ðáé-
äéÜ ãéá êÜèå êüìâï ôïõ R-tree êáé åðïìÝíùò ðåñéóóüôåñá ðáéäéÜ ãéá íá ãåìßóåé
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ç ïõñÜ ðñïôåñáéüôçôáò. Åðßóçò åðåéäÞ ï Ýëåã÷ïò ôçò åëÜ÷éóôçò ïñáôÞò áðü-
óôáóçò ôùí áíôéêåéìÝíùí åðéôõã÷Üíåé êáëü êëÜäåìá ôïõ ÷þñïõ áíáæÞôçóçò, ç
áýîçóç ôïõ êüóôïõò ìíÞìçò ðïõ ðáñáôçñåßôáé åßíáé ìéêñÞ.

Ç ðõêíüôçôá ôïõ ÷þñïõ áíáæÞôçóçò áõîÜíåé ôüóï ìå ôçí áýîçóç ôïõ ðëÞ-
èïõò ôùí áíôéêåéìÝíùí üóï êáé ìå ôçí áýîçóç ôïõ ìåãÝèïõò ôùí áíôéêåéìÝíùí.
Åðáêüëïõèá, ìå ôçí áýîçóç ôïõ ìåãÝèïõò ôùí áíôéêåßìåíùí ç ïñáôÞ ðåñéï÷Þ
ìåéþíåôáé êáé åðïìÝíùò êáé ïé VNNs. Ãéá áõôü ôï ëüãï ïé ìåôñÞóåéò áðüäïóçò
ôïõ PostPruningNS êáëõôåñåýïõí üóï áõîÜíåôáé ôï ìÝãåèïò ôùí áíôéêåéìÝ-
íùí.

Ìüíï üôáí ôï ìÝãåèïò ôùí áíôéêåéìÝíùí åßíáé ìéêñü ï Sweep áðïäßäåé ëßãï
êáëýôåñá áðü ôïí PostPruningNS åðåéäÞ, üðùò ðñïáíáöÝñèçêå, ï PostPrun-
ingNS äåí Ý÷åé ôçí éêáíüôçôá íá ðñïóðåñíÜ ôéò ïðÝò óôï óýíïëï ôùí áðï-
ôåëåóìÜôùí üðùò ï Sweep. ÅðéðëÝïí, åðåéäÞ ìå ìéêñü ìÝãåèïò áíôéêåéìÝíùí
õðÜñ÷ïõí ðïëëïß VNNs, ï õðïëïãéóìüò ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò ôùí
áíôéêåéìÝíùí êïóôßæåé óôïí PostPruningNS óå ÷ñüíï åðåîåñãáóßáò. Ãåíéêü-
ôåñá, ï PostPruningNS áðïäßäåé êáëýôåñá áðü ôïí Sweep êáé óå ïñéóìÝíåò
ðåñéðôþóåéò ìå ìåãÜëç äéáöïñÜ êüóôïõò. Ç ìåãÜëç äéáöïñÜ êüóôïõò ïöåßëå-
ôáé óôç óõíèÞêç ôåñìáôéóìïý NS-TC ðïõ Ý÷åé ï PostPruningNS êáé åðéðëÝïí
åðåéäÞ ìå ôïí Ýëåã÷ï ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò åðéôõã÷Üíåé êáëü êëÜ-
äåìá ôïõ ÷þñïõ áíáæÞôçóçò.

Ãéá ôïí áëãüñéèìï PrePruning(k)NS éó÷ýïõí ðáñüìïéá óõìðåñÜóìáôá ìå
ôïí áëãüñéèìï PostPruning(k)NS. Ï PrePruning(k)NS Ý÷åé ôçí ßäéá óõìðå-
ñéöïñÜ ìå ôïí PostPruning(k)NS áëëÜ êáëýôåñç áðüäïóç óå üëåò ó÷åäüí ôéò
ìåôñÞóåéò. Áõôü óõìâáßíåé åðåéäÞ ï PrePruning(k)NS åöáñìüæåé ôïí Ýëåã÷ï
ôçò åëÜ÷éóôçò ïñáôÞò áðüóôáóçò ü÷é ìüíï óôá áíôéêåßìåíá üðùò ï PostPrun-
ing(k)NS, áëëÜ êáé óôïõò êüìâïõò ôïõ R-tree. Ìå áõôü ôïí ôñüðï åðéôõã÷Ü-
íåé êáëýôåñï êëÜäåìá ôïõ ÷þñïõ áíáæÞôçóçò. Óå üñïõò êüóôïõò åéóüäïõ -
åîüäïõ áðïäåß÷ôçêå óôï Üñèñï [6] üôé åßíáé âÝëôéóôïò, ãåãïíüò ðïõ öÜíçêå
êáé ðåéñáìáôéêÜ. Ãéá ìéêñÝò ôéìÝò ôçò ðáñáìÝôñïõ k Ý÷åé ëßãï ìåãáëýôåñï êü-
óôïò åðåîåñãáóßáò áðü ôïí PostPruningkNS. Áõôü óõìâáßíåé åðåéäÞ õðïëïãßæåé
ôçí åëÜ÷éóôç ïñáôÞ áðüóôáóç ãéá ðåñéóóüôåñåò ïíôüôçôåò áðü ôïí PostPrun-
ingkNS. ¼ìùò üóï áõîÜíåé ôï k ôï êüóôïò ôïõ PostPruningNS áõîÜíåé ðéï
ãñÞãïñá áðü áõôü ôïõ PrePruningNS, óå üëåò ôéò ìåôñÞóåéò áðüäïóçò. Ãåíéêü-
ôåñá ôï êëÜäåìá ôïõ ÷þñïõ áíáæÞôçóçò ðïõ åðéôõã÷Üíåé ï PrePruning(k)NS
õðåñêåñÜæåé ôï åðéðëÝïí êüóôïò åðåîåñãáóßáò áðü ôïí õðïëïãéóìü ôçò åëÜ÷é-
óôçò ïñáôÞò áðüóôáóçò êáé Ýôóé åìöáíßæåôáé ìå êáëýôåñåò áðïäüóåéò, óå üëåò
ôéò ìåôñÞóåéò, áðü ôïõò PostPruning(k)NS êáé Sweep(k)NS.

ÓõíïðôéêÜ, üôáí óôï óýíïëï äåäïìÝíùí õðÜñ÷ïõí ðïëëÝò ãùíßåò ÷ùñßò êá-
íÝíáí êïíôéíüôåñï ãåßôïíá, ï Sweep(k)NS Ý÷åé ìéêñüôåñï ÷ñüíï åðåîåñãáóßáò
áðü ôïí PostPruning(k)NS êáé ßóï ìå ôïí PrePruning(k)NS. Óå üëåò ôéò Üë-
ëåò ðåñéðôþóåéò ïé PostPruning(k)NS êáé PrePruning(k)NS Ý÷ïõí åîáéñåôéêÜ
êáëýôåñç áðüäïóç, ìå ôïí PrePruning(k)NS íá åßíáé êáëýôåñïò áðü PostPrun-
ing(k)NS.
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Óôéò åðüìåíåò åíüôçôåò ðáñïõóéÜæåôáé ï êþäéêáò ðïõ õëïðïéÞèçêå.

A.1 ÊëÜóç prepruningkns.cc

Ç êëÜóç ðïõ ðåñéÝ÷åé ôç óõíÜñôçóç main ôùí áëãïñßèìùí PostPruning(k)NS
êáé PrePruning(k)NS åßíáé ßäéá. Ç ìüíç äéáöïñÜ åßíáé ìéá ãñáììÞ êþäéêá ðïõ
êáëåß ôïí áíôßóôïé÷ï áëãüñéèìï PostPruning(k)NS Þ PrePruning(k)NS. Ãéá
ëüãïõò áðëïðïßçóçò ðáñïõóéÜæåôáé ç êëÜóç ìå ôç main óõíÜñôçóç ìüíï ôïõ
PrePruningkNS êþäéêá.

/* ----------------------------------------------------------------------------

Author: Anna Giannoutsou

Email: anna.giannoutsou@gmail.com

Date: July, 2011

This program:

1. load an Rtree indexing polygons

2. load a collection of polygons

3. performs nearest surrounder query based on PRE-PRUNING algorithm

4. output the result

Suggested arguments:

> (prog name) -p 4096 -f raw_data.txt -i index_file.idx

-q queryfile.txt

-a0 startangle -a1 endangle

-m #tiers -t #sectors -v true -k #neighbors

explanations:

-p: pagesize, typically, 4096

-f: a tab delimited file, format:

id #vertice x0 y0 x1 y1 ... xn yn

-i: index file
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-q: query point file

-a0: start angle (default: 0)

-a1: end angle (default: 360)

-m: #tiers (default: 1)

-t: #sectors (default: 1)

-v: verbose mode on

-k: #neighbors to search

---------------------------------------------------------------------------- */

//#include space...

using namespace std;

#define MAXEDGE 1000

#define DIMEN 2

//-----------------------------------------------------------------------

//This function draws the result (objects and query point) at an .eps file,

//Draws the VNNs red and the rest of the objects black. The query point is

//represented by a blue dot.

