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Ðåñßëçøç

Ç åíóùìÜôùóç ìéáò ìéêñÞò áëëÜ åêöñáóôéêÞò ãëþóóáò íïçìáôéêïý óõíáñôçóéáêïý ðñïãñáììá-

ôéóìïý óå ìéá êáèéåñùìÝíç ãëþóóá áíôéêåéìåíïóôñåöïýò ðñïãñáììáôéóìïý Ý÷åé ùò áðïôÝëåóìá

ôï óõíäõáóìü äõï ñéæéêÜ äéáöïñåôéêþí ðñïãñáììáôéóôéêþí ìïíôÝëùí. Óå áõôÞ ôçí åñãáóßá

ïñßæïõìå ìå ôõðéêü ôñüðï ôç óýíôáîç êáé ôç óçìáóéïëïãßá ôçò GLU\, ç ïðïßá ìðïñåß íá èåù-

ñçèåß ùò ï íïçìáôéêüò ðõñÞíáò ôùí ãëùóóþí Lucid êáé GLU. Óôç óõíÝ÷åéá ðåñéãñÜöïõìå ôçí

õëïðïßçóç ôçò GLU\ ìÝóù ôçò åíóùìÜôùóÞò ôçò óôç C++. ÔÝëïò, ìå ìéá óåéñÜ ðáñáäåéãìÜôùí,

äéáôõðþíïõìå ôïí éó÷õñéóìü üôé ï óõíäõáóìüò ôùí äõï ìïíôÝëùí ðñïãñáììáôéóìïý ü÷é áðëþò

åßíáé óõìâáôüò áëëÜ áðïöÝñåé ìéá íÝá, ðïëý åíäéáöÝñïõóá êáé éäéáßôåñá éó÷õñÞ ãëþóóá.

1 ÅéóáãùãÞ

Ç äïìÞ ôçò åñãáóßáò åßíáé ç áêüëïõèç. Óôçí åíüôçôá 1 ðáñïõóéÜæåôáé ìéá óýíôïìç áíáóêüðçóç

ôùí ãëùóóþí íïçìáôéêïý ðñïãñáììáôéóìïý Lucid êáé GLU êáé ç ðåñéãñáöÞ ôïõ áíôéêåéìÝíïõ

ôçò ðáñïýóáò Ýñåõíáò. ÐáñÜëëçëá äßíïíôáé áíáöïñÝò óôç ó÷åôéêÞ âéâëéïãñáößá. Óôçí åíüôçôá 2

äßíåôáé ï ïñéóìüò ôçò ãëþóóáòGLU\, åíþ ç åíüôçôá 3 áó÷ïëåßôáé ìå ôçí õëïðïßçóÞ ôçòGLU\ ìÝóù

ôçò åíóùìÜôùóÞò ôçò óôç C++. ÔÝëïò, óôçí åíüôçôá 4 äßíïíôáé ðáñáäåßãìáôá ðñïãñáììÜôùíGLU\/C++ åíþ óôçí åíüôçôá 5 ãßíåôáé ìéá ðñþéìç áîéïëüãçóç ôçò ðñïóðÜèåéáò.

1.1 Lucid, GLU êáé íïçìáôéêüò ðñïãñáììáôéóìüò

Ç Lucid [Ashc77, Wadg85] åßíáé ìéá ãëþóóá ðñïãñáììáôéóìïý âáóéóìÝíç óôç ñïÞ äåäïìÝíùí

(dataflow programming language). Ç áñ÷éêÞ ôçò ó÷åäßáóç Ýãéíå áðü ôïõò Ed Ashcroft êáé Bill

Wadge, ôï 1974 óôï University of Waterloo ôïõ ÊáíáäÜ. Îåêßíçóå ùò ìéá áðëÞ, ü÷é ðñïóôá-

êôéêÞ ãëþóóá ÷ñïíéêïý ðñïãñáììáôéóìïý ðïõ áðïóêïðïýóå êõñßùò óôçí áðüäåéîç éäéïôÞôùí ôùí

ðñïãñáììÜôùí, êáôÝëçîå üìùò íá åîåëé÷èåß óå ìéá åããåíþò ðáñÜëëçëç ðïëõäéÜóôáôç ãëþóóá�Óôçí ðáñïýóá åñãáóßá ðåñéãñÜöåôáé ìÝñïò ôùí áðïôåëåóìÜôùí Ýñåõíáò ðïõ ðñáãìáôïðïéÞèçêå óôï ðëáßóéï ôïõ

åñåõíçôéêïý ðñïãñÜììáôïò ìå ôßôëï “ÅêôåëÝóéìåò ÍïçìáôéêÝò Ãëþóóåò êáé Åõöõåßò ÅöáñìïãÝò ÐïëõìÝóùí, ÕðåñìÝ-

óùí êáé ÅéêïíéêÞò Ðñáãìáôéêüôçôáò”, ôï ïðïßï ÷ñçìáôïäïôåßôáé áðü ôï ðñüãñáììá åíßó÷õóçò åñåõíçôéêïý äõíáìéêïý

(ÐÅÍÅÄ’99) ôçò ÃåíéêÞò Ãñáììáôåßáò ¸ñåõíáò êáé Ôå÷íïëïãßáò. Êùäéêüò ðñïãñÜììáôïò: 99ÅÄ265.
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[Du93]. ÅðéðëÝïí, Ýíá íÝï ìïíôÝëï ðñïãñáììáôéóìïý ðïõ ïíïìÜæåôáé íïçìáôéêüò ðñïãñáììáôé-

óìüò (intensional programming) Ý÷åé ôéò áðáñ÷Ýò ôïõ óôç Lucid êáé óçìáíôéêÝò åöáñìïãÝò óôéò

ðåñéï÷Ýò ôùí ðñïãñáììÜôùí ðñáãìáôéêïý ÷ñüíïõ [Faus88, Plai93a], ôùí åðéóôçìïíéêþí ðñïãñáì-

ìÜôùí [Rao94, Paqu99], ôùí ÷ñïíéêþí âÜóåùí äåäïìÝíùí [Paqu94] êáé ëïãéóôéêþí öýëëùí [Du90],

ôçò åðåîåñãáóßáò óçìÜôùí [Agi96], ôùí êáôçãïñéêþí ãñáììáôéêþí [Tao94], ôçò äéá÷åßñéóçò åêäü-

óåùí ëïãéóìéêïý [Plai93b] êáèþò êáé ôçò äçìéïõñãßáò éóôïóåëßäùí óôï World Wide Web [Yild97].

H ãëþóóá áíáðôý÷èçêå êõñßùò óôç äåêáåôßá ôïõ 1980 êáé óôçí áñ÷Þ áõôÞò ôïõ 1990.

Ç óçìáóéïëïãßá ôçò Lucid åßíáé ñéæéêÜ äéáöïñåôéêÞ áðü áõôÞ Üëëùí ãëùóóþí ðñïãñáììáôé-

óìïý, üðùò ãéá ðáñÜäåéãìá ôçò C Þ ôçò ML. Óôç Lucid, ï ðñïãñáììáôéóôÞò ïñßæåé ößëôñá Þ óõíáñ-

ôÞóåéò ìåôáó÷çìáôéóìïý ðïõ åöáñìüæïíôáé ðÜíù óå ÷ñïíéêÜ ìåôáâáëëüìåíåò ñïÝò äåäïìÝíùí. Ç

Lucid õðïóôçñßæåé Ýíá ðïëý ìéêñü óýíïëï ôýðùí äåäïìÝíùí (áêÝñáéïõò áñéèìïýò, ðñáãìáôéêïýò

áñéèìïýò êáé óýìâïëá) êáé åßíáé óáöþò åðçñåáóìÝíç áðü ôï ìïíôÝëï óõíáñôçóéáêïý ðñïãñáììá-

ôéóìïý. Êýñéá ÷áñáêôçñéóôéêÜ ôçò åßíáé ç áðïõóßá ðáñåíåñãåéþí (side effects) óôéò åêöñÜóåéò êáé

ç ïêíçñÞ áðïôßìçóç (lazy evaluation).

Ç óýíôáîç ôçò Lucid åßíáé åðßóçò äéáöïñåôéêÞ áðü áõôÞ ôùí êáèéåñùìÝíùí ãëùóóþí ðñïãñáì-

ìáôéóìïý. Ôï ãåãïíüò áõôü äåí åßíáé ôõ÷áßï áëëÜ áíôéêáôïðôñßæåé ôçí åðéëïãÞ ôùí ó÷åäéáóôþí

ôçò ãëþóóáò íá áðïèáññýíïõí ôïõò ðñïãñáììáôéóôÝò áðü ôçí åöáñìïãÞ ôå÷íéêþí ðñïóôáêôéêïý

ðñïãñáììáôéóìïý êáé íá ôïõò ðñïóáíáôïëßóïõí ðñïò ôïí ðñïãñáììáôéóìü ñïþí äåäïìÝíùí, ðïõ

óõìðåñéöÝñïíôáé ùò Üðåéñá áíôéêåßìåíá.

Ï äéÜäï÷ïò ôçò Lucid, ðïõ èåùñåßôáé óÞìåñá êýñéïò åêðñüóùðïò ôïõ ìïíôÝëïõ ðïëõäéÜóôá-

ôïõ íïçìáôéêïý ðñïãñáììáôéóìïý, åßíáé ç ãëþóóá GLU (Granular Lucid) [Ashc91, Ashc95]. Ç

GLU äéåõêïëýíåé ôç ãñÞãïñç áíÜðôõîç ðñùôïôýðùí ãéá ðáñÜëëçëåò åöáñìïãÝò [Agi96, Rao94].

ÕëïðïéÞóåéò ôçò åßíáé äéáèÝóéìåò ãéá ôéò ðåñéóóüôåñåò ðëáôöüñìåò Unix áðü ôï ÅñãáóôÞñéï Åðé-

óôÞìçò Õðïëïãéóôþí ôïõ SRI International (http://www.csl.sri.com/).

1.2 Áíôéêåßìåíï ôçò Ýñåõíáò

Ç ðáñïýóá Ýñåõíá áðïóêïðåß áöåíüò óôç ìåëÝôç ôçò óýíôáîçò êáé ôçò óçìáóéïëïãßáò ôùí íïç-

ìáôéêþí ãëùóóþí ðñïãñáììáôéóìïý êáé áöåôÝñïõ óôç ìåëÝôç ðñüóöïñùí ôñüðùí õëïðïßçóçò

ôÝôïéùí ãëùóóþí.

Ïé íïçìáôéêÝò ãëþóóåò äéáèÝôïõí áõîçìÝíåò äõíáôüôçôåò ðåñéãñáöÞò äõíáìéêþí óõóôçìÜôùí,

ôùí ïðïßùí ç êáôÜóôáóç ìåôáâÜëëåôáé óå ìßá Þ ðåñéóóüôåñåò äéáóôÜóåéò. ¸÷ïõí ùò èåùñçôéêÞ

ôïõò âÜóç ôç íïçìáôéêÞ ëïãéêÞ (intensional logic) [Thom74, Dowt81], ç åêöñáóôéêüôçôá ôçò ïðïßáò

óýíôïìá ïäÞãçóå óå ìéá ðñïóðÜèåéá áðåëåõèÝñùóçò ôïõ ðñïãñáììáôéóôÞ áðü ôçí åíáó÷üëçóç

ìå åñãáóßåò ÷áìçëïý åðéðÝäïõ, ðïõ äåí ó÷åôßæïíôáé Üìåóá ìå ôï ðñïò åðßëõóç ðñüâëçìá. Ïé íïç-

ìáôéêÝò ãëþóóåò ðïõ Ý÷ïõí ó÷åäéáóôåß ìÝ÷ñé óÞìåñá åíóùìáôþíïõí óõíÞèùò ÷áñáêôçñéóôéêÜ

ôçò íïçìáôéêÞò ëïãéêÞò óå ãëþóóåò ðïõ åêöñÜæïõí ôï ìïíôÝëï åßôå ôïõ ëïãéêïý ðñïãñáììáôéóìïý

(logic programming) åßôå ôïõ óõíáñôçóéáêïý ðñïãñáììáôéóìïý (functional programming). Óôçí ðá-

ñïýóá åñãáóßá ôï åñåõíçôéêü åíäéáöÝñïí åóôéÜæåôáé óå íïçìáôéêÝò ãëþóóåò óõíáñôçóéáêÞò öý-

óçò. Ùò áîéüëïãåò åñãáóßåò óôçí ðåñéï÷Þ ôïõ íïçìáôéêïý ëïãéêïý ðñïãñáììáôéóìïý áîßæåé íá

áíáöåñèïýí ïé [Wadg88, Orgu91, Orgu92, Orgu97].

Ôá ôåëåõôáßá ÷ñüíéá Ýíôïíï åñåõíçôéêü åíäéáöÝñïí ðåñéóôñÝöåôáé ãýñù áðü ôéò ãëþóóåò åîåé-

äéêåõìÝíïõ ðåäßïõ åöáñìïãþí (domain-specific languages –– DSL). Ôï ÷áñáêôçñéóôéêü ôùí ãëùóóþí

áõôþí åßíáé ç éêáíüôçôÜ ôïõò íá áðïäßäïõí ìå áêñßâåéá ôç óçìáóéïëïãßá åíüò ðåäßïõ åöáñìïãþí,

ôï åýñïò ôïõ ïðïßïõ ðïéêßëåé, êáé íá åðéôñÝðïõí óôïí ðñïãñáììáôéóôÞ íá áíáðôýóóåé åöáñìïãÝò
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óå áõôü ôï ðåäßï åýêïëá, ãñÞãïñá êáé áðïäïôéêÜ. Ôá ðñïãñÜììáôá ðïõ ðáñÜãïíôáé ìå ôç ÷ñÞóç

DSL åßíáé óõíÞèùò ìéêñÜ óå ìÝãåèïò êáé åßíáé åýêïëï êáíåßò íá ôá êáôáëÜâåé, íá ìåëåôÞóåé ôéò

éäéüôçôÝò ôïõò áëëÜ êáé íá ôá óõíôçñÞóåé. Áðü ôçí Üëëç üìùò ðëåõñÜ, áðáéôåßôáé óôçí ðñÜîç

óçìáíôéêü êüóôïò ãéá ôç äçìéïõñãßá ôïõ õðüâáèñïõ ðïõ åßíáé áíáãêáßï ãéá ôïí ðñïãñáììáôéóìü

óå DSL. Óå áõôü åìðåñéÝ÷åôáé ôï êüóôïò ôçò õëïðïßçóçò ôùí ãëùóóþí áëëÜ êáé ôçò ìåôÜâáóçò

ôùí ðñïãñáììáôéóôþí áðü Ýíá ðñïãñáììáôéóôéêü ðåñéâÜëëïí ãåíéêïý óêïðïý óôï ðåñéâÜëëïí

ôùí DSL.

Ãéá ôçí åîïìÜëõíóç áõôþí ôùí ðñïâëçìÜôùí, Ý÷åé ðñïôáèåß ç êáôáóêåõÞ DSL åíóùìáôùìÝíùí

(embedded) óå õðÜñ÷ïõóåò ãëþóóåò ðñïãñáììáôéóìïý ãåíéêïý óêïðïý [Huda98]. Ìå ôïí ôñüðï

áõôü áöåíüò åðéôõã÷Üíåôáé ç åðáíá÷ñçóéìïðïßçóç ôçò óýíôáîçò, óçìáóéïëïãßáò, êþäéêá, åñãá-

ëåßùí õëïðïßçóçò êáé ãåíéêÜ üëïõ ôïõ õðüâáèñïõ ìéáò õðÜñ÷ïõóáò ãëþóóáò ðñïãñáììáôéóìïý,

áöåôÝñïõ äéåõêïëýíåôáé ï ðñïãñáììáôéóìüò åîåéäéêåõìÝíùí åöáñìïãþí ìå ôç ÷ñÞóç ôùí åíóù-

ìáôùìÝíùí åîåéäéêåõìÝíùí ãëùóóéêþí óôïé÷åßùí.

ÐáñÜ ôï ãåãïíüò üôé ïé íïçìáôéêÝò ãëþóóåò Ý÷ïõí åõñý ðåäßï åöáñìïãþí, ç åíóùìÜôùóÞ ôïõò

óå õðÜñ÷ïõóåò ãëþóóåò ðñïãñáììáôéóìïý ðáñÝ÷åé ôá óçìáíôéêÜ ðëåïíåêôÞìáôá ðïõ áíáöÝñèç-

êáí ðñïçãïõìÝíùò. ÅðéðëÝïí, ãëþóóåò üðùò ç Lucid åßíáé ïõóéáóôéêÜ âáóéóìÝíåò ðÜíù óå Ýíá

ðõñÞíá ìéêñïý ìåãÝèïõò ðñïåñ÷üìåíï áðü ôçí íïçìáôéêÞ ëïãéêÞ, ï ïðïßïò ôéò êáèéóôÜ êáôÜëëç-

ëåò ãéá ôïí ðñïãñáììáôéóìü äõíáìéêþí óõóôçìÜôùí. Ôá åðéðëÝïí ÷áñáêôçñéóôéêÜ ðïõ äéáèÝôïõí

åßíáé äáíåéóìÝíá áðü êÜðïéá Üëëç ãëþóóá ðñïãñáììáôéóìïý (óõíáñôçóéáêÞ, óôçí ðåñßðôùóç ôçò

Lucid).

Áêïëïõèþíôáò áõôÞ ôç ëïãéêÞ, óôï ðëáßóéï ôçò Ýñåõíáò ðïõ ðåñéãñÜöåôáé óôçí ðáñïýóá åñãá-

óßá Ýãéíå êáô’ áñ÷Þí ðñïóðÜèåéá íá áðïìïíùèåß êáé íá ìåëåôçèåß ï ðõñÞíáò ôùí íïçìáôéêþí ÷á-

ñáêôçñéóôéêþí ôùí ãëùóóþí Lucid êáé GLU. Ï ðõñÞíáò áõôüò áðïôåëåß áðü ìüíïò ôïõ ìéá ìéêñÞ

íïçìáôéêÞ ãëþóóá óõíáñôçóéáêïý ðñïãñáììáôéóìïý, ôçí ïðïßá ïíïìÜæïõìå GLU\. Ç óýíôáîç

êáé ç óçìáóéïëïãßá ôçò GLU\ ïñßæïíôáé óôçí åíüôçôá 2. Óôç óõíÝ÷åéá, ç GLU\ åíóùìáôþèçêå

óôç ãëþóóá ðñïãñáììáôéóìïý ãåíéêïý óêïðïý C++. Ç åðéëïãÞ ôçò ôåëåõôáßáò âáóßóôçêå óôá

áêüëïõèá åðé÷åéñÞìáôá:� H C++ åßíáé ìéá éäéáßôåñá äçìïöéëÞò ãëþóóá ðñïãñáììáôéóìïý ðïõ õðïóôçñßæåé ôï áíôé-

êåéìåíïóôñåöÝò ìïíôÝëï áíÜðôõîçò ëïãéóìéêïý. ×ñçóéìïðïéåßôáé åõñÝùò óôçí ðñÜîç ãéá

ôïí ðñïãñáììáôéóìü óõóôçìÜôùí ëïãéóìéêïý ìåãÜëçò êëßìáêáò êáé õðÜñ÷åé äéáèÝóéìïò ìå-

ãÜëïò áñéèìüò âéâëéïèçêþí êáé åñãáëåßùí.� H C++ ðñïóöÝñåôáé ãéá ôçí åíóùìÜôùóç DSL. Óå áõôü óõíéóôïýí áöåíüò ç åêöñáóôéêü-

ôçôá ôïõ áíôéêåéìåíïóôñåöïýò ìïíôÝëïõ ðñïãñáììáôéóìïý, áöåôÝñïõ êÜðïéá éäéáßôåñá ÷á-

ñáêôçñéóôéêÜ ôçò C++ üðùò ï ðáñáìåôñéêüò ðïëõìïñöéóìüò ìå ôç ÷ñÞóç ôùí templates êáé

ï ìç÷áíéóìüò äéá÷åßñéóçò ôùí åîáéñÝóåùí (exceptions). ÅðéðëÝïí, ç ýðáñîç ðëçèþñáò ôå-

ëåóôþí êáé ç äõíáôüôçôá õðåñöüñôùóçò (overloading) áõôþí ôùí ôåëåóôþí åðéôñÝðïõí ôçí

åíóùìÜôùóç ôìçìÜôùí êþäéêá DSL ìå óýíôáîç áðëÞ, öõóéêÞ êáé åýêïëç óôçí êáôáíüçóç.

