ÐôõœéáêÞ åñãáóSSá

ÂåëôéóôïðïSSçóç Ýîõðíùí áðïèçêåõôéêþí óõóôçìÜôùí:

œñïíïðñïãñáììáôéóìüò åñãáóéþí êáé ðñïáíÜêôçóç äåäïìÝíùí

ÅðéâëÝðïíôåò êáèçãçôÝò:

Â. Äçìáêüðïõëïò êáé Å. ÐéôïõñÜ ÅîåôáóôÞò: Ó. ÐÜóœïò

ÊSSíáëçò ÁèáíÜóéïò Ïêôþâñéïò 2001

Ðåñéåœüìåíá

1 ÅéóáãùãÞ 3

2 ÐåñéãñáöÞ ôïõ SmAS 6 2.1 ÁñœéôåêôïíéêÞ SmAS . . . . . . . . . . . . . . . . . . . . . . . . . 6 2.2 ÕðçñåóSSåò SmAS . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.3 ÕëïðïSSçóç SmAS . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2.4 Ëåéôïõñãéêü óýóôçìá SmAS . . . . . . . . . . . . . . . . . . . . . 10

3 Ï ðõñÞíáò Hurd 15 3.1 ÅéóáãùãÞ óôï Mach . . . . . . . . . . . . . . . . . . . . . . . . . 15 3.1.1 ÌïíôÝëï äéáœåSSñéóçò ìíÞìçò Mach . . . . . . . . . . . . . . 17 3.1.2 Tasks êáé threads óôï Mach . . . . . . . . . . . . . . . . . 18 3.2 ÅéóáãùãÞ óôï Hurd . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4 Œñïíïðñïãñáììáôéóìüò öSSëôñùí 23 4.1 ÐïëéôéêÝò œñïíïðñïãñáììáôéóìïý . . . . . . . . . . . . . . . . . . 23 4.2 ÕëïðïSSçóç ôùí ðïëéôéêþí œñïíïðñïãñáììáôéóìïý . . . . . . . . . 25 4.3 ÐåéñáìáôéêÝò ìåôñÞóåéò . . . . . . . . . . . . . . . . . . . . . . . . 29

5 ÐñïáíÜêôçóç äåäïìÝíùí 33 5.1 ÌåëÝôç õëïðïSSçóçò prefetching . . . . . . . . . . . . . . . . . . . 33 5.2 ÕëïðïSSçóç ðñïáíÜêôçóçò . . . . . . . . . . . . . . . . . . . . . . . 35 5.3 ÐåéñáìáôéêÜ äåäïìÝíá . . . . . . . . . . . . . . . . . . . . . . . . . 41

6 Óýíïøç êáé ìåëëïíôéêÞ åñãáóSSá 49 6.1 Óýíïøç . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 6.2 ÌåëëïíôéêÝò åðåêôÜóåéò . . . . . . . . . . . . . . . . . . . . . . . 50 6.2.1 Ëåéôïõñãéêü óýóôçìá . . . . . . . . . . . . . . . . . . . . . 50 6.2.2 ÐñïáíÜêôçóç äåäïìÝíùí . . . . . . . . . . . . . . . . . . . 50

6.2.3 Œñïíïðñïãñáììáôéóìüò . . . . . . . . . . . . . . . . . . . . 51 6.2.4 ŒñÞóôåò óôï SmAS . . . . . . . . . . . . . . . . . . . . . . 51 6.2.5 ÏìáäïðïSSçóç óõóêåõþí SmAS . . . . . . . . . . . . . . . . 51 6.2.6 ÐñÜêôïñåò êáé óõóêåõÝò SmAS . . . . . . . . . . . . . . . 52

ÂéâëéïãñáöSSá 53

A Êþäéêáò SmAS åîõðçñÝôç 56 A.1 LinuxMake˛le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 A.2 Make˛le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 A.3 server/bu¸ers.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 A.4 server/bu¸ers.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 A.5 server/˛les.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 A.6 server/˛les.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 A.7 server/˛lters.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 A.8 server/˛lters.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 A.9 server/handlers.c . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 A.10 server/handlers.h . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 A.11 server/server.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 A.12 server/server.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 A.13 server/smas stop.c . . . . . . . . . . . . . . . . . . . . . . . . . . 95 A.14 server/threadfunc.c . . . . . . . . . . . . . . . . . . . . . . . . . . 95 A.15 server/timer.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 A.16 include/smasdefs.h . . . . . . . . . . . . . . . . . . . . . . . . . . 99 A.17 include/socks.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 A.18 include/socks.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

B Êþäéêáò âéâëéïèÞêçò CThread 106 B.1 libthreads/Make˛le . . . . . . . . . . . . . . . . . . . . . . . . . . 107 B.2 libthreads/cprocs.c . . . . . . . . . . . . . . . . . . . . . . . . . . 107 B.3 libthreads/cthread internals.h . . . . . . . . . . . . . . . . . . . . 123 B.4 libthreads/cthreads.c . . . . . . . . . . . . . . . . . . . . . . . . . 126 B.5 libthreads/cthreads.h . . . . . . . . . . . . . . . . . . . . . . . . . 135

ÊåöÜëáéï 1

ÅéóáãùãÞ

Óôéò ìÝñåò ìáò âéþíïõìå ôç ìåôÜâáóç ðñïò ôçí åðïœÞ ôçò ðëçñïöïñSSáò. ÏëïÝíá êáé ðåñéóóüôåñïé ìåìïíùìÝíïé Üíèñùðïé áëëÜ êáé ïñãáíéóìïSS œñçóéìïðïéïýí ôï äéáäSSêôõï ãéá íá éêáíïðïéÞóïõí âáóéêÝò ôïõò áíÜãêåò, üðùò ç åíçìÝñùóç êáé ç øõœáãùãSSá, ç óõëëïãÞ êáé ç áíôáëëáãÞ ðëçñïöïñéþí. ÐáñÜëëçëá ìå ôçí áýîçóç ôçò œñÞóçò ôïõ äéáäéêôýïõ áëëÜæåé êáé ç ìïñöÞ ôùí äåäïìÝíùí ðïõ äéáêéíïýíôáé, ìå ôçí åéóáãùãÞ íÝùí ôýðùí äåäïìÝíùí üðùò Þœïò, video, åéêüíåò áðü äïñõöüñïõò. Ôá ðáñáðÜíù ïäçãïýí óå ìSSá áõîçìÝíç æÞôçóç ãéá áðïèçêåõôéêÝò éêáíüôçôåò êáé ãñÞãïñç äéáìåôáãùãÞ äåäïìÝíùí.

Ãéá ôçí éêáíïðïSSçóç ôçò æÞôçóçò áõôÞò Ýœïõí åðéóôñáôåõèåSS äéÜöïñåò ôåœíïëïãéêÝò ëýóåéò, üðùò ç áýîçóç ôçò áðïèçêåõôéêÞò œùñçôéêüôçôáò ôùí óêëçñþí äSSóêùí êáé ç áýîçóç ôïõ åýñïõò æþíçò ôùí äéêôõáêþí óõíäÝóåùí, ïé ïðïSSåò üìùò äåí åðáñêïýí. ÌSSá Üëëç ðñïóÝããéóç óôçí åðSSëõóç áõôïý ôïõ ðñïâëÞìáôïò âáóSSæåôáé óôçí ðéï áðïôåëåóìáôéêÞ œñÞóç ôçò õðÜñœïõóáò ôåœíïëïãSSáò. ÓõãêåêñéìÝíá ç ýðáñîç óêëçñþí äSSóêùí ìå ðïëëÜ MB cache ìíÞìçò, üðùò ï Cheetah ôçò Seagate, êáé ôï ãåãïíüò üôé ïé äSSóêïé áõôïSS äéáèÝôïõí áñêåôÞ õðïëïãéóôéêÞ éóœý þóôå íá õðïóôçñSSæïõí ðïëýðëïêá ðñùôüêïëëá óýíäåóçò ìå ôï äSSáõëï, üðùò ôï SCSI, ïäçãåSS óôçí áíôSSëçøç üôé Ýíá ìÝñïò ôçò åðåîåñãáóSSáò ôùí äåäïìÝíùí ìðïñåSS íá ìåôáöåñèåSS óôï äSSóêï ðñéí ôçí áíÜêôçóç êáé áðïóôïëÞ ôïõò óôï äSSêôõï áðü ôïí õðïëïãéóôÞ. Ç éäÝá áõôÞ åêöñÜæåôáé áðü ôçí åðéíüçóç ôùí active disks [1, 3, 5] Þ intelligent disks [2], óõóêåõþí ðïõ áðïôåëïýí âåëôSSùóç ôùí êïéíþí óêëçñþí äSSóêùí. Ïé active disks Ýœïõí ðñïôáèåSS óáí áíôéêáôáóôÜôåò ôùí áêñéâþí óêëçñþí äSSóêùí. ÓõíäÝïíôáé óôï äSSáõëï ôïõ óõóôÞìáôïò êáé äéáèÝôïõí äéêü ôïõò åðåîåñãáóôÞ (ðïëëÝò öïñÝò áíáëüãùí äõíáôïôÞôùí ìå Ýíáí Intel Pentium) ï ïðïSSïò ìðïñåSS íá åêôåëÝóåé ìÝñïò ôçò åðåîåñãáóSSáò äåäïìÝíùí. Ç åðåîåñãáóSSá ãSSíåôáé ìå ôç ìåôáöïñÜ åíüò ìÝñïõò ôçò åöáñìïãÞò óôïí active disk üðïõ êáé åêôåëåSSôáé.

Ç ðñïôÜóåéò ôùí active disks ùò ôþñá Ýœïõí ðåñéïñéóôåSS óôç áíôéêáôÜóôáóç ôùí êïéíþí äSSóêùí ðïõ óõíäÝïíôáé óå Ýíá åîõðçñÝôç [4]. ÐñáêôéêÜ üìùò áõôÞ ç œñÞóç ðñïûðïèÝôåé ôçí áíÜðôõîç íÝùí áñœéôåêôïíéêþí ãéá ôç óýíäåóç ðïëëáðëþí active disks óå Ýíá äSSáõëï êáé ôçí ôñïðïðïSSçóç ôùí õðáñœüíôùí óõóôçìÜôùí, êÜôé ôï ïðïSSï äåí åSSíáé åöéêôü. ÌSSá âåëôSSùóç áõôÞò ôçò éäÝáò åSSíáé Ýíáò äSSóêïò ðïõ œñçóéìïðïéåSS ìÝñïò ôçò õðïëïãéóôéêÞò ôïõ äýíáìçò ãéá íá õëïðïéÞóåé ôï ðñùôüêïëëï TCP/IP êáé íá óõíäåèåSS êáôåõèåSSáí óáí áõôüíïìç óõóêåõÞ óôï äSSêôõï. Ôçí éäÝá áõôÞ õëïðïéåSS ôï óýóôçìá SmAS [6, 7] (SÌart Autonomous Storage) ðïõ áíáðôýóóåôáé óôï ÐáíåðéóôÞìéï ÉùáííSSíùí^1. Ïé óõóêåõÝò SmAS åSSíáé áõôüíïìïé äSSóêïé ìå éêáíüôçôá óýíäåóçò óå äSSêôõï êáé äéáèÝôïõí óçìáíôéêÞ õðïëïãéóôéêÞ éóœý, üðùò ïé active disks. Ïé äSSóêïé SmAS ìåéþíïõí ôçí ðïóüôçôá äåäïìÝíùí ðïõ äéáêéíåSSôáé óôï äSSêôõï ìå ôçí ôïðéêÞ åêôÝëåóç óôï äSSóêï åöáñìïãþí ðïõ åðåîåñãÜæïíôáé ôá äåäïìÝíá, åíþ Ýôóé êáôáíÝìåôáé êáé ç åðåîåñãáóSSá ôùí äåäïìÝíùí áíÜìåóá óôïí client^2 êáé óôï SmAS äSSóêï, ðïõ áñãüôåñá èá áíáöÝñåôáé êáé óáí åîõðçñÝôçò.

Ðáñüëï ðïõ óôç óõíÝœåéá åîåôÜæïõìå áíáëõôéêÜ ôï óýóôçìá SmAS œñÞóéìï åSSíáé íá áíáöÝñïõìå åðéãñáììáôéêÜ ìåñéêÜ áðü ôá œáñáêôçñéóôéêÜ ôïõ åäþ. Ôï óýóôçìá SmAS åêôüò áðü ôï õëéêü, áðïôåëåSSôáé êáé áðü ëïãéóìéêü. ÿíá ôìÞìá ôïõ ëïãéóìéêïý áõôïý âñSSóêåôáé óôïõò client, åíþ ôï ìåãáëýôåñï ìÝñïò ôïõ âñSSóêåôáé óôïí åîõðçñÝôç. Ôï ôìÞìá ôïõ client ðåñéëáìâÜíåé Ýíá API (Application Programming Interface) ãéá åðéêïéíùíSSá ìå ôïí åîõðçñÝôç êáé ìéêñÜ ðñïãñÜììáôá, ôá öSSëôñá, ðïõ åêôåëïýíôáé óôïí åîõðçñÝôç. Ôï ôìÞìá ôïõ åîõðçñÝôç ðåñéëáìâÜíåé Ýíá ëåéôïõñãéêü óýóôçìá ãéá ôç äéáœåSSñéóç ôïõ äSSóêïõ, ôçò ìíÞìçò êáé ôïõ äéêôýïõ åíþ ç åîõðçñÝôçóç ôùí client, óõìðåñéëáìâáíïìÝíçò êáé ôçò åêôÝëåóçò ôùí öSSëôñùí, ãSSíåôáé ìå ðïëëáðëÜ íÞìáôá, ôïí œñïíïðñïãñáììáôéóìü ôùí ïðïSSùí ðñÝðåé íá äéáœåéñéóôåSS ôï ëåéôïõñãéêü óýóôçìá ôïõ åîõðçñÝôç.

Óêïðüò ôçò ðáñïýóáò åñãáóSSáò åSSíáé ç âåëôSSùóç ôïõ Þäç õëïðïéçìÝíïõ óõóôÞìáôïò SmAS. Ôï óýóôçìá SmAS åêôåëåSS óõãêåêñéìÝíåò êáé ðåñéïñéóìÝíåò ëåéôïõñãSSåò ïðüôå Ýíáò ôïìÝáò ôïí ïðïSSï ìðïñïýìå íá åîåôÜóïõìå åSSíáé ç êáôÜëëçëç åðéëïãÞ åíüò ëåéôïõñãéêïý óõóôÞìáôïò ãéá ôï SmAS. Óôçí ðåñSSðôùóÞ ìáò êáôÜëëçëç åðéëïãÞ éóïäõíáìåSS ìå Ýíá \åëáöñý", áðïäïôéêü êáé ðáñáìåôñïðïéÞóéìï ëåéôïõñãéêü óýóôçìá. Áêüìç ç áñœéôåêôïíéêÞ ôùí ðïëëáðëþí íçìÜôùí êáé ôï ãåãïíüò üôé áõôÜ åêôåëïýí öSSëôñá, åãåSSñåé óõãêåêñéìÝíåò áðáéôÞóåéò óôï œñïíï-

1ÕðïóôçñSSæåôáé ìåñéêþò áðü ôç ÃåíéêÞ ÃñáììáôåSSá ÿñåõíáò êáé ÔåœíïëïãSSáò ìÝóù ôïõ åñåõíçôéêïý Ýñãïõ ÐÅÍÅÄ-99/495

2Ìå ôçí ëÝîç client åííïïýìå ìSSá åöáñìïãÞ ðïõ åêôåëåSSôáé óå Ýíáí áðïìáêñõóìÝíï áðü ôï äSSóêï õðïëïãéóôÞ, ãåíéêÜ Ýíá œñÞóôç ôïõ óõóôÞìáôïò SmAS

ðñïãñáììáôéóìü ôïõò êáé ìSSá êáôÜëëçëç ðïëéôéêÞ œñïíïðñïãñáììáôéóìïý ìðïñåSS íá âåëôéþóåé ôçí áðüäïóç. Áêüìá ìSSá Üëëç âåëôSSùóç åSSíáé ç ìåSSùóç ôïõ œñüíïõ áíÜãíùóçò êáé åðåîåñãáóSSáò ôùí äåäïìÝíùí áðü ôï äSSóêï ðïõ ìðïñåSS íá åðéôåõœèåSS ìå ôçí õëïðïSSçóç ôåœíéêþí ðñïáíÜêôçóçò äåäïìÝíùí (prefetching).

Óôá ðëáSSóéá áõôÞò ôçò åñãáóSSáò, áñœéêÜ áóœïëïýìáóôå ìå ôçí åðéëïãÞ åíüò ëåéôïõñãéêïý óõóôÞìáôïò ãéá ôï SmAS, óôç óõíÝœåéá ôñïðïðïéïýìå ôçí õëïðïSSçóç ôùí íçìÜôùí (thread) áõôïý ôïõ ëåéôïõñãéêïý êáé ðáñáìåôñïðïéïýìå ôïí œñïíïðñïãñáììáôéóìü ôïõò ðñïêåéìÝíïõ íá âåëôéþóïõìå ôçí áðüäïóç ôïõ åîõðçñÝôç. ÔÝëïò ðñïóèÝôïõìå ôç äõíáôüôçôá ðñïáíÜêôçóçò äåäïìÝíùíóôï óýóôçìá ðñïêåéìÝíïõ íá âåëôéþóïõìå ôçí ôáœýôçôá åðåîåñãáóSSáò ôùí äåäïìÝíùí.

Ç äïìÞ ôçò åñãáóSSáò Ýœåé ùò åîÞò. ÁñœéêÜ (ÊåöÜëáéï 2) ðåñéãñÜöïõìå ôçí áñœéêÞ õëïðïSSçóç êáé ôï ðñïãñáììáôéóôéêü ìïíôÝëï ôïõ SmAS êáé åîçãïýìå ôá êñéôÞñéá åðéëïãÞò ëåéôïõñãéêïý óõóôÞìáôïò. ÓõíåœSSæïõìå (ÊåöÜëáéï 3) ìå ôçí ðåñéëçðôéêÞ ðåñéãñáöÞ ôçò áñœéôåêôïíéêÞò êáé ôùí äõíáôïôÞôùí ôïõ åðéëåãìÝíïõ ëåéôïõñãéêïý óõóôÞìáôïò. ÿðåéôá (ÊåöÜëáéï 4) áíáëýïõìå ôçí õëïðïSSçóç ôïõ œñïíïðñïãñáììáôéóìïý êáé ðåñéãñÜöïõìå ìå âÜóç ðåéñáìáôéêÜ äåäïìÝíá ôá áðïôåëÝóìáôá óôçí åðSSäïóç ôïõ åîõðçñÝôç. ¿óôåñá (ÊåöÜëáéï 5) áíáëýïõìå ôçí õëïðïSSçóç ôçò ðñïáíÜêôçóçò äåäïìÝíùí êáé ðåñéãñÜöïõìå ìå âÜóç ðåéñáìáôéêÜ äåäïìÝíá ôá áðïôåëÝóìáôá óôçí åðSSäïóç ôïõ åîõðçñÝôç. ÔÝëïò (ÊåöÜëáéï 6) êÜíïõìå Ýíá áðïëïãéóìü ôïõ áðïôåëÝóìáôïò ôçò üëçò ðñïóðÜèåéáò êáé ðñïôåSSíïõìå ðåñáéôÝñù âåëôéþóåéò óôï óýóôçìá SmAS.

ÊåöÜëáéï 2

ÐåñéãñáöÞ ôïõ SmAS

Óôï êåöÜëáéï áõôü èá åîåôÜóïõìå ôçí áñœéôåêôïíéêÞ (Åíüôçôá 2.1) êáé ôéò õðçñåóSSåò ðïõ ðáñÝœåé ôï óýóôçìá SmAS (Åíüôçôá 2.2), ôïí ôñüðï õëïðïSSçóçò êáé ðñïãñáììáôéóìïý ôïõ (Åíüôçôá 2.3) êáèþò êáé ôéò åëÜœéóôåò ðñïûðïèÝóåéò ðïõ ðñÝðåé íá ðëçñïSS Ýíá ëåéôïõñãéêü óýóôçìá ìSSáò óõóêåõÞò SmAS êáé áðü ðïéï èá ìðïñïýóáí áõôÝò íá éêáíïðïéçèïýí (Åíüôçôá 2.4).

2.1 ÁñœéôåêôïíéêÞ SmAS

Ç áñœéôåêôïíéêÞ ìSSáò SmAS óõóêåõÞò, óå åðSSðåäï õëéêïý, åSSíáé áñêåôÜ áðëÞ. ÿíáò óêëçñüò äSSóêïò ìå êýñéá ìíÞìç êáé Ýíá áðëü åðåîåñãáóôÞ, êëÜóçò Pentium ãéá ðáñÜäåéãìá, þóôå íá åêôåëåSS ëïãéóìéêü êáé ìSSá êÜñôá äéêôýïõ áðïôåëïýí ôéò êýñéåò äïìéêÝò ìïíÜäåò ôçò óõóêåõÞò SmAS.

Ôï óýóôçìá SmAS [6, 7] óå åðSSðåäï ëïãéóìéêïý áñœéêÜ ìðïñåSS íá äéáœùñéóôåSS óå äýï äéáöïñåôéêÜ ôìÞìáôá (ÓœÞìá 2.1), ôï ôìÞìá ôïõ åîõðçñÝôç, äçëáäÞ ôï ëïãéóìéêü ðïõ åêôåëåSSôáé óôç SmAS óõóêåõÞ, êáé ôï ôìÞìá ôïõ client ðïõ åêôåëåSSôáé óå êÜèå ìçœÜíçìá ðïõ ðñïóðåëáýíåé äåäïìÝíá óôïí åîõðçñÝôç. ÅéäéêÞ ðåñSSðôùóç áðïôåëïýí ôá öSSëôñá ðïõ åSSíáé åêôåëÝóéìá êïììÜôéá ëïãéóìéêïý ðïõ õðÜñœïõí ôüóï óôïí åîõðçñÝôç üóï êáé óôïí client.

Óôïí åîõðçñÝôç ôï êõñSSáñœï êïììÜôé ëïãéóìéêïý åSSíáé ôï ëåéôïõñãéêü óýóôçìá (SmASOS) ôï ïðïSSï åSSíáé åðéöïñôéóìÝíï ìå ôçí äéáœåSSñéóç ôùí äåäïìÝíùí ôïõ óêëçñïý äSSóêïõ, ôçí äéêôõáêÞ åðéêïéíùíSSá ìå ôïí client êáé ôçí åîõðçñÝôçóç ôùí áéôÞóåþí ôïõ êáé ôçí åêôÝëåóç ôùí öSSëôñùí.

Óôï client õðÜñœåé ôï SmAS API, ôï êïììÜôé ôïõ ëïãéóìéêïý ðïõ áíáëáìâÜíåé ôçí åðéêïéíùíSSá ìå ôïí åîõðçñÝôç, ôá öSSëôñá ðïõ äçìéïõñãïýíôáé áðü ôï œñÞóôç êáé ï SmASfc (SmAS ˛lter compiler) ï ìåôáöñáóôÞò ôùí öSSëôñùí.

ÓœÞìá 2.1: Ç áñœéôåêôïíéêÞ ôïõ SmAS

Ôá öSSëôñá åSSíáé êïììÜôéá ëïãéóìéêïý ðïõ äçìéïõñãïýíôáé óôï client êáé óôç óõíÝœåéá ìåôáöÝñïíôáé êáé åêôåëïýíôáé ìüíï óôïí åîõðçñÝôç. Óêïðüò ôïõò åSSíáé íá åðåîåñãáóôïýí ôá äåäïìÝíá ðñéí áõôÜ óôáëïýí óôï client. ÿôóé üôáí ôá äåäïìÝíá äéáâáóôïýí áðü ôï äSSóêï áðïóôÝëëïíôáé óôï öSSëôñï, ôï ïðïSSï åðéóôñÝöåé ôá äåäïìÝíá ðïõ ðñÝðåé íá óôáëïýí óôïí client. Ôï öSSëôñï ìðïñåSS íá áëëÜîåé ôç ìïñöÞ ôùí äåäïìÝíùí Þ íá óôåSSëåé ìüíï óõãêåêñéìÝíá äåäïìÝíá, ïé åðéëïãÝò ðåñéïñSSæïíôáé áðü ôçí öáíôáóSSá ôïõ ðñïãñáììáôéóôÞ êáé ôï ôñüðï åðéêïéíùíSSáò ôïõ öSSëôñïõ ìå ôïí åîõðçñÝôç, ðïõ ðåñéãñÜöåôáé áñãüôåñá. Ôá öSSëôñá ãñÜöïíôáé óå ìSSá ãëþóóá ðñïãñáììáôéóìïý ðïõ ìïéÜæåé ìå ôç C êáé ìåôáöñÜæïíôáé óå êáôÜëëçëç ìïñöÞ ãéá åêôÝëåóç óôïí åîõðçñÝôç áðü ôï SmASfc. Ôï SmAS API áíáëáìâÜíåé ôç ìåôáöïñÜ ôïõò óôïí åîõðçñÝôç üðïõ êáé ôï SmASOS ôá åêôåëåSS ìåôÜ áðü áSSôçóç ôïõ client.

2.2 ÕðçñåóSSåò SmAS

ÐñïêåéìÝíïõ íá åîáóöáëéóôåSS ç œñÞóç ôïõ óõóôÞìáôïò SmAS ìå ôç ìåãáëýôåñç äõíáôÞ åõêïëSSá õðïóôçñSSæïíôáé üëåò ïé ëåéôïõñãSSåò ðÜíù óå áñœåSSá ðïõ õðÜñœïõí óôá óõóôÞìáôá UNIX (open(), read(), write(), ...) ìå äéáöÜíåéá ðñïò ôï œñÞóôç ï ïðïSSïò œñçóéìïðïéåSS ôï SmAS API. ÿôóé ôï óýóôçìá ìðïñåSS íá áíôéêáôáóôÞóåé Üíåôá ëåéôïõñãSSåò ðïõ ùò ôþñá ãSSíïíôáí ìå óõìâáôéêü ôñüðï, ãéá ðáñÜäåéãìá ìå œñÞóç ôïõ NFS, åíþ ðñïóôÝèçêáí íÝåò ëåéôïõñãSSåò ðïõ ðñïóöÝñïõí Ýíá îåêÜèáñï êáé Üíåôï ìÝóï óôï œñÞóôç ãéá ôç äéáœåSSñéóç ôùí öSSëôñùí.

ÅðéðëÝïí ðáñÝœïíôáé êáé õðçñåóSSåò ãéá ôç óõããñáöÞ öSSëôñùí. Åéäéêüôåñá êáôáóêåõÜóôçêå ìSSá ãëþóóá ðñïãñáììáôéóìïý ðïõ ìïéÜæåé óôç óýíôáîç ìå ôç C áëëÜ ïñSSæïíôáé êÜðïéïé ðåñéïñéóìïSS üðùò ç áöáSSñåóç ôçò äõíáìéêÞò äéáœåSSñéóçò ìíÞìçò êáé ôçò œñÞóçò äåéêôþí, ðñïêåéìÝíïõ íá äéáóöáëéóôåSS ç áðñüóêïðôç ëåéôïõñãSSá ôïõ åîõðçñÝôç êáé ç ðñïóôáóSSá ôïõ áðü åëáôôùìáôéêÜ öSSëôñá. Áêüìá ïñSSæåôáé óõãêåêñéìÝíïò ôñüðïò åéóáãùãÞò äåäïìÝíùí óôï öSSëôñï êáé åðéóôñïöÞò ôùí áðïôåëåóìÜôùí óôïí åîõðçñÝôç ãéá íá ôá ìåôáâéâÜóåé óôï client. Ï SmASfc, ï ìåôáöñáóôÞò ôùí öSSëôñùí, äéáóöáëSSæåé ôïõò ðåñéïñéóìïýò ðïõ ôÝèçêáí êáé ðáñÜãåé êþäéêá Ýôïéìï ðñïò åêôÝëåóç óôïí åîõðçñÝôçr, åíþ ôï SmAS API äéáœåéñSSæåôáé ôçí áðïóôïëÞ ôïõò óôïí åîõðçñÝôç êáé ôçí åöáñìïãÞ ôïõò óå óõãêåêñéìÝíá äåäïìÝíá.