//------------------------------------------------------------------------

void drawResult(const Rtree& a_rtree,

const int a_bottomlevel, const int a_toplevel,

const char* epsname, vector<int> objid, float c[DIMEN])

{

RtreeNode* root = a_rtree.m_memory.loadPage(a_rtree.m_memory.m_rootPageID);

RtreeNodeEntry* entry = root->genNodeEntry();

Hypercube& hc = entry->m_hc;

PSDraw psdraw(epsname, hc.getLower()[0], hc.getLower()[1],

hc.getUpper()[0], hc.getUpper()[1]);

const int top = a_toplevel < root->m_level ? a_toplevel : root->m_level;

delete entry;

delete root;

Stack s;

s.push((void*)a_rtree.m_memory.m_rootPageID);

while (!s.isEmpty())

{

int pageid = (int)s.pop();

RtreeNode* n = a_rtree.m_memory.loadPage(pageid);

if (a_bottomlevel <= n->m_level && n->m_level <= a_toplevel)

{

for (int i=0; i<n->m_usedSpace; i++)

{

int aid = n->m_entry[i]->m_id;

bool found = false;

for (vector<int>::size_type h = 0; h < objid.size(); h++)
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{

if(objid[h] == aid){

found = true;

psdraw.box(n->m_entry[i]->m_hc, 0, 1, true);

break;

}

}

if(!found)

psdraw.box(n->m_entry[i]->m_hc, 0, 1, false);

}

}

if (n->m_level > a_bottomlevel)

{

for (int i=0; i<n->m_usedSpace; i++)

s.push((void*)n->m_entry[i]->m_id);

}

delete n;

}

psdraw.queryPoint(c[0], c[1], true);

}

void helpmsg(const char* pgm)

{

cerr << "Suggested arguments:" << endl;

cerr << "> " << pgm << endl;

cerr << "-p 4096 -d 2 -f raw_polygon.txt -i index_file.idx " << endl;

cerr << "-q queryfile.txt -a0 startangle -a1 endangle " << endl;

cerr << "-m tier -t #sectors -v true -k #neighbors" << endl << endl;

cerr << "explanations:" << endl;

cerr << "-p: pagesize, typically, 4096" << endl;

cerr << "-f: raw polygon data file" << endl;

cerr << "a tab delimited file, format:" << endl;

cerr << "id #vertice x0 y0 x1 y1 ... xn yn" << endl;

cerr << "-i: index file (rtree)" << endl;

cerr << "-q: query file, format" << endl;

cerr << "id x y" << endl;cerr << "-a0: start angle (default: 0)" << endl;

cerr << "-a1: end angle (default: 360)" << endl;

cerr << "-m: tier (default: 1)" << endl;

cerr << "-t: no. of sectors for partitioned processing (default: 1)" << endl;

cerr << "-v: verbose mode on" << endl;

cerr << "-k: number of neighbours to find (default: 1)" << endl;

}

int main(const int a_argc, const char** a_argv)

{

if (a_argc == 1)

{



80 A ÐáñÜñôçìá Õëïðïßçóçò ôùí VkNS ÅñùôçìÜôùí

helpmsg(a_argv[0]);

return -1;

}

cerr << "PrePruning k NSQ algorithm" << endl;

//-------------------------------------------------------------------------

// initialization

//-------------------------------------------------------------------------

int pagesize = atol(Param::read(a_argc, a_argv, "-p", ""));

const char* filename = Param::read(a_argc, a_argv, "-f", "");

const char* idxname = Param::read(a_argc, a_argv, "-i", "");

const char* qryfilename = Param::read(a_argc, a_argv, "-q", "");

const float startangle = (float)atof(Param::read(a_argc, a_argv, "-a0", "0.0"));

const float endangle = (float)atof(Param::read(a_argc, a_argv, "-a1", "360.0"));

const int m = atol(Param::read(a_argc, a_argv, "-m", "1"));

const int t = atol(Param::read(a_argc, a_argv, "-t", "1"));

const char* vrbs = Param::read(a_argc, a_argv, "-v", "null");

bool verbose = strcmp(vrbs,"null") != 0;

const int k = atol(Param::read(a_argc, a_argv, "-k", "1"));

//-------------------------------------------------------------------------

// load an R-tree from an index file

//-------------------------------------------------------------------------

cerr << "loading Rtree ... ";

const int maxChild = (pagesize - RtreeNode::size()) /

RtreeNodeEntry::size(DIMEN);// no. of entries per node

FileMemory mem(pagesize, idxname, RtreeNodeEntry::fromMem, false);

Rtree rtree(mem, DIMEN, maxChild, maxChild,

(int)(maxChild*0.3), (int)(maxChild*0.3), false);

cerr << "[DONE]" << endl;

//----------------------------------------------------

// load polygons

//----------------------------------------------------

cerr << "loading polygons ... ";

fstream fin;

fin.open(filename, ios::in);

Hash hPolygon(1000000);

while (true)

{

int id, edge;

float sx[MAXEDGE], sy[MAXEDGE];

float ex[MAXEDGE], ey[MAXEDGE];

//----------------------------------------------------

// read a polygon record

//----------------------------------------------------

fin >> id;
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if (fin.eof()) break; // break if eof

fin >> edge;

for (int e=0; e<edge; e++)

{

fin >> sx[e];

fin >> sy[e];

fin >> ex[e];

fin >> ey[e];

}

//------------------------------------------------

// form a polygon

//------------------------------------------------

Polygon* plg = new Polygon;

for (int e=0; e<edge; e++)

{

float c[2];

c[0] = sx[e]; c[1] = sy[e];

Point ptl(DIMEN, c);

c[0] = ex[e]; c[1] = ey[e];

Point ptu(DIMEN, c);

LineSeg l(ptl, ptu);

plg->addLineSeg(l);

}

hPolygon.put(id, plg);

}

fin.close();

cerr << hPolygon.size() << " polygon objects are loaded." << endl;

//-----------------------------------------------------

// initialize the performance measurement metrics

//-----------------------------------------------------

int numquery = 0;

int totalobj = 0;

float aveProcTime = 0; // average performance

float aveObjExam = 0;

float aveMemSize = 0;

float aveNumPage0 = 0;

float aveNumPage10 = 0;

float aveNumPage30 = 0;

float aveNumPage50 = 0;

float aveNumObjs[10]; // assume at most 10 tiers

float minProcTime = INFTY;// minimum performance

int minObjExam = INFTY;

int minMemSize = INFTY;

int minNumPage0 = INFTY;

int minNumPage10 = INFTY;
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int minNumPage30 = INFTY;

int minNumPage50 = INFTY;

int minNumObjs[10];

float maxProcTime = -INFTY; // maximum performance

int maxObjExam = -INFTY;

int maxMemSize = -INFTY;

int maxNumPage0 = -INFTY;

int maxNumPage10 = -INFTY;

int maxNumPage30 = -INFTY;

int maxNumPage50 = -INFTY;

int maxNumObjs[10];

for (int i=0; i<m; i++)

{

aveNumObjs[i] = 0;

minNumObjs[i] = INFTY;

maxNumObjs[i] = -INFTY;

}

//----------------------------------------------------------------

// process PrePruning NSQ algorithm based on read-in query points

//----------------------------------------------------------------

fstream fqin;

fqin.open(qryfilename, ios::in);

int fileDraw = 0;

while (true)

{

int id;

float c[DIMEN];

//--------------------------------

// load a query point

//--------------------------------

fqin >> id;

if (fqin.eof()) break;

fqin >> c[0];

fqin >> c[1];

Point q(DIMEN, c);

//-----------------------------------

// perform the search

//-----------------------------------

Array res[10];

int maxexam = 0;

int maxqlen = 0;

Array pageaccessed;

float avewidth = (endangle - startangle)/t;
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struct timeb starttime, endtime;

ftime(&starttime);

for (int i=0; i<t; i++)

{

AngleRange ar(i*avewidth+startangle, (i+1)*avewidth+startangle);

NSSearch::prepruning(rtree, hPolygon, q, ar, m, res[i],

maxexam, maxqlen, pageaccessed, k);

}

ftime(&endtime);

float qtime = ((endtime.time*1000 + endtime.millitm) -

(starttime.time*1000 + starttime.millitm)) / 1000.0f;

//---------------------------------------------------------------------

// This loop is used to print the results uniformly, with the VNN and

// its corresponding whole angular range.

//---------------------------------------------------------------------

if (verbose)

{

cerr << "q@: " << c[0] << "," << c[1] << ", id:"<<id<<endl;

for (int i=0; i<m; i++)

{

for (int l=0; l<t; l++)

{

AngleRange angl;

int lastobj = -100;

RippleNSResult* rnsr = (RippleNSResult*)res[l].get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (lastobj == -100){

angl.set(r->m_ar.start(), r->m_ar.end());

}

else if (lastobj == r->m_oid && r->m_ar.end()!=360){

angl.set(angl.start(), r->m_ar.end());

}

else if (lastobj == r->m_oid && r->m_ar.end()==360){

cerr << "("<<angl.start()<<", "<<r->m_ar.end()<<"):"<< lastobj<<endl;

}

else if (lastobj != r->m_oid && r->m_ar.end()==360){

cerr << "("<<angl.start()<<", "<<angl.end()<<"):"<< lastobj<<endl;

cerr << "("<<r->m_ar.start()<<", "<<r->m_ar.end()<<"):"<< r->m_oid<<endl;

}
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else if (lastobj != r->m_oid){

cerr << "("<<angl.start()<<", "<<angl.end()<<"):"<< lastobj<<endl;

angl.set(r->m_ar.start(), r->m_ar.end());

}

lastobj = r->m_oid;

}

}

}

}

}

cerr << "qtime: " << qtime;

cerr << ", io: " << pageaccessed.size();

cerr << ", #res: ";

int tier[5], obj[5];

for (int i=0; i<m; i++)

tier[i] = obj[i] = 0;

Set allobjid;

vector<int> myVector;

for (int i=0; i<m; i++)

{

Set objid;

int prevoid = -100;

for (int l=0; l<t; l++)

{

RippleNSResult* rnsr = (RippleNSResult*)res[l].get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (r->m_ar.width() == 0) continue;

if (r->m_oid != prevoid)

{

tier[i]++;

if (prevoid >= 0)

{

objid.insert((void*)prevoid);

allobjid.insert((void*)prevoid);

myVector.push_back(prevoid);

}

prevoid = r->m_oid;

}

}

}

}

if (prevoid >= 0)

{
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objid.insert((void*)prevoid);

allobjid.insert((void*)prevoid);

myVector.push_back(prevoid);

}

tier[i]++;

obj[i] = objid.size();

cerr << "(tier-" << i << ") " << tier[i] << "(" << obj[i] << ") ";

}

totalobj = allobjid.size();

cerr << endl;

cout<<"--------------------------------------"<<endl;

//convert int to string

std::string s;

std::stringstream out;

out << fileDraw;

s = out.str();

//convert string to char*

const char *p;

p=s.c_str();

//concatanate chars

char str[100];

strcpy (str,"preprunkNSResult_");

strcat (str, p);

strcat(str, ".eps");

drawResult(rtree, 0, 100, str, myVector, c);

//---------------------------------------

// performance measurement

//---------------------------------------

// average performance

int io0 = pageaccessed.size();

int io10 = IOMeasure::lru(pageaccessed, 10);

int io30 = IOMeasure::lru(pageaccessed, 30);

int io50 = IOMeasure::lru(pageaccessed, 50);

aveProcTime += qtime;

aveNumPage0 += io0;

aveNumPage10 += io10;

aveNumPage30 += io30;

aveNumPage50 += io50;

for (int i=0; i<m; i++)

aveNumObjs[i] += obj[i];

aveObjExam += maxexam;

aveMemSize += maxqlen;

numquery++;