Ç ýðáñîç ôïõ ðñïåðåîåñãáóôÞ (preprocessor) ôçò C++ äéåõêïëýíåé áêüìá ðåñéóóüôåñï ðñïò

áõôÞ ôçí êáôåýèõíóç.

H ó÷åäßáóç ôçò GLU\ áðïóêïðåß êáô’ áñ÷Þí, üðùò Þäç áíáöÝñèçêå, óôçí áðïìüíùóç ôùí

íïçìáôéêþí ÷áñáêôçñéóôéêþí ôùí ãëùóóþí Lucid êáé GLU. Ôï ôåëéêü áðïôÝëåóìá åßíáé ìéá

ãëþóóá óçìáíôéêÜ áðëïðïéçìÝíç óå ó÷Ýóç ìå ôéò äõï ðñïçãïýìåíåò. ×áñáêôçñéóôéêÜ ôïõ óõ-

íáñôçóéáêïý ìïíôÝëïõ ðñïãñáììáôéóìïý Ý÷ïõí áöáéñåèåß åíôåëþò. ¸÷åé üìùò äéáôçñçèåß Ýíáò

åëÜ÷éóôïò áñéèìüò ìç íïçìáôéêþí ÷áñáêôçñéóôéêþí (áñéèìçôéêÝò êáé ëïãéêÝò ðñÜîåéò, áíáäñïìé-
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êïß ïñéóìïß), ïýôùò þóôå ç GLU\ íá ìðïñåß íá ÷ñçóéìïðïéçèåß áõôüíïìá ãéá ôïí ðñïãñáììáôéóìü

ìç ôåôñéììÝíùí åöáñìïãþí.

Ç ðñïóèÞêç óõíáñôÞóåùí (ðñþôçò Þ êáé õøçëÞò ôÜîçò) óôçí GLU\ èá äéåõêüëõíå óçìáíôéêÜ

ôç ÷ñÞóç ôçò ãëþóóáò ùò DSL ãéá ôïí ðñïãñáììáôéóìü äõíáìéêþí óõóôçìÜôùí. Óôçí ðáñïýóá

åñãáóßá áðïöáóßóôçêå íá ìç ãßíåé ç ðñïóèÞêç áõôÞ, ðáñÜ ôï ãåãïíüò üôé ïé áíôßóôïé÷åò ôñï-

ðïðïéÞóåéò óôç óýíôáîç êáé ôç óçìáóéïëïãßá ôçò GLU\ åßíáé ó÷åôéêÜ áðëÝò. Ç áðüöáóç áõôÞ

âáóßóôçêå óå ôñåéò ëüãïõò:� Ç ýðáñîç óõíáñôÞóåùí óôçí GLU\ äåí åßíáé áðáñáßôçôç ãéá ôïí ðñïãñáììáôéóìü åöáñ-

ìïãþí. Ìå ÷ñÞóç ôùí óõíáñôÞóåùí ôçò C++ åßíáé äõíáôü íá ïñéóèïýí óõíáñôÞóåéò ôùí

ïðïßùí ïé ðáñÜìåôñïé êáé ôá áðïôåëÝóìáôá íá Ý÷ïõí íïçìáôéêü ðåñéå÷üìåíï. Áõôü öáßíå-

ôáé óôá ðáñáäåßãìáôá ôçò åíüôçôáò 4. ÐñÝðåé üìùò íá óçìåéùèåß üôé ç êëÞóç óõíáñôÞóåùí

óôç C++ äåí åßíáé ïêíçñÞ, êÜôé ðïõ åßíáé ãåíéêÜ áíôßèåôï ìå ôç óçìáóéïëïãßá ôçòGLU\. Ãéá

íá äéáôçñçèåß áõôÞ ç óçìáóéïëïãßá ëáìâÜíïíôáé éäéáßôåñá ìÝôñá ðïõ ðåñéãñÜöïíôáé óôçí

åíüôçôá 3.5.� Ç C++ äåí õðïóôçñßæåé óõíáñôÞóåéò ùò áíôéêåßìåíá ðñþôçò ôÜîçò (first-class objects). Áõôü

êáèéóôÜ éäéáßôåñá ðïëýðëïêç ôçí áðïäïôéêÞ õëïðïßçóç óõíáñôÞóåùí óôçí GLU\ ðïõ íá

áêïëïõèïýí ðéóôÜ ôï ìïíôÝëï óõíáñôçóéáêïý ðñïãñáììáôéóìïý.� Ðñïçãïýìåíá åñåõíçôéêÜ áðïôåëÝóìáôá [Rond97, Rond99] ïäçãïýí óôï óõìðÝñáóìá üôé ìå

ôçí ðáñÜëåéøç ôùí óõíáñôÞóåùí ìéá íïçìáôéêÞ ãëþóóá äå óôåñåßôáé åêöñáóôéêüôçôáò óå

óçìáíôéêü âáèìü, êáèþò åßíáé äõíáôüò (õðü ðñïûðïèÝóåéò) ï ìåôáó÷çìáôéóìüò åíüò íïç-

ìáôéêïý ðñïãñÜììáôïò ìå óõíáñôÞóåéò n-ôÜîçò óå Ýíá éóïäýíáìï íïçìáôéêü ðñüãñáììá ìå

óõíáñôÞóåéò (n� 1)-ôÜîçò, ãéá n > 0.

Óôçí ðñïóðÜèåéá åíóùìÜôùóçò ôçò GLU\ óôç C++ äüèçêå Ýìöáóç óå äõï ðáñÜãïíôåò êáèïñé-

óôéêÞò óçìáóßáò. Êáô’ áñ÷Þí ç åíóùìÜôùóç Ýðñåðå íá ãßíåé Ýôóé þóôå ç ÷ñÞóç ôùí íïçìáôéêþí

÷áñáêôçñéóôéêþí ôçò GLU\ ìÝóá óôç C++ íá åßíáé öõóéêÞ. Ìå áõôü åííïïýìå üôé ï åíóùìáôù-

ìÝíïò êþäéêáò óôï ðñüãñáììá C++ äå èá Ýðñåðå íá äéáöÝñåé óçìáíôéêÜ áðü ôïí êþäéêá ðïõ èá

Ýãñáöå êáíåßò óôï áíôßóôïé÷ï õðïóýíïëï ôçò Lucid Þ ôçò GLU. ÅðéðëÝïí, ç õëïðïßçóç èá Ýðñåðå

íá åßíáé áðïäïôéêÞ, äçëáäÞ ïé ÷ñüíïé åêôÝëåóçò ôùí ðñïãñáììÜôùí C++ ìå åíóùìáôùìÝíï êþ-

äéêá GLU\ äå èá Ýðñåðå íá åßíáé óçìáíôéêÜ ìåãáëýôåñïé áðü áõôïýò ôùí áíôéóôïß÷ùí ðñïãñáììÜ-

ôùí óå Lucid Þ GLU, óå óýãêñéóç ìå äéáèÝóéìåò õëïðïéÞóåéò ãéá áõôÝò ôéò ãëþóóåò.

2 ÐåñéãñáöÞ ôçò GLU\
Ç ãëþóóá GLU\ åßíáé Ýíá ìéêñü õðïóýíïëï ôçò GLU. Õðïóôçñßæåé üëïõò ôïõò íïçìáôéêïýò ôå-

ëåóôÝò ôçò GLU êáé äéáôçñåß ôïí ðïëõäéÜóôáôï ÷áñáêôÞñá ôçò ãëþóóáò. Áðü ôçí Üëëç ðëåõñÜ

üìùò, äéáèÝôåé åëÜ÷éóôá ìç íïçìáôéêÜ ÷áñáêôçñéóôéêÜ: ìéá ïêíçñÞ ãëþóóá åêöñÜóåùí ìå äõï

âáóéêïýò ôýðïõò äåäïìÝíùí (ðñáãìáôéêïýò áñéèìïýò êáé ëïãéêÝò ôéìÝò) êáé ìéá õðïôõðþäç ãëþóóá

áíáäñïìéêþí ïñéóìþí.

¸íá ðñüãñáììá óôç ãëþóóá GLU\ åßíáé ìéá (ðéèáíþò êåíÞ) áêïëïõèßá ïñéóìþí, áêïëïõèïýìåíç

áðü ìéá Ýêöñáóç. ÊÜèå ïñéóìüò ïñßæåé ìéá ìåôáâëçôÞ êáé Ý÷åé ôç ìïñöÞ:

type x = e;
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üðïõ type åßíáé ï ôýðïò ôçò ìåôáâëçôÞò ðïõ ïñßæåôáé, x ôï üíïìÜ ôçò êáé e ìéá Ýêöñáóç. Ï ôýðïò

ôçò Ýêöñáóçò e ðñÝðåé íá åßíáé ßäéïò ìå ôïí ôýðï ôçò ìåôáâëçôÞò x. Ôá ïíüìáôá ôùí ìåôáâëçôþí

áðïôåëïýíôáé áðü ãñÜììáôá êáé øçößá êáé áñ÷ßæïõí õðï÷ñåùôéêÜ ìå ãñÜììá. Äåí ìðïñïýí íá

ôáõôßæïíôáé ìå ôéò ðáñáêÜôù ëÝîåéò êëåéäéÜ ôçò ãëþóóáò:

true false not and or if then else

first next fby asa wvr real bool

Ïé ïñéóìïß ìðïñïýí íá åßíáé áíáäñïìéêïß êáé ç áíáäñïìÞ áõôÞ ìðïñåß íá åßíáé Üìåóç Þ Ýì-

ìåóç. Ç Ýêöñáóç e ìðïñåß íá ðåñéÝ÷åé ïíüìáôá ìåôáâëçôþí, áêüìá êáé ôçò x Þ Üëëùí ìåôá-

âëçôþí ðïõ äåí Ý÷ïõí áêüìá ïñéóèåß. Ïé ïñéóìïß ãßíïíôáé ìå ïêíçñü ôñüðï, äçëáäÞ ç ôéìÞ ôçò

Ýêöñáóçò e äåí áðïôéìÜôáé ðáñÜ ìüíï üôáí áñãüôåñá óôï ðñüãñáììá ÷ñåéáóôåß íá õðïëïãéóôåß ç

ôéìÞ ôçò ìåôáâëçôÞò x. Ôï ßäéï éó÷ýåé êáé ãåíéêÜ ãéá üëåò ôéò ôéìÝò ôùí åêöñÜóåùí óôçí GLU\.
Ïé ôýðïé äåäïìÝíùí ðïõ õðïóôçñßæåé ç GLU\ åßíáé äõï: real êáé bool. Ï ðñþôïò áíôéóôïé÷åß

óôïõò ðñáãìáôéêïýò áñéèìïýò, ìå üðïéïõò ðåñéïñéóìïýò áíáðáñÜóôáóçò åðéâÜëëåé ç áñ÷éôåêôï-

íéêÞ ôïõ õðïëïãéóôÞ. Ïé áñéèìçôéêÝò óôáèåñÝò áíÞêïõí óôïí ôýðï real êáé Ý÷ïõí ôç ìïñöÞ

áñéèìþí óôï äåêáäéêü óýóôçìá áñßèìçóçò, ìå ðñïáéñåôéêÞ õðïäéáóôïëÞ êáé äåêáäéêü ìÝñïò êá-

èþò êáé ìå ðñïáéñåôéêü äåêáäéêü åêèÝôç, ìå Þ ÷ùñßò ðñüóçìï. ¼ëá ôá ðáñáêÜôù ðáñáäåßãìáôá

ðåñéãñÜöïõí áñéèìçôéêÝò óôáèåñÝò ðïõ áíôéóôïé÷ïýí óôïí áñéèìü 42:

42 42.0 42.00 4.2e1 4.2e+1 0.042e+3 42000e-3

Ï ôýðïò bool áíôéóôïé÷åß óå ëïãéêÝò ôéìÝò áëÞèåéáò êáé áðïôåëåßôáé áðü äýï ìüíï ôéìÝò, ðïõ

ðåñéãñÜöïíôáé áðü ôéò óôáèåñÝò true êáé false.

¼ðùò óå êÜèå íïçìáôéêÞ ãëþóóá ðñïãñáììáôéóìïý, ç ôéìÞ ìéáò ìåôáâëçôÞò óôçí GLU\ åßíáé

äõíáìéêÞ êáé ìåôáâÜëëåôáé ùò ðñïò Ýíá ðåðåñáóìÝíï áñéèìü äéáóôÜóåùí. Ïé äéáóôÜóåéò ðåñéãñÜ-

öïíôáé áðü ïíüìáôá, üðùò áõôÜ ôùí ìåôáâëçôþí, ï ïñéóìüò ôïõò üìùò äåí åßíáé ñçôüò áëëÜ ãßíåôáé

áõôüìáôá ôçí ðñþôç öïñÜ ðïõ åìöáíßæåôáé ôï üíïìá ìéáò äéÜóôáóçò. Ãéá ðáñÜäåéãìá, ï ïñéóìüò:

real nat = 0 fby.t nat + 1;

åêôüò ôïõ üôé ïñßæåé ìéá ìåôáâëçôÞ nat ðñáãìáôéêïý ôýðïõ, õðïäçëþíåé Ýììåóá êáé ôçí ýðáñîç

ôçò äéÜóôáóçò t ùò ðñïò ôçí ïðïßá ìåôáâÜëëåôáé ç ôéìÞ ôçò ìåôáâëçôÞò nat.

Ïé åêöñÜóåéò ó÷çìáôßæïíôáé ìå ôçí åöáñìïãÞ ôåëåóôþí óå ìåôáâëçôÝò, óôáèåñÝò Þ Üëëåò

åêöñÜóåéò. Ïé ôåëåóôÝò äéáêñßíïíôáé áöåíüò óå íïçìáôéêïýò êáé ìç íïçìáôéêïýò ôåëåóôÝò, áöå-

ôÝñïõ áíÜëïãá ìå ôï ðëÞèïò ôùí ôåëïõìÝíùí. Ïé ìç íïçìáôéêïß ôåëåóôÝò áíôéóôïé÷ïýí óôéò óõ-

íÞèåéò áñéèìçôéêÝò êáé ëïãéêÝò ðñÜîåéò ìå ôåëïýìåíá ôýðïõ real êáé bool. Óõíïøßæïíôáé óôïí

ðßíáêá 1, üðïõ åðßóçò öáßíåôáé ï áñéèìüò ôùí ôåëïõìÝíùí êÜèå ôåëåóôÞ, ç èÝóç ôïõ ó÷åôéêÜ ìå

ôá ôåëïýìåíá (ðñïèåìáôéêÞ–prefix Þ åíèåìáôéêÞ–infix) êáé ç ðñïóåôáéñéóôéêüôçôá ôïõ. Ç ðñïôå-

ñáéüôçôá ôùí ôåëåóôþí ïñßæåôáé óôïí ðßíáêá óå öèßíïõóá óåéñÜ áðü ðÜíù ðñïò ôá êÜôù. Áõôü

óçìáßíåé üôé ï ôåëåóôÞò ðñïóÞìïõ - Ý÷åé ôç ìåãáëýôåñç ðñïôåñáéüôçôá åíþ ï ôåëåóôÞò or ôç

ìéêñüôåñç. Ç ÷ñÞóç ðáñåíèÝóåùí åðéôñÝðåé ôï ó÷çìáôéóìü åêöñÜóåùí îåðåñíþíôáò ôïõò ðåñéï-

ñéóìïýò ðñïôåñáéüôçôáò êáé ðñïóåôáéñéóôéêüôçôáò ôùí ôåëåóôþí.

Ïé ôåëåóôÝò ôùí ðñþôùí ôñéùí ãñáììþí ôïõ ðßíáêá 1 áíôéóôïé÷ïýí óôéò óõíÞèåéò ðñÜîåéò ìå-

ôáîý ðñáãìáôéêþí áñéèìþí. Ôá ôåëïýìåíá ðñÝðåé íá åßíáé ôýðïõ real êáé ôï ßäéï åßíáé êáé ôï
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Ðßíáêáò 1: Ìç íïçìáôéêïß ôåëåóôÝò.

ÔåëåóôÞò Áñéèìüò ÈÝóç Ðñïóåôáé-

ôåëïõìÝíùí ñéóôéêüôçôá

- 1 ðñïèåìáôéêÞ

* / 2 åíèåìáôéêÞ áñéóôåñÞ

+ - 2 åíèåìáôéêÞ áñéóôåñÞ

== != > < >= <= 2 åíèåìáôéêÞ êáìßá

not 1 ðñïèåìáôéêÞ

and 2 åíèåìáôéêÞ áñéóôåñÞ

or 2 åíèåìáôéêÞ áñéóôåñÞ

if : : : then : : : else . . . 3 åéäéêÞ

Ðßíáêáò 2: Íïçìáôéêïß ôåëåóôÝò.

ÔåëåóôÞò Áñéèìüò ÈÝóç Ðñïóåôáé-

ôåëïõìÝíùí ñéóôéêüôçôá

#.d 0

@.d 2 åíèåìáôéêÞ êáìßá

first.d next.d 1 ðñïèåìáôéêÞ

fby.d asa.d wvr.d 2 åíèåìáôéêÞ êáìßá

áðïôÝëåóìá. Ïé ôåëåóôÝò ôçò ôÝôáñôçò ãñáììÞò ôïõ ðßíáêá åßíáé ïé ó÷åóéáêïß ôåëåóôÝò. Ôá ôå-

ëïýìåíá ðñÝðåé íá áíÞêïõí óôïí ßäéï ôýðï (real Þ bool) êáé ôï áðïôÝëåóìá åßíáé ôýðïõ bool.