Ôá öSSëôñá áðïôåëïýí ìéá áðü ôéò ðéï œñÞóéìåò õðçñåóSSåò ôïõ SmAS êáé åSSíáé ôï ìÝóï ìå ôï ïðïSSï ìåôáöÝñåôáé ôìÞìá ôçò åêôÝëåóçò ôçò åöáñìïãÞò ôïõ client óôïí åîõðçñÝôç. Ç ìåãáëýôåñç œñçóéìüôçôá ôùí öSSëôñùí åSSíáé üôé ìðïñïýí íá ìåéþóïõí ôïí üãêï ôùí äåäïìÝíùí ðïõ áðïóôÝëëïíôáé óôï client, üðùò èá äïýìå óôç óõíÝœåéá, áõîÜíïíôáò ôçí áðïôåëåóìáôéêüôçôá ôçò äéáìåôáãùãÞò äåäïìÝíùí áíÜìåóá óôï client êáé ôïí åîõðçñÝôç.

2.3 ÕëïðïSSçóç SmAS

ÅðåéäÞ ç õëïðïSSçóç ôïõ õëéêïý ôçò óõóêåõÞò SmAS äåí õðÜñœåé, ïðüôå áñœéêÜ œñçóéìïðïéÞèçêå Ýíáò õðïëïãéóôÞò Pentium óôá 166 MHz ìå 32 MB RAM, ôï õëéêü áõôü åSSíáé áíôSSóôïéœï ìå áõôü ðïõ óõíáíôÜôáé óå óêëçñïýò äSSóêïõò õøçëþí åðéäüóåùí áëëÜ ðéï ïéêïíïìéêü. Ãéá ôï SmASOS œñçóéìïðïéÞèçêå ï ðõñÞíáò LINUX ìå áðåíåñãïðïéçìÝíåò ôéò ðåñéóóüôåñåò õðçñåóSSåò ôïõ ëåéôïõñãéêïý óõóôÞìáôïò GNU/LINUX, üðùò ï Xserver, web server êáé äéÜöïñïé Üëëïé daemons.

Ôï êïììÜôé ôïõ SmASOS ðïõ åîõðçñåôåSS ôïõò clients õëïðïéÞèçêå óáí Ýíáò daemon ðïõ \áêïýåé" óå ìSSá óõãêåêñéìÝíç èýñá (port) ãéá óõíäÝóåéò client. Ï daemon åSSíáé ìéá åöáñìïãÞ åîõðçñÝôç õëïðïéçìÝíç óå C. Ç åðéêïéíùíSSá ãSSíåôáé ìÝóù ôïõ êëáóéêïý socket interface ôïõ UNIX. Ìå ôçí óýíäåóç åíüò client óôïí åîõðçñÝôç äçìéïõñãåSSôáé Ýíá êáéíïýñãéï íÞìá ðïõ äéáœåéñSSæåôáé ôçí åðéêïéíùíSSá ìå ôï client. ĳëåò ïé áéôÞóåéò ôïõ client åîõðçñåôïýíôáé áðü áõôü ôï íÞìá, óõìðåñéëáìâáíïìÝíçò êáé ôçò åêôÝëåóçò ôùí öSSëôñùí. ÿôóé åðéôõãœÜíåôáé ç ôáõôüœñïíç åîõðçñÝôçóç ðïëëþí client. Ðñüêåéôáé äçëáäÞ ãéá ìSSá ðïëõíçìáôéêÞ õëïðïSSçóç.

Ï client åéóÜãåé áéôÞóåéò ìå êëÞóç ôùí óõíáñôÞóåùí ðïõ åSSíáé õëïðïéçìÝíåò óôï SmAS API. Ôï SmAS API Ýœåé õëïðïéçèåSS óáí ìSSá óôáôéêÞ âéâëéïèÞêç. Ïé óõíáñôÞóåéò åSSíáé ïé åîÞò [8]:

• smas open() - űíïéãìá Þ äçìéïõñãSSá åíüò áñœåSSïõ

• smas close() - ÊëåSSóéìï åíüò áñœåSSïõ

• smas read() - ÁíÜãíùóç áðü Ýíá áñœåSSïõ

• smas write() - ÅããñáöÞ óå Ýíá áñœåSSï

• smas lseek() - ÌåôáêSSíçóç ôçò èÝóçò áíÜãíùóçò/åããñáöÞò óå Ýíá áñœåSSï

• smas registerfilter() - ÊáôáãñáöÞ åíüò öSSëôñïõ óôï server

• smas applyfilter() - ÅöáñìïãÞ åíüò öSSëôñïõ óå Ýíá áñœåSSï

• smas nextrec() - ÁíÜêôçóç ôçò åîüäïõ ôïõ öSSëôñïõ

Ïé ôÝóóåñéò ðñþôåò âñSSóêïíôáé óå ðëÞñç áíôéóôïéœSSá ìå ôéò êëÞóåéò óõóôÞìáôïò ôïõ UNIX open(), close(), read(), write() êáé lseek().

Ôá öSSëôñá õëïðïéïýíôáé óáí shared libraries ôïõ UNIX ïé ïðïSSåò áðïóôÝëëïíôáé óôïí åîõðçñÝôç üðïõ öïñôþíùíôáé äõíáìéêÜ êáé åêôåëïýíôáé. Ï åêôåëÝóéìïò êþäéêáò ðåñéëáìâÜíåé ôçí õëïðïSSçóç ôñéþí óõíáñôÞóåùí ìSSá ãéá ôçí áñœéêïðïSSçóç ôïõ öSSëôñïõ, äçëáäÞ ôùí ôïðéêþí ìåôáâëçôþí ôïõ, ìSSá ãéá ôçí áðïðåñÜôùóç êáé áðü ìSSá óõíÜñôçóç ðïõ åðéôåëåSS ôçí åðåîåñãáóSSá ôùí äåäïìÝíùí. Ç óõíÜñôçóç áõôÞ êáëåSSôáé áðü ôï íÞìá ðïõ åîõðçñåôåSS ôïí client ìå üñéóìá ôá äåäïìÝíá ðïõ äéáâÜæïíôáé áðü ôï äSSóêï åíþ åðéóôñÝöåé ôá äåäïìÝíá ðïõ ðñÝðåé íá óôáëïýí óôï client. Ç ìíÞìç ðïõ œñçóéìïðïéåSS Ýíá öSSëôñï ïñSSæåôáé áðïêëåéóôéêÜ ìÝóù êáèïëéêþí ìåôáâëçôþí. Äåí äüèçêå äõíáôüôçôá äõíáìéêÞò äéáœåSSñéóçò ìíÞìçò êáèþò Ýíá öSSëôñï èá ìðïñïýóå íá êáôáíáëþóåé ìåãÜëá ðïóÜ ìíÞìçò áíåîÝëåãêôá, áíåðéèýìçôï œáñáêôçñéóôéêü áðü ôç óôéãìÞ ðïõ ç ìíÞìç åSSíáé Ýíáò ðåñéïñéóìÝíïò ðüñïò ôïõ óõóôÞìáôïò. Óôçí ðñáãìáôéêüôçôá áðáãïñåýåôáé åíôåëþò ç œñÞóç äåéêôþí ãéá ôçí áðïôñïðÞ ðáñáâéÜóåùí ìíÞìçò áðü ôá öSSëôñá.

ÔÝëïò ï SmASfc ìåôáöñÜæåé ôïí êþäéêá óå êáèáñÞ C, åëÝãœïíôáò ôïõò ðåñéïñéóìïýò ðïõ áíáöÝñáìå, êáé œñçóéìïðïéåSS ôïí gcc ãéá ôç äçìéïõñãSSá ôçò shared library. Óôï óœÞìá 2.2 öáSSíåôáé ï êþäéêáò ìSSáò áðëÞò åöáñìïãÞò ðïõ œñçóéìïðïéåSS ôï öSSëôñï ôïõ óœÞìáôïò 2.3 ãéá íá åðåîåñãáóôåSS Ýíá áñœåSSï äïìçìÝíï óå åããñáöÝò ôùí 100 bytes. ÁñœéêÜ ç åöáñìïãÞ äçìéïõñãåSS ôï áñœåSSï, ãñÜöåé 1000 åããñáöÝò, ìå ôéò ãíùóôÝò ëåéôïõñãéÝò áñœåSSùí , êáé ôï êëåSSíåé. ÿðåéôá áíïSSãåé ðÜëé ôï áñœåSSï áðïóôÝëëåé Ýíá öSSëôñï óôïí åîõðçñÝôç êáé ôï åöáñìüæåé óôá ðåñéåœüìåíá ôïõ áñœåSSïõ . Ìå åðáíáëáìâáíüìåíåò êëÞóåéò ôçò smas nextrec() ëáìâÜíåé ôéò åããñáöÝò ðïõ åðéëÝãïíôáé áðü ôï öSSëôñï ôïõ óœÞìáôïò 2.3. Ôï öSSëôñï äçëþíåé ôç ìíÞìç ðïõ œñçóéìïðïéåSS ìÝóù ôçò äïìÞò myrec ç ïðïSSá åSSíáé êáé ç åSSóïäüò ôïõ áöïý åSSíáé ôï üñéóìá ôçò body(). Ç body() åðéëÝãåé íá ðåñÜóåé óôï client ôéò åããñáöÝò ìå ðåäSSï key ìéêñüôåñï SSóï ôïõ 15. Óôï óœÞìá 2.4 öáSSíåôáé ç áíôáëëáãÞ ìçíõìÜôùí áíÜìåóá óôïí åîõðçñÝôç êáé óôïí client êáé ç áëëçëåðSSäñáóç ôïõ åîõðçñÝôç ìå ôï öSSëôñï óå ìSSá ôõðéêÞ óýíïäï åíüò client ìå ôïí åîõðçñÝôç.

2.4 Ëåéôïõñãéêü óýóôçìá SmAS

ÅSSíáé öáíåñü áðü üóá Ýœïõìå áíáöÝñåé ùò ôþñá üôé ôï ëåéôïõñãéêü óýóôçìá ãéá ôï SmAS èá ðñÝðåé íá åSSíáé éäéáSSôåñá áðëü. ÓõãêåêñéìÝíá ìðïñïýìå íá áðáñéèìÞóïõìå ôéò ëåéôïõñãéÝò ðïõ ðñÝðåé íá åðéôåëåSS ôï SmASOS óôéò áêüëïõèåò:

• ÄéáœåSSñéóç äSSóêïõ - Ôï ëåéôïõñãéêü óýóôçìá áóöáëþò ðñÝðåé íá ìðïñåSS íá ðñïóðåëáýíåé ôá áñœåSSá óôï äSSóêï êáé íá õëïðïéåSS Ýíá óýóôçìá áñœåSSùí.

#define FILENAME ”smas.cs.uoi.gr:testfiles/test1”

typedef struct –

int key;

char data[96]; ˝ MyRecord;

main() – int fd,k,filtid,rsize; MyRecord r;

/*Part 1: create a sample file*/

fd=smas˙open(FILENAME, SMAS˙O˙CREAT—SMAS˙O˙RDWR); for (k=0;k¡1000;k++) –

r=randomrecord(); /*Creates a record*/ smas˙write(fd,&r,sizeof(r)); ˝ smas˙close(fd);

/*Part 2: filter the records*/

fd=smas˙open(FILENAME, SMAS˙O˙RDONLY); filtid=smas˙registerfilter(fd,”simpleselect”); smas˙applyfilter(fd, filtid);

while (smas˙nextrec(fd, &r, &rsize) ¿ 0) process˙rec(r); ˝

ÓœÞìá 2.2: ÿíáò áðëüò client typedef struct – int key;

char data[96]; ˝ myrec;

init() –˝

body(myrec r) – if (r.key ¡= 15) pass(r, sizeof(r));

else

nopass(); ˝ tini() –˝

ÓœÞìá 2.3: ÿíá áðëü öSSëôñï

ÓœÞìá 2.4: ÅðéêïéíùíSSá server êáé client

• ÄéáœåSSñéóç ìíÞìçò - ÂáóéêÞ ëåéôïõñãSSá ãéá êÜèå ëåéôïõñãéêü óýóôçìá åSSíáé ç äéáœåSSñéóç ìíÞìçò, ðïõ œñåéÜæåôáé ãéá ôç ìíÞìç ðïõ œñçóéìïðïéïýí ôá öSSëôñá êáé ï åîõðçñÝôçò.

• Œñïíïðñïãñáììáôéóìüò - Ï œñïíïðñïãñáììáôéóìüò ôùí öSSëôñùí åSSíáé ìSSá éäéüôçôá ôïõ óõóôÞìáôïò ðïõ áðïäåéêíýåôáé ðïëý óçìáíôéêÞ üôáí åîõðçñåôïýìå ðïëëïýò client ôáõôüœñïíá.

• Äéáäéêôýùóç - Ç õëïðïSSçóç ôïõ ðñùôïêüëëïõ TCP/IP åSSíáé âáóéêÞ ãéá ôï óýóôçìÜ ìáò.

Ìå âÜóç ôá ðáñáðÜíù åðéëÝîáìå íá ìåôáöÝñïõìå ôï óýóôçìá SmAS óå Ýíá íÝï ëåéôïõñãéêü ôï ïðïSSï èá ìðïñåSS íá ðáñáìåôñïðïéçèåSS åýêïëá þóôå íá õðïóôçñSSæåé ôéò ðáñáðÜíù ëåéôïõñãSSåò, åíþ èá áíáóôÝëëïíôáé ïé õðüëïéðåò áðïöåýãïíôáò Ýôóé Üóêïðç œñÞóç ôïõ åðåîåñãáóôÞ. Ç åðéëïãÞ ìáò Þôáí ï õðü áíÜðôõîç ðõñÞíáò ôïõ GNU ëåéôïõñãéêïý óõóôÞìáôïò, ôï Hurd. Ôï Hurd Ýœåé ìSSá ðñùôïðïñéáêÞ áñœéôåêôïíéêÞ ðïõ îåöåýãåé áðü ôçí ðáñáäïóéáêÞ ìïíïëéèéêÞ áñœéôåêôïíéêÞ ôùí õðüëïéðùí êëþíùí ôïõ UNIX êáé åðéôñÝðåé ôçí åýêïëç ðáñáìåôñïðïSSçóÞ ôïõ. Ôï ãåãïíüò üôé ðñüêåéôáé ãéá Ýíá íÝï ðõñÞíá éóïäõíáìåSS ìå óœåôéêÜ ìéêñü ìÝãåèïò êþäéêÜ, ðïõ âïëåýåé ôïõò óêïðïýò áõôÞò ôçò åñãáóSSáò êáé ôçí ôñïðïðïSSçóç ôïõ óõóôÞìáôïò. Áêüìç, ïé ìåëëïíôéêÝò ðïëëÜ õðïóœüìåíåò äõíáôüôçôÝò ôïõ ôï êáèéóôïýí Ýíá ðïëý åíäéáöÝñïí óýóôçìá ãéá ìåëÝôç.

Ðáñüëï ðïõ åîåôÜóáìå êáé Üëëåò åðéëïãÝò ôï Hurd öÜíçêå óáí ç êáëýôåñç ëýóç. ÓõãêåêñéìÝíá ç äåýôåñç åðéëïãÞ ìáò Þôáí ï ðõñÞíáò LINUX [23]. Ðáñüëï ðïõ áõôÞ ç ëýóç Ýœåé ôï ðëåïíÝêôçìá üôé áðïôåëåSS Ýíá ðïëý äçìïöéëÞ ðõñÞíá, ï ïðïSSïò åSSíáé áñêåôÜ ðáñáìåôñïðïéÞóéìïò êáé âåëôéóôïðïéçìÝíïò, ôåëéêÜ áðïññSSöèçêå. Ï êõñéüôåñïò ëüãïò åSSíáé ôï ôåñÜóôéï ìÝãåèïò ôïõ êþäéêÜ ôïõ êáé ç ìïíïëéèéêÞ áñœéôåêôïíéêÞ ôïõ. ÐñáãìáôéêÜ ç ìïíïëéèéêÞ áñœéôåêôïíéêÞ ôïõ LIN- UX ïäçãåSS áðü ôç ìSSá óå Ýíá áðïäïôéêü óýóôçìá áëëÜ áðü ôçí Üëëç äçìéïõñãåSS ðïëëÝò åîáñôÞóåéò áíÜìåóá óôá äéáöïñåôéêÜ ôìÞìáôá ôïõ êþäéêÜ ôïõ, ãåãïíüò ðïõ êáèéóôÜ ïðïéáäÞðïôå ñéæéêÞ áëëáãÞ ðñáêôéêÜ áäýíáôç.

Óôï åðüìåíï êåöÜëáéï ðáñïõóéÜæåôáé ï ðõñÞíáò Hurd êáé ïé äõíáôüôçôÝò ôïõ þóôå íá ãSSíïõí îåêÜèáñïé ïé ëüãïé ðïõ ïäÞãçóáí óôçí åðéëïãÞ ôïõ êáé ïé áëëáãÝò ðïõ Ýãéíáí.

ÊåöÜëáéï 3

Ï ðõñÞíáò Hurd

Ôï 1984 ï Richard Stallman îåêSSíçóå ìSSá ðñïóðÜèåéá ãéá ôçí áíÜðôõîç åíüò åëåýèåñïõ, áðü êÜèå ðåñéïñéóìü äéÜèåóçò êáé äéáêSSíçóçò ôïõ êþäéêá, ëåéôïõñãéêïý óõóôÞìáôïò. Ç ðñïóðÜèåéá áõôÞ óõíåœSSæåôáé ìÝœñé óÞìåñá êáé ïíïìÜæåôáé GNU^1 project [16] êáé Ýíá óçìáíôéêü ôìÞìá ôçò åSSíáé ç äçìéïõñãSSá åíüò íÝïõ ðõñÞíá, ãéá áõôü ôï óýóôçìá, ôïõ Hurd^2 [17]. Ç áíÜðôõîç ôïõ Hurd ïõóéáóôéêÜ Üñœéóå ôï 1991 üôáí ôï Free Software Foundation^3 (FSF) ðÞñå Üäåéá íá œñçóéìïðïéÞóåé ôïí ìéêñïðõñÞíá Mach ðïõ åSSœå áíáðôõœèåSS áðü ôï Carnegie Mellon University.

Ç áñœéôåêôïíéêÞ ôïõ Hurd ðåñéëáìâÜíåé ôï ìéêñïðõñÞíá GNU/Mach, óáí âÜóç ãéá ôç œáìçëïý åðéðÝäïõ äéáœåSSñéóç êáé ðñïóðÝëáóç ôïõ õëéêïý, êáé Ýíá óýíïëï áðü åéäéêÝò åöáñìïãÝò, ôïõò servers, ðïõ áíáëáìâÜíïõí íá õëïðïéÞóïõí ôç ëåéôïõñãéêüôçôá ðïõ âñSSóêïõìå óå óõóôÞìáôá UNIX. ÁêïëïõèåSS ìSSá óýíôïìç åéóáãùãÞ (Åíüôçôá 3.1) óôï ìéêñïðõñÞíá Mach êáé Ýðåéôá ðáñïõóéÜæïõìå ôçí áñœéôåêôïíéêÞ ôïõ Hurd (Åíüôçôá 3.2).

3.1 ÅéóáãùãÞ óôï Mach

Ç áíÜðôõîç ôïõ ìéêñïðõñÞíá Mach [19], Üñœéóå ôï 1985 óôï Carnegie Mellon University (CMU). Óôüœïò Þôáí ç äçìéïõñãSSá åíüò ìéêñïðõñÞíá ðïõ õðïóôçñSSæåé:

• ÌSSá áñœéôåêôïíéêÞ ìéêñïðõñÞíá ðïõ ðáñÝœåé ðåñéïñéóìÝíåò ëåéôïõñãSSåò êáé åðéôñÝðåé óå åðéðÝäïõ œñÞóôç åöáñìïãÝò, ôïõò servers, íá ðáñÝœïõí äéÜöïñá óõóôÞìáôá õðïóôÞñéîçò åöáñìïãþí.

1ĳðïõ GNU óçìáSSíåé GNU’s not UNIX.

2ĳðïõ Hurd óçìáSSíåé Hird of UNIX-Replacing Daemons êáé Hird óçìáSSíåé Hurd of Interfaces Representing Depth.

3ÏñãÜíùóç ðïõ éäñýèçêå ôï 1985 ìå óôüœï ôçí õðïóôÞñéîç ôïõ GNU project

• ÿíá åîåëéãìÝíï óýóôçìá äéáäéåñãáóéáêÞò åðéêïéíùíSSáò óôïí ðõñÞíá ðïõ œñçóéìåýåé ãéá ôçí õëïðïSSçóç ôïõ õðüëïéðïõ óõóôÞìáôïò.

• ÁðïäïôéêÜ íÞìáôá.

• ÐáñïœÞ åéêïíéêÞò ìíÞìçò ìÝóù ôïõ ðõñÞíá êáé ôùí server.

• ÁñœéôåêôïíéêÝò ìå ðïëëáðëïýò åðåîåñãáóôÝò.

ÌÝœñé ôï 1994 ïé Üíèñùðïé ôïõ CMU åSSœáí åðéôýœåé áõôïýò ôïõò óôüœïõò ìå ôç äçìéïõñãSSá ôïõ Mach åíüò ìéêñïðõñÞíá ðïõ Ýœåé åðçñåÜóåé óçìáíôéêÜ áõôü ôïí ôïìÝá ôùí ëåéôïõñãéêþí óõóôçìÜôùí áðü ôüôå. Ç ôåëåõôáSSá Ýêäïóç ôïõ Mach áðü ôï CMU åSSœå áñéèìü ôñSSá. ÿðåéôá ôï ÐáíåðéóôÞìéï ôçò Utah óõíÝœéóå, ìÝœñé ôï 1996, ôçí åñãáóSSá ôïõ CMU ìå ôçí ðñïóèÞêç íÝùí ëåéôïõñãéþí êáé ôç äçìéïõñãSSá ìSSáò ôÝôáñôçò Ýêäïóçò ôïõ Mach [20]. ÓÞìåñá áõôÞ ç Ýêäïóç œñçóéìïðïéåSSôáé óôï xMach [21] ìSSá ðñïóðÜèåéá äçìéïõñãSSáò åíüò BSD [22] óõóôÞìáôïò. ÐáñÜëëçëá ôï FSF áíÝðôõîå ôç äéêÞ ôïõ Ýêäïóç ôïõ Mach ãéá œñÞóç óôï GNU project.

ÁñœéêÜ ðáñïõóéÜæïõìå åí óõíôïìSSá ìåñéêÜ âáóéêÜ œáñáêôçñéóôéêÜ ôïõ Mach åíþ Ýðåéôá åîåôÜæïõìå ôï óýóôçìá äéáœåSSñéóçò ìíÞìçò êáé äéåñãáóéþí þóôå íá ãSSíåé êáôáíïçôü ðùò åðéôõãœÜíåôáé ç äçìéïõñãSSá äéåñãáóéþí óå Ýíá ôÝôïéï óýóôçìá. Ï Mach áíáëáìâÜíåé ðëÞñùò ôç äéáœåSSñéóç ôïõ õëéêïý êáé ðáñÝœåé ôç äõíáôüôçôá äçìéïõñãSSáò õøçëïý åðéðÝäïõ server ãéá ôç ðáñïœÞ ðåñáéôÝñù ëåéôïõñãéêüôçôáò. Ç äõíáôüôçôá áõôÞ äSSíåôáé ìå ôçí õðïóôÞñéîç áðü ôï Mach âáóéêþí åííïéþí. Ïé êõñéüôåñåò áðü áõôÝò åSSíáé [10]:

• Task - ÁðïôåëåSS ôç ìïíÜäá åêœþñçóçò ðüñùí, Ýœåé Ýíá œþñï äéåõèýíóåùí óôç ìíÞìç êáé ðåñéÝœåé Ýíá Þ ðåñéóóüôåñá thread. ÏõóéáóôéêÜ åSSíáé ìSSá óõëëïãÞ ðüñùí ôïõ óõóôÞìáôïò, ïé ïðïSSïé åSSíáé ðñïóðåëÜóéìïé åSSôå ìÝóù ports åSSôå Üìåóá.

• Thread - ÁðïôåëåSS ôç ìïíÜäá áîéïðïSSçóçò ôçò CPU, åSSíáé Ýíá óçìåSSï åëÝãœïõ ñïÞò ìÝóá óå Ýíá task, ìðïñåSS íá åêôåëåSSôáé ðáñÜëëçëá ìå Üëëá thread êáé ðåñéÝœåé åëÜœéóôç ðëçñïöïñSSá ãéá ìéêñÞ êáôáíÜëùóç ðüñùí.

• Port - ÅSSíáé Ýíá êáíÜëé åðéêïéíùíSSáò, ìSSá ïõñÜ ìçíõìÜôùí ðïõ œåéñSSæåôáé ï ìéêñïðõñÞíáò. Ç ðñüóâáóç óôçí port ãSSíåôáé ìÝóù äéêáéùìÜôùí, ìüíï Ýíá task Ýœåé äéêáSSùìá ëÞøçò áëëÜ ðïëëÜ ìðïñåSS íá Ýœïõí äéêáSSùìá áðïóôïëÞò.

• Message - ÁðïôåëåSS ìSSá ôõðïðïéçìÝíç óõëëïãÞ äåäïìÝíùí ðïõ œñçóéìïðïéåSSôáé óôçí åðéêïéíùíSSá áíÜìåóá óå tasks, äçëáäÞ óôá ðåñéåœüìåíÜ ôïõò threads.

• Memory object - ÁðïôåëåSS ôç ìïíÜäá äéáœåSSñéóçò ìíÞìçò ôïõ ðõñÞíá.

Ôá ðáñáðÜíù áíôéêåSSìåíá åSSíáé üôé œñåéÜæåôáé ãéá ôçí õëïðïSSçóç õøçëïý åðéðÝäïõ åöáñìïãþí. Ôá task êáé ôá thread õëïðïéïýí ôçí Ýííïéá ôçò äéåñãáóSSáò åíþ ôá ports êáé ôá messages äçìéïõñãïýí Ýíá åîåëéãìÝíï óýóôçìá äéáäéåñãáóéáêÞò åðéêïéíùíSSáò, ðïõ œñçóéìïðïéåSSôáé óôçí åðéêïéíùíSSá ôùí task ìåôáîý ôïõò, óôçí åðéêïéíùíSSá ìå ôïí ìéêñïðõñÞíá êáé óôçí ðñïóðÝëáóç ôïõ õëéêïý. Ôï óýóôçìá åðéêïéíùíSSáò åSSíáé áñêåôÜ åîåëéãìÝíï þóôå íá õðïóôçñSSæåé Ýëåãœï ðñüóâáóçò óôá port ìÝóù äéêáéùìÜôùí, êáé áðïóôïëÞ áõôþí ôùí äéêáéùìÜôùí óå Ýíá server ðñïêåéìÝíïõ íá åðéêïéíùíÞóåé ìå êÜðïéïí Üëëï.