// max performance
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maxProcTime = maxProcTime > qtime ? maxProcTime : qtime;

maxNumPage0 = maxNumPage0 > io0 ? maxNumPage0 : io0;

maxNumPage10 = maxNumPage10 > io10 ? maxNumPage10 : io10;

maxNumPage30 = maxNumPage30 > io30 ? maxNumPage30 : io30;

maxNumPage50 = maxNumPage50 > io50 ? maxNumPage50 : io50;

for (int i=0; i<m; i++)

maxNumObjs[i] = maxNumObjs[i] > obj[i] ? maxNumObjs[i] : obj[i];

maxObjExam = maxObjExam > maxexam ? maxObjExam : maxexam;

maxMemSize = maxMemSize > maxqlen ? maxMemSize : maxqlen;

// min performance

minProcTime = minProcTime < qtime ? minProcTime : qtime;

minNumPage0 = minNumPage0 < io0 ? minNumPage0 : io0;

minNumPage10 = minNumPage10 < io10 ? minNumPage10 : io10;

minNumPage30 = minNumPage30 < io30 ? minNumPage30 : io30;

minNumPage50 = minNumPage50 < io50 ? minNumPage50 : io50;

for (int i=0; i<m; i++)

minNumObjs[i] = minNumObjs[i] < obj[i] ? minNumObjs[i] : obj[i];

minObjExam = minObjExam < maxexam ? minObjExam : maxexam;

minMemSize = minMemSize < maxqlen ? minMemSize : maxqlen;

//----------------------------------------

// clean up

//-----------------------------------------

for (int l=0; l<t; l++)

{

for (int i=0; i<m; i++)

{

RippleNSResult* rnsr = (RippleNSResult*)res[l].get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

delete (TierNSResult*)rnsr->m_section[j]->get(k);

}

delete rnsr;

}

res[l].clean();

}

pageaccessed.clean();

fileDraw++;

}

fqin.close();

cout << "---Prepruning kNS Performance Evaluation---" << endl;

cout << "#query: " << numquery << endl;

cout << "m: " << m << endl;

cout << "t: " << t << endl;



A.2 ÊëÜóç nsprepruning.cc 87

cout << "ar: " << startangle << "-" << endangle << endl;

cout << "proctime(min, ave, max): " << minProcTime << ", " <<

aveProcTime/numquery << ", " << maxProcTime << endl;

cout << "objexam(min, ave, max): " << minObjExam << ", " <<

aveObjExam/numquery << ", " << maxObjExam << endl;

cout << "memsize(min, ave, max): " << minMemSize << ", " <<

aveMemSize/numquery << ", " << maxMemSize << endl;

cout << "io0(min, ave, max): " << minNumPage0 << ", " <<

aveNumPage0/numquery << ", " << maxNumPage0 << endl;

cout << "io10(min, ave, max): " << minNumPage10 << ", " <<

aveNumPage10/numquery << ", " << maxNumPage10 << endl;

cout << "io30(min, ave, max): " << minNumPage30 << ", " <<

aveNumPage30/numquery << ", " << maxNumPage30 << endl;

cout << "io50(min, ave, max): " << minNumPage50 << ", " <<

aveNumPage50/numquery << ", " << maxNumPage50 << endl;

cout << "totalobj: " << totalobj<< endl;

for (int i=0; i<m; i++)

cout << "res(min, ave, max): " << minNumObjs[i] << ", " <<

aveNumObjs[i]/numquery << ", " << maxNumObjs[i] << endl;

cout << endl;

return 0;

}

A.2 ÊëÜóç nsprepruning.cc

Ç åðüìåíç êëÜóç õëïðïéåß ôïí êáèáõôü áëãüñéèìï PrePruning(k)NS. ×Üñéí
åîïéêïíüìçóçò ÷þñïõ Ý÷åé áöáéñåèåß áðü ôçí êëÜóç áõôÞ ôï ðåñéå÷üìåíï ôùí
óõíáñôÞóåùí ðïõ ðñïûðÞñ÷áí êáé ðáñïõóéÜæïíôáé ìüíï ïé óõíáñôÞóåéò ðïõ
õëïðïéÞèçêáí óôçí ðáñïýóá åñãáóßá.

/* -----------------------------------------

Author: Anna Giannoutsou

Email: anna.giannoutsou@gmail.com

Date: July, 2011

-------------------------------------------- */

//#include space...

using namespace std;

#define NODE 0

#define EDGE 1

#define DIMEN 2

#define DUMMY -1

float minViDistance;
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AngleRange angRange;

//------------------------

// edge compare result

//------------------------

class EdgeCompResult

int preprunEdgeCompare(const int a_oid0, const LineSeg& a_lineseg0,

const AngleRange& a_ar0, // lineseg0

const int a_oid1,

const LineSeg& a_lineseg1,

const AngleRange& a_ar1, // lineseg1

const Point& a_pt, // ref. point

Array& a_cmpres,

Array& a_hidden) // comparison result

//-----------------------------------------------------------------------------

// determine a range of existng NS results whose angle ranges are covered by

// a provided angle range (angle range search)

//-----------------------------------------------------------------------------

int preprunTierLookup(Array& a_tier, // a tier of NS result

const AngleRange& a_ar, // angle range of a candidate

int& a_start, // starting position

nt& a_end) // ending position

//-----------------------------------------------------------------------------

// preliminary determine if an entry is hidden by existing edges

// true: hidden, and the entry can be discarded

// false: otherwise

//-----------------------------------------------------------------------------

bool preprundistFilter(Array& a_res,

const Point& a_pt,

const int a_m,

const AngleRange& a_queryAR,

const float a_mindist2q,

const AngleRange& a_ar)

//-----------------------------------------------------------------------------

// incorporate PrePruning NS Result in a tier-wise fashion

//-----------------------------------------------------------------------------

int prepruningNSIncorp(Array& a_res, // result set

const Point& a_pt, // query point

const int a_m, // number of result tiers

const AngleRange& a_queryAR, // query angle range

const int a_oid, // object id
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const LineSeg& a_lineseg, // line segment

const AngleRange& a_ar) // line segment angle range

void setMinViDistance(float vidist){

minViDistance = vidist;

}

float getMinViDistance(){

return minViDistance;

}

void setAnglRange(AngleRange angleRange){

angRange = angleRange;

}

AngleRange getAnglRange(){

return angRange;

}

//---------------------------------------------------------------------------------

// This function calculates minimum visible distance of an edge and its

// corresponding angle range.

//--------------------------------------------------------------------------------

void calcMinViDistance(Array& a_res,// result set

const Point& a_pt, // query point

const int a_oid, // object id

const LineSeg& a_lineseg, // line segment

const AngleRange& a_ar) // line segment angle range

{

class carrier

{

public:

const int m_oid; // object id

const LineSeg m_lineseg; // line segment

const AngleRange m_ar; // angle range

const float m_mindist; // mindist to a query point

const int m_level; // target level

public:

carrier(const int a_oid, const LineSeg& a_lineseg,

const AngleRange& a_ar, const float a_mindist,

const int a_level):

m_oid(a_oid), m_lineseg(a_lineseg),

m_ar(a_ar), m_mindist(a_mindist), m_level(a_level) {};

~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* c0 = *(carrier**)a0;
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carrier* c1 = *(carrier**)a1;

if (c0->m_mindist < c1->m_mindist) return -1;

if (c0->m_mindist > c1->m_mindist) return +1;

return 0;

};

};

carrier* c = (carrier*)(new carrier(a_oid, a_lineseg, a_ar,

a_lineseg.mindist(a_pt), 0));

//---------------------------------------------------------------------

// retrieve a target tier

//---------------------------------------------------------------------

RippleNSResult* rnsr = (RippleNSResult*)a_res.get(c->m_level);

//---------------------------------------------------------------------

// retrieve affected sections

//---------------------------------------------------------------------

Array affSection;

rnsr->getSection(c->m_ar, affSection);

float minvidist = c->m_mindist;

AngleRange carrRange = c->m_ar; //carrier range

for (int k=0; k<affSection.size(); k++)

{

Array& section = *(Array*)affSection.get(k);

//-----------------------------------------------------------------

// locate affected portion of a result in a section

//-----------------------------------------------------------------

int start, end;

int cnt = preprunTierLookup(section, c->m_ar, start, end);

for (int j=start; j<=end && cnt > 0; j++)

{

TierNSResult* tnsr = (TierNSResult*)section.get(j);

if (tnsr->m_oid == c->m_oid && tnsr->m_lineseg == c->m_lineseg)

continue;

AngleRange common;

if (AngleRange::common(tnsr->m_ar, carrRange, common) &&

tnsr->m_oid != -1)

{

if(tnsr->m_ar.start()==tnsr->m_ar.end())

continue;

if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

carrRange.set(tnsr->m_ar.end(), carrRange.end());
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minvidist = c->m_lineseg.mindist(a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

carrRange.set(carrRange.start(), tnsr->m_ar.start());

minvidist = c->m_lineseg.mindist(a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

//invisible

carrRange.set(0, 0);

minvidist = INFTY;

break;

}

else if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

AngleRange arange, brange;

arange.set(carrRange.start(), tnsr->m_ar.start());

brange.set(tnsr->m_ar.end(), carrRange.end());

float mindist1 = c->m_lineseg.mindist(a_pt, arange);

float mindist2 = c->m_lineseg.mindist(a_pt, brange);

if (mindist1 < mindist2){

minvidist = mindist1;

carrRange = arange;

}

else{

minvidist = mindist2;

carrRange = brange;

}

}

}

}

}

setMinViDistance(minvidist);

setAnglRange(carrRange);

}

//------------------------------------------------------------------------

// Calculates the minimum distance of a hypercube according to a specific

// angle range.

//------------------------------------------------------------------------

float mindistHC(const Hypercube& a_hc, const Point& a_pt,

const AngleRange& a_ar){

const Point& lower = a_hc.getLower();

const Point& upper = a_hc.getUpper();

float mindist = INFTY;

float c[2];

c[0] = upper[0];
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c[1] = lower[1];

Point p(2, c);

LineSeg l(lower, p);

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_ar, ar, common))

{

mindist = mindist < l.mindist(a_pt, a_ar) ? mindist : l.mindist(a_pt, a_ar);

}

LineSeg l1(p, upper);

ar = l1.angleRange(a_pt);

if (AngleRange::common(a_ar, ar, common))

{

mindist = mindist < l1.mindist(a_pt, a_ar) ? mindist : l1.mindist(a_pt, a_ar);

}

c[0] = lower[0];

c[1] = upper[1];

Point p1(2, c);

LineSeg l2(upper, p1);

ar = l2.angleRange(a_pt);

if (AngleRange::common(a_ar, ar, common))

{

mindist = mindist < l2.mindist(a_pt, a_ar) ? mindist : l2.mindist(a_pt, a_ar);

}

LineSeg l3(p1, lower);

ar = l3.angleRange(a_pt);

if (AngleRange::common(a_ar, ar, common))

{

mindist = mindist < l3.mindist(a_pt, a_ar) ? mindist : l3.mindist(a_pt, a_ar);

}

return mindist;

}

//----------------------------------------------------------------------------

// Calculates the minimum visible distance of a node.