Ãéá ôçí áíéóüôçôá ìåôáîý ëïãéêþí ôéìþí ïñßæåôáé áõèáßñåôá üôé true > false. Ïé ôåëåóôÝò ôùí

ôñéùí åðüìåíùí ãñáììþí ôïõ ðßíáêá åßíáé ïé óõíÞèåéò ëïãéêïß ôåëåóôÝò. Ôá ôåëïýìåíá ðñÝðåé íá

åßíáé ôýðïõ bool êáé ôï ßäéï åßíáé êáé ôï áðïôÝëåóìá. ÔÝëïò, ï ôåëåóôÞò if-then-else åßíáé

ï ìïíáäéêüò ôåëåóôÞò ìå ôñßá ôåëïýìåíá êáé åéäéêü ôñüðï óýíôáîçò. Ôï ðñþôï ôåëïýìåíï, ç óõí-

èÞêç, ðñÝðåé íá åßíáé ôýðïõ bool. Ôá åðüìåíá äõï ôåëïýìåíá ðñÝðåé íá áíÞêïõí óôïí ßäéï ôýðï

êáé ôï áðïôÝëåóìá åßíáé åðßóçò ôïõ ßäéïõ ôýðïõ.

Ï ðßíáêáò 2 ðåñéÝ÷åé ôïõò íïçìáôéêïýò ôåëåóôÝò ôçò ãëþóóáò GLU\. ÊáèÝíáò áðü áõôïýò

óõíïäåýåôáé áðü ôï üíïìá ìéáò äéáóôáóçò (óôïí ðßíáêá Ý÷åé ÷ñçóéìïðïéçèåß ôï ãñÜììá d). Ç

ëåéôïõñãßá ôùí íïçìáôéêþí ôåëåóôþí ðåñéãñÜöåôáé óôç ó÷åôéêÞ âéâëéïãñáößá ãéá ôéò ãëþóóåò

Lucid [Ashc77, Wadg85] êáé GLU [Ashc91, Ashc95]. Ç áêñéâÞò óýíôáîç êáé óçìáóéïëïãßá ôïõò

ïñßæåôáé ìå ôõðéêü ôñüðï óôéò åðüìåíåò ðáñáãñÜöïõò.

2.1 Óýíôáîç ôçò GLU\
Ç óýíôáîç ôçò GLU\ ïñßæåôáé óå ìïñöÞ Extended BNF óôï ó÷Þìá 1. Ç ãñáììáôéêÞ ðïõ äßíåôáé

óå áõôü ðåñéÝ÷åé ðëçñïöïñßåò ãéá ôçí ðñïôåñáéüôçôá êáé ôçí ðñïóåôáéñéóôéêüôçôá ôùí ôåëåóôþí

êáé ìðïñåß íá ÷ñçóéìïðïéçèåß Üìåóá ãéá ôçí êáôáóêåõÞ óõíôáêôéêþí áíáëõôþí ãéá ôç ãëþóóá.

Ãéá íá åßíáé áðëïýóôåñç ç ðåñéãñáöÞ ôçò óçìáóéïëïãßáò ôçò GLU\ óôéò åðüìåíåò ðáñáãñÜöïõò,

èá ÷ñçóéìïðïéçèåß ç ãñáììáôéêÞ ôïõ ó÷Þìáôïò 2 ç ïðïßá ðåñéãñÜöåé ôçí áöçñçìÝíç óýíôáîç (ab-
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prog ::= (defn)� exprdefn ::= type var “=” expr “;”type ::= real j boolexpr0 ::= var j num j “true” j “false” j “(” expr “)”expr1 ::= expr0 j “-” expr1expr2 ::= expr1 j expr1 “*” expr2 j expr1 “/” expr2expr3 ::= expr2 j expr2 “+” expr3 j expr2 “-” expr3expr4 ::= expr3 j expr3 “==” expr3 j expr3 “!=” expr3j expr3 “>” expr3 j expr3 “<” expr3 j expr3 “>=” expr3 j expr3 “<=” expr3expr5 ::= expr4 j “not” expr5expr6 ::= expr5 j expr5 “and” expr6expr7 ::= expr6 j expr6 “or” expr7expr8 ::= expr7 j “if” expr “then” expr “else” expr8expr9 ::= expr8 j “#” “.” dimexpr10 ::= expr9 j expr9 “@” “.” dim expr9expr11 ::= expr10 j “first” “.” dim expr11 j “next” “.” dim expr11expr12 ::= expr11 j expr11 “fby” “.” dim expr11j expr11 “asa” “.” dim expr11 j expr11 “wvr” “.” dim expr11expr ::= expr12
Ó÷Þìá 1: ÓõãêåêñéìÝíç óýíôáîç (concrete syntax) ôçò GLU\.

prog ::= (defn)� exprdefn ::= type var = exprtype ::= real j boolexpr ::= var j num j true j false j unop expr j expr binop exprj if expr then expr else expr j value.dim j first.dim exprj next.dim expr j expr fby.dim expr j expr at.dim exprj expr asa.dim expr j expr wvr.dim exprunop ::= neg j notbinop ::= times j div j mod j plus j minus j eq j ne j lt j gt j le j ge j and j or
Ó÷Þìá 2: ÁöçñçìÝíç óýíôáîç (abstract syntax) ôçò GLU\.
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stract syntax) ôçòGLU\. Ï ìåôáó÷çìáôéóìüò áðü ôçí óõãêåêñéìÝíç óôçí áöçñçìÝíç óýíôáîç åßíáé

áñêåôÜ áðëüò êáé ðáñáëåßðåôáé.

2.2 ÓôáôéêÞ óçìáóéïëïãßá ôçò GLU\
Óêïðüò áõôÞò ôçò ðáñáãñÜöïõ åßíáé ï ïñéóìüò ôïõ ðåñéâÜëëïíôïò ôýðùí (type environment) ðïõ

áíôéóôïé÷åß óôïõò ïñéóìïýò åíüò ðñïãñÜììáôïò. Ôï ðåñéâÜëëïí áõôü áðåéêïíßæåé Ýíáí ôýðï ôçòGLU\ ãéá êÜèå ïñéóìÝíç ìåôáâëçôÞ ôïõ ðñïãñÜììáôïò êáé ÷ñçóéìïðïéåßôáé ãéá ôïí Ýëåã÷ï ôýðùí

óôçí åðüìåíç ðáñÜãñáöï.

Áñ÷ßæïõìå ìå êÜðïéïõò ïñéóìïýò ðåäßùí. Ôá óôïé÷åßá ôùí ðåäßùí Var êáé Dim åßíáé ôá

Ýãêõñá ïíüìáôá ìåôáâëçôþí êáé äéáóôÜóåùí ôçò GLU\, áíôßóôïé÷á. Ôï ðåäßï Type ðåñéÝ÷åé ìüíï

äýï óôïé÷åßá, ôïõò ôýðïõò äåäïìÝíùí ôçò GLU\. ÔÝëïò, ôï ðåäßï Ent åßíáé ôï ðåäßï ôùí ðåñéâáë-

ëüíôùí ôýðùí.1v : Var (ðåäßï ìåôáâëçôþí)d : Dim (ðåäßï äéáóôÜóåùí)� : Type = f real ;bool g� : Ent = P(Var � Type)
Ôá óôïé÷åßá ôïõ Ent åßíáé óýíïëá ðïõ ðåñéÝ÷ïõí æåýãç ìåôáâëçôþí êáé ôýðùí ôçò GLU\.

Ìå �0 óõìâïëßæåôáé ôï êåíü ðåñéâÜëëïí ôýðùí.�0 : Ent�0 = Ø

Ãéá êÜèå ìåôáâëçôÞ var ðïõ åìöáíßæåôáé ùò óõíôáêôéêü óýìâïëï óå Ýíá ðñüãñáììá GLU\, ìåfjvar jg óõìâïëßæïõìå ôï óôïé÷åßï ôïõ ðåäßïõ Var ðïõ áíôéóôïé÷åß óå áõôÞ ôç ìåôáâëçôÞ.fjvar jg : Var

Ôï ßäéï êÜíïõìå ãéá ôá óõíôáêôéêÜ óýìâïëá ôùí äéáóôÜóåùí êáé ôá óôïé÷åßá ôïõ ðåäßïõ Dim.fjdim jg : Dim

Ïìïßùò, óå êÜèå óõíôáêôéêü óýìâïëï ôýðïõ ôçò GLU\ áíôéóôïé÷ïýìå Ýíá óôïé÷åßï ôïõ ðåäßïõ

Type.fjtype jg : Typefjrealjg = realfjbooljg = bool

Ïñßæïõìå ôþñá ôç óôáôéêÞ óçìáóéïëïãéêÞ óõíÜñôçóç, ðïõ áðåéêïíßæåé áêïëïõèßåò ïñéóìþí

ôçò GLU\ óå ðåñéâÜëëïíôá ôýðùí. Ç êåíÞ áêïëïõèßá áðåéêïíßæåôáé óôï êåíü ðåñéâÜëëïí, åíþ ç

ðáñÜèåóç ïñéóìþí ïäçãåß óôçí Ýíùóç ôùí áíôßóôïé÷ùí ðåñéâáëëüíôùí.

1Ìå P(A) óõìâïëßæåôáé ôï äõíáìïóýíïëï (powerset) ôïõ óõíüëïõ A.

8



fj(defn)� jg : Entfj�jg = �0fjdefn (defn)� jg = fjdefn jg [ fj(defn)� jg
ÔÝëïò, êÜèå ïñéóìüò ôçò GLU\ áðåéêïíßæåôáé óå Ýíá ðåñéâÜëëïí ôýðùí ðïõ ðåñéÝ÷åé ìüíï Ýíá

óôïé÷åßï.fjdefn jg : Entfjtype var = expr jg = f hfjvar jg; fjtype jgi g
2.3 Óçìáóéïëïãßá ôýðùí ôçò GLU\
Ç óçìáóéïëïãßá ôýðùí ôçò GLU\ áðïóêïðåß óôçí åýñåóç óöáëìÜôùí ôýðùí óå ðñïãñÜììáôá. Ðå-

ñéãñÜöåôáé ìÝóù ðñïôÜóåùí ôçò ìïñöÞò � ` P : �, üðïõ � åßíáé Ýíá ðåñéâÜëëïí ôýðùí, P Ýíá

ôìÞìá ôïõ ðñïãñÜììáôïò âÜóåé ôçò áöçñçìÝíçò óýíôáîçò êáé � Ýíáò ôýðïò ðñüôáóçò (phrase type).

Ï ôýðïò � ìðïñåß íá åßíáé Ýíáò áðü ôïõò prog [� ], defn, exp [� ]. Ï ðñþôïò êáé ï ôñßôïò ðáñéóôÜíïõí

áíôßóôïé÷á ðñïãñÜììáôá êáé åêöñÜóåéò ðïõ õðïëïãßæïõí áðïôåëÝóìáôá ôýðïõ � , åíþ ï äåýôåñïò

ðáñéóôÜíåé ïñéóìïýò Þ áêïëïõèßåò ïñéóìþí.

¸íá ðñüãñáììá åßíáé Ýãêõñï üôáí ç áêïëïõèßá ïñéóìþí êáé ç Ýêöñáóç ðïõ ðñÝðåé íá õðïëï-

ãéóôåß åßíáé Ýãêõñåò óôï ðåñéâÜëëïí ôýðùí ðïõ áíôéóôïé÷åß óôçí áêïëïõèßá ïñéóìþí.� = fj(defn)� jg � ` (defn)� : defn � ` expr : exp[� ]` (defn)� expr : prog [� ]
Ïé ðáñáêÜôù êáíüíåò ðåñéãñÜöïõí ôçí åãêõñüôçôá ïñéóìþí êáé áêïëïõèéþí ïñéóìþí. Óå êÜèå

ïñéóìü, ï ôýðïò ôçò ìåôáâëçôÞò ðñÝðåé íá óõìöùíåß ìå ôïí ôýðï ôçò Ýêöñáóçò.` � : defn � ` defn : defn � ` (defn)� : defn` defn (defn)� : defn� = fjtype jg � ` expr : exp [� ]� ` type var = expr : defn
Ç åãêõñüôçôá ôùí åêöñÜóåùí ðåñéãñÜöåôáé ìå ôç óåéñÜ êáíüíùí ðïõ áêïëïõèïýí. Ïé ðåñé-

ðôþóåéò ôùí ìåôáâëçôþí, áñéèìçôéêþí êáé ëïãéêþí óôáèåñþí åßíáé áñêåôÜ áðëÝò. Ï ôýðïò êÜèå

ìåôáâëçôÞò áíáæçôÜôáé óôï ðåñéâÜëëïí ôýðùí �.hfjvar jg; �i 2 �� ` var : exp [� ] � ` num : exp[real ]� ` true : exp [bool ] � ` false : exp [bool ]
Ïé åðüìåíïé êáíüíåò ðåñéãñÜöïõí ôçí åãêõñüôçôá åêöñÜóåùí ðïõ ðñïêýðôïõí áðü ôçí åöáñ-

ìïãÞ ôùí ìç íïçìáôéêþí ôåëåóôþí. Óå êÜèå êáíüíá ðåñéãñÜöåôáé ï ôýðïò ôùí ôåëïõìÝíùí êáé

áõôüò ôïõ áðïôåëÝóìáôïò.
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� ` expr : exp [real ]� ` neg expr : exp [real ] � ` expr : exp [bool ]� ` not expr : exp [bool ]� ` expr 1 : exp [real ] � ` expr 2 : exp [real ] binop 2 fplus;minus;times;div g� ` expr 1 binop expr 2 : exp [real ]� ` expr1 : exp[� ] � ` expr 2 : exp [� ] binop 2 feq;ne;gt;lt;ge;le g� ` expr1 binop expr2 : exp[bool ]� ` expr 1 : exp [bool ] � ` expr 2 : exp [bool ] binop 2 fand;or g� ` expr1 binop expr2 : exp[bool ]� ` expr : exp[bool ] � ` expr1 : exp[� ] � ` expr 2 : exp[� ]� ` if expr then expr 1 else expr2 : exp[� ]
ÔÝëïò, ïé åðüìåíïé êáíüíåò ðåñéãñÜöïõí ôçí åãêõñüôçôá åêöñÜóåùí ðïõ ðñïêýðôïõí áðü ôçí

åöáñìïãÞ ôùí íïçìáôéêþí ôåëåóôþí. Óå êÜèå êáíüíá ðåñéãñÜöåôáé ðÜëé ï ôýðïò ôùí ôåëïõìÝíùí

êáé áõôüò ôïõ áðïôåëÝóìáôïò.� ` expr : exp [� ]� ` first.dim expr : exp [� ] � ` expr : exp [� ]� ` next.dim expr : exp[� ]� ` expr 1 : exp [� ] � ` expr 2 : exp [� ]� ` expr1 fby.dim expr 2 : exp [� ] � ` value.dim : exp [real ]� ` expr1 : exp [� ] � ` expr2 : exp[real ]� ` expr 1 at.dim expr 2 : exp [� ]� ` expr 1 : exp [� ] � ` expr 2 : exp [bool ]� ` expr 1 asa.dim expr 2 : exp[� ]� ` expr 1 : exp [� ] � ` expr 2 : exp [bool ]� ` expr 1 wvr.dim expr 2 : exp[� ]
2.4 ÄõíáìéêÞ óçìáóéïëïãßá ôçò GLU\
Óôçí ðáñÜãñáöï áõôÞ ïñßæåôáé ï ôñüðïò åêôÝëåóçò ôùí ðñïãñáììÜôùí ôçò GLU\, ãéá ôá ïðïßá Ý÷åé

ðñïçãçèåß ï Ýëåã÷ïò ôýðùí. ¸óôù N , R êáé T ôá ðåäßá ðïõ áíôéóôïé÷ïýí óôïõò öõóéêïýò áñéè-

ìïýò, ôïõò ðñáãìáôéêïýò áñéèìïýò êáé ôéò ëïãéêÝò ôéìÝò áëÞèåéáò true êáé false áíôßóôïé÷á. ÊÜèå

óõíôáêôéêü óýìâïëï áñéèìçôéêÞò óôáèåñÜò ôçò GLU\ áðåéêïíßæåôáé óå Ýíá óôïé÷åßï ôïõ ðåäßïõ R .fjnum jg : R

Èåùñïýìå üôé N � R . Ç óõíÜñôçóç round : R ! N åðéóôñÝöåé ãéá êÜèå ðñáãìáôéêü áñéèìü ôïí

ðëçóéÝóôåñï öõóéêü áñéèìü. Áí õðÜñ÷ïõí äõï ðëçóéÝóôåñïé, åðéóôñÝöåé ôïí ìåãáëýôåñï.

Ïñßæïõìå óôç óõíÝ÷åéá ôá áêüëïõèá óçìáóéïëïãéêÜ ðåäßá:2

2Ãéá ôéò áíÜãêåò áõôÞò ôçò åñãáóßáò, ôá ðåäßá ìðïñïýí íá èåùñçèïýí ùò ðëÞñåéò ìåñéêÝò äéáôÜîåéò (complete partial

orders –– cpo’s). ÊÜèå ðåäßïD äéáèÝôåé Ýíá åëÜ÷éóôï óôïé÷åßï, ðïõ óõìâïëßæåôáé ìå?D êáé áíôéóôïé÷åß óçìáóéïëïãéêÜ
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v : V = R � Tw : W = Dim ! N

D = W ! V� : Env = Var ! D

Ôï ðåäßï V ðåñéÝ÷åé üëåò ôéò äõíáôÝò ôéìÝò áðïôåëÝóìáôïò ìéáò Ýêöñáóçò Þ åíüò ðñïãñÜììáôïò,

ðïõ ìðïñïýí íá åßíáé ðñáãìáôéêÝò Þ ëïãéêÝò. Ôá óôïé÷åßá ôïõ ðåäßïõ W åßíáé ïé äõíáôïß êüóìïé

(possible worlds). ÊÜèå äõíáôüò êüóìïò w åßíáé ìéá óõíÜñôçóç ðïõ åðéóôñÝöåé ôï ôñÝ÷ïí óç-

ìåßï óå êÜèå äéÜóôáóç. Ôï ðåäßï D ÷ñçóéìïðïéåßôáé ãéá ôçí áðüäïóç åñìçíåßáò óôéò åêöñÜóåéò

ôçò GLU\. Ç ôéìÞ ìéáò Ýêöñáóçò ìåôáâÜëëåôáé ùò ðñïò êÜðïéåò äéáóôÜóåéò êáé óõíåðþò ç åñìç-

íåßá ôçò Ýêöñáóçò åßíáé ìéá óõíÜñôçóç áðü ôï ðåäßï ôùí äõíáôþí êüóìùí óôï ðåäßï ôùí ôéìþí

áðïôåëÝóìáôïò. Ôá óôïé÷åßá ôïõ ðåäßïõ Env åßíáé ôá ðåñéâÜëëïíôá ôéìþí (value environments),

ðïõ áðåéêïíßæïõí êÜèå ïñéóìÝíç ìåôáâëçôÞ ôïõ ðñïãñÜììáôïò óôçí åñìçíåßá ôçò áíôßóôïé÷çò

Ýêöñáóçò.