3.1.1 ÌïíôÝëï äéáœåSSñéóçò ìíÞìçò Mach

Ï Mach œñçóéìïðïéåSS Ýíá åîåëéãìÝíï ìïíôÝëï äéáœåSSñéóçò ìíÞìçò ðïõ œùñSSæåôáé óå Ýíá ôìÞìá åîáñôïýìåíï áðü ôï õëéêü êáé Ýíá ôìÞìá áíåîÜñôçôï áðü ôï õëéêü ðïõ ðñïóöÝñåé Ýíá ìÝóï ãéá ôçí õëïðïSSçóç äéáœåSSñéóçò ìíÞìçò õøçëïý åðéðÝäïõ. Ï Mach ðáñÝœåé Ýíá óýíïëï áðü åéêïíéêÝò äéåõèýíóåéò (virtual addresses) [11, 12] óôï œþñï äéåõèýíóåùí åíüò task ðïõ áíôéóôïéœïýí óå öõóéêÝò äéåõèýíóåéò ôçò ìíÞìçò ôïõ óõóôÞìáôïò. ĳðùò óå üëá ôá óõóôÞìáôá ðïõ œñçóéìïðïéïýí óåëéäïðïSSçóç (memory paging) [11, 12] ãéá ôçí õëïðïSSçóç åéêïíéêÞò ìíÞìçò, Ýôóé êáé óôï Mach ï œþñïò äéåõèýíóåùí åíüò task äåí âñSSóêåôáé ïëüêëçñïò óôç öõóéêÞ ìíÞìç. Ôçí ìåôáöïñÜ óåëSSäùí áðü êáé ðñüò ôï œþñïõ äéåõèýíóåùí åíüò task áíáëáìâÜíåé Ýíáò åîùôåñéêüò, ôïõ ðõñÞíá, server, ï memory manager. Ï Mach œñçóéìïðïéåSS ôç öõóéêÞ ìíÞìç óáí ìSSá cache ãéá ôéò óåëSSäåò ìíÞìçò ðïõ äéáœåéñSSæïíôáé äéÜöïñïé memory manager. Ï Mach áíáëáìâÜíåé üëá ôá èÝìáôá ðïõ áöïñïýí ôçí ðñüóâáóç ôùí óåëSSäùí ìíÞìçò áðü ôá task, üóï áõôÝò âñSSóêïíôáé óôç öõóéêÞ ìíÞìç, êáé ðáñÜëëçëá áðïöáóSSæåé ðïéÝò óåëSSäåò èá ðáñáìÝíïõí óôç öõóéêÞ ìíÞìç. Ïé memory manager áíáëáìâÜíïõí ôçí áðïèÞêåõóç óåëSSäùí åêôüò ôçò ìíÞìçò êáé ôçí áíÜêôçóÞ ôïõò üôáí áõôÝò œñåéáóôïýí.

Ç äéáœåSSñéóç ôçò ìíÞìçò ãSSíåôáé ìÝóù ôùí memory object. Ï Mach œñçóéìïðïéåSS äýï åéäþí memory object:

• Abstract memory object - ÐáñÝœåé ôï ìÝóï ìå ôï ïðïSSï Ýíáò memory manager ìðïñåSS íá œåéñéóôåSS ôéò óåëSSäåò ôïõ êáé íá ôñïðïðïéÞóåé ôéò éäéüôçôåò ôïõò, üôáí áõôÝò âñSSóêïíôáé åêôüò ôçò öõóéêÞò ìíÞìçò.

• Memory cache object - Ôï äéáœåéñSSæåôáé ï ðõñÞíáò êáé ðåñéÝœåé ôçí êáôÜóôáóç ôùí óåëSSäùí åíüò abstract memory object, ðïõ âñSSóêïíôáé óôç öõóéêÞ ìíÞìç.

ÿíáò memory manager åSSíáé Ýíáò server ðïõ äçìéïõñãåSS êáé áñœéêïðïéåSS Ýíá abstract memory object êáé óõíåðþò ôç ìíÞìç ðïõ èá äéáœåéñéóôåSS. Ç äéáœåSSñéóç ìíÞìçò åðéôõãœÜíåôáé ìå ôç óõíåœÞ åðéêïéíùíSSá ôïõ ìéêñïðõñÞíá ìå ôï memory manager. ĳôáí êÜðïéï task äçìéïõñãÞóåé êÜðïéï óöÜëìá óåëSSäáò óå êÜðïéï memory cache object êáé äåí ìðïñåSS íá ôï äéáœåéñéóôåSS ï ìéêñïðõñÞíáò, ôüôå ï Mach ìåôáöÝñåé ôçí áSSôçóç óôï êáôÜëëçëï memory manager. Ï memory manager áíáëáìâÜíåé ôç äéáœåSSñéóç ôùí óåëSSäùí, ìå ôçí åýñåóç ôçò æçôïýìåíçò óåëSSäáò óôï abstract memory object ôïõ êáé ôçí áðïóôïëÞ ôçò óôï Mach. ÃåíéêÜ ôï ðñùôüêïëëï åðéêïéíùíSSáò ôïõ Mach ìå ôïõò memory manager åSSíáé ðïëý ðåñSSðëïêï áöïý ðñÝðåé íá äéáœåéñSSæåôáé üëåò ôéò ðåñéðôþóåéò óöáëìÜôùí ìíÞìçò.

Ï default pager åSSíáé Ýíáò memory manager ìå åéäéêÞ óçìáóSSá ãéá ôï Mach. ĳôáí êÜðïéïò memory manager êáèõóôåñÞóåé Þ áðïôýœåé íá äéáœåéñéóôåSS ìSSá óåëSSäá, ôüôå ï Mach êáëåSS ôï default pager ï ïðïSSïò äåí ðñÝðåé íá áðïôõãœÜíåé ðïôÝ. Óôï Hurd ï default pager åSSíáé êáé ï ìüíïò memory manager ðïõ õðÜñœåé.

3.1.2 Tasks êáé threads óôï Mach

Óôï Mach äåí õðÜñœåé ç Ýííïéá ôçò äéåñãáóSSáò, ôïõëÜœéóôïí üœé üðùò ôçí îÝñïõìå óôï UNIX. ÁíôSSèåôá ï Mach ðáñÝœåé ôéò äïìÝò åêåSSíåò ðïõ åðéôñÝðïõí ôçí õëïðïSSçóç äéåñãáóéþí óå ðéï õøçëü åðSSðåäï. Ïé äïìÝò áõôÝò åSSíáé ôá threads êáé ôá tasks. ÅðïìÝíùò ï Mach ðáñÝœåé äõíáôüôçôá äéáœåSSñéóçò ìüíï ôùí task êáé ôùí thread.

Ôá thread áðïôåëïýí ôéò âáóéêÝò ïíôüôçôåò õðïëïãéóìïý. ÊÜèå thread áíÞêåé óå Ýíá êáé ìüíï task ðïõ êáèïñSSæåé ôï œþñï äéåõèýíóåþí ôïõ, ôïí ïðïSSï êáé ìïéñÜæåôáé ìå ôá õðüëïéðá thread ôïõ task. Ï œñïíïðñïãñáììáôéóìüò ôùí thread ãSSíåôáé áðü ôï Mach. ÊÜèå thread óœåôSSæåôáé ìå ìSSá ðñïôåñáéüôçôá áíÜëïãá ìå ôçí ïðïSSá áðïöáóSSæåôáé ðüôå èá œñçóéìïðïéÞóåé ôç CPU, åíþ ç áëëáãÞ áíÜìåóá óôá thread ãSSíåôáé ðñïåêœùñçôéêÜ. ÕðÜñœïõí åéäéêÝò êëÞóåéò ìå ôéò ïðïSSåò Ýíá thread ìðïñåSS íá ðáñáäþóåé ôç CPU Þ íá áðïêôÞóåé åéäéêÜ ðñïíüìéá œñÞóçò ôçò CPU êáé ôçò ìíÞìçò, üðùò ãSSíåôáé ìå ôá thread ôïõ default pager. Áîéïðñüóåêôï åSSíáé üôé ï Mach åSSíáé åéäéêÜ óœåäéáóìÝíïò ãéá íá åêìåôáëëåýåôáé óôï Ýðáêñï ôéò äõíáôüôçôåò ðáñáëëçëSSáò ôùí ìçœáíçìÜôùí ìå ðïëëáðëïýò åðåîåñãáóôÝò, åíþ ç ðñïçãìÝíç äéáœåSSñéóç ôùí thread ôïõ, ôïõ åðéôñÝðåé ôçí áðïóôïëÞ óå Üëëï ìçœÜíçìá ìå ìéêñïðõñÞíá Mach åíüò thread ãéá íá óõíåœSSóåé åêåSS ôçí åêôÝëåóÞ ôïõ, áí êáé áõôÞ ôç äõíáôüôçôá äåí ôçí åêìåôáëëåýåôáé áêüìá ï Hurd.

Ôá tasks áðïôåëïýí ôï ìÝóï åêœþñçóçò ðüñùí áðü ôï óýóôçìá óôï ðåñéâÜëëïí ôï ïðïSSï åêôåëïýíôáé ôá thread. Ç äçìéïõñãSSá åíüò task ãSSíåôáé ìüíï áðü êÜðïéï

Üëëï task áðü ôï ïðïSSï êáé êëçñoíïìåSS äéÜöïñåò ðáñáìÝôñïõò êáé èÝôåé ôï œþñï åéêïíéêþí äéåõèýíóåþí ôïõ. Ðáñüëï ðïõ Ýíá task äåí œñïíïðñïãñáììáôSSæåôáé Üìåóá, õðÜñœåé ôñüðïò íá åðçñåÜóåé ôï œñïíïðñïãñáììáôéóìü ôùí thread ðïõ ðåñéÝœåé èÝôïíôáò êÜðïéåò ðáñáìÝôñïõò, åíþ ìðïñåSS íá åëÝãîåé ôï ôåñìáôéóìü êáé ôçí åêêSSíçóç ôùí thread ôïõ.

ÔÝëïò ãéá ôç óõããñáöÞ server êáé åöáñìïãþí œñÞóôç ìáæSS ìå ôï Mach Ýñœåôáé êáé ç âéâëéïèÞêç CThread ðïõ ðáñÝœåé ìSSá õëïðïSSçóç íçìÜôùí óå åðSSðåäï œñÞóôç êáé ëåéôïõñãSSåò ãéá ôç äéáœåSSñéóç êáé ôïí áìïéâáSSï áðïêëåéóìü ôïõò. Ç âéâëéïèÞêç áõôÞ åîåôÜæåôáé ëåðôïìåñþò óôï åðüìåíï êåöÜëáéï. Ðåñéóóüôåñåò ðëçñïöïñSSåò ãéá ôï Mach ìðïñåSS íá âñåSS êáíåSSò óôá åîÞò âéâëSSá: [13, 14, 15].

3.2 ÅéóáãùãÞ óôï Hurd

Ôï Hurd åSSíáé Ýíá óýíïëï áðü server ðïõ œñçóéìïðïéåSS ôéò äõíáôüôçôåò ôïõ Mach ãéá íá ðáñÝœåé ôç ëåéôïõñãéêüôçôá åíüò POSIX óõóôÞìáôïò. ÅðéðëÝïí åéóÜãåé êáéíïýñãéåò äõíáôüôçôåò êáé ìSSá åíôåëþò äéáöïñåôéêÞ áñœéôåêôïíéêÞ áðü ôïõò ðáñáäïóéáêïýò ìïíïëéèéêïýò UNIX ðõñÞíåò. Åäþ ðáñïõóéÜæåôáé ï ôñüðïò ìå ôïí ïðïSSï ïé server ôïõ Hurd õëïðïéïýí Ýíá ëåéôïõñãéêü óýóôçìá.

ÅSSäáìå üôé Ýíá Mach task äéáèÝôåé áñêåôÞ ëåéôïõñãéêüôçôá þóôå íá ìðïñåSS íá õëïðïéÞóåé ìSSá äéåñãáóSSá. Ïé server åSSíáé åöáñìïãÝò œñÞóôç êáé éóïäõíáìïýí ìå Mach task ôá ïðïSSá åêôåëïýí ìSSá óõãêåêñéìÝíç ëåéôïõñãSSá, áíåîÜñôçôá ôï Ýíá áðü ôï Üëëï, êáé ìáæSS õëïðïéïýí Ýíá UNIX óýóôçìá. Ç óõíåñãáóSSá ôùí server ãSSíåôáé äõíáôÞ ìÝóù ôïõ óõóôÞìáôïò äéáäéåñãáóéáêÞò åðéêïéíùíSSáò (IPC) ôïõ Mach. Ç ïëïêëÞñùóç ìSSáò ëåéôïõñãSSáò ìðïñåSS íá áðáéôåSS ôçí åðéêïéíùíSSá áñêåôþí server (ÓœÞìá 3.1). Ç ìÝèïäïò åðéêïéíùíSSáò ðåñéëáìâÜíåé ôçí áðïóôïëÞ åíüò ìçíýìáôïò áðü Ýíá server óôï port êÜðïéïõ Üëëïõ. Ôï ðñüâëçìá ðïõ åìöáíSSæåôáé åSSíáé ðùò êÜðïéïò server áðïêôÜ äéêáSSùìá áðïóôïëÞò óôçí port êÜðïéïõ Üëëïõ ìå ôïí ïðïSSï ðñÝðåé íá åðéêïéíùíÞóåé þóôå íá ïëïêëçñþóåé ôç ëåéôïõñãSSá. Ç ëýóç óå áõôü ôï ðñüâëçìá âáóSSæåôáé ìåñéêÜ óå Ýíá åéäéêåõìÝíï server ðïõ ðåñéÝœåé ôá ïíüìáôá åõñÝùò œñçóéìïðïéïýìåíùí server êáé óôï ñéæïóðáóôéêü ôñüðï ðïõ œñçóéìïðïéåSS ôï Hurd ôï óýóôçìá áñœåSSùí. ÊÜèå server Ýœåé äéêáSSùìá áðïóôïëÞò óôçí port åíüò óõãêåêñéìÝíïõ server-åõñåôçñSSïõ. Ïé server êáôÜ ôçí ÝíáñîÞ ôïõò êáôáãñÜöïõí ôá óôïéœåSSá ôïõò, ìSSá port ãéá åðéêïéíùíSSá êáé ôï üíïìÜ ôïõò, óå áõôü ôïí serveråõñåôÞñéï, åíþ áíáêôïýí ôá óôïéœåSSá Üëëùí server åêôåëþíôáò åñùôÞóåéò óå áõôüí.

Ôï óýóôçìá áñœåSSùí ôïõ Hurd åSSíáé ôï ext2fs, Ýíá åõñÝùò œñçóéìïðïéïýìåíï óýóôçìá áñœåSSùí, ðïõ œñçóéìïðïéåSS êüìâïõò (i-nodes) ãéá íá áðïèçêåýóåé ôá áñœåSSá êáé ðëçñïöïñSSåò ðïõ ôá áöïñïýí [11, 12]. Óôï Hurd üìùò Ýœåé Ýíá

ÓœÞìá 3.1: ÅðéêïéíùíSSá ôìçìÜôùí ôïõ Hurd. Ôá ôìÞìáôá œùñSSæïíôáé óå åðSSðåäá üðïõ óôï ôåëåõôáSSï âñSSóêåôáé ï Mach, ýóôåñá ï Hurd êáé ðéü ðÜíù ðñéí áðü ôéò êïéíÝò åöáñìïãÝò ç âéâëéïèÞêç ôçò C. ÄéáêåêïììÝíá ðëáSSóéá äåSSœíïõí ôéò õðçñåóSSåò êÜèå åðéðÝäïõ. ÓõìðáãÞ ðëáSSóéá ôéò åöáñìïãÝò äçëáäÞ ôïõò server êáé ôïõ œñÞóôç. Åðéêáëõðôüìåíá ðëáSSóéá äåSSœíïõí åðéêïéíùíSSá ìå ìïñöÞ êëÞóçò óõíáñôÞóåùí, åíþ ôá âÝëç õðïäåéêíýïõí åðéêïéíùíSSá ìÝóù áíôáëëáãÞò ìçíõìÜôùí.

ðëåïíÝêôçìá êáèþò ìÝóá óôïõò êüìâïõò ôïõ óõóôÞìáôïò áñœåSSùí áðïèçêåýïíôáé ðëçñïöïñSSåò ãéá ôïõò SSäéïõò ôïõò server ôïõ óõóôÞìáôïò.

ÓõãêåêñéìÝíá êÜèå êüìâïò ìðïñåSS íá áíáðáñéóôÜ Ýíá áðëü áñœåSSï Þ íá ðåñéÝœåé ôï üíïìá åíüò server ðïõ åSSíáé õðåýèõíïò ãéá ôçí äéáœåSSñéóç Þ áëëéþò ìåôÜöñáóç ôùí ðåñéåœïìÝíùí ôïõ, ãé’áõôü ïé server ëÝãïíôáé êáé translator. Ãéá êÜèå ëåéôïõñãSSá ôïõ óõóôÞìáôïò õðÜñœåé êáé Ýíá áíôSSóôïéœï áñœåSSï óôï óýóôçìá áñœåSSùí,åíþ óôïí êüìâï ôïõ áñœåSSïõ áõôïý õðÜñœåé áðïèçêåõìÝíï ôï üíïìá ôïõ server ðïõ ðñÝðåé íá êëçèåSS ìå üðïéåò ðáñáìÝôñïõò œñåéÜæåôáé ï server ãéá íá ëåéôïõñãÞóåé óùóôÜ. Ãéá ðáñÜäåéãìá ãéá ôï TCP/IP õðÜñœåé ôï áñœåSSï /servers/socket/inet åíþ óôïí êüìâï ôïõ ãñÜöåôáé ôï üíïìá ôïõ server, /hurd/pfinet ìå ðáñáìÝôñïõò ôçí IP äéåýèõíóç ôïõ ìçœáíÞìáôïò, ôç ìÜóêá õðïäéêôýïõ ê.Ü.

Ç ðñïóðÝëáóç ôïõ óõóôÞìáôïò áñœåSSùí ãSSíåôáé ìÝóù åíüò server ðïõ äéáœåéñSSæåôáé ôçí åðéêïéíùíSSá ìå ôï Mach êáé óõíåðþò ôï óêëçñü äSSóêï. ĳôáí ðñïóðåëáýíåôáé Ýíáò êüìâïò ôïõ óõóôÞìáôïò áñœåSSùí ï server ðïõ äéáœåéñSSæåôáé ôï óýóôçìá áñœåSSùí, áí áõôü åSSíáé êáíïíéêü áñœåSSï åðéóôñÝöåé ìSSá port ðïõ áíôéðñïóùðåýåé ôï áñœåSSï, áëëéþò åêôåëåSS ôï server ðïõ áíôéóôïéœåSS óôïí êüìâï êáé åðéóôñÝöåé ìSSá port ãéá åðéêïéíùíSSá ìå áõôü ôï server. Ôç äéáäéêáóSSá áõôÞ åíåñãïðïéïýí êáé äéáœåéñSSæïíôáé åî ïëïêëÞñïõ ïé êëÞóåéò óõóôÞìáôïò ðïõ õëïðïéïýíôáé áðü ôç âéâëéïèÞêç ôçò C, Ýôóé ï ðñïãñáììáôéóôÞò äå œñåéÜæåôáé íá ãíùñSSæåé ôï ðáñáìéêñü ãéá ôéò ëåðôïìÝñåéåò áõôÞò ôçò åðéêïéíùíSSáò. ÐáñáêÜôù ðáñáèÝôïõìå ìåñéêïýò áðü ôïõò êõñéüôåñïõò server ôïõ ðõñÞíá Hurd ïé ïðïSSïé åêôåëïýíôáé áõôüìáôá áðü ôï óýóôçìá.

• ext2fs - Ï server ðïõ áíáëáìâÜíåé ôç äéáœåSSñéóç ôïõ óõóôÞìáôïò áñœåSSùí.

• exec - Ï server ðïõ äçìéïõñãåSS ìSSá íÝá äéåñãáóSSá áðü Ýíá åêôåëÝóéìï áñœåSSï.

• proc - Ï server ðïõ áíáëáìâÜíåé èÝìáôá äéáœåSSñéóçò äéåñãáóéþí, ð.œ. áíÜèåóç PID.

• init - Ï server ðïõ áñœéêïðïéåSS ôï óýóôçìá.

• mach-defpager - Ï server ðïõ áíáëáìâÜíåé ôç äéáœåSSñéóç ìíÞìçò.

ÖõóéêÜ åîáêïëïõèïýí íá éóœýïõí ïé Üäåéåò ðñüóâáóçò ôïõ êëáóéêïý óõóôÞìáôïò áñœåSSùí ôïõ UNIX ðáñÝœïíôáò Ýôóé åëåãœüìåíç ðñüóâáóç óôïõò server.

ÅSSíáé öáíåñü üôé áõôü ôï óýóôçìá åSSíáé ðïëý åõÝëéêôï êáé Ýœåé ðïëëÜ ðëåïíåêôÞìáôá üóïí áöïñÜ ôçí ðáñáìåôñïðïSSçóÞ ôïõ. ÓõãêåêñéìÝíá åðéôñÝðåé óôïõò œñÞóôåò íá œñçóéìïðïéïýí ôïõò äéêïýò ôïõò server ðáñáìåôñïðïéþíôáò Þ êáé áíôéêáôáóôþíôáò áõôïýò ôïõ óõóôÞìáôïò, ìÝóá óôá ðëáSSóéá ôùí áäåéþí ôïõò öõóéêÜ. Áêüìá åSSíáé ðñïöáíÝò üôé åêôüò áðü ìåñéêïýò âáóéêïýò server ïé õðüëïéðïé åêôåëïýíôáé áõôüìáôá áðü ôï óýóôçìá ìüíï üôáí œñåéÜæåôáé ãëéôþíïíôáò Ýôóé ðüñïõò. ÁõôÜ ôá œáñáêôçñéóôéêÜ ðëçñïýí ôéò ðñïûðïèÝóåéò ðïõ èÝóáìå óôï ðñïçãïýìåíï êåöÜëáéï, äçëÜäÞ ôçí åðåêôáóéìüôçôá êáé ôçí åõåëéîSSá, êáé êáèéóôïýí ôï Hurd Ýíá ðïëý åëêõóôéêü óýóôçìá ãéá ìåëÝôç, äéêáéïëïãþíôáò ôçí åðéëïãÞ ìáò. Óôï åðüìåíï êåöÜëáéï åîåôÜæïõìå áíáëõôéêÜ ôéò áëëáãÝò ðïõ êÜíáìå óôï Hurd ðñïêåéìÝíïõ íá åðéôýœïõìå âåëôSSùóç ôçò áðüäïóçò ôïõ SmAS.

ÊåöÜëáéï 4

Œñïíïðñïãñáììáôéóìüò öSSëôñùí

ÿœïõìå Þäç åðéóçìÜíåé üôé Ýíá ìåãÜëï êïììÜôé ôïõ SmAS áöïñÜ ôçí ìåôáöïñÜ åíüò ôìÞìáôïò ôçò åðåîåñãáóSSáò ôùí äåäïìÝíùí áðü ôïí client óôïí åîõðçñÝôç. ÁõôÞ ç ìåôáöïñÜ õëïðïéåSSôáé ìå ôç äçìéïõñãSSá áðëþí ðñïãñáììÜôùí áðü ôï œñÞóôç, ðïõ ôá ïíïìÜæïõìå öSSëôñá, ôá ïðïSSá åêôåëïýíôáé óôï server êáé åëÝãœïõí ôçí ñïÞ ôùí äåäïìÝíùí ðñïò ôïí client. ÅðïìÝíùò ôá öSSëôñá áðïôåëïýí Ýíá óçìáíôéêü ðáñÜãïíôá ðïõ åðçñåÜæåé ôçí áðüäïóç ôïõ server.

Åéäéêüôåñá ôá öSSëôñá áðïôåëïýí ôï óçìáíôéêüôåñï ðáñÜãïíôá êáèïñéóìïý ôïõ ñõèìïý äéáìåôáãùãÞò äåäïìÝíùí ðïõ ðåôõœáSSíåé ï åîõðçñÝôçò óôçí ðåñSSðôùóç ðïõ åîõðçñåôåSS ðïëëïýò clients ôáõôüœñïíá. Ôáõôüœñïíç åîõðçñÝôçóç óçìáSSíåé ôçí ýðáñîç ðïëëþí íçìÜôùí óôïí åîõðçñÝôç ðïõ ôï êáèÝíá áíáëáìâÜíåé ôéò áéôÞóåéò åíüò client, óõìðåñéëáìâáíïìÝíçò êáé ôçò åêôÝëåóçò ôïõ öSSëôñïõ.

Ìå ôçí åêôÝëåóç ðïëëþí öSSëôñùí ôáõôüœñïíá áõîÜíåôáé ç óõíäñïìéêüôçôá (concurrency) óôïí åîõðçñÝôç êáé åãåSSñïíôáé èÝìáôá üðùò ôï œñïíéêü äéÜóôçìá ðïõ Ýíá öSSëôñï èá œñçóéìïðïéåSS ôïí åðåîåñãáóôÞ êáé áí êÜðïéïò client Ýœåé ðñïôåñáéüôçôá Ýíáíôé êÜðïéïõ Üëëïõ. ÐñïêåéìÝíïõ íá äéåñåõíÞóïõìå ôá èÝìáôá áõôÜ êáé íá âåëôéóôïðïéÞóïõìå ôçí áðüäïóç ôïõ åîõðçñÝôç óœåäéÜóáìå êáé õëïðïéÞóáìå äéáöïñåôéêÝò ðïëéôéêÝò œñïíïðñïãñáììáôéóìïý ôùí öSSëôñùí.

Óôç óõíÝœåéá (Åíüôçôá 4.1) åîåôÜæïõìå ôéò ðïëéôéêÝò œñïíïðñïãñáììáôéóìïý ðïõ èá õëïðïéÞóïõìå, Ýðåéôá (Åíüôçôá 4.2) áíáëýïõìå ôï ôñüðï õëïðïSSçóçò áõôþí ôùí ðïëéôéêþí êáé (Åíüôçôá 4.3) ôéò åðéðôþóåéò ôïõò óôçí áðüäïóç ôïõ åîõðçñÝôç.

4.1 ÐïëéôéêÝò œñïíïðñïãñáììáôéóìïý

ÐñïêåéìÝíïõ íá âåëôéþóïõìå ôéò åðéäüóåéò ôïõ åîõðçñÝôç, üôáí åîõðçñåôïýíôáé ðïëëïSS client ðïõ åêôåëïýí åñùôÞóåéò ìÝóù ôùí öSSëôñùí ôïõò, ðñÝðåé íá åîåôÜóïõìå ôïí ôñüðï ìå ôïí ïðïSSï ôá öSSëôñá áõôÜ œñçóéìïðïéïýí ôïí åðåîåñãáóôÞ. ÐñïêåéìÝíïõ íá ìåëåôÞóïõìå ôç âåëôéóôïðïéÞóç ôïõ åîõðçñÝôç äïêéìÜóáìå äýï ðïëéôéêÝò œñïíïðñïãñáììáôéóìïý ôùí íçìÜôùí ðïõ óõíáíôþíôáé áñêåôÜ óõœíÜ óôç âéâëéïãñáöSSá ôùí ëåéôïõñãéêþí óõóôçìÜôùí [11, 12].

Roundrobin Ï áëãüñéèìïò áõôüò åíáëëÜóóåé áíÜ ôáêôéêÜ œñïíéêÜ äéáóôÞìáôá ôï íÞìá ðïõ œñçóéìïðïéåSS ôïí åðåîåñãáóôÞ ìå Ýíá Üëëï ðïõ âñSSóêåôáé õðü áíáóôïëÞ, äSSíïíôáò Ýôóé Ýíá êâÜíôï œñüíïõ óå êÜèå íÞìá. Ôá íÞìáôá åíáëëÜóóïíôáé ôï Ýíá ìåôÜ ôï Üëëï, äçëáäÞ åðáíáðñïãñáììáôSSæåôáé ôï SSäéï íÞìá ìüíï áöïý üëá ôá õðüëïéðá Ýœïõí œñçóéìïðïéÞóåé ôïí åðåîåñãáóôÞ. ÿôóé åðéôõãœÜíåôáé ïìïéüìïñöç êáôáíïìÞ ôïõ åðåîåñãáóôÞ óôá íÞìáôá.