//----------------------------------------------------------------------------

void calcMinViDistNode(Array& a_res, // result set

const Point& a_pt, // query point

const int a_oid, // object id

const Hypercube& a_hc,

const AngleRange& a_ar) // line segment angle range

{

class carrier

{

public:
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const int m_oid; // object id

const Hypercube m_hc;

const AngleRange m_ar; // angle range

const float m_mindist; // mindist to a query point

const int m_level; // target level

public:

carrier(const int a_oid,

const Hypercube& a_hc,

const AngleRange& a_ar,

const float a_mindist,

const int a_level):

m_oid(a_oid),

m_hc(a_hc),

m_ar(a_ar), m_mindist(a_mindist), m_level(a_level) {};

~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* c0 = *(carrier**)a0;

carrier* c1 = *(carrier**)a1;

if (c0->m_mindist < c1->m_mindist) return -1;

if (c0->m_mindist > c1->m_mindist) return +1;

return 0;

};

};

carrier* c = (carrier*)(new carrier(a_oid, a_hc, a_ar, a_hc.mindist(a_pt), 0));

//---------------------------------------------------------------------

// retrieve a target tier

//---------------------------------------------------------------------

RippleNSResult* rnsr = (RippleNSResult*)a_res.get(c->m_level);

//---------------------------------------------------------------------

// retrieve affected sections

//---------------------------------------------------------------------

Array affSection;

rnsr->getSection(c->m_ar, affSection);

float minvidist = c->m_mindist;

AngleRange carrRange = c->m_ar; //carrier range

for (int k=0; k<affSection.size(); k++)

{

Array& section = *(Array*)affSection.get(k);

//-----------------------------------------------------------------

// locate affected portion of a result in a section

//-----------------------------------------------------------------

int start, end;



94 A ÐáñÜñôçìá Õëïðïßçóçò ôùí VkNS ÅñùôçìÜôùí

int cnt = preprunTierLookup(section, c->m_ar, start, end);

for (int j=start; j<=end && cnt > 0; j++)

{

TierNSResult* tnsr = (TierNSResult*)section.get(j);

if (tnsr->m_oid == c->m_oid){

continue;

}

AngleRange common;

if (AngleRange::common(tnsr->m_ar, carrRange, common) &&

tnsr->m_oid != -1)

{

if(tnsr->m_ar.start()==tnsr->m_ar.end())

continue;

if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

carrRange.set(tnsr->m_ar.end(), carrRange.end());

minvidist = mindistHC(c->m_hc, a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

carrRange.set(carrRange.start(), tnsr->m_ar.start());

minvidist = mindistHC(c->m_hc, a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

//invisible

carrRange.set(0, 0);

minvidist = INFTY;

break;

}

else if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

AngleRange arange, brange;

arange.set(carrRange.start(), tnsr->m_ar.start());

brange.set(tnsr->m_ar.end(), carrRange.end());

float mindist1 = mindistHC(c->m_hc, a_pt, arange);

float mindist2 = mindistHC(c->m_hc, a_pt, brange);

if (mindist1 < mindist2){

minvidist = mindist1;

carrRange = arange;

}

else{

minvidist = mindist2;

carrRange = brange;

}
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}

}

}

}

setMinViDistance(minvidist);

setAnglRange(carrRange);

}

//-------------------------------------------------------------------

// This function returns the number of objects in the current result.

//-------------------------------------------------------------------

int objsNoInResult(Array& res, int m){

Set allobjid;

for (int i=0; i<m; i++)

{

int prevoid= -100;

RippleNSResult* rnsr = (RippleNSResult*)res.get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (r->m_ar.width() == 0) continue;

if (r->m_oid != prevoid)

{

if (prevoid >= 0)

{

allobjid.insert((void*)prevoid);

}

prevoid = r->m_oid;

}

}

}

if (prevoid >= 0)

allobjid.insert((void*)prevoid);

}

return allobjid.size();

}

//---------------------------------------------------------------

// This function checks if an object exists in the current result

//---------------------------------------------------------------

bool existInResult(Array& res, int m, int id){

for (int i=0; i<m; i++)

{

RippleNSResult* rnsr = (RippleNSResult*)res.get(i);

for (int j=0; j<rnsr->m_numsect; j++)
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{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (r->m_ar.width() == 0) continue;

if (r->m_oid == id) return true;

}

}

}

return false;

}

//-----------------------------------------------------------------------------

// PrePruning NSQ algorithm

//-----------------------------------------------------------------------------

int NSSearch::prepruning(Rtree& a_rtree, Hash& a_hPolygon,

const Point& a_pt,

const AngleRange& a_queryAR, const int a_m,

Array& a_res, int& a_exam, int& a_max,

Array& a_pageaccessed, const int k)

{

//-------------------------------------------------------------------------

// carrier (base)

//-------------------------------------------------------------------------

class carrier

{

public:

const AngleRange m_ar;

const float m_mindist2q;

const int m_type;

public:

carrier(const AngleRange& a_ar,

const float a_mindist2q, const int a_type):

m_ar(a_ar), m_mindist2q(a_mindist2q), m_type(a_type) {};

virtual ~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* p0 = *(carrier**)a0;

carrier* p1 = *(carrier**)a1;

if (p0->m_mindist2q < p1->m_mindist2q) return -1;

if (p0->m_mindist2q > p1->m_mindist2q) return +1;

return 0;

};

};

//-------------------------------------------------------------------------

// carrier of a node entry

//-------------------------------------------------------------------------
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class nodecarrier: public carrier

{

public:

RtreeNodeEntry* m_entry;

const int m_level; // level in a Rtree

public:

nodecarrier(const RtreeNodeEntry& a_entry, const int a_level,

const AngleRange& a_ar, const float a_mindist2q):

m_entry(a_entry.clone()), m_level(a_level),

carrier(a_ar, a_mindist2q, NODE) {};

virtual ~nodecarrier() { delete m_entry; };

};

//-------------------------------------------------------------------------

// carrier of a edge entry

//-------------------------------------------------------------------------

class edgecarrier: public carrier

{

public:

LineSeg m_lineseg;

const int m_oid;

public:

edgecarrier(const LineSeg& a_lineseg, const int a_oid,

const AngleRange& a_ar, const float a_mindist2q):

m_lineseg(a_lineseg), m_oid(a_oid),

carrier(a_ar, a_mindist2q, EDGE) {};

virtual ~edgecarrier() {};

};

//-------------------------------------------------------------------------

// initialize a m-tier NS result

//-------------------------------------------------------------------------

for (int i=0; i<a_m; i++)

{

LineSeg l(a_pt,a_pt); // dummy line segment

RippleNSResult* rns = new RippleNSResult(DUMMY, l, a_queryAR, 60);

a_res.append(rns);

}

//-------------------------------------------------------------------------

// create a heap that orders entries based on starting angle

//-------------------------------------------------------------------------

BinHeap h(carrier::distcompare);

//-------------------------------------------------------------------------

// initialize the first heap entry

//-------------------------------------------------------------------------

float cl[DIMEN], cu[DIMEN];

cl[0] = cl[1] = -INFTY;
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cu[0] = cu[1] = INFTY;

Hypercube hc(DIMEN, cl, cu);

RtreeNodeEntry dummyroot(a_rtree.m_memory.m_rootPageID, hc);

AngleRange ar(a_queryAR);

h.insert(new nodecarrier(dummyroot, 100, ar, 0));

while (!h.isEmpty())

{

int heapsize = h.size();

a_max = a_max > heapsize ? a_max : heapsize;

carrier* c = (carrier*)h.removeTop();

//---------------------------------------------------------------------

// filter out carrier that are already hidden by existing edges

//---------------------------------------------------------------------

if (preprundistFilter(a_res, a_pt, a_m,a_queryAR,c->m_mindist2q,c->m_ar))

{

delete c;

continue;

}

//----------------------------------------------------------------------

//prepruning check for minimum visible distance

//----------------------------------------------------------------------

bool objInserted = false;

AngleRange commonrange;

float minimumdist = -1;

if(c->m_type == NODE)

{

nodecarrier* nc = (nodecarrier*)c;

if (AngleRange::common(a_queryAR, nc->m_ar, commonrange))

{

if (!h.isEmpty())

{

//calculate the MinViDist of a Node

calcMinViDistNode(a_res, a_pt, nc->m_entry->m_id,

nc->m_entry->m_hc, commonrange);

minimumdist = getMinViDistance();

AngleRange corrRange = getAnglRange();

carrier* topc = (carrier*) h.top();

if (minimumdist > topc->m_mindist2q)

{

objInserted = true;

if(minimumdist != INFTY && minimumdist != -1)

{

//cout<<"Node has minimum visible distance bigger than the top of the Queue."<<endl;

h.insert(new nodecarrier(*nc->m_entry, nc->m_level,

corrRange, minimumdist));

}
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}

}

}

}

else // if it is an edge-object

{

edgecarrier* ec = (edgecarrier*)c;

if (AngleRange::common(a_queryAR, ec->m_ar, commonrange))

{

if (!h.isEmpty())

{

//calculate the MinViDist of an Edge

calcMinViDistance(a_res, a_pt, ec->m_oid,

ec->m_lineseg, commonrange);

AngleRange corrRange = getAnglRange();

minimumdist = getMinViDistance();

carrier* topc = (carrier*) h.top();

if (minimumdist > topc->m_mindist2q)

{

objInserted = true;

if(minimumdist != INFTY && minimumdist != -1)

{

//cout<<"Object id:"<<ec->m_oid<<" has minimum visible

//distance bigger than the top of the Queue."<<endl;

h.insert(new edgecarrier(ec -> m_lineseg, ec -> m_oid, corrRange,

minimumdist));

}

}

}

}

}

//---------------------------------------------------------------------

// explore R-tree

//---------------------------------------------------------------------

if (c->m_type == NODE && !objInserted)

{

nodecarrier* nc = (nodecarrier*)c;

if (nc->m_level >= 0)

{

//-------------------------------------------------------------

// explore an Rtree node and place its node entries into the

// heap for later examination

//-------------------------------------------------------------

a_pageaccessed.append((void*)nc->m_entry->m_id);

RtreeNode* node = a_rtree.m_memory.loadPage(nc->m_entry->m_id);

for (int i=0; i<node->m_usedSpace; i++)
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{

//---------------------------------------------------------

// if a MBB covers a query point, its ar = (0,360)