Ï êüóìïò w0 åßíáé Ýíá éäéáßôåñï óôïé÷åßï ôïõ ðåäßïõ W . Óôïí êüóìï áõôü, ôï ôñÝ÷ïí óçìåßï

üëùí ôùí äéáóôÜóåùí åßíáé ôï?N . Ï êüóìïò áõôüò èåùñåßôáé ï áñ÷éêüò êüóìïò óôïí ïðïßï ãßíåôáé

ç áðïôßìçóç åíüò ðñïãñÜììáôïò.w0 : Ww0 = �d : Dim: ?N

Ôï ðåñéâÜëëïí �0 åßíáé åðßóçò Ýíá éäéáßôåñï óôïé÷åßï ôïõ ðåäßïõ Env êáé áíôéóôïé÷åß üëåò ôéò

ìåôáâëçôÝò óôï ?D . Áõôü óçìáßíåé üôé üëåò ïé ìåôáâëçôÝò äåí Ý÷ïõí áêüìá ïñéóèåß.�0 : Env�0 = �v : Var: ?D

Áí f : A ! B åßíáé ìéá óõíÜñôçóç, ÷ñçóéìïðïéïýìå ôï óõìâïëéóìü ffa 7! bg ãéá ôç óõíÜñ-

ôçóç f 0 : A! B ðïõ äéáöÝñåé áðü ôçí f ìüíï óôï üôé f 0(a) = b.ffa 7! bg = �x : A: if x = a then b else f x
Ç åñìçíåßá ôïõ ðñïãñÜììáôïò åßíáé ç ôåëéêÞ ôéìÞ ôçò Ýêöñáóçò ðïõ õðïëïãßæåôáé. Ôï ðåñé-

âÜëëïí ôéìþí óôï ïðïßï èá ãßíåé ï õðïëïãéóìüò ðñïêýðôåé áðü ôçí áêïëïõèßá ïñéóìþí ôïõ ðñï-

ãñÜììáôïò. Ï ôåëåóôÞò fix åðéôñÝðåé ôçí ýðáñîç áíáäñïìÞò óôïõò ïñéóìïýò.[[prog ]] : V[[ (defn)� expr ]] = [[expr ]] (fix (�� : Env: [[ (defn)� ]] � �0)) w0
Ç åñìçíåßá åíüò ïñéóìïý Þ ìéáò áêïëïõèßáò ïñéóìþí åßíáé ìéá óõíÜñôçóç ðïõ ðáßñíåé êáô’ áñ-

÷Þí ùò ðáñÜìåôñï ôï ðåñéâÜëëïí ôéìþí �, ìåóá óôï ïðïßï èá ãßíïíôáé ïé áðïôéìÞóåéò ôùí åêöñÜ-

óåùí. ÅðéóôñÝöåé ìéá óõíÜñôçóç ç ïðïßá åíçìåñþíåé ôï ôñÝ÷ïí ðåñéâÜëëïí ôéìþí �0 ðñïóèÝôï-

íôáò ôïõò ïñéóìïýò ôùí ìåôáâëçôþí.

óå ìéá áüñéóôç ôéìÞ (÷ùñßò íá ãßíåôáé äéÜêñéóç áíÜìåóá óôï ìç ôåñìáôéóìü åíüò õðïëïãéóìïý êáé óôçí åìöÜíéóç

óöÜëìáôïò åêôÝëåóçò). Ç èåþñçóç ôùí ðåäßùí ùò cpo’s åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ åëÜ÷éóôïõ óôáèåñïý óçìåßïõ

(least fixed point), ðïõ óõìâïëßæåôáé ìå fix.
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[[ (defn)� ]] : Env ! Env ! Env[[� ]] = �� : Env: id[[defn (defn)� ]] = �� : Env: [[ (defn)� ]] � � [[defn ]] �[[defn ]] : Env ! Env ! Env[[ type var = expr ]] = �� : Env: ��0 : Env: let v = fjvar jg in �0fv 7! [[expr ]] �g
Ç åñìçíåßá ìéáò Ýêöñáóçò åßíáé ìéá óõíÜñôçóç ðïõ äÝ÷åôáé ùò ðáñÜìåôñï Ýíá ðåñéâÜëëïí

ôéìþí êáé åðéóôñÝöåé Ýíá óôïé÷åßï ôïõ ðåäßïõ D .[[expr ]] : Env ! D

Ï ïñéóìüò áõôÞò ôçò óõíÜñôçóçò åßíáé áñêåôÜ áðëüò ãéá ôéò åêöñÜóåéò ðïõ äåí ðåñéÝ÷ïõí íïçìá-

ôéêïýò ôåëåóôÝò. Ïé ôéìÝò ôùí ìåôáâëçôþí äéáâÜæïíôáé áðü ôï ðåñéâÜëëïí. Ï õðïëïãéóìüò ôùí

õðïåêöñÜóåùí ìéáò Ýêöñáóçò ãßíåôáé óôïí ßäéï äõíáôü êüóìï w óôïí ïðïßï ðñÝðåé íá ãßíåé ï

õðïëïãéóìüò ïëüêëçñçò ôçò Ýêöñáóçò.[[var ]] = �� : Env: let v = fjvar jg in � v[[num ]] = �� : Env: �w : W : fjnum jg[[true]] = �� : Env: �w : W : true[[false]] = �� : Env: �w : W : false[[unop expr ]] = �� : Env: �w : W : [[unop ]] ([[expr ]] � w)[[expr 1 binop expr 2 ]] = �� : Env: �w : W : [[binop ]] h[[expr 1 ]] � w; [[expr 2 ]] � wi[[if expr then expr 1 else expr2 ]] = �� : Env: �w : W :
if [[expr ]] � w then [[expr 1 ]] � w else [[expr 2 ]] � w

ÊÜèå ìç íïçìáôéêüò ôåëåóôÞò ìå Ýíá Þ äõï ôåëïýìåíá áíôéóôïé÷åß óå ìéá óçìáóéïëïãéêÞ óõíÜñ-

ôçóç ôçò ìïñöÞò:[[unop ]] : V ! V[[binop ]] : V �V ! V

Ï ïñéóìüò áõôþí ôùí óõíáñôÞóåùí åßíáé åýêïëïò êáé ðáñáëåßðåôáé. Ï Ýëåã÷ïò ôýðùí åîáóöáëßæåé

üôé ïé ðáñÜìåôñïé èá Ý÷ïõí ôïí êáôÜëëçëï ôýðï.

Ï ôåëåóôÞò value.dim åðéóôñÝöåé ôï ôñÝ÷ïí óçìåßï ôçò äéÜóôáóçò dim , ôï ïðïßï äéáâÜæåé

áðü ôïí ôñÝ÷ïíôá äõíáôü êüóìï w.[[value.dim ]] = �� : Env: �w : W : let d = fjdim jg in w d
Ç ôéìÞ ôçò Ýêöñáóçò first.dim expr åßíáé áðëÜ ç ôéìÞ ôçò Ýêöñáóçò expr õðïëïãéóìÝíç óôï

äõíáôü êüóìï üðïõ ç äéÜóôáóç dim âñßóêåôáé óôï óçìåßï 0.[[first.dim expr ]] = �� : Env: �w : W : let d = fjdim jg in [[expr ]] � wfd 7! 0g
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Ìå ðáñüìïéï ôñüðï, ç ôéìÞ ôçò Ýêöñáóçò next.dim expr åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr õðï-

ëïãéóìÝíç óôï äõíáôü êüóìï üðïõ ç äéÜóôáóç dim âñßóêåôáé óôï åðüìåíï óçìåßï áðü áõôü ðïõ

âñéóêüôáí óôïí ôñÝ÷ïíôá äõíáôü êüóìï w.[[next.dim expr ]] = �� : Env: �w : W : let d = fjdim jg in [[expr ]] � wfd 7! w d+ 1g
Åðßóçò, ç ôéìÞ ôçò Ýêöñáóçò expr 1 at.dim expr2 åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr1 õðïëïãéóìÝíç

óôï äõíáôü êüóìï üðïõ ç äéÜóôáóç dim âñßóêåôáé óôï óçìåßï ðïõ äßíåôáé áðü ôçí ôéìÞ ôçò Ýêöñá-

óçò expr 2. Ï õðïëïãéóìüò ôçò ôåëåõôáßáò ãßíåôáé óôïí êüóìï w.[[expr 1 at.dim expr2 ]] = �� : Env: �w : W : let d = fjdim jg in
let n = round ([[expr 2 ]] � w) in [[expr1 ]] � wfd 7! ng

Ìå ÷ñÞóç ôïõ ôåëåóôÞ fby.dim åßíáé äõíáôÞ ç êáôáóêåõÞ áõèáßñåôùí åêöñÜóåùí ðïõ ìåôá-

âÜëëïíôáé ùò ðñïò ôç äéÜóôáóç dim . Ç ôéìÞ ôçò Ýêöñáóçò expr 1 fby.dim expr 2 åîáñôÜôáé áðü ôï

óçìåßï ôçò äéÜóôáóçò dim óôïí ôñÝ÷ïíôá äõíáôü êüóìï w. Áí áõôü åßíáé ôï 0, ôüôå ôï áðïôÝëåóìá

åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr1 óôï ßäéï óçìåßï. ÄéáöïñåôéêÜ, åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr 2
õðïëïãéóìÝíç óôï äõíáôü êüóìï üðïõ ç äéÜóôáóç dim âñßóêåôáé óôï ðñïçãïýìåíï óçìåßï áðü

áõôü ðïõ âñéóêüôáí óôïí w.[[expr 1 fby.dim expr 2 ]] = �� : Env: �w : W : let d = fjdim jg in
if w d = 0 then [[expr1 ]] � w else [[expr2 ]] � wfd 7! w d� 1g

Ï ôåëåóôÞò asa.dim äéáâÜæåôáé “ìüëéò óôç äéÜóôáóç dim” (as soon as). Ç ôéìÞ ôçò Ýêöñá-

óçò expr 1 asa.dim expr 2 åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr 1 õðïëïãéóìÝíç óôï ðñþôï óçìåßï ôçò

äéÜóôáóçò dim üðïõ ç ôéìÞ ôçò Ýêöñáóçò expr2 åßíáé áëçèÞò. Áí ç ôéìÞ ôçò expr2 åßíáé øåõäÞò

óå üëá ôá óçìåßá ôçò äéÜóôáóçò dim , ôüôå ôï áðïôÝëåóìá åßíáé áðñïóäéüñéóôï. Ç åñìçíåßá ôçò

Ýêöñáóçò äßíåôáé ìÝóù ôïõ ôåëåóôÞ fix.[[expr 1 asa.dim expr 2 ]] = �� : Env: �w : W : let d = fjdim jg in
fix (�f : N ! V : �n : N :

if [[expr 2 ]] � wfd 7! ng then[[expr 1 ]] � wfd 7! ng
elsef (n+ 1)) 0

Ï ðéï ðïëýðëïêïò íïçìáôéêüò ôåëåóôÞò åßíáé ï wvr.dim, ðïõ äéáâÜæåôáé “üðïôå óôç äéÜóôáóçdim” (whenever). Ç ôéìÞ ôçò Ýêöñáóçò expr 1 wvr.dim expr2 åßíáé ç ôéìÞ ôçò Ýêöñáóçò expr 1
õðïëïãéóìÝíç üìùò ìüíï óå óçìåßá ôçò äéÜóôáóçò dim üðïõ ç ôéìÞ ôçò Ýêöñáóçò expr 2 åßíáé

áëçèÞò. Áí ç ôéìÞ ôçò expr2 åßíáé áëçèÞò ìüíï óå ðåðåñáóìÝíï áñéèìü óçìåßùí ôçò äéÜóôáóçòdim, ôüôå ôï áðïôÝëåóìá óôá õðüëïéðá óçìåßá åßíáé áðñïóäéüñéóôï. Ç åñìçíåßá ôçò Ýêöñáóçò

äßíåôáé êáé ðÜëé ìÝóù ôïõ ôåëåóôÞ fix.

13



[[expr 1 wvr.dim expr 2 ]] = �� : Env: �w : W : let d = fjdim jg in
fix (�f : N ! N ! V : �n : N : �m : N :

if [[expr 2 ]] � wfd 7! ng then
if w d = m then[[expr1 ]] � wfd 7! ng
elsef (n+ 1) (m+ 1)

elsef (n+ 1) m) 0 0
2.5 ÅîÜñôçóç áðü äéáóôÜóåéò

Ïé ðáñáêÜôù óõíáñôÞóåéò õðïëïãßæïõí ôï óýíïëï ôùí äéáóôÜóåùí áðü ôéò ïðïßåò åîáñôþíôáé ïé

äéÜöïñåò óõíôáêôéêÝò êëÜóåéò ôçò GLU\, äçëáäÞ ôï ðñüãñáììá, ç áêïëïõèßá ïñéóìþí, ï ïñéóìüò

êáé ç Ýêöñáóç. Ç ðëçñïöïñßá áõôÞ äåí åßíáé ÷ñÞóéìç óôïí ïñéóìü ôçò óçìáóéïëïãßáò ôçò GLU\,
åßíáé üìùò éäéáßôåñá ÷ñÞóéìç óôçí õëïðïßçóç ôçò ãëþóóáò.

Ôá óôïé÷åßá ôïõ ðåäßïõ End ïíïìÜæïíôáé ðåñéâÜëëïíôá åîáñôÞóåùí êáé áðåéêïíßæïõí ôéò ìåôá-

âëçôÝò åíüò ðñïãñÜììáôïò óôá óýíïëá ôùí äéáóôÜóåùí áðü ôéò ïðïßåò åîáñôþíôáé.� : End = Var ! P(Dim)
Ìå �0 óõìâïëßæåôáé ôï éäéáßôåñï óôïé÷åßï ôïõ End ðïõ áíôéóôïé÷åß ôï êåíü óýíïëï óå üëåò ôéò

ìåôáâëçôÝò.�0 : End�0 = �v : Var : Ø

Ôï óýíïëï ôùí äéáóôÜóåùí áðü ôéò ïðïßåò åîáñôÜôáé Ýíá ðñüãñáììá õðïëïãßæåôáé åöáñìüæï-

íôáò ðñþôá ôïí ôåëåóôÞ fix ãéá íá âñïýìå ôï ðåñéâÜëëïí åîáñôÞóåùí ôçò áêïëïõèßáò ïñéóìþí.3

Óôç óõíÝ÷åéá, ìå áõôü ôï ðåñéâÜëëïí åîáñôÞóåùí õðïëïãßæïõìå ôï óýíïëï åîáñôÞóåùí ãéá ôçí

Ýêöñáóç ðïõ áðïôåëåß ôï óþìá ôïõ ðñïãñÜììáôïò.D[[prog ]] : P(Dim)D[[ (defn)� expr ]] = D[[expr ]] (fix (�� : End : D[[ (defn)� ]] � �0))
Ç óõíÜñôçóç D[[ � ]] ãéá Ýíáí ïñéóìü Þ ìéá áêïëïõèßá ïñéóìþí åðéóôñÝöåé ìéá óõíÜñôçóç ðïõ

äÝ÷åôáé ùò ðáñÜìåôñï ôï ðåñéâÜëëïí åîáñôÞóåùí, âÜóåé ôïõ ïðïßïõ èá õðïëïãéóôïýí ïé åîáñôÞ-

óåéò ôùí ïñéóìþí. ÅðéóôñÝöåé ìéá óõíÜñôçóç ç ïðïßá åíçìåñþíåé ôï ôñÝ÷ïí ðåñéâÜëëïí åîáñôÞ-

óåùí �0 ìå ôéò åðéðëÝïí åîáñôÞóåéò ðïõ ðñïêýðôïõí áðü ôïõò ïñéóìïýò ôùí ìåôáâëçôþí.

3Óôï óçìåßï áõôü, èåùñïýìå üôé ôï P(Dim) Ý÷åé ôç äïìÞ ðåäßïõ äéáôåôáãìÝíïõ ìå âÜóç ôç ó÷Ýóç õðïóõíüëïõ. Ôï

Ø åßíáé ôï åëÜ÷éóôï óôïé÷åßï ôïõ.
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D[[ (defn)� ]] : End ! End ! EndD[[� ]] = �� : End : idD[[defn (defn)� ]] = �� : End : D[[ (defn)� ]] � � D[[defn ]] �D[[defn ]] : End ! End ! EndD[[ type var = expr ]] = �� : End : ��0 : End : let v = fjvar jg in �0fv 7! D[[expr ]] �g
ÔÝëïò, ïé äéáóôÜóåéò áðü ôéò ïðïßåò åîáñôÜôáé ìéá Ýêöñáóç õðïëïãßæïíôáé åýêïëá âÜóåé ôçò

äïìÞò ôçò Ýêöñáóçò.D[[expr ]] : End ! P(Dim)D[[var ]] = �� : End : let v = fjvar jg in � vD[[num ]] = �� : End : ØD[[true]] = �� : End : ØD[[false]] = �� : End : ØD[[unop expr ]] = �� : End : D[[expr ]] �D[[expr1 binop expr2 ]] = �� : End : D[[expr1 ]] � [ D[[expr 2 ]] �D[[if expr then expr1 else expr 2 ]] = �� : End : D[[expr ]] � [ D[[expr 1 ]] � [ D[[expr 2 ]] �
Ïé åíäéáöÝñïõóåò ðåñéðôþóåéò åßíáé áõôÝò ôùí íïçìáôéêþí ôåëåóôþí, üðïõ ïé åîáñôÞóåéò ðñïêý-

ðôïõí Üìåóá áðü ôç óçìáóéïëïãßá êÜèå ôåëåóôÞ.D[[value.dim ]] = �� : End : let d = fjdim jg inf d gD[[first.dim expr ]] = �� : End : let d = fjdim jg inD[[expr ]] � � f d gD[[next.dim expr ]] = �� : End :D[[expr ]] �D[[expr1 fby.dim expr 2 ]] = �� : End : let d = fjdim jg inD[[expr1 ]] � [ D[[expr 2 ]] � [ f d gD[[expr1 at.dim expr 2 ]] = �� : End : let d = fjdim jg in(D[[expr 1 ]] � � f d g) [ D[[expr 2 ]] �D[[expr1 asa.dim expr 2 ]] = �� : End : let d = fjdim jg in(D[[expr 1 ]] � [ D[[expr 2 ]] �) � f d gD[[expr1 wvr.dim expr 2 ]] = �� : End :D[[expr1 ]] � [ D[[expr 2 ]] �
3 Õëïðïßçóç

Óôéò åðüìåíåò ðáñáãñÜöïõò ðåñéãñÜöåôáé ï ôñüðïò åíóùìÜôùóçò ôçò GLU\ óôç C++. Ç éåñáñ÷ßá

ôùí êëÜóåùí êáé ôùí templates êëÜóåùí öáßíåôáé óôï ó÷Þìá 3. Ïé êëÜóåéò ðïõ óçìåéþíïíôáé ìå *

åðáíáëáìâÜíïíôáé ìå ðáñüìïéï ôñüðï ãéá êÜèå ôåëåóôÞ ôçò C++ ðïõ åßíáé åðéèõìçôü íá ÷ñçóéìï-

ðïéåßôáé óå åíóùìáôùìÝíï êþäéêá GLU\. Åðßóçò, ïé êëÜóåéò ðïõ óçìåéþíïíôáé ìå ** åðáíáëáì-

âÜíïíôáé ìå ðáñüìïéï ôñüðï ãéá êÜèå áñéèìü ðáñáìÝôñùí, üðùò ðåñéãñÜöåôáé óôçí åíüôçôá 3.5.