First Come First Served

Áõôüò ï áëãüñéèìïò ðñïãñáììáôSSæåé ôï íÞìá ðïõ äçìéïõñãåSSôáé ðñþôï, óõíåœþò êáé ìÝœñé áõôü íá ôåëåéþóåé ôçí åêôÝëåóÞ ôïõ. ÿôóé äåí õðÜñœåé ðáñÜëëçëç åêôÝëåóç áëëÜ ôï êÜèå íÞìá ðåñéìÝíåé íá ôåëåéþóåé ôï ðñïçãïýìåíü ôïõ ãéá íá œñçóéìïðïéÞóåé ôïí åðåîåñãáóôÞ.

Ç ðñþôç ðïëéôéêÞ áõîÜíåé ôç óõíäñïìéêüôçôá, áöïý üôáí Ýíá íÞìá Ýœåé ìðëïêÜñåé (ð.œ. ðåñéìÝíïíôáò äåäïìÝíá áðü ôï äSSóêï) Ýíá Üëëï ìðïñåSS íá åêôåëåSSôáé, åíþ åSSíáé äSSêáéç ãéá üëïõò ôïõò client, áöïý üëïé œñçóéìïðïéïýí ôïí åðåîåñãáóôÞ ðáñÜëëçëá. Óôçí ðñáãìáôéêüôçôá üìùò ç óõíäñïìéêüôçôá äåí áõîÜíåôáé ðïëý áöïý äéáèÝôïõìå ìüíï Ýíá åðåîåñãáóôÞ ãéá íá åêôåëåSS ôá íÞìáôá. ÅðéðëÝïí ç óõíåœÞò äéáäéêáóSSá ôçò åíáëëáãÞò ôùí íçìÜôùí, œñçóéìïðïéåSS œñüíï ôïõ åðåîåñãáóôÞ åëáôôþíïíôáò ôï äéáèÝóéìï œñüíï ãéá ôá öSSëôñá.

Ç äåýôåñç ðïëéôéêÞ ïõóéáóôéêÜ êáôáñãåSS ôç óõíäñïìéêüôçôá áöïý ìüíï Ýíá öSSëôñï åîõðçñåôåSSôáé œùñSSò äéáêïðÞ. Óôï ìïíïåðåîåñãáóôéêü ìïíôÝëï ãëéôþíïõìå ôï œñüíï åíáëëáãÞò ôùí thread êáé áõôü èá ðåñSSìåíå êáíåSSò üôé åSSíáé ôï âÝëôéóôï. ĳìùò Ýíá öSSëôñï ðïëý óõœíÜ œñåéÜæåôáé íá ðåñéìÝíåé ôçí áíÜãíùóç äåäïìÝíùí áðü ôï äSSóêï êáé ôçí áðïóôïëÞ ôïõò óôï äSSêôõï. ÿôóé ðÜëé õðÜñœåé œñüíïò óôïí ïðïSSï ï åðåîåñãáóôÞò äå œñçóéìïðïéåSSôáé ãéá ôçí åêôÝëåóç öSSëôñùí. ÅðéðëÝïí ïñéóìÝíïé client èá áñãÞóïõí ðÜñá ðïëý íá ëÜâïõí ôá ðñþôá áðïôåëÝóìáôá áðü ôïí åîõðçñÝôç, áöïý ìðïñåSS íá ðåñéìÝíïõí íá ôåëåéþóåé êÜðïéïò Þ êÜðïéïé Üëëïé ðïõ óõíäÝèçêáí ðñéí áðü áõôïýò, œáñáêôçñéóôéêü üœé êáé ôüóï åðéèõìçôü.

Áêüìç ìSSá ðïëéôéêÞ ðïõ åSSíáé åíäéáöÝñïí íá åîåôáóôåSS åSSíáé ç óõíôïìüôåñç åñãáóSSá ðñþôá (shortest job ˛rst - SJF). Óôçí ðïëéôéêÞ áõôÞ äéáèÝôïõìå ðëçñïöïñSSá ãéá ôï œñüíï ðïõ œñåéÜæåôáé êÜèå åöáñìïãÞ ãéá íá ïëïêëçñùèåSS êáé åðéëÝãïõìå ôçí ðéï óýíôïìç. Óôçí ðåñSSðôùóÞ ìáò êÜèå öSSëôñï Ýœåé äéáöïñåôéêü œñüíï åêôÝëåóçò ðïõ åîáñôÜôáé áðü ôï SSäéï ôï öSSëôñï êáé áðü ôï áñœåSSï óôï ïðïSSï åöáñìüæåôáé. Ôï ðñüâëçìá åSSíáé üôé äåí äéáèÝôïõìå ôçí áðáñáSSôçôç ðëçñïöïñSSá ãéá ôï œñüíï åêôÝëåóçò ôùí öSSëôñùí êáé ðñÝðåé íá ôïí ìåôñÞóïõìå äõíáìéêÜ êáôÜ ôçí åêôÝëåóÞ ôïõò.

Óôüœïò ìáò åSSíáé ç óýãêñéóç ôùí ðïëéôéêþí Roundrobin êáé First Come - First Served ðïõ èá âïçèÞóåé óôï íá âåëôéóôïðïéÞóïõìå ôçí áðüäïóç ôïõ åîõðçñÝôç. Óôç óõíÝœåéá áíáëýïõìå ôçí õëïðïSSçóÞ ôïõò.

4.2 ÕëïðïSSçóç ôùí ðïëéôéêþí œñïíïðñïãñáììáôéóìïý

Ç õëïðïSSçóç ãSSíåôáé ìå âÜóç ôéò ðáñåœüìåíåò äõíáôüôçôåò ôïõ Hurd êáé ôïõ Mach ãéá áõôü ôï ëüãï îåêéíÜìå ôçí áíÜëõóç ôçò õëïðïSSçóçò áðü ôç âéâëéïèÞêç äçìéïõñãSSáò íçìÜôùí ôïõ Hurd, ôç CThread [9].

ÿœïõìå Þäç áíáöÝñåé ôéò äõíáôüôçôåò ðïõ ðáñÝœåé ï Mach ãéá ôç äçìéïõñãSSá íçìÜôùí áëëÜ óôçí õëïðïSSçóÞ ìáò áóœïëïýìáóôå ìå ôçí âéâëéïèÞêç CThreads. Ç õëïðïSSçóç ìå âÜóç ôá Mach thread èá áðáéôïýóå áëëáãÝò óôç äïìÞ ôïõ ìéêñïðõñÞíá, Ýíá ðïëý äýóêïëï åãœåSSñçìá áöïý ôá thread œñçóéìïðïéïýíôáé óå êÜèå ëåéôïõñãSSá ôïõ Mach, åíþ êáé ôá äéÜöïñá ôìÞìáôá ôïõ Mach äåí åSSíáé áíåîÜñôçôá þóôå áëëáãÝò óå Ýíá íá ìçí åðçñåÜæïõí ôï Üëëï. ÅîÜëëïõ áñœéêÜ èÝëïõìå íá œñïíïðñïãñáììáôSSæïõìå ìüíï ôá öSSëôñá ïðüôå áíôéìåôùðSSóáìå ôï Mach óáí Ýíá \ìáýñï êïõôSS" êáé œñçóéìïðïéÞóáìå ôá cthreads ùò âÜóç ãéá ôá äéêÜ ìáò œñïíïðñïãñáììáôéæüìåíá íÞìáôá.

ÁñœSSæïõìå ôçí áíÜëõóç ôçò õëïðïSSçóçò åîçãþíôáò ôç ëåéôïõñãSSá ôçò âéâëéïèÞêçò CThread. Ç âéâëéïèÞêç CThread ðáñÝœåé ôç äõíáôüôçôá äçìéïõñãSSáò íçìÜôùí óôéò åöáñìïãÝò ôïõ Hurd êáé ç ôùñéíÞ õëïðïSSçóç ôçò âáóSSæåôáé óôçí áñœéêÞ âéâëéïèÞêç CThread ðïõ äéäüôáí óáí âïçèçôéêü åñãáëåSSï ìáæSS ìå ôï Mach áðü ôï Carnegie Mellon University. Åêôüò áðü ôç äçìéïõñãSSá ôùí íçìÜôùí ðáñÝœåôáé êáé ç äõíáôüôçôá áìïéâáSSïõ áðïêëåéóìïý ôïõò ìå ôçí õëïðïSSçóç áíôéêåéìÝíùí mutex êáé condition.

Ôá cthread õëïðïéïýíôáé ìå ôç âïÞèåéá ôùí lightweight processes [12], ôùí cproc. Óôçí ðñáãìáôéêüôçôá Ýíá cthread åSSíáé ìSSá äïìÞ ìå ôçí ïðïSSá ï œñÞóôçò áëëçëåðéäñÜ ìå ôéò cproc ç ïðïSSá ðåñéÝœåé áðëÝò ðëçñïöïñSSåò, üðùò ôç óõíÜñôçóç ðïõ èÝëåé íá åêôåëÝóåé ï œñÞóôçò. Ïé cproc äçìéïõñãïýíôáé Ýôóé þóôå íá ðåñéÝœïõí üôé œñåéÜæåôáé Ýíá êáéíïýñãéï íÞìá. Ç äçìéïõñãSSá ìSSáò cproc áíôéóôïéœåSS

ÓœÞìá 4.1: ÓœÝóç cthread, cproc êáé Mach thread

óôç äçìéïõñãSSá åíüò Mach thread êáé ôçí åêœþñçóç ìSSáò íÝáò ðåñéïœÞò ìíÞìçò ðïõ œñçóéìïðïéåSSôáé óáí óôïSSâá áðü ôï íÝï thread. ÿðåéôá ç cproc áíáëáìâÜíåé ôçí åêôÝëåóç åíüò cthread. Óôïí áñœéêü êþäéêá ôïõ CMU ïé cproc ìðïñïýóáí íá äéáœåéñSSæïíôáé ðïëëáðëÜ cthread, óôçí õëïðïSSçóç ôïõ Hurd üìùò ìSSá cproc áíôéóôïéœåSS óå Ýíá cthread åíþ ìåôÜ ôçí åêôÝëåóç êáé ôåñìáôéóìü ôïõ cthread ç cproc ìðïñåSS íá áíáëÜâåé Ýíá íÝï cthread. ÅðïìÝíùò ãéá êÜèå cthread õðÜñœåé ìSSá cproc êáé ãéá êÜèå cproc Ýíá Mach thread (ÓœÞìá 4.1). ÁíáóôïëÞ ôçò åêôÝëåóçò åíüò cthread óçìáSSíåé ôçí áíáóôïëÞ ôçò cproc êáé ôïõ Mach thread ðïõ áíôéóôïéœïýí óå áõôü.

Ôá cthreads äåí œñçóéìïðïéïýí êÜðïéï áëãüñéèìï œñïíïðñïãñáììáôéóìïý. Ãéá ôçí åíáëëáãÞ ôùí íçìÜôùí âáóSSæïíôáé áðïêëåéóôéêÜ óôï Mach. Ï œñïíïðñïãñáììáôéóôÞò ôïõ Mach ðñïóðáèåSS íá êñáôÜ ôïí åðåîåñãáóôÞ óõíåœþò áðáóœïëçìÝíï ãé’áõôü êáé üôáí Ýíá Mach thread ìðëïêÜñåé óå ìSSá êëÞóç óõóôÞìáôïò, ðåñéìÝíïíôáò äåäïìÝíá áðü ôï äSSóêï ãéá ðáñÜäåéãìá, åíáëëÜóóåôáé ìå üðïéï Üëëï Mach thread åSSíáé Ýôïéìï íá åêôåëåóôåSS. Ç åíáëëáãÞ áõôÞ ôùí Mach thread áíôéóôïéœåSS üðùò åSSðáìå óå åíáëëáãÞ ôùí cproc êáé cthread.

ĳôáí ìSSá åöáñìïãÞ œñçóéìïðïéåSS ôç âéâëéïèÞêç CThread ðñÝðåé áñœéêÜ íá êáëÝóåé ôç óõíÜñôçóç cthread init() åíþ Ýðåéôá ôá cthread äçìéïõñãïýíôáé êáé êáôáóôñÝöïíôáé ìå ôéò cthread fork() êáé cthread exit(). Óôçí ðñáãìáôéêüôçôá ç êëÞóç ôçò cthread init() äåí åSSíáé áðáñáSSôçôç óôï Hurd áöïý ç âéâëéïèÞêç áñœéêïðïéåSSôáé üôáí áñœSSæåé íá åêôåëåSSôáé ç äéåñãáóSSá, ìå ôç äçìéïõñãSSá ôïõ êõñSSùò íÞìáôïò êáé åíüò ðïõ áíáëáìâÜíåé ôçí äéáœåSSñéóç ôùí ìçíõìÜôùí ðïõ óôÝëíïíôáé óôç äéåñãáóSSá áðü ôï Mach.

ÊáôÜ ôçí äéêÞ ìáò õëïðïSSçóç äéáôçñÞèçêå ç Ýíá ðñïò Ýíá áíôéóôïéœSSá ôùí cthread ìå ôéò cproc êáé ôùí cproc ìå ôá Mach thread. Ç êëÞóç ôçò cthread fork() áðü ôï ðñïãñáììáôéóôÞ ðëÝïí Ýœåé óáí áðïôÝëåóìá ôç äçìéïõñãSSá ìSSáò cproc ç ïðïSSá âñSSóêåôáé óå êáôÜóôáóç áíáóôïëÞò êáé äåí œñïíïðñïãñáììáôSSæåôáé. Ç cproc áõôÞ åéóÜãåôáé óå ìSSá ïõñÜ Q ç ïðïSSá ðåñéÝœåé üëåò ôéò cproc ðïõ ðñÝðåé íá åêôåëåóôïýí. ÊáôÜ ôçí áñœéêïðïSSçóç ôïõ ðñïãñÜììáôïò üìùò äçìéïõñãïýìå Ýíá åðéðëÝïí íÞìá ôï scheduling thread ôï ïðïSSï åêôåëåSSôáé êáè’üëç ôç äéÜñêåéá æùÞò ôïõ server. Ôï scheduling thread åêôåëåSS Ýíáí áðü ôïõò áëãïñSSèìïõò ðïõ áíáöÝñáìå ðáñáðÜíù. Ï ðñïãñáììáôéóôÞò åðéëÝãåé ôïí áëãüñéèìï ìå êëÞóç ôçò set sched(), ç ïðïSSá ðñÝðåé íá ãSSíåé ðñéí áðü ôç äçìéïõñãSSá Üëëùí íçìÜôùí, ç áñœéôåêôïíéêÞ ôçò õëïðïSSçóçò ôùí íçìÜôùí öáSSíåôáé óôï óœÞìá 4.2.

Ïé áëãüñéèìïé œñïíïðñïãñáììáôéóìïý åSSíáé ðïëý áðëïSS. Ï áëãüñéèìïò roundrobin áöáéñåSS ôçí êåöáëÞ ôçò ðñïáíáöåñèåSSóáò ïõñÜò Q ôùí cproc êáé áíáèÝôåé ôïí åðåîåñãáóôÞ óå áõôÞ ôç cproc ãéá ôï áíÜëïãï êâÜíôï œñüíïõ, ôï ïðïSSï êáèïñSSæåôáé áðü ôïí ðñïãñáììáôéóôÞ üôáí êáëåSSôáé ç set sched(). Óôï ôÝëïò ôïõ êâÜíôïõ œñüíïõ ï áëãüñéèìïò œñïíïðñïãñáììáôéóìïý áíáóôÝëëåé ôçí cproc ðïõ åSSœå ôïí åðåîåñãáóôÞ êáé ôçí åéóÜãåé óôï ôÝëïò ôçò ïõñÜò, áí äåí Ýœåé ôåñìáôSSóåé ôçí åñãáóSSá ôçò, þóôå íá œñïíïðñïãñáììáôéóôåSS îáíÜ êáé åðéëÝãåé ôçí ôñÝœïõóá êåöáëÞ ôçò ïõñÜò ãéá åêôÝëåóç.

ÁîSSæåé íá óçìåéùèåSS üôé ï áëãüñéèìïò ðïõ åêôåëåSS ôï scheduling thread ìðïñåSS íá äñïìïëïãÞóåé Ýíá cthread ðïõ ìðëïêÜñåé, ãéá ðáñÜäåéãìá ëüãù áíÜãíùóçò äåäïìÝíù áðü ôï äSSóêï. Óå áõôÞ ôçí ðåñSSðôùóç ï Mach äñïìïëïãåSS îáíÜ ôï scheduling thread áöïý åSSíáé ôï ìüíï äéáèÝóéìï ðñïò åêôÝëåóç Mach thread. ÿôóé äåí ìðïñïýìå íá âáóéóôïýìå óôï üôé ï Mach èá œñïíïðñïãñáììáôSSóåé Ýíá íÞìá ãéá Ýíá ïëüêëçñï êâÜíôï œñüíïõ.

ŒñåéÜóôçêå íá åëÝãœïõìå ôï œñüíï ðïõ ìåóïëáâåSS áíÜìåóá óôéò åêôåëÝóåéò ôïõ scheduling thread ïðüôå áí âñåèåSS üôé Ýœåé ðåñÜóåé œñïíéêü äéÜóôçìá ìéêñüôåñï áðü Ýíá êâÜíôï œñüíïõ, œñïíïðñïãñáììáôSSæïõìå ôï SSäéï cthread. ÿôóé äéáóöáëSSóïõìå üôé êÜèå íÞìá èá Ýœåé óôç äéÜèåóÞ ôïõ ôïí åðåîåñãáóôÞ ãéá Ýíá ïëüêëçñï êâÜíôï œñüíïõ.

Ï áëãüñéèìïò ˛rst come ˛rst served áöáéñåSS ôçí cproc ðïõ âñSSóêåôáé óôçí

ÓœÞìá 4.2: ÁñœéôåêôïíéêÞ scheduler. ÖáSSíïíôáé ç äçìéïõñãSSá ôïõ scheduling thread, ç äéáäéêáóSSá åéóáãùãÞò íÝùí íçìÜôùí êáé ç åêôÝëåóç ôïõ áëãïñSSèìïõ œñïíïðñïãñáììáôéóìïý.

êåöáëÞ ôçò ðñïáíáöåñèåSSóáò ïõñÜò Q êáé áíáèÝôåé ôïí åðåîåñãáóôÞ óå áõôÞ ôç cproc. ÁíÜ ôáêôÜ œñïíéêÜ äéáóôÞìáôá, SSóá ìå Ýíá êâÜíôï œñüíïõ üðùò áõôü ïñSSæåôáé óôï roundrobin, ï áëãüñéèìïò åëÝãœåé áí ôåñìÜôéóå ç cproc ïðüôå êáé åðéëÝãåé ôç ôñÝœïõóá êåöáëÞ ôçò ïõñÜò ãéá åêôÝëåóç, áëëéþò ìåôáöÝñåé îáíÜ ôïí åðåîåñãáóôÞ óå áõôÞ. Óôçí åðüìåíç ðáñÜãñáöï åîåôÜæïõìå ôá áðïôåëÝóìáôá áõôþí ôùí ðïëéôéêþí óôçí áðüäïóç ôïõ server.

4.3 ÐåéñáìáôéêÝò ìåôñÞóåéò

Ç õëïðïSSçóç ôùí äýï ðïëéôéêþí œñïíïðñïãñáììáôéóìïý Ýäùóå ôç äõíáôüôçôá ôçò óýãêñéóçò ôçò áðüäïóçò ôïõ server ìå œñÞóç êáèåìSSáò áðü áõôÝò. Ôï ðñüâëçìá åSSíáé ðùò èá ìåôñÞóïõìå ôçí áðüäïóç ôïõ server áðü ôç óôéãìÞ ðïõ åìðëÝêïíôáé ôüóïé ðáñÜãïíôåò, üðùò ï œñüíïò áðüêñéóçò ôïõ client, ï œñüíïò åðåîåñãáóSSáò ôïõ öSSëôñïõ êáé ôïõ client. Óáí êñéôÞñéï ãéá ôç ìÝôñçóç ôçò áðüäïóçò ôïõ åîõðçñÝôç åðéëÝîáìå ôï ìÝóï œñüíï ðïõ œñåéÜæåôáé Ýíáò client ãéá íá ïëïêëçñþóåé ôç óõíáëëáãÞ ôïõ ìå ôïí åîõðçñÝôç, ðïõ ìáò äSSíåé ìSSá êáëÞ åêôSSìçóç ôïõ ðïóïý äåäïìÝíùí ðïõ ìðïñåSS íá åðåîåñãáóôåSS êáé íá áðïóôåSSëåé ï åîõðçñÝôçò. ÓõãêåêñéìÝíá ìåSSùóç ôïõ œñüíïõ åêôÝëåóçò óçìáSSíåé áýîçóç ôçò áðüäïóçò, åíþ áýîçóç ôïõ œñüíïõ åêôÝëåóçò óçìáSSíåé ìåSSùóç ôçò áðüäïóçò.

Ôá ìçœáíÞìáôá ðïõ œñçóéìïðïéÞèçêáí ãéá ôçí åêôÝëåóç ôùí ðåéñáìÜôùí Þôáí Ýíáò Pentium III óôá 733 MHz ìå 128 MB RAM êáé Ýíá ìéêñü óêëçñü äSSóêï ôùí 512 MB ìå ëåéôïõñãéêü óýóôçìá Hurd, ï ïðïSSïò œñçóéìïðïéÞèçêå óáí ç SmAS óõóêåõÞ. Ïé client Ýôñåœáí óå Ýíá ìçœÜíçìá ðïõ Ýôñåœå Linux.

Ïé client åêôåëïýóáí Ýíá áðëü öSSëôñï select, óáí áõôü ôïõ óœÞìáôïò 2.3, óôï server åíþ äåí åðåîåñãÜæïôáí êáèüëïõ ôï áðïôÝëåóìá þóôå íá ìåéùèåSS ï œñüíïò åðåîåñãáóSSáò óôï client. Ôá select åöáñìüóôçêáí óå áñœåSSá ìåãÝèïõò 40 MB åíþ êÜèå åããñáöÞ ðïõ åðéëÝãïôáí áðü ôï select, êáé áðïóôÝëïôáí óôï client, åSSœå ìÝãåèïò 10000 byte. Ïé åããñáöÝò Þôáí ôçò SSäéáò ìïñöÞò ìå ôç äïìÞ MyRecord ôïõ ðáñáäåSSãìáôïò 2.2 ìå ôï ðåäSSï key íá ðáSSñíåé éóïðSSèáíá ôéìÝò áðü Ýíá åùò åêáôü.

ÌåôñÞóáìå ôçí áðüäïóç ôïõ server ìå 1, 2, 4 êáé 8 clients ðïõ åêôåëïýóáí select ìå äéáöïñåôéêü selectivity. Ôï selectivity ïñSSæåé ôïí áñéèìü ôùí åãñáöþí ðïõ åðéóôñÝöåé Ýíá öSSëôñï êáé óõãêåêñéìÝíá óôï ðáñÜäåéãìÜ ìáò ôá öSSëôñá select åðéóôñÝöïõí ôéò åããñáöÝò ìå ðåäSSï key ìéêñüôåñï Þ SSóï ôïõ selectivity ôïõò. Åêôüò áðü ôç óýãêñéóç ôùí äéêþí ìáò áëãïñSSèìùí óõãêñSSíáìå êáé ôçí åããåíÞ âéâëéïèÞêç thread ôïõ Hurd, üðïõ üðùò åîçãÞóáìå äåí õðÞñœå êáèüëïõ œñïíïðñïãñáììáôéóìüò. Ôá áðïôåëÝóìáôá öáSSíïíôáé óôï óœÞìá 4.3. Óôçí ðïëéôéêÞ

ÓœÞìá 4.3: Óýãêñéóç ðïëéôéêþí œñïíïðñïãñáììáôéóìïý. Óôïí ïñéæüíôéï Üîïíá åìöáíSSæåôáé ï áñéèìüò ôùí client óå êÜèå ðåSSñáìá. Óôïí êáôáêüñõöï Üîïíá åìöáíSSæåôáé ï ìÝóïò üñïò ôùí œñüíùí åêôÝëåóçò ôùí client ãéá êÜèå ðåSSñáìá, üðùò ðñïÝêõøå áðü ôçí åêôÝëåóç êÜèå ðåéñÜìáôïò 4 öïñÝò

roundrobin ôï êâÜíôï œñüíïõ åSSíáé 150 msec.

Ìðïñïýìå íá ðáñáôçñÞóïõìå üôé ç âéâëéïèÞêç CThread Ýœåé ôçí œåéñüôåñç áðüäïóç åéäéêÜ ãéá ðïëëïýò client. Áõôü ìðïñåSS íá åîçãçèåSS áí èõìçèïýìå ôïí ôñüðï ìå ôïí ïðïSSï ãSSíåôáé ç äñïìïëüãçóç ôùí cthreads. Ï Mach åíáëëÜóóåé óõíåœþò ôá thread ïäçãþíôáò Ýôóé óôçí áýîçóç ôçò óõíäñïìéêüôçôáò. ĳìùò êÜèå öSSëôñï ðñïóðåëáýíåé äéáöïñåôéêü áñœåSSï êáé óôçí ðåñSSðôùóÞ ìáò áõôü Ýœåé óáí áðïôÝëåóìá ôçí óõœíÞ áëëáãÞ ðñïóðåëáõíüìåíùí áñœåSSùí, ðïõ óõíåðÜãåôáé ôçí áýîçóç ôùí áíáæçôÞóåùí ôçò êåöáëÞò ôïõ äSSóêïõ. ÌSSá áíáæÞôçóç ìðïñåSS íá äéáñêÝóåé áñêåôÜ msec, ãåãïíüò ðïõ áõîÜíåé äñáìáôéêÜ ôï œñüíï áíÜãíùóçò äåäïìÝíùí.

Ïé äéêÝò ìáò ðïëéôéêÝò åìöáíSSæïíôáé ðïëý ãñçãïñüôåñåò. Ùóôüóï õðÜñœåé ìSSá

ÓœÞìá 4.4: Óýãêñéóç roundrobin ìå êâÜíôá œñüíïõ 100, 150 êáé 200 msec

ìåãÜëç äéáöïñÜ áíÜìåóá óôï roundrobin êáé ôïí ˛rst come ˛rst served áöïý ï äåýôåñïò åìöáíSSæåôáé ãñçãïñüôåñïò áðü ôïí ðñþôï åéäéêÜ ãéá ðåñéóóüôåñïõò ôùí äýï client. Áõôü ìðïñåSS íá åîçãçèåSS áðü áõôü ðïõ åðéóçìÜíáìå íùñSSôåñá: ëüãù ôïõ åíüò åðåîåñãáóôÞ ôïõ óõóôÞìáôïò ìáò, ç áýîçóç ôïõ áñéèìïý ôùí thread äåí óõìâáäSSæåé ìå áýîçóç ôçò óõíäñïìéêüôçôáò. ÅðéðëÝïí, ç ýðáñîç äéáöïñåôéêþí client ðïõ åðåîåñãÜæïíôáé äéáöïñåôéêÜ áñœåSSá óõíåðÜãåôáé üôé ï óêëçñüò äSSóêïò ðñÝðåé óõíåœþò íá åêôåëåSS ìåôáêéíÞóåéò ôçò êåöáëÞò áðü áñœåSSï óå áñœåSSï ðïõ êáèõóôåñåSS áñêåôÜ ôçí áíÜãíùóç êáé áõîÜíåé ôçí áíáìïíÞ ôùí íçìÜôùí. ÁíôSSèåôá, óôï ˛rst come ˛rst served äåí Ýœïõìå óõíåœåSSò áíáæçôÞóåéò óôï äSSóêï êáé Ýôóé ï œñüíïò ðïõ œÜíïõìå ðåñéìÝíïíôáò ôçí áíÜãíùóç ôùí äåäïìÝíùí ãSSíåôáé óçìáíôéêÜ ìéêñüôåñïò. Ðáñüëá áõôÜ, ï ˛rst come ˛rst served äåí åSSíáé ï êáôáëëçëüôåñïò áëãüñéèìïò áöïý Ýœåé ìåãÜëï œñüíï áðüêñéóçò óôçí áñœéêÞ áSSôçóç ôïõ client.