//---------------------------------------------------------

if (node->m_entry[i]->m_hc.enclose(a_pt))

{

AngleRange ar(0,360);

h.insert(new nodecarrier(*node->m_entry[i],

node->m_level-1, ar, 0));

continue;

}

Polygon plg = Polygon::convert(node->m_entry[i]->m_hc);

if (plg.acrossX(a_pt))

{

//-----------------------------------------------------

// partition a node if it cuts across +ve axis

//-----------------------------------------------------

Polygon above, below;

plg.partition(a_pt, above, below);

AngleRange abovear = above.angleRange(a_pt);

AngleRange belowar = below.angleRange(a_pt);

//-----------------------------------------------------

// pending the entry for later examination if it is

// within a query angle range

//-----------------------------------------------------

AngleRange aCommon, bCommon;

if (AngleRange::common(a_queryAR, abovear, aCommon) ||

AngleRange::common(a_queryAR, belowar, bCommon))

{

h.insert(new nodecarrier(

*node->m_entry[i], node->m_level-1,

ar, node->m_entry[i]->m_hc.mindist(a_pt)));

}

}

else

{

//-----------------------------------------------------

// pending the entry for later examination if it is

// within a query angle range

//-----------------------------------------------------

AngleRange ar = plg.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{

h.insert(new nodecarrier(

*node->m_entry[i], node->m_level-1,

ar, node->m_entry[i]->m_hc.mindist(a_pt)));
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}

}

}

delete node;

}

else

{

a_exam++; // count the no. of examined objects

//-------------------------------------------------------------

// explore the polygon and place its edge for later examination

//-------------------------------------------------------------

int oid = nc->m_entry->m_id;

Polygon* plg = (Polygon*)a_hPolygon.get(oid);

if (plg->acrossX(a_pt))

{

Polygon above, below;

plg->partition(a_pt, above, below);

for (int i=0; i<above.numLineSeg(); i++)

{

const LineSeg& l = above[i];

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{ // place edge if it is covered by a query angle range

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

for (int i=0; i<below.numLineSeg(); i++)

{

const LineSeg& l = below[i];

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{ // place edge if it is covered by a query angle range

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

}

else

{

for (int i=0; i<plg->numLineSeg(); i++)

{

const LineSeg& l = (*plg)[i];

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))
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{

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

}

}

}

//---------------------------------------------------------------------

// investigate edges

//---------------------------------------------------------------------

else if(!objInserted) // if c->m_type is EDGE

{

edgecarrier* ec = (edgecarrier*)c;

AngleRange common;

//------------------------------------------------------------

//because the check is being done according to edges not objects.

//So in the last step we may check another edge of the same kth

//object-edge examined so far but this isn't k+1 its just kth.

//------------------------------------------------------------

if (AngleRange::common(a_queryAR, ec->m_ar, common))

{

if((existInResult(a_res, a_m, ec->m_oid) ||

(!existInResult(a_res, a_m, ec->m_oid) &&

objsNoInResult(a_res, a_m)<k)))

{

prepruningNSIncorp(a_res, a_pt, a_m, a_queryAR,

ec->m_oid, ec->m_lineseg, common);

}

else return 0;

}

}

delete c;

}

return 0;

}

A.3 ÊëÜóç nspostpruning.cc

Ç êëÜóç nspostpruning õëïðïéåß ôïí êáèáõôü áëãüñéèìï PostPruning(k)NS.
Ïìïßùò áðü ôçí êëÜóç áõôÞ ðáñáëåßöèçêå ôï ðåñéå÷üìåíï ôùí óõíáñôÞóåùí
ðïõ ðñïûðÞñ÷áí êáé ðáñïõóéÜæïíôáé ìüíï ïé óõíáñôÞóåéò ðïõ õëïðïéÞèçêáí.

/* ----------------------------------------------------------------------------

Author: Anna Giannoutsou

Email: anna.giannoutsou@gmail.com
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Date: July, 2011

---------------------------------------------------------------------------- */

//#include space...

using namespace std;

#define NODE 0

#define EDGE 1

#define DIMEN 2

#define DUMMY -1

float minViDist;

AngleRange anglRange;

//-----------------------------------------------------------------------------

// edge compare result

//-----------------------------------------------------------------------------

class EdgeCompResult

int postprunEdgeCompare(const int a_oid0,

const LineSeg& a_lineseg0,

const AngleRange& a_ar0, // lineseg0

const int a_oid1,

const LineSeg& a_lineseg1,

const AngleRange& a_ar1, // lineseg1

const Point& a_pt, // ref. point

Array& a_cmpres,

//-----------------------------------------------------------------------------

// determine a range of existng NS results whose angle ranges are covered by

// a provided angle range (angle range search)

//-----------------------------------------------------------------------------

int postprunTierLookup(Array& a_tier, // a tier of NS result

const AngleRange& a_ar, // angle range of a candidate

int& a_start, // starting position

int& a_end) // ending position

//-----------------------------------------------------------------------------

// preliminary determine if an entry is hidden by existing edges

// true: hidden, and the entry can be discarded

// false: otherwise

//-----------------------------------------------------------------------------

bool postprundistFilter(Array& a_res,

const Point& a_pt,

const int a_m,

const AngleRange& a_queryAR,

const float a_mindist2q,

const AngleRange& a_ar)

//-----------------------------------------------------------------------------
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// incorporate PostPruning NSResult in a tier-wise fashion

//-----------------------------------------------------------------------------

int postpruningNSIncorp(Array& a_res, // result set

const Point& a_pt, // query point

const int a_m, // number of result tiers

const AngleRange& a_queryAR, // query angle range

const int a_oid, // object id

const LineSeg& a_lineseg, // line segment

const AngleRange& a_ar) // line segment angle range

void setMinViDist(float vidist){

minViDist = vidist;

}

float getMinViDist(){

return minViDist;

}

void setAngleRange(AngleRange angleRange){

anglRange = angleRange;

}

AngleRange getAngleRange(){

return anglRange;

}

//-----------------------------------------------------------------------------

// This calculates minimum visible distance of an edge-object and its

// corresponding angle range.

//-----------------------------------------------------------------------------

void calcMinViDist(Array& a_res, // result set

const Point& a_pt, // query point

const int a_oid, // object id

const LineSeg& a_lineseg, // line segment

const AngleRange& a_ar) // line segment angle range

{

class carrier

{

public:

const int m_oid; // object id

const LineSeg m_lineseg; // line segment

const AngleRange m_ar; // angle range

const float m_mindist; // mindist to a query point

const int m_level; // target level

public:

carrier(const int a_oid, const LineSeg& a_lineseg,

const AngleRange& a_ar, const float a_mindist,

const int a_level):
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m_oid(a_oid), m_lineseg(a_lineseg),

m_ar(a_ar), m_mindist(a_mindist), m_level(a_level) {};

~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* c0 = *(carrier**)a0;

carrier* c1 = *(carrier**)a1;

if (c0->m_mindist < c1->m_mindist) return -1;

if (c0->m_mindist > c1->m_mindist) return +1;

return 0;

};

};

carrier* c = (carrier*)(new carrier(a_oid, a_lineseg,

a_ar, a_lineseg.mindist(a_pt), 0));

//---------------------------------------------------------------------

// retrieve a target tier

//---------------------------------------------------------------------

RippleNSResult* rnsr = (RippleNSResult*)a_res.get(c->m_level);

//---------------------------------------------------------------------

// retrieve affected sections

//---------------------------------------------------------------------

Array affSection;

rnsr->getSection(c->m_ar, affSection);

float minvidist = c->m_mindist;

AngleRange carrRange = c->m_ar; //carrier range

for (int k=0; k<affSection.size(); k++)

{

Array& section = *(Array*)affSection.get(k);

//-----------------------------------------------------------------

// locate affected portion of a result in a section

//-----------------------------------------------------------------

int start, end;

int cnt = postprunTierLookup(section, c->m_ar, start, end);

for (int j=start; j<=end && cnt > 0; j++)

{

TierNSResult* tnsr = (TierNSResult*)section.get(j);

if (tnsr->m_oid == c->m_oid && tnsr->m_lineseg == c->m_lineseg)

continue;

AngleRange common;

if (AngleRange::common(tnsr->m_ar, carrRange, common)

&& tnsr->m_oid != -1)



106 A ÐáñÜñôçìá Õëïðïßçóçò ôùí VkNS ÅñùôçìÜôùí

{

if(tnsr->m_ar.start()==tnsr->m_ar.end())

continue;

if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

carrRange.set(tnsr->m_ar.end(), carrRange.end());

minvidist = c->m_lineseg.mindist(a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

carrRange.set(carrRange.start(), tnsr->m_ar.start());

minvidist = c->m_lineseg.mindist(a_pt, carrRange);

}

else if (tnsr->m_ar.end() >= carrRange.end() &&

tnsr->m_ar.start() <= carrRange.start()){

//invisible

carrRange.set(0, 0);

minvidist = INFTY;

break;

}

else if (tnsr->m_ar.end() < carrRange.end() &&

tnsr->m_ar.start() > carrRange.start()){

AngleRange arange, brange;

arange.set(carrRange.start(), tnsr->m_ar.start());

brange.set(tnsr->m_ar.end(), carrRange.end());

float mindist1 = c->m_lineseg.mindist(a_pt, arange);

float mindist2 = c->m_lineseg.mindist(a_pt, brange);

if (mindist1 < mindist2){

minvidist = mindist1;

carrRange = arange;

}

else{

minvidist = mindist2;

carrRange = brange;

}

}

}

}

}

setMinViDist(minvidist);

setAngleRange(carrRange);

}

//--------------------------------------------------

// Returns the no of objects founded so far

//--------------------------------------------------

int noOfObjsInResult(Array& res, int m){
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Set allobjid;

for (int i=0; i<m; i++)

{

int prevoid= -100;

RippleNSResult* rnsr = (RippleNSResult*)res.get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (r->m_ar.width() == 0) continue;

if (r->m_oid != prevoid)

{

if (prevoid >= 0)

{

allobjid.insert((void*)prevoid);

}

prevoid = r->m_oid;

}

}

}

if (prevoid >= 0)

allobjid.insert((void*)prevoid);

}

return allobjid.size();

}

//---------------------------------------------------------------

// Checks if an object exists in the result that founded so far

//---------------------------------------------------------------

bool existsInResult(Array& res, int m, int id){

for (int i=0; i<m; i++)

{

RippleNSResult* rnsr = (RippleNSResult*)res.get(i);

for (int j=0; j<rnsr->m_numsect; j++)

{

for (int k=0; k<rnsr->m_section[j]->size(); k++)