Ôá áñ÷åßá ôçò õëïðïßçóçò êáèþò êáé ôá ðáñáäåßãìáôá ôçò åðüìåíçò åíüôçôáò åßíáé äéáèÝóéìá

15



Implementation<T>RefCount

Wrapper<I>

WarehouseBase

LazyWrapper<T>

WarehouseEntry<T>

Dimension

PossibleWorld

Warehouse

WarehouseKey

UnOpImplementation<A,R>

BinOpImplementation<A,B,R>

ConstImplementation<T>

WrappedImplementation<T>

CondImplementation<T>

LazyAppImplementation1<R,T>

LazyFunction1<R,T>

PlusImplementation<T>

FbyImplementation<T>

FirstImplementation<T>

NextImplementation<T>

AtImplementation<T>

HashImplementation

AsaImplementation<T>

WvrImplementation<T>

UMinusImplementation<T>

**

**

*

*

Ó÷Þìá 3: Éåñáñ÷ßá êëÜóåùí óôçí õëïðïßçóç ôçò GLU\.
óôç äéåýèõíóç http://www.softlab.ntua.gr/~nickie/Research/Intensional/. Óôç

óõíÝ÷åéá äßíåôáé ìéá óýíôïìç ðåñéãñáöÞ ôçò õëïðïßçóçò. Ãéá êÜèå êëÜóç ðåñéãñÜöïíôáé ïé åðé-

êåöáëßäåò ôùí ìåëþí ôçò áëëÜ ü÷é ï áíôßóôïé÷ïò êþäéêáò ðïõ ôá õëïðïéåß. Óôéò åðéêåöáëßäåò

÷ñçóéìïðïéïýíôáé ôá ðáñáêÜôù åíäåéêôéêÜ óýìâïëá:F Ó÷Ýóç êëçñïíïìéêüôçôáò.� Ðåäßï (attribute) ôçò êëÜóçò.I ÌÝèïäïò ôçò êëÜóçò Þ Üëëïõ åßäïõò ïñéóìüò.

3.1 ÐåñéâëÞìáôá êáé ìÝôñçóç áíáöïñþí

ÐñïêåéìÝíïõ íá áðïöåõ÷èåß ç áíôéãñáöÞ áíôéêåéìÝíùí, äéáäéêáóßá ÷ñïíïâüñá êáé äáðáíçñÞ óå

ìíÞìç, ç õëïðïßçóç ôçò GLU\ êÜíåé äéÜêñéóç áíÜìåóá óå áíôéêåßìåíá ðåñéâëÞìáôá (wrappers)

êáé áíôéêåßìåíá õëïðïéÞóåéò (implementations).4 Ôá áíôéêåßìåíá ðïõ áíôéãñÜöïíôáé åßíáé ðåñéâëÞ-

ìáôá, ôá ïðïßá åßíáé ðïëý ìéêñïý ìåãÝèïõò êáé óõíÞèùò ðåñéÝ÷ïõí ìüíï Ýíá äåßêôç óå êÜðïéá

õëïðïßçóç. Ïé õëïðïéÞóåéò äåí áíôéãñÜöïíôáé, ðáñÜ ìüíï ïé äåßêôåò ðñïò áõôÝò. Ìå ôïí ôñüðï

áõôü, ðåñéóóüôåñá ðåñéâëÞìáôá ìðïñïýí íá áíáöÝñïíôáé óôçí ßäéá õëïðïßçóç êáé åßíáé áíáãêáßá

ç ýðáñîç åíüò ìç÷áíéóìïý äéá÷åßñéóçò ôùí ðïëëáðëþí áíáöïñþí. Áõôü åðéôõã÷Üíåôáé óôï ÷áìç-

ëüôåñï åðßðåäï ìå ôéò êëÜóåéò RefCount êáé Wrapper.

ÊëÜóç: RefCount

Ç êëÜóç áõôÞ åßíáé ç âáóéêÞ êëÜóç ðïõ êëçñïíïìåßôáé áðü üëåò ôéò õëïðïéÞóåéò. Ï ñüëïò ôçò

åßíáé ç ìÝôñçóç áíáöïñþí óå áíôéêåßìåíá áõôþí ôùí êëÜóåùí êáé ç êáôáóôñïöÞ üóùí áíôéêåé-

ìÝíùí åßíáé Ü÷ñçóôá. Ç ýðáñîç ôïõ ìç÷áíéóìïý áõôïý åîáóöáëßæåé ó÷åôéêÜ åýêïëá ôçí áðïöõãÞ

äéáññïþí ìíÞìçò. Ï ìç÷áíéóìüò ìÝôñçóçò áíáöïñþí åßíáé áñêåôÜ áðëüò êáé áðïöåýãïíôáé ïé

êõêëéêÝò áíáöïñÝò. Ôá ìÝëç ôçò êëÜóçò åßíáé ôá áêüëïõèá.

4Ôï ìïíôÝëï áõôü åßíáé ãíùóôü óôçí áíÜðôõîç áíôéêåéìåíïóôñåöþí ðñïãñáììÜôùí ùò ìïíôÝëï ãñÜììáôïò/öáêÝëïõ

(letter/envelope).
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� int myCount [mutable, private]I RefCount () [inline, protected]I �RefCount () [inline, protected, virtual]I RefCount & refUsed () const [inline]I void refDiscarded () const [inline]

Ï áñéèìüò áíáöïñþí óôï äïèÝí áíôéêåßìåíï áðïèçêåýåôáé óôï ðåäßï myCount. Ïé ìÝèïäïé

refUsed êáé refDiscarded áõîÜíïõí êáé ìåéþíïõí áíôßóôïé÷á ôïí áñéèìü ôùí áíáöïñþí. Åðé-

ðëÝïí, áí ìåôÜ áðü ìéá êëÞóç ôçò refDiscarded ï ìåôñçôÞò ãßíåé ßóïò ìå ìçäÝí, ôüôå ôï áíôé-

êåßìåíï êáôáóôñÝöåôáé áõôüìáôá.

Template êëÜóçò: Wrapper<I>
Ç êëÜóç Wrapper<I> åßíáé ç âáóéêÞ êëÜóç ðïõ êëçñïíïìåßôáé áðü üëá ôá ðåñéâëÞìáôá

õëïðïéÞóåùí ôýðïõ I. Ç êëÜóç I ðñÝðåé íá êëçñïíïìåß ôçí RefCount. Óôçí Wrapper<I>
ãßíåôáé ç äéá÷åßñéóç ôùí áíáöïñþí. Ôá ðåäßá ôçò êëÜóçò åßíáé ôá áêüëïõèá.� I � impl [protected]I Wrapper () [inline]I Wrapper (const Wrapper & w) [inline]I Wrapper (I & i) [inline]I �Wrapper () [inline]I Wrapper<I> & operator= (const Wrapper<I> & w) [inline]I Wrapper<I> & operator= (const I & i) [inline]I operator I & () const [inline]I ostream & operator<< (ostream & str, const Wrapper<I> & w) [friend]

ÊÜèå ðåñßâëçìá ìðïñåß íá åßíáé óõó÷åôéóìÝíï ìå ìéá õëïðïßçóç, ç áíáöïñÜ ôçò ïðïßáò áðï-

èçêåýåôáé óôï ðåäßï impl. Ç óõó÷Ýôéóç åíüò ðåñéâëÞìáôïò ìå ìéá õëïðïßçóç ðñïêáëåß êëÞóç

ôçò ìåèüäïõ refUsed ôçò õëïðïßçóçò. Ïìïßùò, ç áðïóõó÷Ýôéóç åíüò ðåñéâëÞìáôïò áðü ìéá õëï-

ðïßçóç ðñïêáëåß êëÞóç ôçò refDiscarded êáé ðéèáíþò ôçí êáôáóôñïöÞ ôçò õëïðïßçóçò.

3.2 ÄéáóôÜóåéò êáé äõíáôïß êüóìïé

Ç õëïðïßçóç ôùí äéáóôÜóåùí êáé ôùí äõíáôþí êüóìùí ãßíåôáé ìå ôéò êëÜóåéò ðïõ ðåñéãñÜöïíôáé

óå áõôÞ ôçí ðáñÜãñáöï.

Óõíþíõìï ôýðïõ: DimIdentifier

Xñçóéìïðïéåßôáé ãéá ôá áíáãíùñéóôéêÜ äéáóôÜóåùí, áíôß ïíïìÜôùí.I typedef unsigned int DimIdentifier

Óõíþíõìï ôýðïõ: DimValue

Xñçóéìïðïéåßôáé ãéá ôéò ôéìÝò ôùí óçìåßùí ìéáò äéÜóôáóçò, ïé ïðïßåò åßíáé öõóéêïß áñéèìïß.
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I typedef unsigned int DimValue

ÊëÜóç: Dimension

Ç êëÜóç Dimension õëïðïéåß ìéá äéÜóôáóç. Ç ìüíç ðëçñïöïñßá ðïõ ðåñéÝ÷åé åßíáé ôï ìïíá-

äéêü áíáãíùñéóôéêü ôçò äéÜóôáóçò, ôï ïðïßï áðïäßäåôáé êáôÜ ôçí êáôáóêåõÞ ôçò äéÜóôáóçò. Ôá

ðåäßá ôçò êëÜóçò åßíáé ôá áêüëïõèá.� DimIdentifier dimId [protected]� DimIdentifier nextDimId [static, protected]I Dimension () [inline]I Dimension (const Dimension & d) [inline]I Dimension & operator= (const Dimension & d) [inline]I class PossibleWorld [friend]I ostream & operator<< (ostream & str, const Dimension & d) [friend]I bool operator== (const Dimension & x, const Dimension & y) [friend]I bool operator< (const Dimension & x, const Dimension & y) [friend]

ÊëÜóç: PossibleWorld

Ç êëÜóç PossibleWorld õëïðïéåß Ýíá äõíáôü êüóìï. Ôá áíôéêåßìåíÜ áõôÞò ôçò êëÜóçò

áíôéóôïé÷ïýí êÜèå äéÜóôáóç óôï ôñÝ÷ïí óçìåßï ôçò. Ïé ëåðôïìÝñåéåò õëïðïßçóçò ôçò êëÜóçò

PossibleWorld ðáñáëåßðïíôáé.� const PossibleWorld empty [static]

Áíôéóôïé÷åß óôïí êüóìï w0.I PossibleWorld () [inline]I PossibleWorld (const PossibleWorld & w) [inline]I �PossibleWorld () [inline]I PossibleWorld & operator= (const PossibleWorld & w) [inline]I void set (const Dimension & d, DimValue dimVal) [inline]

ÊÜíåé ôï ôñÝ÷ïí óçìåßï ôçò äéÜóôáóçò d ßóï ìå dimVal.I DimValue get (const Dimension & d,

bool required = true) const

[inline]

ÅðéóôñÝöåé ôï ôñÝ÷ïí óçìåßï ôçò äéÜóôáóçò d. Óå ðåñßðôùóç ðïõ ç äéÜóôáóç äåí åßíáé ïñé-

óìÝíç, áí ç ðáñÜìåôñïò required åßíáé áëçèÞò ôüôå ðñïêýðôåé óöÜëìá åêôÝëåóçò. Äéáöï-

ñåôéêÜ åðéóôñÝöåôáé ìéá åéäéêÞ ôéìÞ ðïõ áíôéóôïé÷åß óå ìç õðáñêôü óçìåßï.I size_t hash () const [inline]

×ñçóéìïðïéåßôáé áðü ôçí êëÜóç WarehouseKey.I class WarehouseKey [friend]
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I bool operator== (const PossibleWorld & w1,

const PossibleWorld & w2)

[friend]I ostream & operator<< (ostream & str,

const PossibleWorld & w)

[friend]

3.3 ÁðïèÞêç õðïëïãéóìÝíùí ôéìþí

Ãéá ôç âåëôßùóç ôçò áðüäïóçò åêôÝëåóçò åíüò ðñïãñÜììáôïò C++ ìå åíóùìáôùìÝíï êþäéêáGLU\, ç õëïðïßçóç óõìðåñéëáìâÜíåé ìéá áðïèÞêç (warehouse) óôçí ïðïßá áðïèçêåýïíôáé ïé õðï-

ëïãéóìÝíåò ôéìÝò ôùí åêöñÜóåùí, þóôå íá áðïöåýãåôáé ï ìåëëïíôéêüò åðáíõðïëïãéóìüò ôïõò.

Áõôü åßíáé åöéêôü ëüãù ôïõ óõíáñôçóéáêïý ÷áñáêôÞñá ôçò GLU\, ï ïðïßïò åîáóöáëßæåé üôé ç ôéìÞ

ìéáò Ýêöñáóçò óå Ýíá äïèÝíôá äõíáôü êüóìï äåí ìðïñåß íá ìåôáâÜëëåôáé.

ÊÜèå öïñÜ ðïõ æçôåßôáé íá õðïëïãéóèåß ìéá Ýêöñáóç óå Ýíá äõíáôü êüóìï, åëÝã÷åôáé áí ç

ôéìÞ õðÜñ÷åé Þäç óôçí áðïèÞêç. Óå áíôßèåôç ðåñßðôùóç, ãßíåôáé ï õðïëïãéóìüò êáé áðïèçêåýåôáé

óôçí áðïèÞêç ìéá åããñáöÞ ç ïðïßá ðåñéÝ÷åé:� ¸íá áíáãíùñéóôéêü ôçò Ýêöñáóçò ðïõ õðïëïãßóôçêå.� Ôï äõíáôü êüóìï óôïí ïðïßï Ýãéíå ï õðïëïãéóìüò. Áðü ôïí êüóìï áõôü äåí áðïèçêåýïíôáé

áðáñáßôçôá ôá óçìåßá üëùí ôùí äéáóôÜóåùí, áëëÜ ìüíï áõôþí áðü ôéò ïðïßåò åîáñôÜôáé ç

Ýêöñáóç. ¸ôóé åîáóöáëßæåôáé áöåíüò ÷þñïò óôç ìíÞìç, áöåôÝñïõ üôé ï õðïëïãéóìüò äå èá

åðáíáëçöèåß áêüìá êáé óå äéáöïñåôéêïýò äõíáôïýò êüóìïõò, ðïõ äå äéáöÝñïõí üóïí áöïñÜ

óôéò êñßóéìåò äéáóôÜóåéò.� Ôçí ôéìÞ ðïõ õðïëïãßóôçêå.

Ôï ìÝãåèïò ôçò áðïèÞêçò åßíáé ðåðåñáóìÝíï êáé, üôáí ãåìßóåé, ïé íåþôåñåò õðïëïãéóèåßóåò ôéìÝò

áíôéêáèéóôïýí ôéò ðáëáéüôåñåò.

ÊëÜóç: Warehouse

Õëïðïéåß ôçí áðïèÞêç. ×ñçóéìïðïéåß Ýíá ðßíáêá êáôáêåñìáôéóìïý ãéá ôç ãñÞãïñç ðñïóðÝ-

ëáóç óôéò åããñáöÝò ôçò áðïèÞêçò.� hash_map<WarehouseKey, WarehouseBase �> myMap [protected]� unsigned long mySize [protected]

Ôï ìÝãåèïò ôçò áðïèÞêçò (óå åããñáöÝò).� unsigned long myCount [protected]

Ï áñéèìüò ôùí åããñáöþí ðïõ ÷ñçóéìïðïéåßôáé.I Warehouse (unsigned long size) [inline]I �Warehouse () [inline]I void insert (const WarehouseKey & key, WarehouseBase � value) [inline]

ÐñïóèÞêç ìéáò åããñáöÞò óôçí áðïèÞêç.I WarehouseBase � lookup (const WarehouseKey & key) [inline]

ÁíáæÞôçóç ìéáò åããñáöÞò óôçí áðïèÞêç.
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ÊëÜóç: WarehouseBase

Ç áöçñçìÝíç áõôÞ êëÜóç ÷ñçóéìïðïéåßôáé ùò âÜóç ãéá ôçí êáôáóêåõÞ üëùí ôùí åããñáöþí

ôçò áðïèÞêçò. Åßíáé áðáñáßôçôç ç ÷ñÞóç ðïëõìïñöéóìïý ãéáôß ïé õðïëïãéóèåßóåò ôéìÝò ðïõ ôï-

ðïèåôïýíôáé óôçí áðïèÞêç åßíáé ãåíéêÜ áíôéêåßìåíá äéáöïñåôéêþí êëÜóåùí.I WarehouseBase () [inline, protected]I �WarehouseBase () [inline, virtual]

Template êëÜóçò: WarehouseEntry<T>
Õëïðïéåß ìéá åããñáöÞ, ç õðïëïãéóèåßóá ôéìÞ ôçò ïðïßáò åßíáé Ýíá áíôéêåßìåíï ôçò êëÜóçò T.F Êëçñïíïìåß ôçí êëÜóç: WarehouseBase [public]� T � element [protected]I WarehouseEntry () [inline, protected]I WarehouseEntry (const T & t) [inline]I �WarehouseEntry () [inline, virtual]I const T � fetch () const [inline]

ÊëÜóç: WarehouseKey

Ç êëÜóç áõôÞ õëïðïéåß ôï êëåéäß óôïí ðßíáêá êáôáêåñìáôéóìïý ðïõ ÷ñçóéìïðïéåßôáé ãéá ôçí

áðïèÞêç õðïëïãéóìÝíùí ôéìþí. ÐåñéÝ÷åé ùò ðëçñïöïñßá ôï áíáãíùñéóôéêü ôçò Ýêöñáóçò ðïõ

õðïëïãßóôçêå êáé ôï äõíáôü êüóìï óôïí ïðïßï Ýãéíå ï õðïëïãéóìüò.I typedef unsigned long int Identifier [protected]� Identifier myId [protected]� PossibleWorld myWorld [protected]I Identifier uniqueId [static, protected]I WarehouseKey (Identifier id) [inline]I WarehouseKey (const WarehouseKey & k) [inline]I WarehouseKey & operator= (const WarehouseKey & k) [inline]I Identifier getUniqueId () [inline, static]

×ñçóéìïðïéåßôáé ãéá ôçí êáôáóêåõÞ ìïíáäéêþí áíáãíùñéóôéêþí Ýôóé þóôå íá õðÜñ÷åé Ýíá

ãéá êÜèå äéáöïñåôéêÞ Ýêöñáóç ðïõ õðïëïãßæåôáé.I void addBindings (const set<Dimension> & depSet,

const PossibleWorld & w)

[inline]

ÐñïóèÝôåé óôïí äõíáôü êüóìï myId ôá óçìåßá ôùí äéáóôÜóåùí ðïõ âñßóêïíôáé óôï óýíïëï

depSet, ðáßñíïíôÜò ôá áðü ôïí êüóìï w. Êáô’ áõôü ôïí ôñüðï, áí ôï depSet åßíáé ôï óýíïëï

ôùí äéáóôÜóåùí áðü ôéò ïðïßåò åîáñôÜôáé ìéá Ýêöñáóç, áðïèçêåýïíôáé óôçí åããñáöÞ ìüíï

ôá óçìåßá áõôþí ôùí äéáóôÜóåùí.I class hash<WarehouseKey> [friend]
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I bool operator== (const WarehouseKey & k1,

const WarehouseKey & k2)

[friend]I ostream & operator<< (ostream & str, const WarehouseKey & k) [friend]

Óôéãìéüôõðï template êëÜóçò: hash<WarehouseKey>
Ç êëÜóç áõôÞ õëïðïéåß ìéá áðëÞ óõíÜñôçóç êáôáêåñìáôéóìïý ãéá áíôéêåßìåíá ôçò êëÜóçò

WarehouseKey.I size_t operator() (const WarehouseKey & key) const [inline]

3.4 ÏêíçñÝò õëïðïßçóåéò êáé ðåñéâëÞìáôá

Ç åíóùìÜôùóç ôçò GLU\ óôç C++ âáóßæåôáé óå ìéá éåñáñ÷ßá êëÜóåùí êáé templates êëÜóåùí

ðïõ áíôéðñïóùðåýïõí ïêíçñÝò õëïðïéÞóåéò êáé ðåñéâëÞìáôá. Ìå ôïí ôñüðï áõôü õëïðïéïýíôáé

óôç C++ ôá ïêíçñÜ áíôéêåßìåíá (lazy objects) ôçò GLU\, ç ôéìÞ ôùí ïðïßùí õðïëïãßæåôáé ìüíï üôáí

÷ñåéÜæåôáé íá ÷ñçóéìïðïéçèåß êáé ãåíéêÜ åîáñôÜôáé áðü ôï äõíáôü êüóìï óôïí ïðïßï ãßíåôáé ï

õðïëïãéóìüò.