Åéäéêüôåñá ãéá ôïí roundrobin åêôåëÝóôçêáí ôá SSäéá ðåéñÜìáôá ìå äéáöïñåôéêü êâÜíôï œñüíïõ. Ôá áðïôåëÝóìáôá öáSSíïíôáé óôï óœÞìá 4.4. Ðáñáôçñïýìå üôé ãéá ìéêñü êâÜíôï œñüíïõ (100 ms) ç áðüäïóç áõîÜíåôáé ãéá ëSSãïõò client êáé ìåéþíåôáé ãéá ðïëëïýò. Áõôü óõìâáSSíåé ëüãù ôçò áõîçìÝíçò óõíäñïìéêüôçôáò ïðüôå êáé ãSSíåôáé êáëýôåñç äéáœåSSñéóç ôïõ åðåîåñãáóôÞ. Ãéá ðïëëïýò client üìùò ç áõîçìÝíç óõíäñïìéêüôçôá Ýœåé óáí áðïôÝëåóìá ôçí áýîçóç ôùí áíáæçôÞóåùí ôçò êåöáëÞò ôïõ äSSóêïõ åðéâñáäýíïíôáò Ýôóé ôï œñüíï åêôÝëåóçò. ÁíôSSèåôá üóï ìåãáëþíåé ôï êâÜíôï œñüíïõ áõîÜíåé êáé ç áðüäïóç üôáí Ýœïõìå ðïëëïýò client åíþ ìåéþíåôáé åëÜœéóôá ãéá ëSSãïõò client. Áõôü ïöåSSëåôáé óôç ìåSSùóç ôïõ áñéèìïý ôùí áíáæçôÞóåùí ðïõ åêôåëåSS ç êåöáëÞ ôïõ äSSóêïõ, áöïý ëüãù ôïõ ìåãÜëïõ êâÜíôïõ œñüíïõ ðåñéóóüôåñåò áíáãíþóåéò ãSSíïíôáé áðü ôï SSäéï íÞìá œùñSSò íá œñåéÜæåôáé ìåôáêSSíçóç ôçò êåöáëÞò ôïõ äSSóêïõ.

ÅSSäáìå üôé ç áðüäïóç ôïõ server åîáñôÜôáé ðïëý áðü ôïí ôñüðï ðïõ œñïíïðñïãñáììáôSSæïíôáé ôá öSSëôñá êáé üôé óçìáíôéêü ñüëï ðáSSæåé ï óêëçñüò äSSóêïò ðïõ öáSSíåôáé üôé åSSíáé ôï ðéï áñãü ìÝñïò ôïõ óõóôÞìáôïò. Ôï åðüìåíï âÞìá ãéá ôçí âåëôSSùóç ôçò áðüäïóçò åSSíáé ç ìåSSùóç ôïõ œñüíïõ áíÜãíùóçò äåäïìÝíùí áðü ôï äSSóêï, óôüœïò ðïõ ìðïñåSS íá åðéôåõœèåSS ìå ôçí õëïðïSSçóç ôåœíéêþí ðñïáíÜêôçóçò. Ìå ôï èÝìá áõôü èá áóœïëçèïýìå óôç óõíÝœåéá.

ÊåöÜëáéï 5

ÐñïáíÜêôçóç äåäïìÝíùí

ÅSSäáìå óôï ðñïçãïýìåíï êåöÜëáéï üôé óçìáíôéêüò ðáñÜãïíôáò ðåñéïñéóìïý ôïõ ñõèìïý äéáìåôáãùãÞò äåäïìÝíùí áðü ôïí åîõðçñÝôç óôïõò clients åSSíáé ç êáèõóôÝñçóç ðïõ ðñïêáëåSS ç áíÜãíùóç ôùí äåäïìÝíùí áðü ôï äSSóêï. Ç ðñïóðÝëáóç ðïëëþí áñœåSSùí ôáõôüœñïíá êáôáðïíåSS éäéáSSôåñá ôï óêëçñü äSSóêï êáèþò ç êåöáëÞ œñåéÜæåôáé íá ìåôáêéíåSSôáé óõíåœþò åêôåëþíôáò áíáæçôÞóåéò, üðïõ ìSSá áíáæÞôçóç ìðïñåSS íá äéáñêÝóåé áñêåôÜ msec. Óå áõôü ôï œñïíéêü äéÜóôçìá ôï íÞìá ìðëïêÜñåé œùñSSò íá ðáñÜãåé ùöÝëéìï Ýñãï ï åðåîåñãáóôÞò.

Ï \íåêñüò" œñüíïò êÜèå íÞìáôïò ìðïñåSS íá ìåéùèåSS áí œñçóéìïðïéçèïýí ôåœíéêÝò ðñïáíÜêôçóçò. Ç ðñïáíÜêôçóç áöïñÜ ôçí ðñïóðÝëáóç äåäïìÝíùí êáé áðïèÞêåõóç ôùí áðïôåëåóìÜôùí ðñéí áêüìá áõôÜ œñåéáóôïýí. ÅðïìÝíùò ìSSá áSSôçóç ìðïñåSS íá åîõðçñåôçèåSS áìÝóùò áðü ôá Þäç åðåîåñãáóìÝíá êáé áðïèçêåõìÝíá áðïôåëÝóìáôá. Óôüœïò ìáò åSSíáé íá ìåéþóïõìå ôï œñüíï áíÜãíùóçò áðü ôï äSSóêï ìå ðñïáíÜêôçóç ôìÞìáôïò ôïõ áñœåSSïõ, åíþ ìå ôçí ðñïåðåîåñãáóSSá áõôïý ôïõ ìÝñïõò ôùí äåäïìÝíùí, äçëáäÞ ôçí åöáñìïãÞ öSSëôñïõ ðÜíù ôïõò, óôïí åîõðçñÝôç ðñéí áõôÜ æçôçèïýí áðü ôïí client óôüœïò ìáò åSSíáé íá ìåéþóïõìå ôïí ìÝóï œñüíï áðüêñéóçò ãéá êÜèå client.

Óôç óõíÝœåéá åîåôÜæïõìå ôç ìÝèïäï ðïõ èá áêïëïõèÞóïõìå ãéá ôçí õëïðïSSçóç ôçò ðñïáíÜêôçóçò (Åíüôçôá 5.1), Ýðåéôá ðåñéãñÜöïõìå ôï ôñüðï õëïðïSSçóçò ôïõ (Åíüôçôá 5.2) êáé áíáëýïõìå ôá áðïôåëÝóìáôá óôéò åðéäüóåéò ôïõ åîõðçñÝôç (Åíüôçôá 5.3).

5.1 ÌåëÝôç õëïðïSSçóçò prefetching

ÐåñéãñÜöïõìå ôç ìÝèïäï ðïõ èá áêïëïõèÞóïõìå ðñïêåéìÝíïõ íá âåëôéþóïõìå ôéò åðéäþóåéò ôïõ åîõðçñÝôç. ÅSSäáìå üôé óçìáíôéêüò ðáñÜãïíôáò êáèõóôÝñçóçò åSSíáé ïé áíáæçôÞóåéò ðïõ åêôåëåSS ç êåöáëÞ ôïõ äSSóêïõ. ÐñïêåéìÝíïõ íá åëáôôþóïõìå ôï œñüíï áõôü ìðïñïýìå íá œñçóéìïðïéÞóïõìå Ýíá bu¸er óôïí ïðïSSï èá áðïèçêåýïõìå ôá åðüìåíá N áðñïóðÝëáóôá byte ôïõ áñœåSSïõ, üðïõ N ôï ìÝãåèïò ôïõ bu¸er. ÏíïìÜæïõìå áõôüí ôïí bu¸er ˛le bu¸er Þ F-bu¸er. Ç åðüìåíç áíÜãíùóç ôïõ áñœåSSïõ ãSSíåôáé ìÝóá áðü ôá äåäïìÝíá ôïõ F-bu¸er êáé äéáñêåSS ðïëý ëéãüôåñï œñüíï. Ç åéóáãùãÞ ôùí äåäïìÝíùí óôï F-bu¸er ðñÝðåé íá ãSSíåôáé ðáñÜëëçëá ìå ôçí åîáãùãÞ ôïõò þóôå íá ìçí áäåéÜæåé êáôÜ ôï äõíáôü, áöïý êåíüò F-bu¸er óçìáSSíåé üôé ç åðåîåñãáóSSá äåí ìðïñåSS íá ðñïœùñÞóåé ìÝœñé íá åéóáœèïýí óå áõôüí íÝá äåäïìÝíá. Áõôü ìðïñåSS íá åðéôåõœèåSS ìå ôç œñÞóç äýï áíåîÜñôçôùí íçìÜôùí: åíüò ãéá áíÜãíùóç áðü ôï äSSóêï êáé åíüò ãéá ôçí åðåîåñãáóSSá.

ÿíá èÝìá ðïõ ðñïêýðôåé åSSíáé ç óõíÝðåéá ôïõ F-bu¸er óå óœÝóç ìå ôá äåäïìÝíá óôï óêëçñü äSSóêï. ÓõãêåêñéìÝíá ìSSá åããñáöÞ Þ áíáæÞôçóç óôï áñœåSSï áöÞíåé ôï F-bu¸er óå ìSSá áóõíåðÞ êáôÜóôáóç áöïý ôá äåäïìÝíá ðïõ ðåñéÝœåé äåí áíôéóôïéœïýí óå áõôÜ ðïõ èá ëáìâÜíáìå ìå ìSSá êáíïíéêÞ áíÜãíùóç áðü ôï áñœåSSï. Ó’áõôÞ ôçí ðåñSSðôùóç ðñÝðåé íá áêõñùèïýí ôá ðåñéåœüìåíá ôïõ F-bu¸er êáé íá åéóáœèïýí ôá íÝá äåäïìÝíá áðü ôï áñœåSSï.

ÅðéðëÝïí ìðïñïýìå íá ìåéþóïõìå áêüìá ðåñéóóüôåñï ôï œñüíï áðüêñéóçò ôïõ åîõðçñÝôç óôçí áSSôçóç åíüò client åîïõäåôåñþíïíôáò ôï œñüíï áíáìïíÞò åîáéôSSáò ôçò åðåîåñãáóSSáò ôùí äåäïìÝíùí áðü Ýíá öSSëôñï. Åöáñìüæïõìå ôï öSSëôñï óôá äåäïìÝíá ðñéí ëÜâïõìå áéôÞóåéò next rec êáé áðïèçêåýïõìå ôá áðïôåëÝóìáôá óå Ýíáí äåýôåñï bu¸er, ôïí ïðïSSï ïíïìÜæïõìå record bu¸er Þ R-bu¸er. Ïé åðüìåíåò áéôÞóåéò next rec ìðïñïýí íá åîõðçñåôçèïýí êáôåõèåSSáí áðü ôá ðåñéåœüìåíá ôïõ R-bu¸er. ÖõóéêÜ ï R-bu¸er ðñÝðåé ðÜíôá íá äéáèÝôåé äåäïìÝíá êáé áõôü ãSSíåôáé ìå ôç œñÞóç åíüò íÞìáôïò ðïõ åöáñìüæåé ôï öSSëôñï êáé ãåìSSæåé ôï R-bu¸er êáé åíüò íÞìáôïò ðïõ åîõðçñåôåSS áéôÞóåéò next rec êáé áäåéÜæåé ôï R-bu¸er. Ðáñüìïéá ìå ôïí F-bu¸er êáé åäþ ìSSá áíÜãíùóç, åããñáöÞ Þ áíáæÞôçóç óôï áñœåSSï áöÞíåé ôï Rbu¸er óå ìSSá áóõíåðÞ êáôÜóôáóç áöïý ôá äåäïìÝíá ðïõ ðåñéÝœåé äåí áíôéóôïéœïýí óå áõôÜ ðïõ èá ëáâáSSíáìå áðü ìSSá êáíïíéêÞ next rec. ÏìïSSùò ðñÝðåé íá áêõñùèïýí ôá ðåñéåœüìåíá êáé íá áñœSSóåé ðÜëé ç åöáñìïãÞ ôïõ öSSëôñïõ óôá íÝá äåäïìÝíá.

ÂÝëôéóôç åðSSäïóç óôéò åöáñìïãÝò ðïõ œñçóéìïðïéïýí áðïêëåéóôéêÜ ôçí Ýîïäï öSSëôñïõ åðéôõãœÜíïõìå ìå ôï óõíäõáóìü ôùí äýï bu¸ers, äçëáäÞ Ýœïíôáò Ýíá íÞìá ôï R-thread, ðïõ ãåìSSæåé ôï R-bu¸er ìå ôá äåäïìÝíá ôïõ öSSëôñïõ êáé Ýœåé óáí åSSóïäï ôïí F-bu¸er ðïõ ðåñéÝœåé ôá äåäïìÝíá ôïõ áñœåSSïõ, ï ïðïSSïò ãåìSSæåé áðü Ýíá Üëëï íÞìá ôï F-thread ðïõ ðñïóðåëáýíåé ôï áñœåSSï. Ïé áéôÞóåéò ôùí client åîõðçñåôïýíôáé áðü Ýíá ôñSSôï íÞìá ôï service thread. Ç íÝá áñœéôåêôïíéêÞ öáSSíåôáé óôï óœÞìá 5.1.

ÂÝâáéá œñåéÜæåôáé éäéáSSôåñç ðñïóïœÞ óôçí õëïðïSSçóç êáèþò ï áìïéâáSSïò áðï-

ÓœÞìá 5.1: ÑïÞ äåäïìÝíùí áðü ôï äSSóêï óôï äSSêôõï ìÝóù ôùí äýï bu¸ers êáé ôùí ôñéþí íçìÜôùí

êëåéóìüò ôùí íçìÜôùí áðáéôåSS áñêåôÜ ðïëýðëïêïõò œåéñéóìïýò, åíþ êáé ç äéáôÞñçóç ôùí bu¸ers óå óõíåðÞ êáôÜóôáóç äåí åSSíáé êáèüëïõ åýêïëç õðüèåóç. Ïé ëåðôïìÝñåéåò ôçò õëïðïSSçóçò áõôÞò ôçò ìåèüäïõ áðïôåëïýí ôï èÝìá ôçò åðüìåíçò ðáñáãñÜöïõ.

5.2 ÕëïðïSSçóç ðñïáíÜêôçóçò

Ç õëïðïSSçóç ôçò ðñïáíÜêôçóçò óôïí åîõðçñÝôç SmAS Ýãéíå ìå ôçí õëïðïSSçóç ìéáò íÝáò äïìÞò, ôïõ bu¸er, åíþ ãéá ôçí äçìéïõñãSSá ôùí íçìÜôùí ðïõ åíåñãïýí óôïõò bu¸er äéáêñSSèçêáí êáé äýï ðåñéðôþóåéò:

• ç ðåñSSðôùóç ðïõ œñçóéìïðïéåSSôáé ç âéâëéïèÞêç CThread ôïõ Mach

• ç ðåñSSðôùóç ðïõ œñçóéìïðïéåSSôáé ç äéêéÜ ìáò ðáñáëëáãÞ ôùí CThread

ÁñœéêÜ åîåôÜæïõìå ôï, áíåîÜñôçôï áðü âéâëéïèÞêç íçìÜôùí, ôìÞìá ôçò õëïðïSSçóçò ôùí bu¸er. ÏñSSóáìå äýï íÝåò äïìÝò äåäïìÝíùí ôïõò ˛le bu¸ers êáé ôïõò record bu¸ers êáèþò êáé Ýíáí áñéèìü áðü ëåéôïõñãSSåò ðÜíù óå áõôïýò ïé êõñéüôåñåò áðü ôéò ïðïSSåò åSSíáé :

• buf read ãéá áíÜãíùóç ôùí äåäïìÝíùí ôïõ bu¸er

• buf validate ãéá åðéêýñùóç ôùí áíáãíþóåùí ðïõ Ýãéíáí áðü ôï bu¸er

• buf invalidate ãéá áêýñùóç ôùí áíáãíþóåùí êáé ôùí äåäïìÝíùí ôïõ bu¸er

Ïé ëåéôïõñãSSåò áõôÝò åSSíáé åóùôåñéêÝò ìå ôçí Ýííïéá üôé åíåñãïðïéïýíôáé, áðü ôá Fthread, R-thread êáé ôï service thread, ùò áíôSSäñáóç óôéò åîùôåñéêÝò áéôÞóåéò ôïõ client ðïõ åSSíáé read (R), write (W), lseek (S) êáé next rec (NEXT REC). Ïé F-bu¸ers œñçóéìïðïéïýíôáé ãéá ôçí áðïèÞêåõóç åíüò áñéèìïý byte áðü ôï áñœåSSï óôç ìíÞìç. Åêôüò áðü ôá äåäïìÝíá ðåñéÝœïõí ðëçñïöïñSSåò ãéá ôçí åîáóöÜëéóç ôçò óõíÝðåéÜò ôùí ðåñéåœïìÝíùí ôïõò óå óœÝóç ìå ôá ðåñéåœüìåíá ôùí áñœåSSùí. ÓõãêåêñéìÝíá ï F-bu¸er áðïèçêåýåé ðëçñïöïñSSá ãéá ôçí êáíïíéêÞ èÝóç ôïõ äåSSêôç áíÜãíùóçò ôïõ áñœåSSïõ, äçëáäÞ ôç èÝóç ôïõ áñœåSSïõ áðü ôçí ïðïSSá ðñÝðåé íá îåêéíÞóåé ìSSá êáíïíéêÞ áíÜãíùóç, åíþ Ýíáò áêüìç äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí äåSSœíåé óå ðïSSá èÝóç ôïõ áñœåSSïõ èá Ýðñåðå íá âñSSóêåôáé ï äåSSêôçò áíÜãíùóçò áñœåSSïõ áí ïé áíáãíþóåéò ðïõ Ýãéíáí áðü ôï F-bu¸er Þôáí êáíïíéêÝò. ĳôáí ïé äýï áõôïSS äåSSêôåò äåSSœíïõí óôçí SSäéá èÝóç ôüôå ï F-bu¸er âñSSóêåôáé óå Ýãêõñç êáôÜóôáóç, äçëáäÞ ìðïñïýí íá åöáñìïóôïýí áìÝóùò óôï áñœåSSï üëåò ïé ëåéôïõñãSSåò áíÜãíùóç, åããñáöÞ Þ áíáæÞôçóç. Áêüìá ðåñéÝœåé ðëçñïöïñSSá ãéá ôç èÝóç óôï áñœåSSï áðü ôçí ïðïSSá äéáâÜæïíôáé ôá äåäïìÝíá ðïõ áðïèçêåýïíôáé óôï F-bu¸er, ôï ìÝãåèïò ôçò áðïèçêåõìÝíçò ðëçñïöïñSSáò óôï F-bu¸er êáèþò êáé áíôéêåSSìåíá mutex ãéá ôçí áóöáëÞ ðñüóâáóç óôï F-bu¸er.

ÿíáò F-bu¸er äéáôçñåSS ôç óõíÝðåéá ìå ôá äåäïìÝíá ôïõ áñœåSSïõ ùò åîÞò: ìå êÜèå áíÜãíùóç äåäïìÝíùí áðü ôï F-bu¸er (buf read) áõîÜíåôáé ï äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí áëëÜ üœé êáé ï äåSSêôçò áíÜãíùóçò áñœåSSïõ. Ï äåSSêôçò áíÜãíùóçò áñœåSSïõ ãSSíåôáé SSóïò ìå ôïí äåSSêôç áíáãíùóìÝíùí äåäïìÝíùí üôáí ï F-bu¸er åðéêõñþíåôáé (buf validate) ïðüôå êáé âñSSóêåôáé óå Ýãêõñç êáôÜóôáóç. Áí ãSSíåé ìSSá áSSôçóç ãéá åããñáöÞ :

1. ï F-bu¸er áäåéÜæåé

2. ôá äåäïìÝíá ãñÜöïíôáé óôç èÝóç ôïõ äåSSêôç áíÜãíùóçò áñœåSSïõ

3. ï äåSSêôçò áíÜãíùóçò áñœåSSïõ áõîÜíåôáé êáé äåSSœíåé óôï ôÝëïò áõôþí ôùí äåäïìÝíùí

4. o äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí ãSSíåôáé SSóïò ìå ôï äåSSêôç áíÜãíùóçò áñœåSSïõ

5. íÝá äåäïìÝíá åéóÜãïíôáé óôï F-bu¸er áðü ôç èÝóç ôïõ äåSSêôç áíÜãíùóçò áñœåSSïõ

Áí ãSSíåé ìSSá áSSôçóç ãéá áíÜãíùóç áðü ôï œñÞóôç êáé ï bu¸er âñSSóêåôáé óå ìç óõíåðÞ êáôÜóôáóç:

1. ï F-bu¸er áäåéÜæåé 2. ôá äåäïìÝíá äéáâÜæïíôáé áðü ôç èÝóç ôïõ äåSSêôç áíÜãíùóçò áñœåSSïõ 3. ï äåSSêôçò áíÜãíùóçò áñœåSSïõ áõîÜíåôáé êáé äåSSœíåé óôï ôÝëïò áõôþí ôùí äåäïìÝíùí 4. o äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí ãSSíåôáé SSóïò ìå ôï äåSSêôç áíÜãíùóçò áñœåSSïõ 5. íÝá äåäïìÝíá åéóÜãïíôáé óôï F-bu¸er áðü ôç èÝóç ôïõ äåSSêôç áíÜãíùóçò áñœåSSïõ áí üìùò âñSSóêåôáé óå óõíåðÞ êáôÜóôáóç :

1. ôá äåäïìÝíá äéáâÜæïíôáé áðü ôï F-bu¸er 2. ï äåSSêôçò áíÜãíùóçò áñœåSSïõ áõîÜíåôáé êáé äåSSœíåé óôï ôÝëïò áõôþí ôùí äåäïìÝíùí 3. o äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí ãSSíåôáé SSóïò ìå ôï äåSSêôç áíÜãíùóçò áñœåSSïõ 4. íÝá äåäïìÝíá åéóÜãïíôáé óôï F-bu¸er áðü ôç èÝóç ðïõ óôáìÜôçóå ç ðñïçãïýìåíç åéóáãùãÞ Áí ãSSíåé ìSSá áSSôçóç ãéá áíáæÞôçóç: 1. ï F-bu¸er áäåéÜæåé 2. ï äåSSêôçò áíÜãíùóçò áñœåSSïõ äåSSœíåé óôç íÝá èÝóç 3. o äåSSêôçò áíáãíùóìÝíùí äåäïìÝíùí ãSSíåôáé SSóïò ìå ôï äåSSêôç áíÜãíùóçò áñœåSSïõ 4. íÝá äåäïìÝíá åéóÜãïíôáé óôï F-bu¸er áðü ôç èÝóç ôïõ äåSSêôç áíÜãíùóçò áñœåSSïõ

ÓœÞìá 5.2: ÊáôáóôÜóåéò F-bu¸er. Ìå äéáêåêïììÝíåò ãñáììÝò öáSSíïíôáé ïé ìåôáâÜóåéò ðïõ ðñïêáëïýí åóùôåñéêÝò åíÝñãåéåò ðÜíù óôï bu¸er , ôï äåSSêôç áíÜãíùóçò (frp) êáé ôï äåSSêôç áíáãíùóìÝíùí äåäïìÝíùí (rp). ÏìïSSùò êáé ãéá ôéò óõíåœåSSò ãñáììÝò ìüíï ðïõ áíôéóôïéœïýí óå ìåôáâÜóåéò ëüãù áéôÞóåùí œñÞóôç ìå W(n), R(n) êáé S(p) íá áíôéóôïéœïýí óå åããñáöÞ n bytes, áíÜãíùóç n bytes êáé áíáæÞôçóç óôç èÝóç p. Ôï óýìâïëï I äçëþíåé üôé ôá ðåñéåœüìåíá ôïõ bu¸er äåí œñçóéìïðïéïýíôáé êáé áðïññSSðôïíôáé

ÓœÞìá 5.3: ÊáôáóôÜóåéò R-bu¸er.

Ïé êáôáóôÜóåéò ôïõ F-bu¸er êáé ïé ìåôáâÜóåéò ôïõò öáSSíïíôáé óôï óœÞìá 5.2.

ÿíáò R-bu¸er åSSíáé ðéï áðëüò áöïý ï óõãœñïíéóìüò ìå ôá äåäïìÝíá ôïõ áñœåSSïõ ãSSíåôáé êõñSSùò áðü ôï F-bu¸er. Ï R-bu¸er ðåñéÝœåé Ýíá äéÜíõóìá áðü åããñáöÝò êáé ìåôñçôÝò ãéá ôï ìÝãåèïò êáé ôïí áñéèìü ôùí record ðïõ åðéóôñÝöåé ôï öSSëôñï êáé áðïèçêåýïíôáé óôï bu¸er, êáé mutex ãéá ôçí áóöáëÞ ðñüóâáóç óå áõôüí. Ï R-bu¸er Ýœåé ðéï áðëÞ äéáäïœÞ êáôáóôÜóåùí êáèþò ìå êÜèå áSSôçóç áíÜãíùóçò, åããñáöÞò Þ áíáæÞôçóçò áêõñþíïíôáé ôá ðåñéåœüìåíÜ ôïõ åíþ êÜèå áSSôçóç next rec åðéêõñþíåé ôçí áíÜãíùóç áðü áõôüí êáé áõôüò åðéêõñþíåé ôïí F-bu¸er áðü ôïí ïðïSSï äéáâÜæåé. Óôï óœÞìá 5.3 öáSSíïíôáé ïé êáôáóôÜóåéò åíüò R-bu¸er êáé áëëáãÝò ôïõò êáèþò êáé ïé áëëáãÝò êáôáóôÜóåùí ðïõ ðñïêáëïýíôáé óôï áíôSSóôïéœï F-bu¸er áðü ôïí ïðïSSï äéáâÜæåé ï R-bu¸er.

Ç åéóáãùãÞ íÝùí äåäïìÝíùí óôïõò bu¸er ðñÝðåé íá ãSSíåôáé áðü Ýíá îåœùñéóôü íÞìá Ýôóé þóôå áõôÞ ç äéáäéêáóSSá íá ãSSíåôáé ðáñÜëëçëá ìå ôçí áíÜãíùóç äåäïìÝíùí áðü ôïõò bu¸er. ÈõìSSæïõìå üôé áñœéêÜ åSSœáìå Ýíá íÞìá ðïõ åîõðçñåôïýóå ôéò áéôÞóåéò ôïõ client, äéÜâáæå áðü ôï äSSóêï êáé åöÜñìïæå ôá öSSëôñá.

Ôþñá ìå ôçí ðñïóèÞêç ôùí bu¸er ðñïóèÝóáìå ãéá êÜèå bu¸er êáé áðü Ýíá íÞìá åðéöïñôéóìÝíï ìå ôï êáèÞêïí íá ãåìSSæåé ôïí bu¸er. ÁõôÜ ôá íÞìáôá ôá Ýœïõìå Þäç áíáöÝñåé óáí F-thread êáé R-thread áëëÜ èá áíáöåñüìáóôå óå áõôÜ êáé óáí ˛ll thread. ÅîáêïëïõèåSS íá õðÜñœåé êáé Ýíá íÞìá ðïõ åîõðçñåôåSS ôéò áéôÞóåéò ôïõ client, ôï ïðïSSï ïíïìÜæïõìå service thread. ĳëåò ïé ëåéôïõñãSSåò ôùí bu¸er ðïõ ðåñéãñÜøáìå ðáñáðÜíù ãSSíïíôáé áðü áõôÜ ôá íÞìáôá.