{

TierNSResult* r = (TierNSResult*)rnsr->m_section[j]->get(k);

if (r->m_ar.width() == 0) continue;

if (r->m_oid == id) return true;

}

}

}

return false;

}
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//-----------------------------------------------------------------------------

// PostPruning NSQ algorithm

//-----------------------------------------------------------------------------

int NSSearch::postpruning(Rtree& a_rtree, Hash& a_hPolygon,

const Point& a_pt,

const AngleRange& a_queryAR, const int a_m,

Array& a_res, int& a_exam, int& a_max,

Array& a_pageaccessed, const int k)

{

//-------------------------------------------------------------------------

// carrier (base)

//-------------------------------------------------------------------------

class carrier

{

public:

const AngleRange m_ar;

const float m_mindist2q;

const int m_type;

public:

carrier(const AngleRange& a_ar,

const float a_mindist2q, const int a_type):

m_ar(a_ar), m_mindist2q(a_mindist2q), m_type(a_type) {};

virtual ~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* p0 = *(carrier**)a0;

carrier* p1 = *(carrier**)a1;

if (p0->m_mindist2q < p1->m_mindist2q) return -1;

if (p0->m_mindist2q > p1->m_mindist2q) return +1;

return 0;

};

};

//-------------------------------------------------------------------------

// carrier of a node entry

//-------------------------------------------------------------------------

class nodecarrier: public carrier

{

public:

RtreeNodeEntry* m_entry;

const int m_level; // level in a Rtree

public:

nodecarrier(const RtreeNodeEntry& a_entry, const int a_level,

const AngleRange& a_ar, const float a_mindist2q):

m_entry(a_entry.clone()), m_level(a_level),

carrier(a_ar, a_mindist2q, NODE) {};
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virtual ~nodecarrier() { delete m_entry; };

};

//-------------------------------------------------------------------------

// carrier of a edge entry

//-------------------------------------------------------------------------

class edgecarrier: public carrier

{

public:

LineSeg m_lineseg;

const int m_oid;

public:

edgecarrier(const LineSeg& a_lineseg, const int a_oid,

const AngleRange& a_ar, const float a_mindist2q):

m_lineseg(a_lineseg), m_oid(a_oid),

carrier(a_ar, a_mindist2q, EDGE) {};

virtual ~edgecarrier() {};

};

//-------------------------------------------------------------------------

// initialize a m-tier NS result

//-------------------------------------------------------------------------

for (int i=0; i<a_m; i++)

{

LineSeg l(a_pt,a_pt); // dummy line segment

RippleNSResult* rns = new RippleNSResult(DUMMY, l, a_queryAR, 60);

a_res.append(rns);

}

//-------------------------------------------------------------------------

// create a heap that orders entries based on starting angle

//-------------------------------------------------------------------------

BinHeap h(carrier::distcompare);

//-------------------------------------------------------------------------

// initialize the first heap entry

//-------------------------------------------------------------------------

float cl[DIMEN], cu[DIMEN];

cl[0] = cl[1] = -INFTY;

cu[0] = cu[1] = INFTY;

Hypercube hc(DIMEN, cl, cu);

RtreeNodeEntry dummyroot(a_rtree.m_memory.m_rootPageID, hc);

AngleRange ar(a_queryAR);

h.insert(new nodecarrier(dummyroot, 100, ar, 0));

while (!h.isEmpty())

{

int heapsize = h.size();

a_max = a_max > heapsize ? a_max : heapsize;
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carrier* c = (carrier*)h.removeTop();

//---------------------------------------------------------------------

// filter out carrier that are already hidden by existing edges

//---------------------------------------------------------------------

if (postprundistFilter(a_res, a_pt, a_m, a_queryAR, c->m_mindist2q, c->m_ar))

{

delete c;

continue;

}

//---------------------------------------------------------------------

// explore R-tree

//---------------------------------------------------------------------

if (c->m_type == NODE)

{

nodecarrier* nc = (nodecarrier*)c;

if (nc->m_level >= 0)

{

//-------------------------------------------------------------

// explore an Rtree node and place its node entries into the

// heap for later examination

//-------------------------------------------------------------

a_pageaccessed.append((void*)nc->m_entry->m_id);

RtreeNode* node = a_rtree.m_memory.loadPage(nc->m_entry->m_id);

for (int i=0; i<node->m_usedSpace; i++)

{

//---------------------------------------------------------

// if a MBB covers a query point, its ar = (0,360)

//---------------------------------------------------------

if (node->m_entry[i]->m_hc.enclose(a_pt))

{

AngleRange ar(0,360);

h.insert(new nodecarrier(*node->m_entry[i], node->m_level-1, ar, 0));

continue;

}

Polygon plg = Polygon::convert(node->m_entry[i]->m_hc);

if (plg.acrossX(a_pt))

{

//-----------------------------------------------------

// partition a node if it cuts across +ve axis

//-----------------------------------------------------

Polygon above, below;

plg.partition(a_pt, above, below);

AngleRange abovear = above.angleRange(a_pt);

AngleRange belowar = below.angleRange(a_pt);
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//-----------------------------------------------------

// pending the entry for later examination if it is

// within a query angle range

//-----------------------------------------------------

AngleRange aCommon, bCommon;

if (AngleRange::common(a_queryAR, abovear, aCommon) ||

AngleRange::common(a_queryAR, belowar, bCommon))

{

h.insert(new nodecarrier(

*node->m_entry[i], node->m_level-1,

ar, node->m_entry[i]->m_hc.mindist(a_pt)));

}

}

else

{

//-----------------------------------------------------

// pending the entry for later examination if it is

// within a query angle range

//-----------------------------------------------------

AngleRange ar = plg.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{

h.insert(new nodecarrier(

*node->m_entry[i], node->m_level-1,

ar, node->m_entry[i]->m_hc.mindist(a_pt)));

}

}

}

delete node;

}

else

{

a_exam++; // count the no. of examined objects

//-------------------------------------------------------------

// explore the polygon and place its edge for later examination

//-------------------------------------------------------------

int oid = nc->m_entry->m_id;

Polygon* plg = (Polygon*)a_hPolygon.get(oid);

if (plg->acrossX(a_pt))

{

Polygon above, below;

plg->partition(a_pt, above, below);

for (int i=0; i<above.numLineSeg(); i++)

{

const LineSeg& l = above[i];
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AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{ // place edge if it is covered by a query angle range

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

for (int i=0; i<below.numLineSeg(); i++)

{

const LineSeg& l = below[i];

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{ // place edge if it is covered by a query angle range

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

}

else

{

for (int i=0; i<plg->numLineSeg(); i++)

{

const LineSeg& l = (*plg)[i];

AngleRange ar = l.angleRange(a_pt);

AngleRange common;

if (AngleRange::common(a_queryAR, ar, common))

{

float mindist = l.mindist(a_pt, common);

h.insert(new edgecarrier(l, oid, ar, mindist));

}

}

}

}

}

//---------------------------------------------------------------------

// investigate edges

//---------------------------------------------------------------------

else // if (c->m_type == EDGE)

{

edgecarrier* ec = (edgecarrier*)c;

AngleRange common;

float minimumdist = -1;

//because the check is being done according to edges not objects.

//So in the last step we may check

//another edge of the same kth object-edge examined so

//far but this isn't k+1 its just kth.



A.3 ÊëÜóç nspostpruning.cc 113

if (AngleRange::common(a_queryAR, ec->m_ar, common))

{

//------------------------------------------------------

// post-pruning check for minimum visible distance

//------------------------------------------------------

if((existsInResult(a_res, a_m, ec->m_oid) ||

(!existsInResult(a_res, a_m, ec->m_oid) &&

noOfObjsInResult(a_res, a_m)<k))) //kCheck

{

if (!h.isEmpty())

{

calcMinViDist(a_res, a_pt, ec->m_oid, ec->m_lineseg, common);

AngleRange corrRange = getAngleRange();

minimumdist = getMinViDist();

carrier* topc = (carrier*) h.top();

float headmindist = topc->m_mindist2q;

if (minimumdist > topc->m_mindist2q && minimumdist != INFTY

&& minimumdist != -1)

{

//cout<<"Object id:"<<ec->m_oid<<" has minimum visible distance

//bigger than the top of the Queue."<<endl;

h.insert(new edgecarrier(ec -> m_lineseg, ec -> m_oid,

corrRange, minimumdist));

}

else{ // renew the result

postpruningNSIncorp(a_res, a_pt, a_m, a_queryAR,

ec->m_oid, ec->m_lineseg, common);

}

}

else{

postpruningNSIncorp(a_res, a_pt, a_m, a_queryAR,

ec->m_oid, ec->m_lineseg, common);

}

}

else{

return 0;

}

}

}

delete c;

}

return 0;

}
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A.4 ÊëÜóç sweepkns.cc

Ç êëÜóç sweepkns ðïõ ðáñïõóéÜæåôáé óôç óõíÝ÷åéá ðåñéÝ÷åé ôç main óõíÜñ-
ôçóç ôïõ áëãïñßèìïõ SweepkNS. ÌÝóá óå áõôÞ ôçí êëÜóç Ý÷åé õëïðïéçèåß ç
äéáäéêáóßá ðïõ åðéóôñÝöåé ôïõò k êïíôéíüôåñïõò ãåßôïíåò áðü ôï óýíïëï ôùí
áðïôåëåóìÜôùí ôïõ SweepkNS. Ï ßäéïò ï áëãüñéèìïò Sweep äåí áëëÜ÷ôçêå.