Template êëÜóçò: Implementation<T>
Ôá áíôéêåßìåíá ôçò êëÜóçò Implementation<T> åßíáé õëïðïéÞóåéò ïêíçñþí áíôéêåéìÝíùí

ôýðïõ T. Ç êëÜóç áõôÞ åßíáé áöçñçìÝíç êáé äåí õëïðïéåß ðáñÜ åëÜ÷éóôåò ìåèüäïõò. Áõôü ãßíåôáé

óôéò êëÜóåéò ðïõ ôçí êëçñïíïìïýí.F Êëçñïíïìåß ôçí êëÜóç: RefCount [public]� set<Dimension> depSet [protected]

Ôï óýíïëï ôùí äéáóôÜóåùí áðü ôéò ïðïßåò åîáñôÜôáé ç ôéìÞ åíüò ïêíçñïý áíôéêåéìÝíïõ.� enum { READY, AGAIN, WAIT } depFlag [protected]

Ôï ðåäßï áõôü õðïäçëþíåé áí Ý÷åé âñåèåß ôï óýíïëï depSet. Ïé äõíáôÝò ðåñéðôþóåéò åßíáé:

íá Ý÷åé âñåèåß ôï óýíïëï (READY), íá ìçí Ý÷åé áêüìá âñåèåß (AGAIN) Þ ï õðïëïãéóìüò íá

ìçí Ý÷åé áêüìá ïëïêëçñùèåß (WAIT). Ï áëãüñéèìïò õðïëïãéóìïý ôïõ óõíüëïõ áðáéôåß ôç

äéÜêñéóç ôùí äõï ôåëåõôáßùí ðåñéðôþóåùí ãéá íá áíôéìåôùðéóèïýí ïé áíáäñïìéêïß ïñéóìïß.I Implementation () [inline, protected]I �Implementation () [inline, protected, virtual]I T evaluate () [pure virtual]

Ç óõíÜñôçóç áõôÞ õðïëïãßæåé ôçí ôéìÞ ôïõ áíôéêåéìÝíïõ óôïí ôñÝ÷ïíôá äõíáôü êüóìï. Ãéá

ôï óêïðü áõôü, óõíåñãÜæåôáé ìå ôçí áðïèÞêç õðïëïãéóìÝíùí ôéìþí, ìÝóù ôùí óõíáñôÞóåùí

whLookup êáé whInsert.I void depCalc () [inline, protected, virtual]

Õðïëïãßæåé ôï óýíïëï depSet.I void depInsert (const Dimension & d) [inline, protected]

ÐñïóèÝôåé óôï óýíïëï depSet ôç äéÜóôáóç d.
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I void depExclude (const Dimension & d) [inline, protected]

Áöáéñåß áðü ôï óýíïëï depSet ôç äéÜóôáóç d.I void depAdd (const set<Dimension> & s) [inline, protected]

ÐñïóèÝôåé óôï óýíïëï depSet üëåò ôéò äéáóôÜóåéò ðïõ ðåñéÝ÷ïíôáé óôï óýíïëï s.I const set<Dimension> & depGet (bool exhaustive) [inline]

Õðïëïãßæåé, áí áõôü åßíáé áðáñáßôçôï, êáé åðéóôñÝöåé ôï óýíïëï depSet. Ç ðáñÜìåôñïò

exhaustive õðïäåéêíýåé áí ï õðïëïãéóìüò ðñÝðåé íá ãßíåé åîáíôëçôéêÜ, õðïëïãßæïíôáò êáé

ôéò åîáñôÞóåéò üëùí ôùí õëïðïéÞóåùí áðü ôéò ïðïßåò åîáñôÜôáé ç ðáñïýóá. Óôçí ðåñßðôùóç

áõôÞ, ï õðïëïãéóìüò åðáíáëáìâÜíåôáé ìÝ÷ñéò üôïõ ôï áðïôÝëåóìá äå ìåôáâëçèåß ìåôáîý äõï

äéáäï÷éêþí åðáíáëÞøåùí.I const set<Dimension> & depRaw () const [inline]

ÅðéóôñÝöåé ôçí ôñÝ÷ïõóá ôéìÞ ôïõ depSet.I bool depMustRecalc () const [inline]

ÅðéóôñÝöåé true áí ôï óýíïëï depSetðñÝðåé íá õðïëïãéóèåß êáé ðÜëé, äéáöïñåôéêÜ false.I void printOn (ostream & str) const [protected, pure virtual]I class LazyWrapper<T> [friend]I ostream & operator<< (ostream & str,

Implementation<T> & impl)

[friend]

Áíôéêåßìåíï: theWorld

ÐáñéóôÜíåé áíÜ ðÜóá óôéãìÞ ôïí ôñÝ÷ïíôá äõíáôü êüóìï, óôïí ïðïßï ãßíåôáé ç áðïôßìçóç

üëùí ôùí ïêíçñþí áíôéêåéìÝíùí.� PossibleWorld theWorld

Template óõíÜñôçóçò: whLookup

ÅëÝã÷åé áí ç ôéìÞ ôçò õëïðïßçóçò i, óôçí ïðïßá Ý÷åé áðïäïèåß ôï êëåéäß id, Ý÷åé ðñïçãïõìÝ-

íùò õðïëïãéóèåß óôï äõíáôü êüóìï w. Áí íáé, åðéóôñÝöåôáé Ýíáò äåßêôçò óôï Þäç õðïëïãéóìÝíï

áðïôÝëåóìá, äéáöïñåôéêÜ åðéóôñÝöåôáé NULL.I template <class T>
const T � whLookup (Implementation<T> & i,

WarehouseKey::Identifier id,

const PossibleWorld & w)

[inline]

Template óõíÜñôçóçò: whInsert

Áðïèçêåýåé óôçí áðïèÞêç ôçí ôéìÞ t ãéá ôçí õëïðïßçóç i, óôçí ïðïßá Ý÷åé áðïäïèåß ôï êëåéäß

id. Ï êüóìïò w åßíáé ï äõíáôüò êüóìïò óôïí ïðïßï Ýãéíå ï õðïëïãéóìüò.I template <class T>
const T & whInsert (Implementation<T> & i,

WarehouseKey::Identifier id,

const PossibleWorld & w,

const T &t)

[inline]
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Template êëÜóçò: LazyWrapper<T>
Ãéá êÜèå ôýðï T ôçò C++, ôï template áõôü ïñßæåé Ýíá ôýðï LazyWrapper<T>, ôá óôïé÷åßá ôïõ

ïðïßïõ åßíáé ïêíçñÜ áíôéêåßìåíá ôïõ ôýðïõ T. Ôï óõíþíõìï GLU ìðïñåß íá ÷ñçóéìïðïéåßôáé óôç

èÝóç ôïõ LazyWrapper. Ïé ôýðïé äåäïìÝíùí real êáé bool ôçò GLU\ ìðïñïýí íá ìåôáöñáóèïýí

ùò GLU<double> êáé GLU<bool> áíôßóôïé÷á.F Êëçñïíïìåß ôçí êëÜóç: Wrapper< Implementation<T> > [public]

Ç êëÜóç ðåñéÝ÷åé õëïðïéÞóåéò ôçò ìïñöÞò Implementation<T>. Ïé ðåñéóóüôåñåò ìÝèï-

äïé áðëÜ êáëïýí ôéò áíôßóôïé÷åò ìåèüäïõò ôçò õëïðïßçóçò. ÅéäéêÞ ìÝñéìíá ëáìâÜíåôáé ãéá

ôçí áíôéìåôþðéóç áíáäñïìéêþí ïñéóìþí.I WrappedImplementation<T> � wrapped [mutable, protected]

Áí ç õëïðïßçóç ðïõ áíôéóôïé÷åß óôï ðåñßâëçìá äåí Ý÷åé áêüìá ïñéóèåß, ôï ðåäßï áõôü ðåñéÝ-

÷åé Ýíá äåßêôç óå ìéá åíäéÜìåóç õëïðïßçóç, ìÝóù ôçò ïðïßáò åßíáé äõíáôü íá õëïðïéçèïýí

áíáäñïìéêïß ïñéóìïß.I LazyWrapper () [inline]I LazyWrapper (const LazyWrapper & w) [inline]I LazyWrapper (Implementation<T> & i) [inline]I LazyWrapper (const T & t) [inline]

ÊáôáóêåõÜæåé Ýíá ïêíçñü áíôéêåßìåíï ìå óôáèåñÞ ôéìÞ, ÷ñçóéìïðïéþíôáò ôçí õëïðïßçóç

ConstImplementation<T>.I const LazyWrapper<T> & operator= (const LazyWrapper<T> & w) [inline]

ÔåëåóôÞò áíÜèåóçò ðïõ ìåôáîý Üëëùí öñïíôßæåé þóôå íá åíçìåñùèåß ç åíäéÜìåóç õëï-

ðïßçóç ìå ôçí ôåëéêÞ Ýêöñáóç ðïõ ïñßæåé ôï áíôéêåßìåíï.I operator Implementation & () const [inline]

ÅðéóôñÝöåé ôçí ôñÝ÷ïõóá õëïðïßçóç ðïõ ðåñéÝ÷åôáé óôï ðåñßâëçìá. ÅðéóôñÝöåé ôçí åíäéÜ-

ìåóç õëïðïßçóç, áí ôï ðåñßâëçìá äåí ðåñéÝ÷åé áêüìá êÜðïéá õëïðïßçóç.I T evaluate () const [inline]I void depCalc () const [inline, protected]

Template êëÜóçò: ConstImplementation<T>
Õëïðïßçóç åíüò óôáèåñïý áíôéêåéìÝíïõ, ç ôéìÞ ôïõ ïðïßïõ åßíáé Þäç õðïëïãéóìÝíç êáé äåí

åîáñôÜôáé áðü ôïí ôñÝ÷ïíôá äõíáôü êüóìï. ÔÝôïéåò óôáèåñÝò ôéìÝò äåí áðïèçêåýïíôáé.F Êëçñïíïìåß ôçí êëÜóç: Implementation<T> [public]� T constant [protected]I ConstImplementation (const T & t) [inline]I T evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, virtual]
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Template êëÜóçò: WrappedImplementation<T>
Õëïðïßçóç åíüò áíôéêåéìÝíïõ ôï ïðïßï ðáßñíåé ôçí ôéìÞ ôïõ Üìåóá áðü ìéá Üëëç õëïðïßçóç.

×ñçóéìïðïéåßôáé ùò åíäéÜìåóç õëïðïßçóç ìåôáâëçôþí ðïõ äåí Ý÷ïõí áêüìá ïñéóèåß. ÔÝôïéåò

õëïðïéÞóåéò ÷ñçóéìïðïéïýíôáé áíáðüöåõêôá óå áíáäñïìéêïýò ïñéóìïýò.F Êëçñïíïìåß ôçí êëÜóç: Implementation<T> [public]� Implementation<T> � patched [protected]

ÐåñéÝ÷åé ôçí ôåëéêÞ ôéìÞ ôçò åíäéÜìåóçò õëïðïßçóçò, üôáí áõôÞ ôåëéêÜ ãßíåé ãíùóôÞ.I WrappedImplementation () [inline, protected]I �WrappedImplementation () [inline, virtual, protected]I void depCalc () [inline, protected, virtual]I T evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, protected, virtual]I void patch (Implementation<T> � i) [inline, protected]

Åíçìåñþíåé ôçí ôéìÞ ôïõ ðåäßïõ patched, ìÝóù ôïõ ïðïßïõ ç åíäéÜìåóç õëïðïßçóç ðáßñíåé

ôçí ôåëéêÞ ôçò ôéìÞ.I class LazyWrapper<T> [friend]

Template êëÜóçò: UnOpImplementation<A, R>
Õëïðïßçóç ôåëåóôÞ ìå Ýíá ôåëïýìåíï ôýðïõ A êáé áðïôÝëåóìá ôýðïõ R. ×ñçóéìïðïéåßôáé ùò

âáóéêÞ êëÜóç ãéá ôéò õëïðïéÞóåéò óõãêåêñéìÝíùí ôåëåóôþí.F Êëçñïíïìåß ôçí êëÜóç: Implementation<R> [public]� WarehouseKey::Identifier whIdentifier [protected]

Ôï êëåéäß ìå ôï ïðïßï áðïèçêåýåôáé ç õðïëïãéóìÝíç ôéìÞ áõôïý ôïõ áíôéêåéìÝíïõ.� const char � opName [protected]

Ôï üíïìá ôïõ ôåëåóôÞ.� Implementation<A> � implArg [protected]

Ç õëïðïßçóç ôïõ ôåëïýìåíïõ.I UnOpImplementation (const char � n,

Implementation<A> & a)

[inline, protected]I �UnOpImplementation () [inline, protected, virtual]I void depCalc () [inline, protected, virtual]

Template êëÜóçò: UMinusImplementation<T>
Õëïðïßçóç ôïõ ôåëåóôÞ áñíçôéêïý ðñïóÞìïõ. Ìå ðáñüìïéï ôñüðï õëïðïéïýíôáé êáé ïé õðü-

ëïéðïé ôåëåóôÝò ìå Ýíá ôåëïýìåíï. Óå êáèÝíá áðü áõôïýò áíôéóôïé÷åß ìéá êëÜóç.F Êëçñïíïìåß ôçí êëÜóç: UnOpImplementation<T, T> [public]I UMinusImplementation (Implementation<A> & a) [inline]
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I T evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, virtual]

Template óõíÜñôçóçò: operator-

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ áñíçôéêïý ðñïóÞìïõ óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> operator- (const LazyWrapper<T> & a) [inline]

Template êëÜóçò: BinOpImplementation<A, B, R>
Õëïðïßçóç ôåëåóôÞ ìå äõï ôåëïýìåíá ôýðïõ A êáé B êáé áðïôÝëåóìá ôýðïõ R. ×ñçóéìïðïéåßôáé

ùò âáóéêÞ êëÜóç ãéá ôéò õëïðïéÞóåéò óõãêåêñéìÝíùí ôåëåóôþí.F Êëçñïíïìåß ôçí êëÜóç: Implementation<R> [public]� WarehouseKey::Identifier whIdentifier [protected]

Ôï êëåéäß ìå ôï ïðïßï áðïèçêåýåôáé ç õðïëïãéóìÝíç ôéìÞ áõôïý ôïõ áíôéêåéìÝíïõ.� const char � opName [protected]

Ôï üíïìá ôïõ ôåëåóôÞ.� Implementation<A> � implLeft [protected]

Ç õëïðïßçóç ôïõ áñéóôåñïý ôåëïõìÝíïõ.� Implementation<B> � implRight [protected]

Ç õëïðïßçóç ôïõ äåîéïý ôåëïõìÝíïõ.I BinOpImplementation (const char � n,

Implementation<A> & a,

Implementation<B> & b)

[inline, protected]I �BinOpImplementation () [inline, protected, virtual]I void depCalc () [inline, protected, virtual]

Template êëÜóçò: PlusImplementation<T>
Õëïðïßçóç ôïõ ôåëåóôÞ ôçò ðñüóèåóçò. Ìå ðáñüìïéï ôñüðï õëïðïéïýíôáé êáé ïé õðüëïéðïé

ôåëåóôÝò ìå äýï ôåëïýìåíá. Óå êáèÝíá áðü áõôïýò áíôéóôïé÷åß ìéá êëÜóç.F Êëçñïíïìåß ôçí êëÜóç: BinOpImplementation<T, T, T> [public]I PlusImplementation (Implementation<A> & a,

Implementation<B> & b)

[inline]I T evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, virtual]

Template óõíÜñôçóçò: operator+

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ ôçò ðñüóèåóçò óå ïêíçñÜ áíôéêåßìåíá.
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I template <class T>
LazyWrapper<T> operator+ (const LazyWrapper<T> & a,

const LazyWrapper<T> & b)

[inline]

Template êëÜóçò: CondImplementation<T>
Ç êëÜóç áõôÞ õëïðïéåß ôïí ôåëåóôÞ óõíèÞêçò if : : : then : : : else : : :.F Êëçñïíïìåß ôçí êëÜóç: Implementation<T> [public]� WarehouseKey::Identifier whIdentifier [protected]

Ôï êëåéäß ìå ôï ïðïßï áðïèçêåýåôáé ç õðïëïãéóìÝíç ôéìÞ áõôïý ôïõ áíôéêåéìÝíïõ.� Implementation<bool> � implCond [protected]

Ç õëïðïßçóç ôçò óõíèÞêçò.� Implementation<T> � implThen [protected]

Ç õëïðïßçóç ôïõ åíüò åíáëëáêôéêïý áíôéêåéìÝíïõ.� Implementation<T> � implElse [protected]

Ç õëïðïßçóç ôïõ Üëëïõ åíáëëáêôéêïý áíôéêåéìÝíïõ.I CondImplementation (Implementation<bool> & c,

Implementation<T> & a,

Implementation<T> & b)

[inline]I �CondImplementation () [inline, protected, virtual]I void depCalc () [inline, protected, virtual]I T evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: cond

Ç óõíÜñôçóç áõôÞ åðéôñÝðåé ôçí êáôáóêåõÞ ïêíçñþí áíôéêåéìÝíùí ôçò ìïñöÞò if : : : then: : : else : : :. Äõóôõ÷þò äåí åßíáé äõíáôÞ ç ÷ñÞóç ôïõ ôåëåóôÞ ?: ôçò C++, ç õðåñöüñôùóç ôïõ