ÊáôÜ ôç óýíäåóç åíüò íÝïõ client äçìéïõñãåSSôáé ôï service thread, åíþ üôáí ï client áíïSSãåé Ýíá áñœåSSï äçìéïõñãåSSôáé ï ˛le bu¸er êáé ôï áíôSSóôïéœï ˛ll thread ôïõ. ĳôáí åöáñìüæåôáé Ýíá öSSëôñï ðÜíù óôï áñœåSSï ôüôå Ýœïõìå ôç äçìéïõñãSSá ôïõ R-bu¸er êáé ôïõ äéêïý ôïõ ˛ll thread. ÿíá F-thread åêôåëåSS óõíåœþò áíáãíþóåéò áðü ôï äSSóêï ðñïóðáèþíôáò íá ãåìSSóåé ôï F-bu¸er ôïõ. ÿíá R-thread åêôåëåSS óõíåœþò áíáãíþóåéò áðü ôï F-bu¸er, åöáñìüæåé ôï öSSëôñï óôá äåäïìÝíá êáé áðïèçêåýåé ôï áðïôÝëåóìá óôï äéêü ôïõ R-bu¸er þóðïõ íá ãåìSSóåé. Áõôü ôï íÞìá åõèýíåôáé ãéá ëåéôïõñãSSåò buf read, buf validate êáé buf invalidate óôï F-bu¸er. Ôï service thread ðåñéìÝíåé áéôÞóåéò ôïõ client êáé ôéò åîõðçñåôåSS äéáâÜæïíôáò üðïôå œñåéÜæåôáé ôïõò bu¸er. Ôï íÞìá áõôü åõèýíåôáé ãéá ëåéôïõñãSSåò buf read, buf validate, buf invalidate êáé áëëáãÝò êáôÜóôáóçò ëüãù áéôÞóåùí R, W, S, NEXT REC óôï R-bu¸er êáé ãéá buf read, buf validate êáé áëëáãÝò êáôÜóôáóçò ëüãù áéôÞóåùí R, W, S óôï F-bu¸er.

Óôçí ðåñSSðôùóç ðïõ œñçóéìïðïéïýíôáé ôá cthreads ç äçìéïõñãSSá ôùí ˛ll thread áíôéóôïéœåSS áðëÜ óôç äçìéïõñãSSá äýï íÝùí cthread. Ç ðñüóâáóç óôïõò bu¸er ðñïóôáôåýåôáé ìå ôï êëåSSäùìá áíôéêåéìÝíùí mutex. ÌSSá åéäéêÞ ðåñSSðôùóç åìöáíSSæåôáé üôáí êÜðïéï íÞìá ðïõ äéáâÜæåé áðü êÜðïéï bu¸er ôïí âñåé Üäåéï. Óå áõôÞ ôçí ðåñSSðôùóç ç buf read ìðëïêÜñåé ôï íÞìá ìå ôç œñÞóç åíüò áíôéêåéìÝíïõ condition.

ÕðåíèõìSSæïõìå üôé ôá condition åSSíáé áíôéêåSSìåíá óôá ïðïSSá Ýíá íÞìá ìðëïêÜñåé ìå ìSSá ëåéôïõñãSSá condition wait() ðåñéìÝíïíôáò ãéá êÜðïéá óõíèÞêç. ÿíá Üëëï íÞìá ìðïñåSS íá åêôåëÝóåé ìSSá ëåéôïõñãSSá condition signal() üôáí ç óõíèÞêç ãSSíåé áëçèÞò, \îõðíþíôáò" ôï ìðëïêáñéóìÝíï, óå áõôü ôï condition, thread. Ôá condition ðáñÝœïíôáé áðü ôç âéâëéïèÞêç CThreads.

ÿôóé ôá ˛ll thread åêôåëïýí condition signal() óôá condition ôùí bu¸er ôïõò, \îõðíþíôáò" ôá íÞìáôá ðïõ ìðïñåSS íá ðåñéìÝíïõí ãéá äåäïìÝíá. ÂÝâáéá ç åêôÝëåóç ôïõ condition signal() äå óõíåðÜãåôáé êáé ôïí Üìåóï œñïíïðñïãñáììáôéóìü ôïõ \êïéìéóìÝíïõ" íÞìáôïò ïðüôå ìðïñåSS íá õðÜñœïõí áñêåôÝò êáèõóôåñÞóåéò. Óå ìSSá ðñïóðÜèåéá íá ìåéùèïýí áõôÝò ïé êáèõóôåñÞóåéò ìåôÜ ôï condition signal() ôá ˛ll thread åêôåëïýí cthread yield(), ëåéôïõñãSSá ôùí cthread ðïõ åíáëëÜóóåé ôï cthread ðïõ åêôåëåSS ï åðåîåñãáóôÞò ìå Ýíá Üëëï, þóôå íá åðéôáœõíèåSS ï œñïíïðñïãñáììáôéóìüò ôïõ åðüìåíïõ íÞìáôïò. ÓõãêåêñéìÝíá ôï

˛ll thread ôïõ F-bu¸er åêôåëåSS ôï cthread yield() ìüíï üôáí åSSíáé ôåëåSSùò ãåìÜôïò, áöïý áëëéþò èá åSSœáìå ôçí SSäéá ðåñSSðôùóç œùñSSò bu¸er, äçëáäÞ äéáäïœéêÝò áíáãíþóåéò áðü ôï äSSóêï. Ôï ˛ll thread ôïõ R-bu¸er åêôåëåSS ôï cthread yield() óõíåœþò áöïý áí äåí õðÜñœåé áSSôçóç next rec êáé ï F-bu¸er åSSíáé ãåìÜôïò ôüôå îáíáåêôåëåSSôáé.

Óôçí äéêÞ ìáò õëïðïSSçóç ôùí cthread Ýœåé áëëÜîåé ëSSãï ï ôñüðïò ðïõ äçìéïõñãïýíôáé ôá íÞìáôá. ÅSSäáìå üôé ï œñïíïðñïãñáììáôéóìüò ãSSíåôáé ìå âÜóç ôïõò client êáé áöïý ìÝœñé ôþñá óå êÜèå client áíôéóôïéœïýóå Ýíá íÞìá œñïíïðñïãñáììáôSSæáìå áõôü ôï íÞìá. Ôþñá Ýœïõìå ôñSSá íÞìáôá áíÜ client ïðüôå êáé ï œñïíïðñïãñáììáôéóìüò ðñÝðåé íá åöáñìüæåôáé êáé óôá ôñSSá áõôÜ íÞìáôá. Áõôü åðéôõãœÜíåôáé ìå ôç äçìéïõñãSSá ïìÜäùí íçìÜôùí. ÊÜèå ïìÜäá äçìéïõñãåSSôáé óáí ìSSá ëSSóôá ìå êåöáëÞ ôï service thread, ïé äåóìïSS ôçò ëSSóôáò öõëÜóóïíôáé óôç äïìÞ cproc êÜèå íÞìá üðïõ êáé ðåñéÝœåôáé ï äåóìüò ðñïò ôï åðüìåíï íÞìá. Ôá ˛ll thread ðëÝïí äçìéïõñãïýíôáé ìå ôçí cthread spawn() ðïõ åSSíáé áíôSSóôïéœç ìå ôç cthread fork() áëëÜ ôá äçìéïõñãïýìåíá íÞìáôá åéóÜãïíôáé óôï ôÝëïò ôçò ëSSóôáò ðïõ ïñSSæåé ôï íÞìá ðïõ ôç cthread spawn(). Ôï íÞìá áõôü åSSíáé ðÜíôá ôï service thread ïðüôå ôá äýï ˛ll thread êáé ôï service thread áíÞêïõí ðÜíôá óôçí SSäéá ïìÜäá.

Ïé áëãüñéèìïé œñïíïðñïãñáììáôéóìïý ðëÝïí åîÜãïõí ìSSá cproc, áðü ôçí ïõñÜ ôùí cproc ðïõ ðñÝðåé íá åêôåëåóôïýí, ç ïðïSSá åSSíáé Ýíá service thread, ôá ˛ll thread äåí åéóÜãïíôáé óå áõôÞ ôçí ïõñÜ áðü ôç cthread spawn(). Ï œñïíïðñïãñáììáôéóìüò ãSSíåôáé ãéá ôá íÞìáôá üëçò ôçò ïìÜäáò, äçëáäÞ œñïíïðñïãñáììáôSSæïíôáé êáé ôá ˛ll thread êáé ôï service thread Þ áíáóôÝëëïíôáé üëá ìáæSS. Ï ðåñáéôÝñù œñïíïðñïãñáììáôéóìüò áíÜìåóá óôá ôñSSá áõôÜ íÞìáôá áöÞíåôáé óôï Mach. ÅîáSSñåóç áðïôåëïýí ïé êëÞóåéò óôç cthread yield() ðïõ Ýœïõí ðëÝïí áíôéêáôáóôáèåSS áðü êëÞóåéò óôçí êëÞóç óõóôÞìáôïò ôïõ Mach, thread switch() ðïõ åðéôñÝðåé ôçí áíÜèåóç ôïõ åðåîåñãáóôÞ óå Ýíá Üëëï thread. Oðüôå ìðïñïýìå íá áíáèÝóïõìå ôïí åðåîåñãáóôÞ êáô’åõèåSSáí óôï íÞìá ðïõ Ýœåé ìðëïêÜñåé êáé ðñÝðåé íá œñïíïðñïãñáììáôéóôåSS.

5.3 ÐåéñáìáôéêÜ äåäïìÝíá

ÐñïêåéìÝíïõ íá ëÜâïõìå ìSSá åêôSSìçóç ôçò åðSSðôùóçò ôçò ðñïáíÜêôçóçò óôçí áðüäïóç ôïõ åîõðçñÝôç, åêôåëÝóáìå áêñéâþò ôá SSäéá ðåéñÜìáôá ìå áõôÜ ôïõ ðñïçãïõìÝíïõ êåöáëáSSïõ. ÿôóé åîáêïëïõèïýìå íá Ýœïõìå ìåôñÞóåéò ìå óýíäåóç 1, 2, 4 êáé 8 client óôïí åîõðçñÝôç, ðïõ åêôåëïýí select ìå äéáöïñåôéêü selectivity.

ÁìÝóùò üìùò äçìéïõñãåSSôáé ôï æÞôçìá ôçò åðéëïãÞò ìåãÝèïõò bu¸er. ÌSSá êáëÞ

ÓœÞìá 5.4: Óýãêñéóç ôçò âéâëéïèÞêçò CThread ìå œñÞóç F-bu¸er ìåãÝèïõò 80000 bytes.

ôéìÞ ãéá ôï F-bu¸er öáSSíåôáé íá åSSíáé ðÜíù áðü 5 åããñáöÝò êáèþò Ýôóé åSSíáé áñêåôÜ ìéêñüò þóôå íá ãåìSSæåé óœåôéêÜ ãñÞãïñá áëëÜ êáé áñêåôÜ ìåãÜëïò þóôå íá ìçí áäåéÜæåé.ĳóï ãéá ôï ìÝãåèïò ôïõ R-bu¸er ìåãÜëï ñüëï ðáSSæåé ôï selectivity ôïõ öSSëôñïõ, êáèþò, õðïèÝôïíôáò üôé ïé åããñáöÝò Ýœïõí SSóç ðéèáíüôçôá íá åðéëåãïýí áðü ôï öSSëôñï, áí Ýœïõìå ìéêñü selectivity ï bu¸er èá áñãåSS íá ãåìSSóåé åíþ áí Ýœïõìå ìåãÜëï selectivity èá ãåìSSæåé ðïëý ãñÞãïñá ïðüôå ôá ˛ll thread èá ìÝíïõí áíåíåñãÜ.

Óôï óœÞìá 5.4 öáSSíåôáé ç óýãêñéóç ôçò åêôÝëåóçò ôùí ðåéñáìÜôùí ìå œñÞóç ôçò âéâëéïèÞêçò CThread ôïõ Hurd ìå ìÝãåèïò F-bu¸er SSóï ìå 80000 bytes, äçëáäÞ 8 åããñáöÝò óýìöùíá ìå ôç äïìÞ ôùí áñœåSSùí ìáò, êáé ìÝãåèïò R-bu¸er SSóï ìå 4 êáé 5 åããñáöÝò. Óôï óœÞìá öáSSíïíôáé êáé ïé ìåôñÞóåéò œùñSSò œñÞóç bu¸er.

Óôï óœÞìá 5.5 Ýœïõìå ôá SSäéá ðåéñÜìáôá ìüíï ðïõ áõôÞ ôç öïñÜ œñçóéìïðïéåSSôáé ìÝãåèïò F-bu¸er SSóï ìå 100000 bytes, äçëáäÞ 10 åããñáöþí.

ÓœÞìá 5.5: Óýãêñéóç ôçò âéâëéïèÞêçò CThread ìå œñÞóç F-bu¸er ìåãÝèïõò 100000 bytes.

ÓœÞìá 5.6: Óýãêñéóç ôçò âéâëéïèÞêçò CThread ìå œñÞóç F-bu¸er ìåãÝèïõò 80000 bytes êáé 100000 bytes.

Óôï óœÞìá 5.6 öáSSíåôáé ç óýãêñéóç üëùí ôùí ðåéñáìÜôùí ìå œñÞóç bu¸er. ÃåíéêÜ ðáñáôçñïýìå üôé Ýœïõìå ìSSá ôÜîç âåëôSSùóçò ôïõ 10{20% ìå ôç œñÞóç bu¸ers. Ðáñáôçñïýìå üôé, üðùò ðåñéìÝíáìå, ôï ìÝãåèïò F-bu¸er ëSSãï ðÜíù áðü 5 åããñáöÝò äSSíåé êáé ôá êáëýôåñá áðïôåëÝóìáôá, ìåãáëýôåñï ìÝãåèïò bu¸er óçìáSSíåé ìåãáëýôåñç êáèõóôÝñçóç óôï íá ãåìSSóåé. ÅðéðëÝïí ðáñáôçñïýìå üôé ãéá ëSSãïõò client áðïäSSäïõí êáëýôåñá ïé ðåñéðôþóåéò ìå ìéêñü ìÝãåèïò R-bu¸er, áõôü óõìâáSSíåé åðåéäÞ ï R-bu¸er áñãåSS íá ãåìSSóåé åéäéêÜ ãéá öSSëôñá ìå ìéêñü selectivity. Ìå ëSSãïõò client üôáí áäåSSáæåé ï ìéêñüò R-bu¸er ãåìSSæåé óœåôéêÜ ãñÞãïñá. Ãéá ðåñéðôþóåéò üìùò ìå ìåãÜëï ðëÞèïò client ï ìåãáëýôåñïò R-bu¸er ãåìSSæåé ìåí ðéï áñãÜ áëëÜ áäåéÜæåé êáé ðéï áñãÜ êáëýðôïíôáò Ýôóé ôç äéáöïñÜ. ÅîÜëëïõ ðáñáôçñïýìå ìSSá óáöÞ ìåSSùóç ôçò áðüäïóçò ãéá ìåãÜëï ðëÞèïò client üðïõ êáé ðëçóéÜæïõìå ôçí ðåñSSðôùóç œùñSSò œñÞóç bu¸er, ïðüôå êáé öáSSíåôáé üôé ç áíáðïôåëåóìáôéêÞ åíáëëáãÞ ôùí íçìÜôùí ðïõ Ýœïõìå Þäç åðéóçìÜíåé, ñSSœíåé ôçí áðüäïóç.

Ç åðüìåíç óåéñÜ ðåéñáìáôéêþí ìåôñÞóåùí áöïñÜ ôçí äéêÞ ìáò õëïðïSSçóç ôùí CThread. Ôá ðåéñÜìáôá åSSíáé ðáíïìïéüôõðá ìå áõôÜ ðïõ ðåñéãñÜøáìå ðñïçãïõìÝíùò, åêôåëÝóôçêáí üìùò ìüíï ãéá ôçí ðåñSSðôùóç ôïõ áëãüñéèìïõ œñïíïðñïãñáììáôéóìïý roundrobin. Ç åðéëïãÞ ìáò áõôÞ äéêáéïëïãåSSôáé áðü ôá óõìðåñÜóìáôá ôïõ ðñïçãïýìåíïõ êåöáëáSSïõ üðïõ ôá áðïôåëÝóìáôá ôïõ ˛rst come ˛rst served åSSíáé ôï Üèñïéóìá ôùí œñüíùí ôùí client üôáí ôñÝœåé ï êáèÝíáò ìüíïò ôïõ. H âåëôSSùóç ðïõ ìðïñïýìå íá ðåñéìÝíïõìå ìå ôç œñÞóç ôïõ ˛rst come ˛rst server èá åSSíáé áíôSSóôïéœç ôçò âåëôSSùóçò ìå ôç œñÞóç roundrobin ìå Ýíá ìüíï client. ÅðSSóçò åðéëÝîáìå ôá ðåéñÜìáôá íá åêôåëåóôïýí ìüíï ãéá êâÜíôï œñüíïõ 150 ms áöïý ìðïñïýìå êáé åäþ íá ãåíéêåýóïõìå ìå âÜóç ôá óõìðåñÜóìáôá ôïõ ðñïçãïýìåíïõ êåöáëáSSïõ, ïðüôå êáé áíáìÝíïõìå áýîçóç ôçò áðüäïóçò ìå ôçí áýîçóç ôïõ êâÜíôïõ œñüíïõ.

Óôï óœÞìá 5.7 öáSSíåôáé ç óýãêñéóç ôçò åêôÝëåóçò ôùí ðåéñáìÜôùí ìå œñÞóç ðïëéôéêÞò œñïíïðñïãñáììáôéóìïý roundrobin, ìå ìÝãåèïò F-bu¸er SSóï ìå 80000 bytes êáé ìÝãåèïò R-bu¸er SSóï ìå 4 êáé 5 åããñáöÝò. Óôï óœÞìá öáSSíïíôáé êáé ïé ìåôñÞóåéò œùñSSò œñÞóç bu¸er.

Óôï óœÞìá 5.8 Ýœïõìå ôá SSäéá ðåéñÜìáôá ìüíï ðïõ áõôÞ ôç öïñÜ œñçóéìïðïéåSSôáé ìÝãåèïò F-bu¸er SSóï ìå 100000 bytes.

Óôï óœÞìá 5.9 öáSSíåôáé ç óýãêñéóç üëùí ôùí ðåéñáìÜôùí ìå œñÞóç bu¸er. Ðáñáôçñïýìå üôé êáé ôþñá Ýœïõìå ìSSá âåëôSSùóç ôçò ôÜîçò ôïõ 10{25% åíþ ãéá ôá ìåãÝèç ôùí bu¸er éóœýïõí ðáñüìïéá áðïôåëÝóìáôá ìå áõôÜ ôùí ðåéñáìÜôùí ìå œñÞóç ôçò âéâëéïèÞêçò CThread ôïõ Hurd.

ÓœÞìá 5.7: Óýãêñéóç áëãïñSSèìïõ œñïíïðñïãñáììáôéóìïý roundrobin ìå œñÞóç F-bu¸er ìåãÝèïõò 80000 bytes.

ÓœÞìá 5.8: Óýãêñéóç áëãïñSSèìïõ œñïíïðñïãñáììáôéóìïý roundrobin ìå œñÞóç F-bu¸er ìåãÝèïõò 100000 bytes.

ÓœÞìá 5.9: Óýãêñéóç áëãïñSSèìïõ œñïíïðñïãñáììáôéóìïý roundrobin ìå œñÞóç F-bu¸er ìåãÝèïõò 80000 bytes êáé 100000 bytes.

ÊåöÜëáéï 6

Óýíïøç êáé ìåëëïíôéêÞ åñãáóSSá

6.1 Óýíïøç

ÅSSäáìå üôé ðñïêåéìÝíïõ íá áíôéìåôùðéóôåSS ç óõíåœþò áõîáíüìåíç æÞôçóç ãéá õøçëü ñõèìü ìåôáöïñÜò äåäïìÝíùí, äåí åSSíáé áðáñáSSôçôç ç œñÞóç áêñéâþí õðïëïãéóôþí êáé óõíäÝóåùí õøçëþí ôáœõôÞôùí. ÁñêåSS Ýíá óýóôçìá ðïõ èá œñçóéìïðïéåSS ðéï áðïôåëåóìáôéêÜ ôéò õðÜñœïõóåò ôåœíïëïãSSåò. Ôï óýóôçìá SmAS õëïðïéåSS Ýíá áõôüíïìï äSSóêï ìå äõíáôüôçôá óýíäåóçò óå äSSêôõï, ðïõ ðáñÝœåé ôç äõíáôüôçôá ìåôáöïñÜò ôçò åðåîåñãáóSSáò ôùí äåäïìÝíùí óôï äSSóêï âåëôéþíïíôáò ôo ñõèìü ìåôáöïñÜò äåäïìÝíùí.

Óôçí åñãáóSSá áõôÞ âåëôéþóáìå ïñéóìÝíá ôìÞìáôá ôïõ SmAS ìå ôçí åðéëïãÞ åíüò ëåéôïõñãéêïý óõóôÞìáôïò ðïõ ìðïñåSS íá ðáñáìåôñïðïéçèåSS åýêïëá þóôå íá éêáíïðïéåSS ôéò áíÜãêåò ôïõ óõóôÞìáôïò. Áêüìá ôñïðïðïéÞóáìå ôçí õëïðïSSçóç ôùí thread ðñïóèÝôïíôáò ôç äõíáôüôçôá œñïíïðñïãñáììáôéóìïý ìå ôçí õëïðïSSçóç ôùí áëãïñSSèìùí round-robin êáé ˛rst-come-˛rst-served. Ôá ðåéñÜìáôá ìå ôïí áëãüñéèìï œñïíïðñïãñáììáôéóìïý round-robin Ýäåéîáí üôé õðÞñîå ìSSá óáöÞò âåëôSSùóç, óå óœÝóç ìå ôçí õðÜñœïõóá õëïðïSSçóç ôùí thread, êáé ìSSá åîÜñôçóç ôçò áðüäïóçò áðü ôï êâÜíôï œñüíïõ ðïõ äéáôSSèåôáé óå êÜèå thread. Áõôü åîçãåSSôáé áðü ôï ãåãïíüò üôé ìå ìåãÜëï êâÜíôï œñüíïõ ìåéþóáìå ôïí ìåãÜëï áñéèìü áíáæçôÞóåùí ðïõ åêôåëïýóå ç êåöáëÞ ôïõ óêëçñïý äSSóêïõ, ðïõ ïöåSSëïíôáí óôç óõœíÞ åíáëëáãÞ ôùí thread. ĳðùò åSSíáé öáíåñü ìå ôïí áëãüñéèìï ˛rst come ˛rst served åSSœáìå áêüìç ìåãáëýôåñç âåëôSSùóç ôùí åðéäüóåùí áöïý ç êåöáëÞ ôïõ äSSóêïõ äéÜâáæå óåéñéáêÜ áðü Ýíá áñœåSSï, áëëÜ áõôüò ï áëãüñéèìïò åSSíáé êáôÜëëçëïò ìüíï ãéá ðåñéðôþóåéò ðïõ äåí ìáò åíäéáöÝñåé ç äSSêáéá åîõðçñÝôçóç ôùí œñçóôþí.

ÿðåéôá áóœïëçèÞêáìå ìå ôçí õëïðïSSçóç åíüò óõóôÞìáôïò ðñïáíÜêôçóçò ãéá ôçí áíÜãíùóç êáé åðåîåñãáóSSá äåäïìÝíùí ðñéí áõôÜ æçôçèïýí. Óôüœïò ìáò åSSíáé ç åëáœéóôïðïSSçóç êáèõóôåñÞóåùí óôçí áíÜãíùóç êáé ôçí åðåîåñãáóSSá ôùí äåäïìÝíùí. ÕëïðïéÞóáìå Ýíá óýóôçìá bu¸er êáé ðïëëáðëþí íçìÜôùí ãéá ôçí áíÜãíùóç êáé åðåîåñãáóSSá ôùí äåäïìÝíùí.

Ïé ðåéñáìáôéêÝò ìåôñÞóåéò Ýäåéîáí üôé ç œñÞóç ôùí bu¸er âåëôSSùóå êáôÜ Ýíá óçìáíôéêü ðïóïóôü ôçí áðüäïóç ôïõ åîõðçñÝôç. ÿíá Üëëï óõìðÝñáóìá ðïõ âãÞêå áðü ôéò ðåéñáìáôéêÝò ìåôñÞóåéò åSSíáé üôé ôï ìÝãåèïò ôùí bu¸er ðáSSæåé áñêåôÜ óçìáíôéêü ñüëï óôç âåëôSSùóç ôçò áðüäïóçò êáèþò ãéá óõãêåêñéìÝíï óõíäõáóìü ìðïñåSS íá åðéôåõœèåSS áñêåôÜ ìåãÜëç áýîçóç ôçò áðüäïóçò.

6.2 ÌåëëïíôéêÝò åðåêôÜóåéò

Ðáñüëï ðïõ ç åñãáóSSá áõôÞ ðñüóèåóå áñêåôÝò íÝåò äõíáôüôçôåò óôï óýóôçìá SmAS áêüìá õðÜñœïõí ðïëëïSS ôïìåSSò óôïõò ïðïSSïõò ìðïñïýìå íá åðåêôÜèïýìå. Óôç ðáñÜãñáöï áõôÞ åîåôÜæïõìå ìåñéêÝò ðñïôÜóåéò ðïõ ìðïñïýí íá âåëôéþóïõí ôçí áðüäïóç ôïõ SmAS, íá ðñïóèÝóïõí íÝåò ëåéôïõñãSSåò, íá áëëÜîïõí ôçí äïìÞ êáé ôç œñÞóç ôïõ óõóôÞìáôïò SmAS.

6.2.1 Ëåéôïõñãéêü óýóôçìá

Ç ôùñéíÞ õëïðïSSçóç ôïõ åîõðçñÝôç SmAS áðÝœåé ðïëý áðü ôçí éäåáôÞ áñœéôåêôïíéêÞ, ðïõ ïñSSæïõìå óáí Ýíá ëåéôïõñãéêü óýóôçìá ðïõ õëïðïéåSS ìüíï ôéò áðáñáSSôçôåò ëåéôïõñãSSåò ãéá ôçí åîõðçñÝôçóç client. Ç ìåôáöïñÜ ôïõ SmAS óôï Hurd êáé ç ìåëÝôç ôùí äõíáôïôÞôùí áõôïý ôïõ ëåéôïõñãéêïý óõóôÞìáôïò, áíïSSãïõí ôïí äñüìï ãéá ìSSá íÝá õëïðïSSçóç ôïõ SmAS ðïõ èá áðïôåëåSS ôìÞìá ôïõ Hurd.

ÓõãêåêñéìÝíá ôï óýóôçìá SmAS ìðïñåSS íá õëïðïéçèåSS óáí Ýíá óýíïëï áðü íÝïõò server ôïõ Hurd Þ ìå ôçí ôñïðïðïSSçóç ôùí õðÜñœïíôùí. Ãéá ðáñÜäåéãìá ç åöáñìïãÞ öSSëôñùí óôá áñœåSSá ìðïñåSS íá ãSSíåé ìå ôçí åöáñìïãÞ åíüò translator (Åíüôçôá 3.2) ðÜíù óôï áñœåSSï, ïðüôå êáé áõôüò èá åêôåëåSS ôï öSSëôñï, Þ ìå ôçí ôñïðïðïSSçóç ôïõ server äéáœåSSñéóçò áñœåSSùí ôïõ Hurd. Ç õëïðïSSçóç áõôÞ áðïôåëåSS Ýíá ðïëý äýóêïëï Ýñãï áëëÜ ìå áõôü ôïí ôñüðï èá Ýœïõìå Ýíá ðñáãìáôéêü ëåéôïõñãéêü óýóôçìá ãéá áõôüíïìïõò äSSóêïõò.