/* ----------------------------------------------------------------------------

Author: Anna Giannoutsou

Email: anna.giannoutsou@gmail.com

Date: July, 2011

This program:

1. load an Rtree indexing polygons

2. load a collection of polygons

3. performs nearest surrounder query based on

SWEEP k Nearest Surrounders algorithm

4. output the result

Suggested arguments:

> (prog name) -p 4096 -f raw_data.txt -i index_file.idx

-q queryfile.txt

-a0 startangle -a1 endangle

-m #tiers -t #sectors

-v true -k #neighbors

explanations:

-p: pagesize, typically, 4096

-f: a tab delimited file, format:

id #vertice x0 y0 x1 y1 ... xn yn

-i: index file

-q: query point file

-a0: start angle (default: 0)

-a1: end angle (default: 360)

-m: #tiers (default: 1)

-t: #sectors (default: 1)

-v: verbose mode on

-k: #neighbors (default: 1)

---------------------------------------------------------------------------- */

//#include space...

using namespace std;

#define MAXEDGE 1000

#define DIMEN 2

#define EDGE 1

//This function draws the result (objects and query point) at an .eps file,

//Draws the VNNs red and the rest of the objects black. The query point is

//represented by a blue dot.
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void drawResult(const Rtree& a_rtree,

const int a_bottomlevel, const int a_toplevel,

const char* epsname, vector<int> objid, float c[DIMEN])

{

RtreeNode* root = a_rtree.m_memory.loadPage(a_rtree.m_memory.m_rootPageID);

RtreeNodeEntry* entry = root->genNodeEntry();

Hypercube& hc = entry->m_hc;

PSDraw psdraw(epsname, hc.getLower()[0], hc.getLower()[1],

hc.getUpper()[0], hc.getUpper()[1]);

const int top = a_toplevel < root->m_level ? a_toplevel : root->m_level;

delete entry;

delete root;

Stack s;

s.push((void*)a_rtree.m_memory.m_rootPageID);

while (!s.isEmpty())

{

int pageid = (int)s.pop();

RtreeNode* n = a_rtree.m_memory.loadPage(pageid);

if (a_bottomlevel <= n->m_level && n->m_level <= a_toplevel)

{

for (int i=0; i<n->m_usedSpace; i++)

{

int aid = n->m_entry[i]->m_id;

bool found = false;

for (vector<int>::size_type h = 0; h < objid.size(); h++){

if(objid[h] == aid){

found = true;

psdraw.box(n->m_entry[i]->m_hc, 0, 1, true);

break;

}

}

if(!found)

psdraw.box(n->m_entry[i]->m_hc, 0, 1, false);

}

}

if (n->m_level > a_bottomlevel)

{

for (int i=0; i<n->m_usedSpace; i++)

s.push((void*)n->m_entry[i]->m_id);

}

delete n;

}

psdraw.queryPoint(c[0], c[1], true);

}
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void helpmsg(const char* pgm)

{

cerr << "Suggested arguments:" << endl;

cerr << "> " << pgm << endl;

cerr << "-p 4096 -d 2 -f raw_polygon.txt -i index_file.idx " << endl;

cerr << "-q queryfile.txt -a0 startangle -a1 endangle " << endl;

cerr << "-m tier -t #sectors -v true -k #neighbours" << endl << endl;

cerr << "explanations:" << endl;

cerr << "-p: pagesize, typically, 4096" << endl;

cerr << "-f: raw polygon data file" << endl;

cerr << " a tab delimited file, format:" << endl;

cerr << " id #vertice x0 y0 x1 y1 ... xn yn" << endl;

cerr << "-i: index file (rtree)" << endl;

cerr << "-q: query file, format" << endl;

cerr << " id x y" << endl;

cerr << "-a0: start angle (default: 0)" << endl;

cerr << "-a1: end angle (default: 360)" << endl;

cerr << "-m: tier (default: 1)" << endl;

cerr << "-t: no. of sectors for partitioned processing (default: 1)" << endl;

cerr << "-v: verbose mode on" << endl;

cerr << "-k: number of neighbours to search (default: 1)" << endl;

}

int main(const int a_argc, const char** a_argv)

{

if (a_argc == 1)

{

helpmsg(a_argv[0]);

return -1;

}

cerr << "SWEEP k NSQ algorithm" << endl;

//-------------------------------------------------------------------------

// initialization

//-------------------------------------------------------------------------

int pagesize = atol(Param::read(a_argc, a_argv, "-p", ""));

const char* filename = Param::read(a_argc, a_argv, "-f", "");

const char* idxname = Param::read(a_argc, a_argv, "-i", "");

const char* qryfilename = Param::read(a_argc, a_argv, "-q", "");

const float startangle = (float)atof(Param::read(a_argc, a_argv, "-a0", "0.0"));

const float endangle = (float)atof(Param::read(a_argc, a_argv, "-a1", "360.0"));

const int m = atol(Param::read(a_argc, a_argv, "-m", "1"));

const int t = atol(Param::read(a_argc, a_argv, "-t", "1"));

const char* vrbs = Param::read(a_argc, a_argv, "-v", "null");

bool verbose = strcmp(vrbs,"null") != 0;

const int k = atol(Param::read(a_argc, a_argv, "-k", "1"));

//-------------------------------------------------------------------------

// load an R-tree from an index file
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//-------------------------------------------------------------------------

cerr << "loading Rtree ... ";

const int maxChild = (pagesize - RtreeNode::size())/

RtreeNodeEntry::size(DIMEN); // no. of entries per node

FileMemory mem(pagesize, idxname, RtreeNodeEntry::fromMem, false);

Rtree rtree(mem, DIMEN, maxChild, maxChild,

(int)(maxChild*0.3), (int)(maxChild*0.3), false);

cerr << "[DONE]" << endl;

//-------------------------------------------------------------------------

// load polygons

//-------------------------------------------------------------------------

cerr << "loading polygons ... ";

fstream fin;

fin.open(filename, ios::in);

Hash hPolygon(1000000);

while (true)

{

int id, edge;

float sx[MAXEDGE], sy[MAXEDGE];

float ex[MAXEDGE], ey[MAXEDGE];

//---------------------------------------------------------------------

// read a polygon record

//---------------------------------------------------------------------

fin >> id;

if (fin.eof()) break; // break if eof

fin >> edge;

for (int e=0; e<edge; e++)

{

fin >> sx[e];

fin >> sy[e];

fin >> ex[e];

fin >> ey[e];

}

//---------------------------------------------------------------------

// form a polygon

//---------------------------------------------------------------------

Polygon* plg = new Polygon;

for (int e=0; e<edge; e++)

{

float c[2];

c[0] = sx[e]; c[1] = sy[e];

Point ptl(DIMEN, c);

c[0] = ex[e]; c[1] = ey[e];

Point ptu(DIMEN, c);

LineSeg l(ptl, ptu);

plg->addLineSeg(l);
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}

hPolygon.put(id, plg);

}

fin.close();

cerr << hPolygon.size() << " polygon objects are loaded." << endl;

//-------------------------------------------------------------------------

// initialize the performance measurement metrics

//-------------------------------------------------------------------------

int numquery = 0;

int totalobj = 0;

float aveProcTime = 0; // average performance

float aveObjExam = 0;

float aveMemSize = 0;

float aveNumPage0 = 0;

float aveNumPage10 = 0;

float aveNumPage30 = 0;

float aveNumPage50 = 0;

float aveNumObjs[10]; // assume at most 10 tiers

float minProcTime = INFTY; // minimum performance

int minObjExam = INFTY;

int minMemSize = INFTY;

int minNumPage0 = INFTY;

int minNumPage10 = INFTY;

int minNumPage30 = INFTY;

int minNumPage50 = INFTY;

int minNumObjs[10];

float maxProcTime = -INFTY; // maximum performance

int maxObjExam = -INFTY;

int maxMemSize = -INFTY;

int maxNumPage0 = -INFTY;

int maxNumPage10 = -INFTY;

int maxNumPage30 = -INFTY;

int maxNumPage50 = -INFTY;

int maxNumObjs[10];

for (int i=0; i<m; i++)

{

aveNumObjs[i] = 0;

minNumObjs[i] = INFTY;

maxNumObjs[i] = -INFTY;

}

//-------------------------------------------------------------------------

// process Sweep NSQ algorithm based on read-in query points

//-------------------------------------------------------------------------

fstream fqin;
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fqin.open(qryfilename, ios::in);

int fileDraw = 0;

while (true)

{

int id;

float c[DIMEN];

//---------------------------------------------------------------------

// load a query point

//---------------------------------------------------------------------

fqin >> id;

if (fqin.eof()) break;

fqin >> c[0];

fqin >> c[1];

Point q(DIMEN, c);

//---------------------------------------------------------------------

// perform the search

//---------------------------------------------------------------------

Array res[10];

int maxexam = 0;

int maxqlen = 0;

Array pageaccessed;

float avewidth = (endangle - startangle)/t;

struct timeb starttime, endtime;

ftime(&starttime);

for (int i=0; i<t; i++)

{

AngleRange ar(i*avewidth+startangle, (i+1)*avewidth+startangle);

NSSearch::sweep(rtree, hPolygon, q, ar, m, res[i], maxexam,

maxqlen, pageaccessed);

}

ftime(&endtime);

float qtime = ((endtime.time*1000 + endtime.millitm) -

(starttime.time*1000 + starttime.millitm)) / 1000.0f;

//-------------------------------------------------------------------------

// carrier (base). It is used to order the results.

//-------------------------------------------------------------------------

class carrier

{

public:

const AngleRange m_ar;

const float m_mindist2q;

const int m_type;

public:

carrier(const AngleRange& a_ar,
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const float a_mindist2q, const int a_type):

m_ar(a_ar), m_mindist2q(a_mindist2q), m_type(a_type) {};

virtual ~carrier() {};

static int distcompare(const void* a0, const void* a1)

{

carrier* p0 = *(carrier**)a0;

carrier* p1 = *(carrier**)a1;

if (p0->m_mindist2q < p1->m_mindist2q) return -1;

if (p0->m_mindist2q > p1->m_mindist2q) return +1;

return 0;

};

};

//-------------------------------------------------------------------------

// carrier of a edge entry. It is used to order the results.

//-------------------------------------------------------------------------

class edgecarrier: public carrier

{

public:

LineSeg m_lineseg;

const int m_oid;

public:

edgecarrier(const LineSeg& a_lineseg, const int a_oid,

const AngleRange& a_ar, const float a_mindist2q):

m_lineseg(a_lineseg), m_oid(a_oid),

carrier(a_ar, a_mindist2q, EDGE) {};

virtual ~edgecarrier() {};

};

//---------------------------------------------------------------

// This loop orders the objects of the result according to

// their distance of the query point

//---------------------------------------------------------------

BinHeap h(carrier::distcompare);

for (int l=0; l<t; l++)

{

for (int i=0; i<res[l].size(); i++)

{

SweepNSResult* r = (SweepNSResult*)res[l].get(i);

for (int j=0; j<r->m_result.size(); j++)

{

NSResult* nsr = (NSResult*)r->m_result.get(j);

float mindist = INFTY;

if (nsr->m_oid != -1){

mindist = nsr->m_lineseg.mindist(q, r->m_ar);

h.insert(new edgecarrier(nsr->m_lineseg, nsr->m_oid,

r->m_ar, mindist));

}
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}

}

}

Set koids; // It keeps the first k objects of the ordered heap.

vector<int> myVector; // used to draw the k nearest objects

while(!h.isEmpty() && koids.size()<k){

edgecarrier* ec = (edgecarrier*)h.removeTop();

if(!koids.in((void*)ec->m_oid)){

koids.insert((void*)ec->m_oid);

myVector.push_back(ec->m_oid);

}

delete ec;

}

//---------------------------------------------------------------------

// This loop is used to print the results uniformly. It prints the k VNNs

// and its corresponding angular range.