ïðïßïõ äåí åðéôñÝðåôáé. ÅðéðëÝïí, äåí åßíáé äõíáôÞ ç ÷ñÞóç ôçò åíôïëÞò if ôçò ãëþóóáò ãéáôß

áõôü èá ïäçãïýóå óôçí Üìåóç áðïôßìçóç ôçò óõíèÞêçò êáé äå èá Þôáí óýìöùíï ìå ôçí ïêíçñÞ

óçìáóéïëïãßá ôçò GLU\.I template <class T>
LazyWrapper<T> cond (const LazyWrapper<bool> & c,

const LazyWrapper<T> & a,

const LazyWrapper<T> & b)

[inline]

Template êëÜóçò: FbyImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ fby.F Êëçñïíïìåß ôçí êëÜóç: BinOpImplementation<T, T, T> [public]� Dimension dim [protected]
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I FbyImplementation (const Dimension & d,

Implementation<T> & a,

Implementation<T> & b)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: fby

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ fby óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> fby (const Dimension & d,

const LazyWrapper<T> & a,

const LazyWrapper<T> & b)

[inline]

Template êëÜóçò: FirstImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ first.F Êëçñïíïìåß ôçí êëÜóç: UnOpImplementation<T, T> [public]� Dimension dim [protected]I FirstImplementation (const Dimension & d,

Implementation<T> & a)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: first

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ first óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> first (const Dimension & d,

const LazyWrapper<T> & a)

[inline]

Template êëÜóçò: NextImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ next.F Êëçñïíïìåß ôçí êëÜóç: UnOpImplementation<T, T> [public]� Dimension dim [protected]I NextImplementation (const Dimension & d,

Implementation<T> & a)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

27



Template óõíÜñôçóçò: next

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ next óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> next (const Dimension & d,

const LazyWrapper<T> & a)

[inline]

Template êëÜóçò: AtImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ at.F Êëçñïíïìåß ôçí êëÜóç: BinOpImplementation<T, DimValue, T> [public]� Dimension dim [protected]I AtImplementation (const Dimension & d,

Implementation<T> & a,

Implementation<DimValue> & b)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: at

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ at óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> at (const Dimension & d,

const LazyWrapper<T> & a,

const LazyWrapper<DimValue> & b)

[inline]

ÊëÜóç: HashImplementation

Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ value.F Êëçñïíïìåß ôçí êëÜóç: Implementation<DimValue> [public]� Dimension dim [protected]I HashImplementation (const Dimension & d) [inline]I DimValue evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

ÓõíÜñôçóç: value

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ value ùò ïêíçñïý áíôéêåéìÝíïõ.I LazyWrapper<DimValue> value (const Dimension & d) [inline]

Template êëÜóçò: AsaImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ asa.
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F Êëçñïíïìåß ôçí êëÜóç: BinOpImplementation<T, bool, T> [public]� Dimension dim [protected]I AsaImplementation (const Dimension & d,

Implementation<T> & a,

Implementation<bool> & b)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: asa

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ asa óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> asa (const Dimension & d,

const LazyWrapper<T> & a,

const LazyWrapper<bool> & b)

[inline]

Template êëÜóçò: WvrImplementation<T>
Õëïðïßçóç ôïõ íïçìáôéêïý ôåëåóôÞ wvr.F Êëçñïíïìåß ôçí êëÜóç: BinOpImplementation<T, bool, T> [public]� Dimension dim [protected]I WvrImplementation (const Dimension & d,

Implementation<T> & a,

Implementation<bool> & b)

[inline]I T evaluate () [inline, virtual]I void depCalc () [inline, protected, virtual]I void printOn (ostream & str) const [inline, protected, virtual]

Template óõíÜñôçóçò: wvr

ÓõíÜñôçóç ðïõ åðéôñÝðåé ôç ÷ñÞóç ôïõ ôåëåóôÞ wvr óå ïêíçñÜ áíôéêåßìåíá.I template <class T>
LazyWrapper<T> wvr (const Dimension & d,

const LazyWrapper<T> & a,

const LazyWrapper<bool> & b)

[inline]

3.5 ÏêíçñÝò óõíáñôÞóåéò

Ïé óõíáñôÞóåéò ôçò C++ ìðïñïýí ãåíéêÜ íá ÷ñçóéìïðïéçèïýí ãéá ôçí õëïðïßçóç íïçìáôéêþí

óõíáñôÞóåùí ðïõ äåí õðïóôçñßæïíôáé áðåõèåßáò áðü ôçí GLU\. ÕðÜñ÷åé üìùò ìéá óçìáóéïëïãéêÞ

áíôßöáóç ìåôáîý ôùí ïêíçñþí íïçìáôéêþí óõíáñôÞóåùí ðïõ èá ðåñßìåíå êáíåßò áðü ôçí GLU\ êáé

ôùí ðñüèõìùí óõíáñôÞóåùí ôçò C++, ðïõ ðÜíôïôå õðïëïãßæïõí ôéò ðáñáìÝôñïõò êáé ðñï÷ùñïýí
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óôçí åêôÝëåóç ôçò óõíÜñôçóçò. Ôï ðñüâëçìá ãßíåôáé áíôéëçðôü ìå ôï ðáñÜäåéãìá ðïõ áêïëïõèåß.

¸óôù üôé ðñüêåéôáé íá õëïðïéçèåß ç óõíÜñôçóç f ç ïðïßá ïñßæåôáé (óå GLU) ùò åîÞò:

f(x) = x fby.t f(x) + 1;

üðïõ õðïèÝôïõìå üôé ç ðáñÜìåôñïò x êáèþò êáé ôï áðïôÝëåóìá ôçò óõíÜñôçóçò åßíáé áêÝñáéïé

áñéèìïß. Åýêïëá äéáðéóôþíåé êáíåßò üôé ç Ýêöñáóç f(x) ðåñéãñÜöåé Ýíá ïêíçñü áíôéêåßìåíï,

ç ôéìÞ ôïõ ïðïßïõ ìåôáâÜëëåôáé ùò ðñïò ôç äéÜóôáóç t ðáßñíïíôáò êáô’ áýîïõóá óåéñÜ üëåò ôéò

áêÝñáéåò ôéìÝò ðïõ åßíáé ìåãáëýôåñåò Þ ßóåò ôïõ x. Ãéá ôçí õëïðïßçóç ôçò f óå C++ ìå åíóùìá-

ôùìÝíç GLU\ èá ìðïñïýóå êáíåßò íá ãñÜøåé ôïí åîÞò êþäéêá:

GLU<int> f (GLU<int> x)

{

return fby(t, x, f(x) + 1);

}

Ï êþäéêáò üìùò áõôüò äåí åßíáé óùóôüò. Óôç C++, ìéá Ýêöñáóç ôçò ìïñöÞò f(x) ðñïêáëåß

êáô’ áñ÷Þí ôïí õðïëïãéóìü ôïõ x, ðïõ óùóôÜ ùò ïêíçñü áíôéêåßìåíï äåí õðïëïãßæåôáé ðáñÜ ìüíï

ìå êëÞóç ôçò ìåèüäïõ evaluate, üìùò óôç óõíÝ÷åéá ðñïêáëåß ôçí êëÞóç ôçò óõíÜñôçóçò f.

Áõôü ìå ôç óåéñÜ ôïõ ïäçãåß áìÝóùò óôïí õðïëïãéóìü ôçò Ýêöñáóçò fby(t, x, f(x) + 1),

ï ïðïßïò óõìðåñéëáìâÜíåé êáé ðÜëé ôïí õðïëïãéóìü ôçò Ýêöñáóçò f(x). ÊáôÜ óõíÝðåéá, ç åêôÝ-

ëåóç ôïõ ðñïãñÜììáôïò äå èá ôåñìáôéóôåß ðïôÝ.

Óôçí ðåñßðôùóç áõôÞ ðñÝðåé ðñïöáíþò íá åðéôåõ÷èåß ç êáèõóôÝñçóç ôçò áðïôßìçóçò ôçò

Ýêöñáóçò f(x) ìÝóá óôï óþìá ôçò óõíÜñôçóçò f. Áõôü ãßíåôáé ìå ÷ñÞóç ôïõ template óõíÜñ-

ôçóçò lazy, ôï ïðïßï ïñßæåôáé óå áõôÞ ôçí ðáñÜãñáöï êáé åðéôñÝðåé ôçí ïêíçñÞ åöáñìïãÞ óõ-

íáñôÞóåùí. Ìå ÷ñÞóç ôïõ lazy, ï êþäéêáò ôçò f ãßíåôáé:

GLU<int> f (GLU<int> x)

{

return fby(t, x, lazy(f)(x) + 1);

}

Ç Ýêöñáóç lazy(f) åßíáé óôçí ïõóßá ìéá óõíÜñôçóç éóïäýíáìç ôçò f, ç åöáñìïãÞ üìùò ôçò

ïðïßáò ãßíåôáé ìå ïêíçñü ôñüðï. ¸ôóé, ç åêôÝëåóç ôçò óõíÜñôçóçò f èá ãßíåé óôçí ðñáãìáôéêü-

ôçôá üôáí èá ÷ñåéáóôåß íá áðïôéìçèåß ôï ïêíçñü áíôéêåßìåíï lazy(f)(x), ìÝóù ìéáò êëÞóçò ôçò

ìåèüäïõ evaluate.

Template êëÜóçò: LazyAppImplementation1<R, T>
Ôá áíôéêåßìåíá ôçò êëÜóçò LazyAppImplementation1<R, T> õëïðïéïýí ïêíçñÜ áíôéêåé-

ìÝíá ôýðïõ R, ç ôéìÞ ôùí ïðïßùí ðñïêýðôåé áðü ôçí åöáñìïãÞ êÜðïéáò óõíÜñôçóçò ðÜíù óå ìéá

ðáñÜìåôñï ôýðïõ T.F Êëçñïíïìåß ôçí êëÜóç: Implementation<R>I typedef LazyWrapper<R> FunctionType (T)

Ï ôýðïò ôçò óõíÜñôçóçò ðïõ êáëåßôáé.� FunctionType � function [protected]

¸íáò äåßêôçò óôç óõíÜñôçóç.
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� T argument [protected]

Ç õðïëïãéóìÝíç ôéìÞ ôçò ðáñáìÝôñïõ.I LazyAppImplementation1 (FunctionType � f, const T & arg) [inline]I R evaluate () [inline, virtual]I void printOn (ostream & str) const [inline, virtual]

Template êëÜóçò: LazyFunction1<R, T>
Ç êëÜóç LazyFunction1<R, T> õëïðïéåß ïêíçñÝò óõíáñôÞóåéò ìå ìéá ðáñÜìåôñï ôýðïõ T

êáé ïêíçñü áðïôÝëåóìá ôýðïõ R.I typedef LazyWrapper<R> FunctionType (T)

Ï ôýðïò ôçò óõíÜñôçóçò ðïõ ðñüêåéôáé íá ìåôáôñáðåß óå ïêíçñÞ.� FunctionType � function [protected]

¸íáò äåßêôçò óôç óõíÜñôçóç.I LazyFunction1 (FunctionType � f) [inline]I LazyFunction1 (const LazyFunction1<R, T> & lf) [inline]I LazyWrapper<R> operator() (const T & arg) const [inline]

Ï ôåëåóôÞò åöáñìïãÞò ôçò óõíÜñôçóçò åðéóôñÝöåé Ýíá ïêíçñü ðåñßâëçìá ìéáò õëïðïßçóçò

ôýðïõ LazyAppImplementation1<R, T>.I class LazyAppImplementation1<R, T> [friend]

Template óõíÜñôçóçò: lazy

×ñçóéìïðïéåßôáé ãéá ôç ìåôáôñïðÞ ìéáò êïéíÞò óõíÜñôçóçò ôçò C++ óå ïêíçñÞ óõíÜñôçóç.I template <class R, class T>

LazyFunction1<R, T> lazy (LazyWrapper<R> (� f) (T))

Ôá ðáñáðÜíù templates LazyAppImplementation1<R, T>, LazyFunction1<R, T> êáé

lazy õëïðïéïýí ïêíçñÝò óõíáñôÞóåéò ðïõ äÝ÷ïíôáé ìéá ðáñÜìåôñï. Ìå ðáñüìïéï ôñüðï Ý÷ïõí

õëïðïéçèåß templates ãéá ïêíçñÝò óõíáñôÞóåéò ÷ùñßò ðáñáìÝôñïõò Þ ìå 1 < n � 3 ðáñáìÝôñïõò.

3.6 ÌåôÜöñáóç GLU\ óå C++

Ç åíóùìÜôùóç êþäéêá GLU\ óå C++ äåí ìðïñåß íá áêïëïõèåß áêñéâþò ôïõò êáíüíåò óýíôáîçò

ôçò GLU\, áöåíüò ëüãù ðåñéïñéóìþí óôç óýíôáîç ôçò C++, áöåôÝñïõ ëüãù åããåíþí áäõíáìéþí

óôïí ôñüðï õëïðïßçóçò ôùí ïêíçñþí áíôéêåéìÝíùí. Óå áõôÞ ôçí ðáñÜãñáöï ðåñéãñÜöåôáé ï ôñü-

ðïò ìåôÜöñáóçò ôïõ êþäéêá GLU\ þóôå íá ìðïñåß íá åíóùìáôùèåß óå Ýíá ðñüãñáììá C++. Ç

ìåôÜöñáóç åßíáé åýêïëï íá ãßíåé ìç÷áíéêÜ êáé äåí åðéöÝñåé óçìáíôéêÝò áëëáãÝò óôïí êþäéêá. Ï

ôñüðïò ìåôÜöñáóçò ôùí åêöñÜóåùí ôçò GLU\ öáßíåôáé óôï ó÷Þìá 4.

Ïé äéáóôÜóåéò ðïõ ÷ñçóéìïðïéïýíôáé óå Ýíá ðñüãñáììá GLU\ ðñÝðåé óôç C++ íá äçëþíïíôáé

ñçôÜ. Áõôü óçìáßíåé üôé ãéá êÜèå äéÜóôáóç d ðñÝðåé íá õðÜñ÷åé ìéá äÞëùóç ôçò ìïñöÞò:

Dimension d;
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¸êöñáóç GLU\: expr Áíôßóôïé÷ç Ýêöñáóç C++ : exprvar varnum num
true true

false false

( expr ) ( expr )unop expr unop exprexpr1 binop expr2 expr1 binop expr2
if expr then expr1 else expr2 cond(expr, expr1, expr2)
# . dim value(dim)expr1 @ . dim expr2 at(dim, expr1, expr2)
first . dim expr first(dim, expr)
next . dim expr next(dim, expr)expr1 fby . dim expr2 fby(dim, expr1, expr2)expr1 asa . dim expr2 asa(dim, expr1, expr2)expr1 wvr . dim expr2 wvr(dim, expr1, expr2)

Ó÷Þìá 4: ÌåôÜöñáóç åêöñÜóåùí GLU\ óå C++.

Ïé ôýðïé ôçò GLU\ ìåôáöñÜæïíôáé óôç C++ óå ôýðïõò ïêíçñþí áíôéêåéìÝíùí. Ï ôýðïò real ãñÜ-

öåôáé GLU<double> êáé ï ôýðïò bool ãñÜöåôáé GLU<bool>. Ãéá ðáñÜäåéãìá, ï ïñéóìüò

real min = if x < y then x else y;

ìðïñåß íá ìåôáöñáóôåß ùò

GLU<double> min = cond(x < y, x, y);

Éäéáßôåñç ðñïóï÷Þ ÷ñåéÜæåôáé óôçí ðåñßðôùóç ðïõ ç áêïëïõèßá ïñéóìþí ôïõ ðñïãñÜììáôïò

ðåñéÝ÷åé ðñùèýóôåñá Þ áíáäñïìéêïýò ïñéóìïýò. Áí ç Ýêöñáóç ðïõ ïñßæåé ôç ìåôáâëçôÞ x áíá-

öÝñåôáé óå ìéá ìåôáâëçôÞ y ðïõ ïñßæåôáé áñãüôåñá, ôüôå óôï ðñüãñáììá C++ ðñÝðåé íá Ý÷åé

ðñïçãçèåß ìéá äÞëùóç ôçò ìåôáâëçôÞò y ìå ôïí êáôÜëëçëï ôýðï. Ôï ßäéï éó÷ýåé áí ç Ýêöñáóç

áíáöÝñåôáé óôçí ßäéá ôç ìåôáâëçôÞ x ðïõ ïñßæåôáé. Ãéá íá äéåõêïëõíèåß ç áõôïìáôïðïßçóç ôçò

ìåôÜöñáóçò, åßíáé áðëïýóôåñï íá äçëþíïíôáé óôçí áñ÷Þ üëåò ïé ìåôáâëçôÝò ìå ôïõò ôýðïõò ôïõò,

êáé óôç óõíÝ÷åéá íá áêïëïõèïýí ïé ïñéóìïß. Ôï ðáñáêÜôù ðáñÜäåéãìá ïñßæåé ôéò áêïëïõèßåò ôùí

ðåñéôôþí êáé Üñôéùí öõóéêþí áñéèìþí.

real even = 0 fby.t odd + 1;

real odd = even + 1;

êáé ìðïñåß íá ìåôáöñáóôåß ùò

Dimension t;

GLU<double> even;

GLU<double> odd;
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even = fby(t, 0, odd + 1);

odd = even + 1;

4 Ðáñáäåßãìáôá

Ôá ðáñáäåßãìáôá ðïõ ðáñïõóéÜæïíôáé óå áõôÞ ôçí åíüôçôá áöïñïýí ðñïâëÞìáôá åðéóôçìïíéêþí

õðïëïãéóìþí êáé ðåñéãñÜöïíôáé áíáëõôéêÜ óôçí åñãáóßá [Paqu99]. ÌéêñÝò áðáñáßôçôåò áëëáãÝò

Ý÷ïõí ãßíåé, óôçí ðåñßðôùóç ðñïãñáììÜôùí GLU ðïõ ðåñéÝ÷ïõí óõíáñôÞóåéò Þ äïìÝò where.

4.1 Áñéèìïß Fibonacci

Ôï ðáñÜäåéãìá áõôü õðïëïãßæåé ôïí 17ï áñéèìü Fibonacci. Ç áêïëïõèßá ôùí áñéèìþí Fibonacci

ïñßæåôáé ìå ôïí ôýðï:

fib(0) = 0
fib(1) = 1
fib(n) = fib(n� 1) + fib(n� 2) ; 8n � 2

Ôï ðñüãñáììá ðïõ áêïëïõèåß ÷ñçóéìïðïéåß Ýíáí áìïéâáßá áíáäñïìéêü ïñéóìü êáé õðïëïãßæåé ôçí

áêïëïõèßá ôùí áñéèìþí Fibonacci óôç ìåôáâëçôÞ fib, êáôÜ ìÞêïò ôçò äéÜóôáóçò t.