6.2.2 ÐñïáíÜêôçóç äåäïìÝíùí

Ôï óýóôçìá ðñïáíÜêôçóçò ðïõ õëïðïéÞèçêå ðåñéïñSSæåôáé åóùôåñéêÜ óôïí åîõðçñÝôç SmAS, äçëáäÞ Ýœïõìå ôçí åðéôÜœõíóç ìüíï ìåñéêþí ëåéôïõñãéþí ôïõ åîõðçñÝôç SmAS åíþ ôï óýóôçìá ôçò ìåôáöïñÜò ôùí äåäïìÝíùí ðáñáìÝíåé Üèéêôï. Åðüìåíï âÞìá åSSíáé ç õëïðïSSçóç ðñïáíÜêôçóçò êáé óôçí ðëåõñÜ ôïõ client ïðüôå èá Ýœïõìå ôçí áðïóôïëÞ äåäïìÝíùí óôï client ðñéí áõôÜ æçôçèïýí êáé ôçí áðïèÞêåõóÞ ôïõò óå ôïðéêïýò bu¸er. Ìå áõôü ôïí ôñüðï èá õðÜñœåé ìåSSùóç ôïõ œñüíïõ åðéêïéíùíSSáò ìÝóù ôïõ äéêôýïõ. ÅSSíáé Ýíá áñêåôÜ ðåñSSðëïêï åãœåSSñçìá áöïý ç äéáôÞñçóç ôçò óõíÝðåéáò ôùí äåäïìÝíùí áíÜìåóá óôï client êáé ôïí åîõðçñÝôç åSSíáé áñêåôÜ äýóêïëç.

6.2.3 Œñïíïðñïãñáììáôéóìüò

Ïé áëãüñéèìïé œñïíïðñïãñáììáôéóìïý ðïõ õëïðïéÞóáìå åSSíáé ìüëéò äýï åíþ õðÜñœïõí êáé áñêåôïSS Üëëïé ðïõ áíáöÝñïíôáé óôç âéâëéïãñáöSSá [11, 12]. ÿœïõìå Þäç áíáöÝñåé ôïí áëãüñéèìï shortest job ˛rst ôïí ïðïSSï üìùò äåí õëïðïéÞóáìå. Ç õëïðïSSçóÞ ôïõ ðåñéëáìâÜíåé ôçí åýñåóç åíüò áðïôåëåóìáôéêïý ôñüðïõ åêôSSìçóçò ôïõ œñüíïõ åêôÝëåóçò ôùí öSSëôñùí, åíþ áíáìÝíïíôáé åíäéáöÝñïíôá áðïôåëÝóìá óôçí áðüäïóç ôïõ åîõðçñÝôç. ŒñÞóéìç èá åSSíáé êáé ç õëïðïSSçóç åíüò áëãüñéèìïõ œñïíïðñïãñáììáôéóìïý ìå œñÞóç ðñïôåñáéïôÞôùí. Ç áíÜèåóç ðñïôåñáéïôÞôùí óôá öSSëôñá åSSíáé Ýíá èÝìá ðïõ ðñÝðåé íá åðéëõèåSS óôçí õëïðïSSçóç áõôïý ôïõ áëãïñSSèìïõ ìå ôçí åðéëïãÞ êáôÜëëçëùí êñéôçñSSùí. ÿíá êñéôÞñéï èá ìðïñïýóå íá åSSíáé ï œñÞóôçò ðïõ œñçóéìïðïéåSS ôï SmAS óå ðåñSSðôùóç ðïõ åSSíáé äõíáôüò ï äéáœùñéóìüò ôùí œñçóôþí.

6.2.4 ŒñÞóôåò óôï SmAS

Ç ôåëåõôáSSá ðñüôáóç ìáò õðåíèõìSSæåé üôé äåí Ýœåé õëïðïéçèåSS áêüìá Ýëåãœïò ðñüóâáóçò óôï óýóôçìá SmAS êÜôé ðïõ ðñïûðïèÝôåé ôçí ýðáñîç œñçóôþí êáé ôç äõíáôüôçôá ðéóôïðïSSçóÞò ôïõò. ÌSSá ôÝôïéá ëåéôïõñãSSá åSSíáé áðáñáSSôçôï íá ðñïóôåèåSS ðñïêåéìÝíïõ íá áõîçèåSS ç áóöÜëåéá êáé ç áîéïðéóôSSá ôïõ óõóôÞìáôïò. Ç õëïðïSSçóç ìSSáò ôÝôïéáò äõíáôüôçôáò åãåSSñåé èÝìáôá üðùò ç áóöÜëåéá ôùí ðñïóùðéêþí äåäïìÝíùí ôïõ œñÞóôç êáé ïé Üäåéåò ôùí œñçóôþí. Óôïí ôïìÝá ôçò áóöÜëåéáò ìðïñïýìå íá ðñïóèÝóïõìå êáé êñõðôïãñÜöçóç äåäïìÝíùí áëëÜ áõôü èá Ýœåé óçìáíôéêÞ åðSSäñáóç óôçí áðüäïóç ôïõ åîõðçñÝôç åíþ Ýôóé îåöåýãïõìå áðü ôçí áðëüôçôá ðïõ åðéèõìïýìå ùò ôþñá íá Ýœåé ìSSá óõóêåõÞ SmAS.

6.2.5 ÏìáäïðïSSçóç óõóêåõþí SmAS

Ç œñÞóç ìSSáò óõóêåõÞò SmAS ìðïñåSS íá âåëôéþóåé ôçí áíáæÞôçóç êáé ìåôáöïñÜ äåäïìÝíùí, Ýíá èÝìá ðïõ ðñïêýðôåé åSSíáé ðùò ìðïñïýìå íá åêìåôáëëåõôïýìå ôç œñÞóç ðåñéóóïôÝñùí óõóêåõþí SmAS. Áõôü áðïôåëåSS Ýíá ðïëý åíäéáöÝñïí ðñüâëçìá êáôáíåìçìÝíçò åðåîåñãáóSSáò êáé áíïSSãåé Ýíá ôåñÜóôéï ðåäSSï óôç œñÞóç êáé åöáñìïãÞ ôùí óõóêåõþí SmAS, ìå ôçí äçìéïõñãSSá ïìÜäùí áðü óõêåõÝò.

6.2.6 ÐñÜêôïñåò êáé óõóêåõÝò SmAS

ÅðéðëÝïí ðïëý ìåãÜëï åíäéáöÝñïí óôçí êáôáíåìçìÝíç åðåîåñãáóSSá äåäïìÝíùí ðáñïõóéÜæåé ç ôåœíïëïãSSá ôùí êéíçôþí ðñáêôüñùí ç ïðïSSá èá ìðïñïýóå íá óõíäõáóôåSS ìå ôçí ôåœíïëïãSSá ôùí óõóêåõþí SmAS. ÅîÜëëïõ êáé ôá öSSëôñá ðïõ åêôåëïýíôáé óôïí åîõðçñÝôç ìðïñïýí íá èåùñçèïýí óáí ìSSá ðåñéïñéóìÝíç ìïñöÞ ðñÜêôïñá, ïðüôå äåí èá åSSíáé éäéáSSôåñá äýóêïëï íá õëïðïéçèïýí ðñÜêôïñåò ãéá óõóôÞìáôá SmAS, áí õëïðïéçèåSS Ýíá ˛lter API ðïõ èá ðáñÝœåé ôéò áðáñáSSôçôåò ëåéôïõñãSSåò.

ÂéâëéïãñáöSSá

[1] A. Acharya, M. Uysal, and J. Saltz, "Active disks: programming model, algorithms and evaluation" In ASPLOS ’98, 8th Conference on Architectural Support for Programming Languages and Operating Systems, pages 212-217, San Jose, California, October 1998.

[2] K. Keeton, D. A. Patterson, and J. M. Hellerstein, "A case for intelligent disks (idisks)", SIGMOD Record, 27(3):42-52, July 1998

[3] E. Riedel, G. Gibson, and C. Faloutsos, "Active storage for large-scale data minig and multimedia", In VLDB ’98, 24th int’l Conference on Very Large Data Bases, pages 62-73, New York, USA, August 1998.

[4] A. Acharya, M. Uysal, and J. Saltz, "An evaluation of architectural alternatives for rapidly growing datasets: active disks, clusters, SMPs", Technical Report, Dept. of Computer Science, University of California, Santa Barbara, Technical Report TRCS98-27, October 1998

[5] A. Acharya, M. Uysal, and J. Saltz, "Evaluation of active disks for decision support databases", In HPCA, 2000.

[6] V.V. Dimakopoulos, A. Kinalis, E. Pitoura and I. Tsoulos, \On Deploying and Executing Data-Intensive Code on Smart Autonomous Storage (SmAS) Disks", Proceedings ADBIS-DASFAA 2000, International Conference on Database Systems for Advanced Applications, Prague, Czech Republic, pp. 323{330, Sept. 2000.

[7] V.V. Dimakopoulos, A. Kinalis, S. Mastrogiannakis and E. Pitoura, \The Smart Autonomous Storage (SmAS) System", Proceedings PACRIM01, 2001 IEEE Paci˛c Rim Conference on Communications, Computers and Signal Processing, Victoria, B.C., Canada, Aug. 2001.

[8] V.V. Dimakopoulos, S. Mastrogiannakis and E. Pitoura, \Application Programming in SmAS", Technical Report TR-15-2001, Dept. of Computer Science, University of Ioannina, 2001.

[9] Keith Loepere, \Mach 3 Server Writer’s Guide" , Open Software Foundation and Carnegie Mellon University, NORMA-MK12, user15:July 15, 1992.

[10] Keith Loepere, \Mach 3 Kernel Principles" , Open Software Foundation and Carnegie Mellon University, NORMA-MK12, user15:July 15, 1992.

[11] A. S. Tanenbaum and A. S. Woodhall, "Operating System Design and Implementation".

[12] A. Silberschatz and P. B. Galvin, "Operating Systems Concepts", 5th edition, Addison Wesley Publishing Company 1998.

[13] Andrew S. Tanenbaum, "Distributed Operating Systems", Prentice Hall 1995, Chapter 8, pages 431-474 (Case Study 2).

[14] Andrew S. Tanenbaum, "Modern Operating Systems", Prentice Hall 1992, Chapter 15, pages 637-682 (Case Study 4).

[15] Joseph Boykin, David Kirschen, Alan Langerman, Susan LoVerso, "Programming Under Mach", Addison-Wesley Publishing Co,. 1993.

[16] The GNU project

http://www.gnu.org/

[17] The Hurd

http://www.gnu.org/software/hurd

[18] Introduction to translators

http://www.debian.org/ports/hurd/hurd-doc-translator

[19] The Mach project

http://www- 2.cs.cmu.edu/afs/cs.cmu.edu/project/mach/public/www/mach.html

[20] The Mach4 project

http://www.cs.utah.edu/‚ux/mach4/html/Mach4-proj.html

[21] The xMach project

http://xmach.org

[22] BSD Operating Systems http://www.bsd.org

[23] The LINUX kernel homepage http://www.linux.org

ÐáñÜñôçìá A

Êþäéêáò SmAS åîõðçñÝôç

ËSSóôá áñœåSSùí: LinuxMakefile Makefile server/buffers.c server/buffers.h server/files.c server/files.h server/filters.c server/filters.h server/handlers.c server/handlers.h server/server.c server/server.h server/smas stop.c server/threadfunc.c server/timer.h include/smasdefs.h include/socks.c include/socks.h

A.1 LinuxMake˛le # # Makefile for SmAS Server # VVD, May 2000 # PROG = smas˙start CC = gcc O = obj

# # Various Modules # MAINSRV = server FILES = files FILTERS = filters HANDLERS = handlers BUFFERS = buffers THFUNC = threadfunc OBJS = $(O)/$(MAINSRV).o $(O)/$(FILES).o $(O)/$(FILTERS).o “ $(O)/$(HANDLERS).o $(O)/$(BUFFERS).o $(O)/$(THFUNC).o # # Options # COPTS = -g -I. -I../include -D˙REENTRANT -DLINUX˙DIST #-DSMAS˙SRV˙DEBUG LOPTS = -lpthread -ldl # # Stopper # STOPPER = smas˙stop # # Actual rules # all: $(PROG) $(STOPPER)

$(STOPPER): smas˙stop.c $(CC) -o smas˙stop smas˙stop.c

$(PROG): $(OBJS) $(CC) -o $(PROG) $(OBJS) $(COPTS) $(LOPTS)

$(O)/%.o: %.c server.h ../include/socks.c $(CC) -c -o $(O)/$*.o $(COPTS) $¡ clean:

rm -f obj/*.o rm -f smas˙start smas˙stop

A.2 Make˛le # # Makefile for SmAS Server # VVD, May 2000 # PROG = smas˙start HPROG = hsmas˙start #There has to be an easier way than #this; read on to understand what I mean CC = gcc O = obj # # Various Modules # MAINSRV = server FILES = files FILTERS = filters HANDLERS = handlers BUFFERS = buffers THFUNC = threadfunc OBJS = $(O)/$(MAINSRV).o $(O)/$(FILES).o $(O)/$(FILTERS).o “ $(O)/$(HANDLERS).o $(O)/$(BUFFERS).o $(O)/$(THFUNC).o HOBJS = $(O)/$(MAINSRV).ho $(O)/$(FILES).ho $(O)/$(FILTERS).ho “ $(O)/$(HANDLERS).ho $(O)/$(BUFFERS).ho $(O)/$(THFUNC).ho #Stupid way to seperate object files # # Options # #Use these for native cthreads HCOPTS = -g -I. -I../include -D˙REENTRANT -DHURD˙DIST #-DSMAS˙SRV˙DEBUG HLOPTS = -lthreads -ldl #Use these for mycthreads COPTS = -g -I. -I../include -D˙REENTRANT -DHURD˙DIST -DUSE˙MYCTHREAD “ #-DUSE˙COUNTER #-DSMAS˙SRV˙DEBUG

LOPTS = -ldl -lmythreads # # Stopper # STOPPER = smas˙stop # # Actual rules # all: $(PROG) $(STOPPER)

$(STOPPER): smas˙stop.c $(CC) -o smas˙stop smas˙stop.c

$(PROG): $(OBJS) ../libthreads/libmythreads.a $(CC) -o $(PROG) $(OBJS) $(COPTS) $(LOPTS)

$(O)/%.o: %.c server.h ../include/socks.c $(CC) -c -o $(O)/$*.o $(COPTS) $¡

#Using HURD’s cthreads hurd: $(HPROG) $(STOPPER) cp -f hsmas˙start smas˙start

$(HPROG): $(HOBJS) $(CC) -o $(HPROG) $(HOBJS) $(HCOPTS) $(HLOPTS)

$(O)/%.ho: %.c server.h ../include/socks.c $(CC) -c -o $(O)/$*.ho $(HCOPTS) $¡

#Cleanup clean:

rm -f $(O)/*o rm -f smas˙start smas˙stop hsmas˙start

A.3 server/bu¸ers.c /* Buffer implementation for SmAS Kinalis Athanasios July 2001 */ #include ¡unistd.h¿ #include ¡sys/types.h¿ #include ¡sys/stat.h¿ #include ”buffers.h” #include ”server.h” #include ¡string.h¿ #ifdef USE˙MYCTHREAD #include ”../libthreads/cthread˙internals.h” /*Get’s cproc from cthread - See cthreads.h#cthread˙assoc()*/ #define get˙cproc(c) ((cproc˙t)((c)-¿ur))

#endif

int FILE˙BUFFER˙SIZE = 50000; int FILTER˙BUFFER˙SIZE = 5;

int file˙buf˙init(struct file˙buffer *buf, int fd, int size, void *th) – buf-¿src.fd = fd; buf-¿buffer = NULL;

#ifdef HURD˙DIST

buf-¿fillth = (cthread˙t) th;

memset(&buf-¿lock, 0, sizeof(struct mutex)); memset(&buf-¿wait˙lock, 0, sizeof(struct mutex)); memset(&buf-¿data˙needed, 0, sizeof(struct condition)); memset(&buf-¿stop, 0, sizeof(struct mutex));

#endif #ifdef LINUX˙DIST

buf-¿fillth = (pthread˙t) th; pthread˙mutex˙init(&buf-¿lock, NULL);

pthread˙mutex˙init(&buf-¿wait˙lock, NULL); pthread˙cond˙init(&buf-¿data˙needed, NULL); pthread˙mutex˙init(&buf-¿stop, NULL);

#endif

alloc˙file˙buf(buf, size); buf-¿status = BUF˙SFETCH;

return 0; ˝ /*Always invalidates buffer*/ /*Sets buffer reading position. Call after buf˙init()*/ int set˙file˙buf˙pos(file˙buffer˙t * buf, int f) – mutex˙lock(&buf-¿lock);

if (f == BUF˙NOPOS) – /* This is a socket/filter buffer - no file positioning available */ buf-¿filepos = -1; buf-¿vstart = -1; buf-¿voffset = 0; buf-¿vlength = 0;

˝ else if (f == BUF˙CURPOS) – /* Moves buffer position to current file pointer position */ buf-¿filepos = lseek(buf-¿src.fd, 0, SEEK˙CUR); buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0;

˝ else if (f == BUF˙NORMALPOS) – /* Moves file pointer to buffer file position */ buf-¿filepos =

lseek(buf-¿src.fd, buf-¿filepos, SEEK˙SET); buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0; ˝ if (buf-¿status & BUF˙SEOF) /* Also remove EOF bit */

buf-¿status &= (~BUF˙SEOF); mutex˙unlock(&buf-¿lock); return buf-¿filepos; ˝ int alloc˙file˙buf(file˙buffer˙t * buf, int size) – mutex˙lock(&buf-¿lock); buf-¿size = size; buf-¿buffer =

(unsigned char *) malloc(sizeof(unsigned char) * size); buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0;

mutex˙unlock(&buf-¿lock); return 0; ˝ int dealloc˙file˙buf(file˙buffer˙t * buf) – mutex˙lock(&buf-¿lock); free(buf-¿buffer);

mutex˙unlock(&buf-¿lock); return 0; ˝ /*Indicates that all reads from buffer are valid, advance filepos*/ void file˙buf˙validate(file˙buffer˙t * buf) – struct stat st;

mutex˙lock(&buf-¿lock);

buf-¿filepos = buf-¿vstart;

fstat(buf-¿src.fd, &st); /* Check for EOF */ if (buf-¿filepos == st.st˙size && buf-¿vlength == 0)

buf-¿status —= BUF˙SEOF; mutex˙unlock(&buf-¿lock); ˝ /*Indicates that reads from buffer are valid until pos*/ void file˙buf˙validate2(file˙buffer˙t * buf, int pos) – struct stat st;

mutex˙lock(&buf-¿lock); if (pos ¿ buf-¿vstart) –

mutex˙unlock(&buf-¿lock); return; ˝ buf-¿filepos = pos;

fstat(buf-¿src.fd, &st); /* Check for EOF */ if (buf-¿filepos == st.st˙size && buf-¿vlength == 0)

buf-¿status —= BUF˙SEOF; mutex˙unlock(&buf-¿lock); ˝ /*Fetches as much bytes as possible(?) from fd to fill buffer*/ int file˙buf˙fetch(file˙buffer˙t * buf) – int i = 0, f = 0;

mutex˙lock(&buf-¿lock);

if ((f = buf-¿size - buf-¿vlength) != 0) – /* Check if buffer is full; if not f holds the amount of free space */ i = buf-¿size - (buf-¿voffset + buf-¿vlength); /* i shows how far from buffer’s end data extends */ if (i == 0) –

buf-¿voffset =

(buf-¿voffset == buf-¿size) ? 0 : buf-¿voffset; i = buf-¿size - buf-¿vlength; ˝ if (i ¡ 0) – /* Buffer’s end is full and there is a gap at the begging of buffer. */ buf-¿vlength += (i = read(buf-¿src.fd, &buf-¿buffer[-i], f));

˝ else – /* There is free space in buffer’s end. Fill it. */ buf-¿vlength += (i = read(buf-¿src.fd,

&buf-¿ buffer[(buf-¿voffset + buf-¿vlength) % buf-¿size], i)); ˝ ˝ if (i == 0) – /* Check for EOF */

struct stat st;

fstat(buf-¿src.fd, &st);

if (buf-¿vstart == st.st˙size && buf-¿vlength == 0)

buf-¿status —= BUF˙SEOF; ˝ mutex˙unlock(&buf-¿lock); return i; ˝ /*Appends l bytes from array b to buffer buf*/ int file˙buf˙append(file˙buffer˙t * buf, unsigned char *b, int l) – int i = 0, f = 0;

mutex˙lock(&buf-¿lock);

if ((f = buf-¿size - buf-¿vlength) != 0) – /* Check if buffer is full; if not f holds the amount of free space */ f = (f ¿ l) ? l : f; /* append f bytes, as much as buffer can hold or l */ i = buf-¿size - (buf-¿voffset + buf-¿vlength); /* i shows how far from buffer’s end data extends */ if (i ¡ 0) – /* Buffer’s end is full and there is free space at the begging of buffer. */ memcpy(buf-¿buffer + (-i), b, f);

˝ else – /* There is free space in buffer’s end. Fill it. */ memcpy(buf-¿buffer + buf-¿voffset + buf-¿vlength, b, i); if (f - i ¿ 0) /* There more free space at the begging of buffer */ memcpy(buf-¿buffer, b + i, f - i); ˝ buf-¿vlength += f; ˝ mutex˙unlock(&buf-¿lock);

return f; ˝ /*Reads s bytes in array b from buffer buf*/ /*If s bytes not available blocks until fetched*/ int file˙buf˙read(file˙buffer˙t * buf, unsigned char *b, int s) – int i, d, tot = 0;

do –

i = d = 0;

mutex˙lock(&buf-¿lock);

if (s ¿ buf-¿vlength) –

d = s - buf-¿vlength; /* Store additional required data */ s = buf-¿vlength; /* Read all contents - watch for buf-¿vlength==0 */ ˝ if (s ¿ 0 && (i = buf-¿size - buf-¿voffset) ¿= s) –

memcpy(b, &buf-¿buffer[buf-¿voffset], s); b += s;

buf-¿voffset = (buf-¿voffset + s) % buf-¿size; ˝ else if (i ¿ 0) – /* wrap around */

memcpy(b, &buf-¿buffer[buf-¿voffset], i); b += i;

buf-¿voffset = 0; /* continue from beggining */ memcpy(b, buf-¿buffer, s - i); buf-¿voffset += (s - i); ˝ buf-¿vstart += s; buf-¿vlength -= s; tot += s;

if (d ¿ 0) – /* We require additional data */ if (buf˙eof(buf)) – /* Check for EOF */

mutex˙unlock(&buf-¿lock); return tot; ˝ mutex˙unlock(&buf-¿lock);

#ifdef USE˙MYCTHREAD thread˙switch(get˙cproc(buf-¿fillth)-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 30);

#else mutex˙lock(&buf-¿wait˙lock);

condition˙wait(&buf-¿data˙needed, &buf-¿wait˙lock); /* Block until data is there */ mutex˙unlock(&buf-¿wait˙lock);

#endif s = d; /* Prepare for next iterration */ ˝ ˝ while (d != 0);

mutex˙unlock(&buf-¿lock);

return tot; ˝ /*Probably not the best way to do that*/ /*Returns in vs vstart value after this read*/ int file˙buf˙read2(file˙buffer˙t * buf, unsigned char *b, int s, int *vs) – int i, d, tot = 0;

do –

i = d = 0;

mutex˙lock(&buf-¿lock);

if (s ¿ buf-¿vlength) –

d = s - buf-¿vlength; /* Store additional required data */ s = buf-¿vlength; /* Read all contents - watch for buf-¿vlength==0 */ ˝ if (s ¿ 0 && (i = buf-¿size - buf-¿voffset) ¿= s) – memcpy(b, &buf-¿buffer[buf-¿voffset], s); b += s;

buf-¿voffset = (buf-¿voffset + s) % buf-¿size; ˝ else if (i ¿ 0) – /* wrap around */

memcpy(b, &buf-¿buffer[buf-¿voffset], i); b += i;

buf-¿voffset = 0; /* continue from beggining */ memcpy(b, buf-¿buffer, s - i); buf-¿voffset += (s - i); ˝ buf-¿vstart += s; buf-¿vlength -= s; tot += s;

if (d ¿ 0) – /* We require additional data */ if (buf˙eof(buf)) – /* Check for EOF */

*vs = buf-¿vstart;

mutex˙unlock(&buf-¿lock); return tot; ˝ mutex˙unlock(&buf-¿lock);

#ifdef USE˙MYCTHREAD thread˙switch(get˙cproc(buf-¿fillth)-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 30);

#else mutex˙lock(&buf-¿wait˙lock);

condition˙wait(&buf-¿data˙needed, &buf-¿wait˙lock); /* Block until data is there */ mutex˙unlock(&buf-¿wait˙lock);

#endif s = d; /* Prepare for next iterration */ ˝ ˝ while (d != 0);

*vs = buf-¿vstart;

mutex˙unlock(&buf-¿lock); return tot; ˝ void *file˙buf˙destroy(file˙buffer˙t * buf) – void *res;

mutex˙lock(&buf-¿lock); buf-¿status —= BUF˙SDESTROY; mutex˙unlock(&buf-¿lock);

#ifdef HURD˙DIST

res = cthread˙join(buf-¿fillth); #endif #ifdef LINUX˙DIST

pthread˙join(buf-¿fillth, &res); #endif

dealloc˙file˙buf(buf); return res; ˝ int file˙buf˙readvalid(file˙buffer˙t * buf) – int res = 0;

mutex˙lock(&buf-¿lock);

if (buf-¿vstart == buf-¿filepos)

res = 1;

mutex˙unlock(&buf-¿lock); return res; ˝ /***********************************************/ /***********************************************/ /***********************************************/ /****************FILTER BUFFERS*****************/ /***********************************************/ /***********************************************/ /***********************************************/

int filter˙buf˙init(struct filter˙buffer *buf, int fd, int capacity, int size) – buf-¿src.fd = fd; buf-¿buffer = NULL;

#ifdef HURD˙DIST /* buf-¿fillth=(cthread˙t)th; This is initialized elsewhere*/ memset(&buf-¿lock, 0, sizeof(struct mutex)); memset(&buf-¿wait˙lock, 0, sizeof(struct mutex)); memset(&buf-¿data˙needed, 0, sizeof(struct condition)); memset(&buf-¿stop, 0, sizeof(struct mutex));

#endif #ifdef LINUX˙DIST

pthread˙mutex˙init(&buf-¿lock, NULL); pthread˙mutex˙init(&buf-¿wait˙lock, NULL); pthread˙cond˙init(&buf-¿data˙needed, NULL); pthread˙mutex˙init(&buf-¿stop, NULL);