//---------------------------------------------------------------------

if (verbose)

{

cerr << "q@: " << c[0] << "," << c[1] <<", id: "<<id<< endl;

for (int l=0; l<t; l++)

{

AngleRange angl;

int lastobj = -100;

for (int i=0; i<res[l].size(); i++)

{

SweepNSResult* r = (SweepNSResult*)res[l].get(i);

for (int j=0; j<r->m_result.size(); j++)

{

NSResult* nsr = (NSResult*)r->m_result.get(j);

int oid = nsr->m_oid;

if(!koids.in((void*)oid)) oid = -1;

if (lastobj == -100){

angl.set(r->m_ar.start(), r->m_ar.end());

}

else if (lastobj == oid && r->m_ar.end()!=360){

angl.set(angl.start(), r->m_ar.end());

}

else if (lastobj == oid && r->m_ar.end()==360){

cerr << "("<<angl.start()<<", "<<r->m_ar.end()<<"):"<<

lastobj<<endl;

}

else if (lastobj != oid && r->m_ar.end()==360){

cerr << "("<<angl.start()<<", "<<angl.end()<<"):"<<

lastobj<<endl;

cerr << "("<<r->m_ar.start()<<", "<<r->m_ar.end()<<"):"<<

oid<<endl;
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}

else if (lastobj != oid){

cerr << "("<<angl.start()<<", "<<angl.end()<<"):"<<

lastobj<<endl;

angl.set(r->m_ar.start(), r->m_ar.end());

}

lastobj = oid;

}

}

}

}

cerr << "qtime: " << qtime;

cerr << " io: " << pageaccessed.size();

cerr << " #res: ";

int tier[5], obj[5], prevoid[5];

for (int i=0; i<m; i++)

{

tier[i]=obj[i]=0;

prevoid[i]=-100;

}

Set objid[5];

for (int l=0; l<t; l++)

{

for (int i=0; i<res[l].size(); i++)

{

SweepNSResult* r = (SweepNSResult*)res[l].get(i);

if (r->m_ar.width() == 0) continue;

for (int j=0; j<r->m_result.size(); j++)

{

NSResult* nr = (NSResult*)r->m_result.get(j);

if (nr->m_oid != prevoid[j])

{

tier[j]++;

if (prevoid[j] >= 0)

{

objid[j].insert((void*)prevoid[j]);

}

prevoid[j] = nr->m_oid;

}

}

}

}

for (int i=0; i<m; i++)

{

if (prevoid[i] > 0)

{
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objid[i].insert((void*)prevoid[i]);

}

tier[i]++;

obj[i] = objid[i].size();

cerr << "(tier-" << i << ") " << tier[i] << "(" << obj[i] << ") ";

}

totalobj = koids.size();

cerr << endl;

//convert int to string

std::string s;

std::stringstream out;

out << fileDraw;

s = out.str();

//convert string to char*

const char *p;

p=s.c_str();

//concatanate chars

char str[100];

strcpy (str,"sweepkNSResult_");

strcat (str, p);

strcat(str, ".eps");

drawResult(rtree, 0, 100, str, myVector, c);

//---------------------------------------------------------------------

// performance measurement

//---------------------------------------------------------------------

// average performance

int io0 = pageaccessed.size();

int io10 = IOMeasure::lru(pageaccessed, 10);

int io30 = IOMeasure::lru(pageaccessed, 30);

int io50 = IOMeasure::lru(pageaccessed, 50);

aveProcTime += qtime;

aveNumPage0 += io0;

aveNumPage10 += io10;

aveNumPage30 += io30;

aveNumPage50 += io50;

for (int i=0; i<m; i++)

aveNumObjs[i] += obj[i];

aveObjExam += maxexam;

aveMemSize += maxqlen;

numquery++;

// max performance

maxProcTime = maxProcTime > qtime ? maxProcTime : qtime;

maxNumPage0 = maxNumPage0 > io0 ? maxNumPage0 : io0;

maxNumPage10 = maxNumPage10 > io10 ? maxNumPage10 : io10;
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maxNumPage30 = maxNumPage30 > io30 ? maxNumPage30 : io30;

maxNumPage50 = maxNumPage50 > io50 ? maxNumPage50 : io50;

for (int i=0; i<m; i++)

maxNumObjs[i] = maxNumObjs[i] > obj[i] ? maxNumObjs[i] : obj[i];

maxObjExam = maxObjExam > maxexam ? maxObjExam : maxexam;

maxMemSize = maxMemSize > maxqlen ? maxMemSize : maxqlen;

// min performance

minProcTime = minProcTime < qtime ? minProcTime : qtime;

minNumPage0 = minNumPage0 < io0 ? minNumPage0 : io0;

minNumPage10 = minNumPage10 < io10 ? minNumPage10 : io10;

minNumPage30 = minNumPage30 < io30 ? minNumPage30 : io30;

minNumPage50 = minNumPage50 < io50 ? minNumPage50 : io50;

for (int i=0; i<m; i++)

minNumObjs[i] = minNumObjs[i] < obj[i] ? minNumObjs[i] : obj[i];

minObjExam = minObjExam < maxexam ? minObjExam : maxexam;

minMemSize = minMemSize < maxqlen ? minMemSize : maxqlen;

//---------------------------------------------------------------------

// clean up

//---------------------------------------------------------------------

for (int l=0; l<t; l++)

{

for (int i=0; i<res[l].size(); i++)

delete (SweepNSResult*)res[l].get(i);

res[l].clean();

}

pageaccessed.clean();

}

fqin.close();

cout << "---Sweepkns Performance Evaluation---" << endl;

cout << "#query: " << numquery<< endl;

cout << "m: " << m<< endl;

cout << "t: " << t<< endl;

cout << "ar: " << startangle << " - " << endangle<< endl;

cout << "proctime(min,ave,max): " << minProcTime << ", " <<

aveProcTime/numquery << ", " << maxProcTime<< endl;

cout << "objexam(min,ave,max): " << minObjExam << ", " <<

aveObjExam/numquery << ", " << maxObjExam<< endl;

cout << "memsize(min,ave,max): " << minMemSize << ", " <<

aveMemSize/numquery << ", " << maxMemSize<< endl;

cout << "io0(min,ave,max): " << minNumPage0 << ", " <<

aveNumPage0/numquery << ", " << maxNumPage0<< endl;

cout << "io10(min,ave,max): " << minNumPage10 << ", " <<

aveNumPage10/numquery << ", " << maxNumPage10<< endl;

cout << "io30(min,ave,max): " << minNumPage30 << ", " <<

aveNumPage30/numquery << ", " << maxNumPage30<< endl;

cout << "io50(min,ave,max): " << minNumPage50 << ", " <<

aveNumPage50/numquery << ", " << maxNumPage50<< endl;



A.5 ÁðïóöáëìÜôùóç ÓõíáñôÞóåùí 125

cout << "totalobj: " << totalobj<< endl;

for (int i=0; i<m; i++)

cout << "res(min,ave,max): " << minNumObjs[i] << ", " <<

aveNumObjs[i]/numquery << ", " << maxNumObjs[i]<< endl;

cout << endl;

return 0;

}

A.5 ÁðïóöáëìÜôùóç ÓõíáñôÞóåùí

Áêïëïýèùò ðáñïõóéÜæïíôáé äýï óõíáñôÞóåéò ôïõ áñ÷éêïý êþäéêá ðïõ ìáò äü-
èçêå êáé óôéò ïðïßåò ÷ñåéÜóôçêå íá ãßíåé áðïóöáëìÜôùóç äéüôé åîáéôßáò ôïõò
åðéóôñÝöïíôáí null ôéìÝò óôï áðïôÝëåóìá. Ïé óõíáñôÞóåéò áõôÝò åßíáé ç acrossX
ôçò êëÜóçò polygon.cc êáé ç óõíÜñôçóç angle ôçò êëÜóçò point.cc

//Determine if a polygon is across the positive x-axis.

bool Polygon::acrossX(const Point& a_pt) const

{

float min[2];

float max[2];

min[0] = min[1] = INFTY;

max[0] = max[1] = -INFTY;

for (int i=0; i<m_lineSegs.size(); i++)

{

LineSeg* l = (LineSeg*)m_lineSegs.get(i);

const Point start = l->m_p0;

const Point end = l->m_p1;

for (int d=0; d<2; d++)

{

min[d] = min[d] < start[d] ? min[d] : start[d];

max[d] = max[d] > start[d] ? max[d] : start[d];

min[d] = min[d] < end[d] ? min[d] : end[d];

max[d] = max[d] > end[d] ? max[d] : end[d];

}

}

if ((a_pt[1] > min[1]) &&

(a_pt[1] < max[1])) return true; // the polygon covers the x-axis

if ((a_pt[1] > min[1]) &&

(a_pt[1] == max[1])) return false; // touching and below x-axis

if (a_pt[1] <= min[1]) return false; // the polygon above x-axis

if (a_pt[1] > max[1]) return false; // the polygon below x-axis

return true;

}

//Returns the angle of a point according to another point.

float Point::angle(const Point& a_pt) const
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{ // this function considers 2d only

double xdiff = m_coor[0] - a_pt.m_coor[0];

double ydiff = m_coor[1] - a_pt.m_coor[1];

bool xpos = xdiff > 0;

bool ypos = ydiff > 0;

if(xdiff==0){

if(a_pt.m_coor[0]>0) xpos=true;

else if(a_pt.m_coor[0]==0){

if(m_coor[1]>0) xpos=true;

else xpos=false;

}

else xpos=false;

}

if(ydiff==0){

if(a_pt.m_coor[1]>0) ypos=true;

else if(a_pt.m_coor[1]==0){

if(m_coor[0]>0) ypos=true;

else ypos=false;

}

else ypos=false;

}

xdiff = xdiff > 0 ? xdiff : -xdiff;

ydiff = ydiff > 0 ? ydiff : -ydiff;

double radian = atan(ydiff/xdiff);

float degree = (float)(radian * 180 / PI);

degree = degree > 0 ? degree : - degree;

if (xpos)

{

if (ypos){ // quadrant I (+ve x-axis and +ve y-axis)

return degree;

}

else{ // quadrant IV (-ve x-axis and +ve y-axis)

return 360 - degree;

}

}

else

{

if (ypos){ // quadrant II (-ve x-axis and -ve y-axis)

return 180 - degree;

}

else{ // quadrant III (-ve x-axis and -ve y-axis)

return degree + 180;

}

}

}
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