#include "glu.hpp"

int main ()

{

Dimension t;

GLU<double> fib;

GLU<double> g;

fib = fby(t, 0, g);

g = fby(t, 1, fib + g);

theWorld.set(t, 17);

cout << "fib(17) = " << fib.evaluate() << endl;

return 0;

}

Ôï áðïôÝëåóìá ôçò åêôÝëåóçò ôïõ ðñïãñÜììáôïò åßíáé ôï áêüëïõèï:

fib(17) = 1597
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4.2 Ôï êüóêéíï ôïõ ÅñáôïóèÝíç

¸íáò áðü ôïõò ðéï áðïäïôéêïýò ôñüðïõò õðïëïãéóìïý ðñþôùí áñéèìþí åßíáé ôï êüóêéíï ôïõ Åñá-

ôïóèÝíç (Eratosthene’s sieve). Ôï ðñüãñáììá ðïõ áêïëïõèåß õðïëïãßæåé ôïõò ðñþôïõò áñéèìïýò óôç

ìåôáâëçôÞ prime, êáôÜ ìÞêïò ôçò äéÜóôáóçò y. Áò óçìåéùèåß üôé ç õëïðïßçóç ôïõ áëãïñßèìïõ

áðïôåëåßôáé áðü ôñåéò ãñáììÝò êþäéêá GLU\, ç ðñþôç áðü ôéò ïðïßåò ïñßæåé ôçí áêïëïõèßá ôùí

öõóéêþí áñéèìþí ðïõ åßíáé ìåãáëýôåñïé ôïõ 2.

#include "glu.hpp"

int main ()

{

Dimension x, y;

GLU<unsigned long int> ints;

GLU<unsigned long int> sieve;

GLU<unsigned long int> prime;

ints = fby(x, 2, ints + 1);

sieve = fby(y, ints, wvr(x, sieve, sieve % prime != 0));

prime = first(x, sieve);

for (DimValue i=0; i<100; i++) {

theWorld.set(y, i);

cout << prime.evaluate() << ", ";

if (i % 12 == 11) cout << endl;

}

cout << "done." << endl;

return 0;

}

Ôï áðïôÝëåóìá ôçò åêôÝëåóçò ôïõ ðñïçãïýìåíïõ ðñïãñÜììáôïò åßíáé ïé åêáôü ìéêñüôåñïé ðñþôïé

áñéèìïß:

2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37,

41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89,

97, 101, 103, 107, 109, 113, 127, 131, 137, 139, 149, 151,

157, 163, 167, 173, 179, 181, 191, 193, 197, 199, 211, 223,

227, 229, 233, 239, 241, 251, 257, 263, 269, 271, 277, 281,

283, 293, 307, 311, 313, 317, 331, 337, 347, 349, 353, 359,

367, 373, 379, 383, 389, 397, 401, 409, 419, 421, 431, 433,

439, 443, 449, 457, 461, 463, 467, 479, 487, 491, 499, 503,

509, 521, 523, 541, done.

4.3 Áñéèìïß Hamming

Áñéèìïß Hamming ïíïìÜæïíôáé ïé áñéèìïß ôçò ìïñöÞò:
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2i � 3j � 5k ; 8i; j; k 2 N
Ôï ðáñáêÜôù ðñüãñáììá åßíáé ãñáììÝíï óå GLU (ü÷é GLU\) êáé õðïëïãßæåé ôïõò áñéèìïýò Ham-

ming óå áýîïõóá óåéñÜ óôç ìåôáâëçôÞ hamming êáôÜ ìÞêïò ôçò äéÜóôáóçò t.

dimension t;

merge.d (x, y) = if xx < yy then xx else yy fi

where xx = x upon.d (yy >= xx);

yy = y upon.d (xx >= yy);

end;

hamming = 1 fby.t merge.t (

merge.t (2 * hamming,

3 * hamming),

5 * hamming);

ÐñÝðåé íá óçìåéùèåß üôé ôï ðáñáðÜíù ðñüãñáììá ÷ñçóéìïðïéåß ôñßá óôïé÷åßá ôçò GLU ðïõ äåí

õðÜñ÷ïõí óôçí GLU\: óõíáñôÞóåéò, ôï íïçìáôéêü ôåëåóôÞ upon.d êáé ôç äïìÞ where ãéá ôïí

ïñéóìü ôïðéêþí ìåôáâëçôþí. Ìðïñåß üìùò åýêïëá íá ìåôáôñáðåß óå Ýíá ðñüãñáììá GLU\ åíóù-

ìáôùìÝíï óå C++. Ãéá ôçí õëïðïßçóç áõôþí ôùí ôñéþí ÷áñáêôçñéóôéêþí ôçò GLU ðïõ ëåßðïõí

áðü ôç GLU\ ÷ñçóéìïðïéïýìå êáôÜëëçëá ÷áñáêôçñéóôéêÜ ôçò C++. ÓõãêåêñéìÝíá:� Ïé óõíáñôÞóåéò ôçò C++ ìðïñïýí íá ÷ñçóéìïðïéçèïýí ãéá ôçí õëïðïßçóç ôçò merge. Ç

ðñþôç ðáñÜìåôñïò áõôÞò ôçò óõíÜñôçóçò åßíáé äéÜóôáóç åíþ ïé Üëëåò äõï åßíáé êïéíÝò

(ïêíçñÜ áíôéêåßìåíá). ÅðéðëÝïí, óôç C++ åßíáé äõíáôü íá ïñéóèåß ç merge ùò template

óõíÜñôçóçò. Áõôü áíôéóôïé÷åß óå ìéá ðïëõìïñöéêÞ íïçìáôéêÞ óõíÜñôçóç, êÜôé ðïõ ç GLU

äåí õðïóôçñßæåé.� Ï ôåëåóôÞò upon.d åßíáé êáé áõôüò ïõóéáóôéêÜ ìéá óõíÜñôçóç ðïõ äÝ÷åôáé ìéá ðáñÜìåôñï

äéÜóôáóç êáé äõï êïéíÝò ðáñáìÝôñïõò. Ç óçìáóéïëïãßá ôïõ ãßíåôáé áíôéëçðôÞ óôçí õëï-

ðïßçóç ðïõ áêïëïõèåß. ÖõóéêÜ èá ìðïñïýóå íá åíóùìáôùèåß êáé áõôüò ï ôåëåóôÞò óôçíGLU\, áí êÜôé ôÝôïéï èåùñçèåß óêüðéìï ãéá ëüãïõò ôá÷ýôçôáò åêôÝëåóçò.� Ïé ìåôáâëçôÝò ðïõ ïñßæïíôáé óôç äïìÞ where áðëÜ õëïðïéïýíôáé ùò ôïðéêÝò ìåôáâëçôÝò ôçò

C++ óôï template óõíÜñôçóçò merge.

×ñçóéìïðïéþíôáò ëïéðüí üëá áõôÜ, ôï ðáñáêÜôù ðñüãñáììá C++ ìå åíóùìáôùìÝíç GLU\
åêôõðþíåé ôïõò åêáôü ìéêñüôåñïõò áñéèìïýò Hamming óå áýîïõóá óåéñÜ.

#include "glu.hpp"

template <class T>

inline GLU<T> upon (const Dimension & d,

const GLU<T> & x,

const GLU<bool> & y)

{

GLU<DimValue> w;
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w = fby(d, 0, cond(y, w+1, w));

return at(d, x, w);

}

template <class T>

GLU<T> merge (const Dimension & d,

const GLU<T> & x,

const GLU<T> & y)

{

GLU<T> xx;

GLU<T> yy;

xx = upon(d, x, xx <= yy));

yy = upon(d, y, yy <= xx));

return cond(xx < yy, xx, yy);

}

int main ()

{

Dimension t;

GLU<int> hamming;

hamming = fby(t, 1, merge(t,

merge(t,

2 * hamming,

3 * hamming),

5 * hamming));

for (DimValue i=0; i<100; i++) {

theWorld.set(t, i);

cout << hamming.evaluate() << ", ";

if (i % 10 == 9) cout << endl;

}

cout << "done." << endl;

return 0;

}

Ôï áðïôÝëåóìá ôçò åêôÝëåóçò ôïõ ðñïãñÜììáôïò åßíáé ôï áêüëïõèï:

1, 2, 3, 4, 5, 6, 8, 9, 10, 12,

15, 16, 18, 20, 24, 25, 27, 30, 32, 36,

40, 45, 48, 50, 54, 60, 64, 72, 75, 80,

81, 90, 96, 100, 108, 120, 125, 128, 135, 144,

150, 160, 162, 180, 192, 200, 216, 225, 240, 243,
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250, 256, 270, 288, 300, 320, 324, 360, 375, 384,

400, 405, 432, 450, 480, 486, 500, 512, 540, 576,

600, 625, 640, 648, 675, 720, 729, 750, 768, 800,

810, 864, 900, 960, 972, 1000, 1024, 1080, 1125, 1152,

1200, 1215, 1250, 1280, 1296, 1350, 1440, 1458, 1500, 1536,

done.

4.4 Ðïëëáðëáóéáóìüò ðéíÜêùí

Ôï ðáñáêÜôù ðñüãñáììá õðïëïãßæåé ôï ãéíüìåíï äõï ðéíÜêùí a êáé b ìå äéáóôÜóåéò 4� 4.2664 72 6 37 9114 67 81 3726 60 59 3216 44 28 86 3775 � 2664 45 7 26 059 90 22 7334 94 25 4985 51 20 58 3775 = 2664 12587 9163 4749 752910482 15629 4603 110069436 12760 4111 912711578 11090 3804 9572 3775
Ïé ðßíáêåò ìåôáâÜëëïíôáé ùò ðñïò ôéò äéáóôÜóåéò x êáé y. Ï áëãüñéèìïò ðïõ ÷ñçóéìïðïéåßôáé

ðñïóöÝñåôáé ãéá åêôÝëåóç óå ðåñéâÜëëïí ðáñÜëëçëçò åðåîåñãáóßáò, êÜôé ðïõ öõóéêÜ äåí õðï-

óôçñßæåôáé Üìåóá áðü ôç C++. Ïé ðßíáêåò ðñÝðåé íá åßíáé ôåôñÜãùíïé êáé ôï ìÝãåèüò ôïõò íá åßíáé

ßóï ìå êÜðïéá äýíáìç ôïõ 2.

#include <math.h>

#include "glu.hpp"

template <class T>

GLU<T> firstOfPair (const Dimension & a, const GLU<T> & z)

{

return at(a, z, value(a) * 2);

}

template <class T>

GLU<T> secondOfPair (const Dimension & a, const GLU<T> & z)

{

return at(a, z, value(a) * 2 + 1);

}

template <class T>

GLU<T> sum (const Dimension & d, const GLU<T> & x, int n)

{

Dimension t;

DimValue log2n = (DimValue) (log(n) / log(2));

GLU<T> y;

y = fby(t, x, firstOfPair(d, y) + secondOfPair(d, y));

return at(t, y, log2n);

}
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template <class T>

GLU<T> redim (const Dimension & a, const Dimension & b,

const GLU<T> & x)

{

return at(a, x, value(b));

}

template <class T>

GLU<T> product (const Dimension & d1, const Dimension & d2,

const Dimension & d3, const GLU<T> & m,

const GLU<T> & n)

{

return redim(d2, d3, m) * redim(d1, d3, n);

}

template <class T>

GLU<T> mm (const Dimension & x, const Dimension & y,

const GLU<T> & m1, const GLU<T> & m2, int n)

{

Dimension z;

return first(z, sum(z, product(x, y, z, m1, m2), n));

}

int main ()

{

Dimension x, y;

GLU<double> a, b;

GLU<double> eod = -1.0;

a = fby(x, fby(y, 72, fby(y, 6, fby(y, 37, fby(y, 91, eod)))),

fby(x, fby(y, 14, fby(y, 67, fby(y, 81, fby(y, 37, eod)))),

fby(x, fby(y, 26, fby(y, 60, fby(y, 59, fby(y, 32, eod)))),

fby(x, fby(y, 16, fby(y, 44, fby(y, 28, fby(y, 86, eod)))),

eod))));

b = fby(x, fby(y, 45, fby(y, 7, fby(y, 26, fby(y, 0, eod)))),

fby(x, fby(y, 59, fby(y, 90, fby(y, 22, fby(y, 73, eod)))),

fby(x, fby(y, 34, fby(y, 94, fby(y, 25, fby(y, 49, eod)))),

fby(x, fby(y, 85, fby(y, 51, fby(y, 20, fby(y, 58, eod)))),

eod))));

GLU<double> c;

c = mm(x, y, a, b, 4);
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for (int i=0; i<4; i++) {

theWorld.set(x, i);

for (int j=0; j<4; j++) {

theWorld.set(y, j);

cout << c.evaluate() << " ";

}

cout << endl;

}

}

Ôï áðïôÝëåóìá ôçò åêôÝëåóçò ôïõ ðñïãñÜììáôïò åßíáé ôï áêüëïõèï:

12587 9163 4749 7529

10482 15629 4603 11006

9436 12760 4111 9127

11578 11090 3804 9572

Óôï óçìåßï áõôü, áîßæåé íá óçìåéùèåß üôé ôï ðáñáðÜíù ðñüãñáììá ìðïñåß íá ãñáöåß óå éóïäý-

íáìç ìïñöÞ ÷ùñßò ôç ÷ñÞóç óõíáñôÞóåùí. Ôï ðñüãñáììá ðïõ áêïëïõèåß åßíáé éóïäýíáìï, ðïëý

ìéêñüôåñï áëëÜ êáé áñêåôÜ äõóêïëüôåñï óôçí êáôáíüçóç.

#include "glu.hpp"

int main ()

{

Dimension x, y, z, t;

GLU<double> a, b;

GLU<double> eod = -1;

a = fby(x, fby(y, 72, fby(y, 6, fby(y, 37, fby(y, 91, eod)))),

fby(x, fby(y, 14, fby(y, 67, fby(y, 81, fby(y, 37, eod)))),

fby(x, fby(y, 26, fby(y, 60, fby(y, 59, fby(y, 32, eod)))),

fby(x, fby(y, 16, fby(y, 44, fby(y, 28, fby(y, 86, eod)))),

eod))));

b = fby(x, fby(y, 45, fby(y, 7, fby(y, 26, fby(y, 0, eod)))),

fby(x, fby(y, 59, fby(y, 90, fby(y, 22, fby(y, 73, eod)))),

fby(x, fby(y, 34, fby(y, 94, fby(y, 25, fby(y, 49, eod)))),

fby(x, fby(y, 85, fby(y, 51, fby(y, 20, fby(y, 58, eod)))),

eod))));

GLU<double> mm, s, p, w, fst, snd;

mm = first(z, s);

p = at(y, a, value(z)) * at(x, b, value(z));

s = at(t, w, 2); // 2 = log(4)

w = fby(t, p, fst + snd);
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fst = at(z, w, 2 * value(z));

snd = at(z, w, 2 * value(z) + 1);

for (int i=0; i<4; i++) {

theWorld.set(x, i);

for (int j=0; j<4; j++) {

theWorld.set(y, j);

cout << mm.evaluate() << " ";

}

cout << endl;

}

}

5 ÓõìðåñÜóìáôá

Ç åíóùìÜôùóç ôçò GLU\ óôç C++ ïäçãåß óå ìéá ðïëý åíäéáöÝñïõóá êáé éäéáßôåñá éó÷õñÞ ãëþóóá

ðñïãñáììáôéóìïý. Ç åêöñáóôéêÞ éêáíüôçôÜ ôçò ãßíåôáé åìöáíÞò óôá ðáñáäåßãìáôá ôçò åíüôç-

ôáò 4, ôá ïðïßá ðñïÝñ÷ïíôáé ó÷åäüí áõôïýóéá áðü ôçí ðñüóöáôç äéäáêôïñéêÞ äéáôñéâÞ ôïõ Joey

Paquet [Paqu99] ìå èÝìá ôçí åöáñìïãÞ ôïõ íïçìáôéêïý ðñïãñáììáôéóìïý ãéá ôçí êùäéêïðïßçóç

åðéóôçìïíéêþí áëãïñßèìùí. Ç GLU\/C++ óõíäõÜæåé ôçí ðëÞñç åêöñáóôéêÞ äýíáìç ôçò éäéáßôåñá

äéáäåäïìÝíçò ãëþóóáò áíôéêåéìåíïóôñåöïýò ðñïãñáììáôéóìïý C++ ìå Ýíá ìéêñü êáé êáèáñÜ óõ-

íáñôçóéáêü íïçìáôéêü ðõñÞíá. Åêìåôáëëåýåôáé ôçí åêöñáóôéêüôçôá ôïõ íïçìáôéêïý ðñïãñáììá-

ôéóôéêïý ìïíôÝëïõ, äéáôçñþíôáò ðáñÜëëçëá ôç óõìâáôüôçôá ìå ôçí ðåñéâÜëëïõóá ãëþóóá C++.

Ç áîéïëüãçóç ôçò õëïðïßçóÞò ìáò äåí Ý÷åé áêüìá ïëïêëçñùèåß. Ï ôñüðïò åíóùìÜôùóçò ôçòGLU\ óôç C++ ðïõ Ý÷ïõìå åðéôý÷åé åßíáé éäéáßôåñá öõóéêüò êáé ìÜëëïí ìéêñÝò âåëôéþóåéò ìðï-

ñïýìå íá áíáìÝíïõìå óôï ìÝëëïí ðñïò áõôÞ ôçí êáôåýèõíóç. Áí êáé ôá ìÝ÷ñé ôþñá áðïôåëÝóìáôá

ôùí ìåôñÞóåùí åðßäïóçò óôçí åêôÝëåóç ôùí íïçìáôéêþí ðñïãñáììÜôùí åßíáé éäéáßôåñá åíèáññõ-

íôéêÜ, ðéóôåýïõìå üôé õðÜñ÷ïõí óçìáíôéêÜ ðåñéèþñéá âåëôßùóçò ôçò õëïðïßçóÞò ìáò óå áõôü ôïí

ôïìÝá, ìå ôçí êáëýôåñç ó÷åäßáóç ôçò áðïèÞêçò õðïëïãéóìÝíùí ôéìþí.

Ç óýãêñéóç ôçò õëïðïßçóÞò ìáò ãßíåôáé áöåíüò ùò ðñïò ôï ìåôáãëùôôéóôÞ ôçò GLU, ðïõ äéá-

ôßèåôáé áðü ôï SRI êáé ìåôáöñÜæåé ôçí GLU óå C, áöåôÝñïõ ùò ðñïò õðÜñ÷ïõóåò õëïðïéÞóåéò

ïêíçñþí áíôéêåéìÝíùí óå C++. Áð’ üóï ãíùñßæïõìå, ç ìüíç õëïðïßçóç ïêíçñþí áíôéêåéìÝíùí

ðïõ õðïóôçñßæåé íïçìáôéêÜ ÷áñáêôçñéóôéêÜ åßíáé áõôÞ ðïõ ðåñéãñÜöåôáé óôï [Zhao97]. Ôá ðáñá-

äåßãìáôá ðïõ ÷ñçóéìïðïéïýìå ùò benchmarks ðñïÝñ÷ïíôáé êõñßùò áðü ôçí ðåñéï÷Þ ôïõ åðéóôç-

ìïíéêïý ðñïãñáììáôéóìïý. Ç óõíÝ÷åéá áõôÞò ôçò áîéïëüãçóçò èá áðïôåëÝóåé âáóéêü óôü÷ï ôçò

ìåëëïíôéêÞò ìáò Ýñåõíáò.
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