#endif

alloc˙filter˙buffer(buf, capacity, size); buf-¿status = BUF˙SFETCH;

return 0; ˝ int alloc˙filter˙buffer(filter˙buffer˙t * buf, int capacity, int size) – int i;

mutex˙lock(&buf-¿lock);

buf-¿capacity = capacity; buf-¿size = size; buf-¿buffer =

(rec˙buf˙t *) malloc(sizeof(rec˙buf˙t) * capacity); for (i = 0; i ¡ capacity; i++) –

buf-¿buffer[i].size = 0; /* Means no data available */ buf-¿buffer[i].buffer =

(unsigned char *) malloc(sizeof(unsigned char) * size); ˝ buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0;

mutex˙unlock(&buf-¿lock); return 0; ˝ int dealloc˙filter˙buf(filter˙buffer˙t * buf) – int i;

mutex˙lock(&buf-¿lock);

for (i = 0; i ¡ buf-¿capacity; i++)

free(buf-¿buffer[i].buffer); free(buf-¿buffer);

mutex˙unlock(&buf-¿lock); return 0; ˝ int set˙filter˙buf˙pos(filter˙buffer˙t * buf, int f) – mutex˙lock(&buf-¿lock);

if (f == BUF˙NOPOS) – /* This is a socket/filter buffer - no file positioning available */ buf-¿filepos = -1; buf-¿vstart = -1; buf-¿voffset = 0; buf-¿vlength = 0; buf-¿lastvs = -1;

˝ else if (f == BUF˙CURPOS) – /* Moves buffer position to current file pointer position */ buf-¿filepos = lseek(buf-¿src.fd, 0, SEEK˙CUR); buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0; buf-¿lastvs = -1;

˝ else if (f == BUF˙NORMALPOS) – /* Moves file pointer to buffer file position */ buf-¿filepos =

lseek(buf-¿src.fd, buf-¿filepos, SEEK˙SET); buf-¿vstart = buf-¿filepos; buf-¿voffset = 0; buf-¿vlength = 0; buf-¿lastvs = -1; ˝ if (buf-¿status & BUF˙SEOF) /* Also remove EOF bit */

buf-¿status &= (~BUF˙SEOF); mutex˙unlock(&buf-¿lock); return buf-¿filepos; ˝ int filter˙buf˙append˙record(filter˙buffer˙t * buf, unsigned char *rec, int size, int vs) – mutex˙lock(&buf-¿lock);

if (buf-¿vlength ¡ buf-¿capacity)

buf-¿vlength++;

else –

mutex˙unlock(&buf-¿lock); return 0; ˝ memcpy(buf-¿

buffer[(buf-¿voffset + buf-¿vlength -

1) % buf-¿capacity].buffer, rec, size); buf-¿buffer[(buf-¿voffset + buf-¿vlength - 1) % buf-¿capacity].size = size;

buf-¿buffer[(buf-¿voffset + buf-¿vlength - 1) % buf-¿capacity].vs = vs;

mutex˙unlock(&buf-¿lock);

return size; ˝ int filter˙buf˙nextrecsize(filter˙buffer˙t * buf) – int rs = 0;

mutex˙lock(&buf-¿lock);

rs = buf-¿buffer[buf-¿voffset].size; mutex˙unlock(&buf-¿lock); return rs; ˝ int filter˙buf˙nextrec(filter˙buffer˙t * buf, unsigned char *dst) – int s = 0, done = 0;

mutex˙lock(&buf-¿lock); if (buf˙eof(buf)) –

mutex˙unlock(&buf-¿lock); return 0; ˝ do –

if (buf-¿vlength ¿ 0) –

memcpy(dst, buf-¿buffer[buf-¿voffset].buffer, s = buf-¿buffer[buf-¿voffset].size);

buf-¿lastvs = buf-¿buffer[buf-¿voffset].vs; buf-¿voffset = (buf-¿voffset + 1) % buf-¿capacity; buf-¿vlength--; done = 1; ˝ mutex˙lock(&((file˙buffer˙t *) buf-¿src.buf)-¿lock);

if (buf-¿vlength == 0 && buf˙eof((file˙buffer˙t *) buf-¿src.buf)) – /* Check for EOF */ buf-¿status —= BUF˙SEOF; done = 1; ˝ mutex˙unlock(&((file˙buffer˙t *) buf-¿src.buf)-¿lock); mutex˙unlock(&buf-¿lock); if (done)

return s;

#ifdef USE˙MYCTHREAD

thread˙switch(get˙cproc(buf-¿fillth)-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 30);

#else

mutex˙lock(&buf-¿wait˙lock);

condition˙wait(&buf-¿data˙needed, &buf-¿wait˙lock); /* Block until data is there */ mutex˙unlock(&buf-¿wait˙lock);

#endif

˝ while (!done); return s; ˝ void filter˙buf˙validate(filter˙buffer˙t * buf) – mutex˙lock(&buf-¿lock);

file˙buf˙validate2((file˙buffer˙t *) buf-¿src.buf, buf-¿lastvs);

if (buf-¿vlength == 0

&& buf˙eof((file˙buffer˙t *) buf-¿src.buf)) buf-¿status —= BUF˙SEOF;

mutex˙unlock(&buf-¿lock); ˝ void *filter˙buf˙destroy(filter˙buffer˙t * buf) – void *res;

mutex˙lock(&buf-¿lock); buf-¿status —= BUF˙SDESTROY; mutex˙unlock(&buf-¿lock);

#ifdef HURD˙DIST

res = cthread˙join(buf-¿fillth); #endif #ifdef LINUX˙DIST

pthread˙join(buf-¿fillth, &res); #endif

dealloc˙filter˙buf(buf); return res; ˝ A.4 server/bu¸ers.h

#ifndef BUFFERS˙H #define BUFFERS˙H

#ifdef HURD˙DIST #ifdef USE˙MYCTHREADS #include ”../libthreads/cthreads.h” /* Use relative path to avoid conflicts */ #include ”../libthreads/cthread˙internals.h” #else #include ¡cthreads.h¿ #endif #endif #ifdef LINUX˙DIST #include ¡pthread.h¿ #define cthread˙exit(x) pthread˙exit(x) #define cthread˙join(x) pthread˙join(x); #define cthread˙self() pthread˙self() #define mutex˙lock(t) pthread˙mutex˙lock(t) #define mutex˙unlock(t) pthread˙mutex˙unlock(t) #define condition˙wait(t,y) pthread˙cond˙wait(t,y) #define condition˙signal(t) pthread˙cond˙signal(t) #define cthread˙yield() #endif

#define BUF˙SFETCH 1 #define BUF˙SDESTROY 2 #define BUF˙SEOF 4

extern int FILE˙BUFFER˙SIZE; extern int FILTER˙BUFFER˙SIZE;

typedef struct file˙buffer –

int status; /* The state of this buffer */ int size; /* Max data length this buffer can hold. Value of -1 means this buffer should be discarded */ unsigned char *buffer; /* Buffer */ union –

int fd;

void *buf;

˝ src; /* The file descriptor this buffer is reading from or another buffer */ int filepos; /* The normal (without buffering) file position Note: For some buffers it’s meaningless (buffers for sockets,filters) Set to -1 for these fds [set˙buf˙pos( buf, BUF˙NOPOS)] */ int vstart; /* The first byte from file (file offset) that is contained in buffer (filepos to file length) Note: For some buffers it’s meaningless (buffers for sockets,filters) */ int voffset; /* Valid data offset in buffer (0 to buflen-1) */ int vlength; /* Length of valid data stored in buffer (0 to buflen) */ #ifdef HURD˙DIST

cthread˙t fillth; /* The thread that fills this buffer. Controlling thread. */ struct mutex lock; /* For locking access to buffer */ struct mutex wait˙lock; /* For locking access to buffer */ struct condition data˙needed;

struct mutex stop; /* For blocking buffer’s fill thread */ #endif #ifdef LINUX˙DIST

pthread˙t fillth; /* The thread that fills this buffer (probably not required under LINUX */ pthread˙mutex˙t lock; /* For locking access to buffer */ pthread˙mutex˙t wait˙lock; pthread˙cond˙t data˙needed;

pthread˙mutex˙t stop; /* For blocking buffer’s fill thread */ #endif ˝ file˙buffer˙t;

typedef struct rec˙buf –

int size; int vs;

unsigned char *buffer; ˝ rec˙buf˙t;

typedef struct filter˙buffer – int status; /* The state of this buffer */ int capacity; /* Max records this buffer can hold. Value of -1 means this buffer should be discarded */ /* Usually this should be a small number e.g. 5 */ int size; /* Max size of each record */ rec˙buf˙t *buffer; /* Array of buffers for records */ union –

int fd;

void *buf;

˝ src; /* The file descriptor this buffer is reading from or another buffer */ int filepos; /* The normal (without buffering) file position Note: For some buffers it’s meaningless (buffers for sockets,filters) Set to -1 for these fds [set˙buf˙pos( buf, BUF˙NOPOS)] */ int vstart; /* The first byte from file (file offset) that is contained in buffer (filepos to file length) Note: For some buffers it’s meaningless (buffers for sockets,filters) */

int voffset; /* Valid data offset in buffer (0 to capacity-1) */ int vlength; /* Length of valid data stored in buffer (0 to capacity) */ int lastvs;

#ifdef HURD˙DIST

cthread˙t fillth; /* The thread that fills this buffer. Controlling thread. */ struct mutex lock; /* For locking access to buffer */ struct mutex wait˙lock; /* For locking access to buffer */ struct condition data˙needed;

struct mutex stop; /* For blocking buffer’s fill thread */ #endif #ifdef LINUX˙DIST

pthread˙t fillth; /* The thread that fills this buffer (probably not required under LINUX */ pthread˙mutex˙t lock; /* For locking access to buffer */ pthread˙mutex˙t wait˙lock; pthread˙cond˙t data˙needed;

pthread˙mutex˙t stop; /* For blocking buffer’s fill thread */ #endif ˝ filter˙buffer˙t;

/*Constants to define buffer-file seek used by set˙buf˙pos()*/ #define BUF˙NOPOS (-1) #define BUF˙CURPOS (-2) #define BUF˙NORMALPOS (-3)

#define buf˙eof(b) ((b)-¿status&BUF˙SEOF)

#define filter˙buf˙invalidate(b) set˙filter˙buf˙pos(b,BUF˙NOPOS); #define file˙buf˙invalidate(b) set˙file˙buf˙pos(b,BUF˙NORMALPOS);

extern int file˙buf˙init(file˙buffer˙t * buf, int fd, int size, void *th);

extern int set˙file˙buf˙pos(file˙buffer˙t * buf, int f); extern int alloc˙file˙buffer(file˙buffer˙t * buf, int size); extern int dealloc˙file˙buf(file˙buffer˙t * buf); extern void file˙buf˙validate(file˙buffer˙t * buf); extern void file˙buf˙validate2(file˙buffer˙t * buf, int vs); extern int file˙buf˙fetch(file˙buffer˙t * buf);

extern int file˙buf˙append(file˙buffer˙t * buf, unsigned char *b, int l);

extern int file˙buf˙read(file˙buffer˙t * buf, unsigned char *b, int s);

extern int file˙buf˙read2(file˙buffer˙t * buf, unsigned char *b, int s, int *vs);

extern int file˙buf˙readvalid(file˙buffer˙t * buf);

extern int filter˙buf˙init(filter˙buffer˙t * buf, int fd, int capacity, int size);

extern int set˙filter˙buf˙pos(filter˙buffer˙t * buf, int f); extern int alloc˙filter˙buffer(filter˙buffer˙t * buf, int capacity, int size);

extern int dealloc˙filter˙buf(filter˙buffer˙t * buf);

extern int filter˙buf˙append˙record(filter˙buffer˙t * buf, unsigned char *rec, int size, int vs);

extern int filter˙buf˙nextrecsize(filter˙buffer˙t * buf); extern int filter˙buf˙nextrec(filter˙buffer˙t * buf, unsigned char *dst);

extern void filter˙buf˙validate(filter˙buffer˙t * buf); extern void *filter˙buf˙destroy(filter˙buffer˙t * buf);

#endif

A.5 server/˛les.c

/* FILES.C * Code for storing and handling info regarding files opened by clients * * Revisions: * ========== * AFTS 0.2.1 06/06/2000 * Added file˙cleanup˙owner() to cleanup (close & delete) any * not-closed files of a departing client * * AFTS 0.2 05/06/2000 * Completely rewritten by VVD, CS, UoI * * AFTS 0.1 ??/06/2000 * Untouched */ #include ¡stdio.h¿ #include ¡stdlib.h¿ #if 0 #ifdef HURD˙DIST #ifdef USE˙MYCTHREADS #include ”../libthreads/cthreads.h” /* Use relative path to avoid conflicts */ #include ”../libthreads/cthread˙internals.h” #else #include ¡cthreads.h¿ #endif #endif #ifdef LINUX˙DIST #include ¡pthread.h¿ #define cthread˙self() pthread˙self() #define mutex˙lock(t) pthread˙mutex˙lock(t) #define mutex˙unlock(t) pthread˙mutex˙unlock(t) #endif #endif

#include ”buffers.h” #include ”smasdefs.h” #include ”server.h” #include ”files.h”

extern void *readth(void *);

/* The basic structure */ typedef struct –

int ffd; /* The file descriptor */ int sfd; /* The client’s (owner’s) socket */ int fid; /* The applied filter (-1 if none) */ char *fmem; /* The memory needed by (and allocated to) the filter */ file˙buffer˙t *buf; /* The buffer for this file */

˝ file˙t;

/* The table of opened files */ static file˙t *files = NULL; /* Table of open files */ static int filenum = 0; /* Size of table */ #ifdef HURD˙DIST static struct mutex file˙lock /* For locking table access */ = MUTEX˙INITIALIZER;

#endif #ifdef LINUX˙DIST static pthread˙mutex˙t file˙lock /* For locking table access */ = PTHREAD˙MUTEX˙INITIALIZER;

#endif #define lock˙file˙table() mutex˙lock(&file˙lock); #define unlock˙file˙table() mutex˙unlock(&file˙lock);

#define isempty(i) (files[i].ffd == -1) file˙add(int ffd, int sfd) – int i, pos;

#ifdef LINUX˙DIST

pthread˙t pid; #endif

lock˙file˙table();

if (files == NULL) – /* The very first time */

if ((files =

(file˙t *) malloc(10 * sizeof(file˙t))) == NULL) – SRV˙DEBUG(-3, ”(%u) file˙add cannot alloc table!“n”, cthread˙self());

unlock˙file˙table(); return (-1); ˝ for (i = 0; i ¡ 10; i++)

files[i].ffd = files[i].fid = -1; filenum = 10; ˝ /* Search for empty spot */ for (pos = 0; pos ¡ filenum; pos++)

if (isempty(pos))

break;

if (pos == filenum) – /* No empty spot found - realloc 10 more entries */ if ((files = (file˙t *)

realloc(files,

(filenum + 10) * sizeof(file˙t))) == NULL) – SRV˙DEBUG(-3, ”(%u) file˙add cannot REalloc table (to size %d)!“n”, cthread˙self(), filenum + 10);

unlock˙file˙table();

return (-2); /* original table is left untouched! */ ˝ for (i = 1; i ¡ 10; i++)

files[filenum + i].ffd = files[filenum + i].fid = -1; filenum += 10; ˝ files[pos].ffd = ffd; files[pos].sfd = sfd; files[pos].fid = -1; files[pos].fmem = NULL;

/******Buffer initialization******/ files[pos].buf =

(file˙buffer˙t *) malloc(sizeof(file˙buffer˙t));

#ifdef HURD˙DIST #ifdef USE˙MYCTHREAD

file˙buf˙init(files[pos].buf, files[pos].ffd, FILE˙BUFFER˙SIZE, cthread˙spawn(readth, (void *) files[pos]. buf));

#else

file˙buf˙init(files[pos].buf, files[pos].ffd, FILE˙BUFFER˙SIZE, cthread˙fork(readth, (void *) files[pos]. buf));

#endif #endif #ifdef LINUX˙DIST

pthread˙create(&pid, NULL, readth, (void *) files[pos].buf);

file˙buf˙init(files[pos].buf, files[pos].ffd, FILE˙BUFFER˙SIZE, pid);

#endif

set˙file˙buf˙pos(files[pos].buf, BUF˙CURPOS);

unlock˙file˙table(); return (pos); ˝ file˙del(int f) – file˙buffer˙t *buf;

lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) –

unlock˙file˙table(); return (-1); ˝ files[f].ffd = files[f].sfd = files[f].fid = -1; if (files[f].fmem != NULL)

free(files[f].fmem); files[f].fmem = NULL;

if ((buf = files[f].buf) != NULL) –

file˙buf˙destroy(buf); /* Finalize buffer */ free(buf); ˝ files[f].buf = NULL; unlock˙file˙table(); return (0); ˝ /* Delete any onclosed files opened by this particular client */ file˙cleanup˙owner(int sfd) – int i;

file˙buffer˙t *buf;

lock˙file˙table();

for (i = 0; i ¡ filenum; i++)

if (!isempty(i) && files[i].sfd == sfd) – SRV˙DEBUG(-3, ”(%u) cleaning up file td %d owned by sfd %d“n”, cthread˙self(), i, sfd);

close(files[i].ffd);

files[i].ffd = files[i].sfd = files[i].fid = -1; if (files[i].fmem != NULL)

free(files[i].fmem); files[i].fmem = NULL;

if ((buf = files[i].buf) != NULL) –

file˙buf˙destroy(buf); /* Finalize buffer */ free(buf); ˝ ˝; unlock˙file˙table(); return (0); ˝ /* Check if ffd is a legal file id */ isfile(int ffd) – int val = 0;

lock˙file˙table();

if (ffd ¿= 0 && ffd ¡ filenum) if (!isempty(ffd)) val = 1;

unlock˙file˙table(); return (val); ˝ file˙ffd(int f) – int val;

lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) – unlock˙file˙table(); return (-1); ˝ val = files[f].ffd;

unlock˙file˙table(); return (val); ˝ file˙fid(int f) – int val;

lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) – unlock˙file˙table(); return (-1); ˝ val = files[f].fid;

unlock˙file˙table(); return (val); ˝ char *file˙filtermem(int f) – char *val = NULL;

lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) – unlock˙file˙table(); return (NULL); ˝ if (!isempty(f))

val = files[f].fmem;

unlock˙file˙table(); return (val); ˝ /* This sets the fid of the filter to be applied. * The fid MUST be owned by this client. */ int file˙applyfilter(int f, int fid, int size) – char *m;

int client;

if ((m = malloc(size)) == NULL) – SRV˙DEBUG(-3, ”(%u) file˙applyfilter cannot alloc fmem!“n”, cthread˙self());

return (-1); ˝ lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) –

unlock˙file˙table(); return (-1); ˝ if (isempty(f)) –

unlock˙file˙table(); return (-1); ˝ client = files[f].sfd; unlock˙file˙table();

if (filterowner(fid) != client) – /* Not owner! */ SRV˙DEBUG(-3, ”(%u) client %d not owner of filter %d!“n”, cthread˙self(), client, fid);

return (-2); ˝ lock˙file˙table(); files[f].fid = fid; files[f].fmem = m; unlock˙file˙table(); return (0); ˝ void *file˙getbuffer(int f) – file˙buffer˙t *b;

lock˙file˙table();

if (f ¡ 0 —— f ¿= filenum) –

unlock˙file˙table(); return NULL; ˝ if (isempty(f)) –

unlock˙file˙table(); return NULL; ˝ b = files[f].buf; unlock˙file˙table(); return (void *) b; ˝

A.6 server/˛les.h

/* FILES.H * Interface to FILES.C */ #ifndef ˙˙FILES˙H #include ”buffers.h” extern int isfile(int /* file fd */ );

extern int file˙add(int /* ffd */ , int /* sfd */ ); extern int file˙del(int /* file fd */ );

extern int file˙cleanup˙owner(int /* client’s sfd */ );

extern int file˙ffd(int); extern int file˙fid(int);

extern int file˙applyfilter(int, int /* fid */ , int /* size */ );

extern char *file˙filtermem(int);

extern void *file˙getbuffer(int);

#define ˙˙FILES˙H #endif

A.7 server/˛lters.c

/* FILTERS.C * Code for storing and using filters registered by the user * * Revisions: * ========== * AFTS 0.2.1 06/06/2000 * Added ”owner” field to hold the client (sfd) who registered the * filter; added filter˙del˙owner() to delete all the filters owned * by a client. filter˙del() should be considered obsolete. * * AFTS 0.2 05/06/2000 * Completely rewritten by VVD, CS, UoI * * AFTS 0.1 ??/06/2000 * Untouched */ /* July-August/2001 Buffer utility added */ #if 0 /* The following aren’t necessary to files that include ”buffers.h” */ #ifdef HURD˙DIST #ifdef USE˙MYCTHREADS #include ”../libthreads/cthreads.h” /* Use relative path to avoid conflicts */ #include ”../libthreads/cthread˙internals.h” #else #include ¡cthreads.h¿ #endif #endif #ifdef LINUX˙DIST #include ¡pthread.h¿ #define cthread˙self() pthread˙self() #define mutex˙lock(t) pthread˙mutex˙lock(t) #define mutex˙unlock(t) pthread˙mutex˙unlock(t) #endif #endif

#include ¡stdio.h¿ #include ¡dlfcn.h¿ #include ”buffers.h” #include ”smasdefs.h” #include ”server.h” #include ”filters.h”

/* The filter’s three parts: */ typedef void (*initfunc˙t) (void *);

typedef int (*bodyfunc˙t) (void *, int *, void **); typedef int (*tinifunc˙t) (int *, void **);

/* The basic structure */ typedef struct –

initfunc˙t finit; /* The init() function */ bodyfunc˙t fbody; /* The body() function */ tinifunc˙t ftini; /* The tini() function */ int memsize; /* Memory needed by the filter */ int readsize; /* # bytes to read per file record (dynamic) */ void *code; /* The actual code */ char fname[MAX˙PNAME]; /* Obvious */ int owner; /* Who registered this filter??? (socket fd) */ filter˙buffer˙t *buf; /* The buffer this filter outputs to */ ˝ filter˙t;

/* The table of registered filters */ static filter˙t *regfilters = NULL; /* Table of registered filters */ static int regfilnum = 0; /* Number of registered filters */ #ifdef HURD˙DIST static struct mutex regfil˙lock /* For locking table access */ = MUTEX˙INITIALIZER;

#endif #ifdef LINUX˙DIST static pthread˙mutex˙t regfil˙lock /* For locking table access */ = PTHREAD˙MUTEX˙INITIALIZER;

#endif #define lock˙regfil˙table() mutex˙lock(&regfil˙lock); #define unlock˙regfil˙table() mutex˙unlock(&regfil˙lock);

#define isempty(i) (regfilters[i].code == NULL)

/* Check if fid is a legal filter id */ isregfilter(int fid) – int val = 0;

lock˙regfil˙table();

if (fid ¿= 0 && fid ¡ regfilnum)

if (!isempty(fid))

val = 1;

unlock˙regfil˙table(); return (val); ˝ /* Return the owner of the filter */ filterowner(int fid) – int val = -1;

lock˙regfil˙table();

if (fid ¿= 0 && fid ¡ regfilnum)

if (!isempty(fid))

val = regfilters[fid].owner;

unlock˙regfil˙table(); return (val); ˝ filter˙load(char *fname, char *fullpath, filter˙t * flt) – void *dlh; int *var;

char symbol[MAX˙FNAME + 10];

/************/ static int isinit = 0;

/* dlopen() the file - be careful about the way dlopen() searches for files! */ /* A workaround to a strange behaviour, dlopenning a filter but never dlclosing it seems to supress a bus error. */ if (!isinit) –

dlh =

dlopen(”/usr/local/SmAS/filters/libselect10.so”, RTLD˙NOW);

if (dlh == NULL)

fprintf(stderr, ”Error opening initial filter”); isinit = 1; ˝ if ((dlh = dlopen(fullpath, RTLD˙LAZY)) == NULL) –

SRV˙DEBUG(-2, ”(%u) cannot dlopen() the filter!“n”, cthread˙self());

return (-1); ˝ flt-¿code = dlh;

/* Now find the needed symbols */ sprintf(symbol, ”%s˙init”, fname);

if ((flt-¿finit = (initfunc˙t) dlsym(dlh, symbol)) == NULL) – SRV˙DEBUG(-2, ”(%u) no %s function in the filter!“n”, cthread˙self(), symbol);

dlclose(dlh); return (-2); ˝ sprintf(symbol, ”%s˙body”, fname);

if ((flt-¿fbody = (bodyfunc˙t) dlsym(dlh, symbol)) == NULL) – SRV˙DEBUG(-2, ”(%u) no %s function in the filter!“n”, cthread˙self(), symbol);

dlclose(dlh); return (-2); ˝ sprintf(symbol, ”%s˙tini”, fname);

if ((flt-¿ftini = (tinifunc˙t) dlsym(dlh, symbol)) == NULL) – SRV˙DEBUG(-2, ”(%u) no %s function in the filter!“n”, cthread˙self(), symbol);

dlclose(dlh); return (-2); ˝ sprintf(symbol, ”%s˙memsize”, fname); if ((var = (int *) dlsym(dlh, symbol)) == NULL) – SRV˙DEBUG(-2, ”(%u) no %s variable in the filter!“n”, cthread˙self(), symbol);

dlclose(dlh); return (-2); ˝ flt-¿memsize = *var;

sprintf(symbol, ”%s˙readsize”, fname); if ((var = (int *) dlsym(dlh, symbol)) == NULL) – SRV˙DEBUG(-2, ”(%u) no %s variable in the filter!“n”, cthread˙self(), symbol);

dlclose(dlh); return (-2); ˝ flt-¿readsize = *var;

strcpy(flt-¿fname, fullpath); return (0); ˝ filter˙add(char *fname, char *fullpath, int owner) – filter˙t flt; int i, pos;

if ((i = filter˙load(fname, fullpath, &flt)) ¡ 0) return (i);

/* Now do the table stuff */ lock˙regfil˙table();

if (regfilters == NULL) – /* The very first time */ if ((regfilters =

(filter˙t *) malloc(10 * sizeof(filter˙t))) == NULL) – dlclose(flt.code); unlock˙regfil˙table();

return (-3); ˝ for (i = 0; i ¡ 10; i++)

regfilters[i].code = NULL; regfilnum = 10; ˝ /* Search for empty spot */ for (pos = 0; pos ¡ regfilnum; pos++)

if (isempty(pos))

break;

if (pos == regfilnum) – /* No empty spot found - realloc 10 more entries */ if ((regfilters = (filter˙t *)

realloc(regfilters, (regfilnum + 10) * sizeof(filter˙t))) == NULL) – dlclose(flt.code); unlock˙regfil˙table();

return (-3); /* original table is left untouched! */ ˝ for (i = 1; i ¡ 10; i++)

regfilters[regfilnum + i].code = NULL; regfilnum += 10; ˝ regfilters[pos] = flt;

regfilters[pos].owner = owner;

regfilters[pos].buf = (filter˙buffer˙t *) malloc(sizeof(filter˙buffer˙t)); /* Must initialize before applying */ unlock˙regfil˙table(); return (pos); ˝ /* ------¿ We should UNLINK the filter file - but what if the same * ------¿ filter is used by other clients???? */ filter˙del(int fid) – filter˙buffer˙t *buf;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) –

unlock˙regfil˙table(); return (-1); ˝ if (!isempty(fid)) –

buf = (filter˙buffer˙t *) filter˙getbuffer(fid); filter˙buf˙destroy(buf); /* Finalize buffer - Make sure that it’s source file buffer is finalized first */ free(buf);

dlclose(regfilters[fid].code); ˝ regfilters[fid].code = NULL;

unlock˙regfil˙table(); return (0); ˝ /* Delete ALL filters owned by the given owner

* BE CAREFULL TO CHECK FOR .code != NULL !!!! */ filter˙del˙owner(int owner) – int i;

filter˙buffer˙t *buf;

lock˙regfil˙table();

for (i = 0; i ¡ regfilnum; i++) if (!isempty(i) && regfilters[i].owner == owner) – SRV˙DEBUG(-3, ”(%u) removing filter %d owned by sfd %d“n”, cthread˙self(), i, owner);

buf = regfilters[i].buf;

filter˙buf˙destroy(buf); /* Finalize buffer - Make sure that it’s source file buffer is finalized first */ free(buf);

dlclose(regfilters[i].code); regfilters[i].code = NULL; break; ˝ unlock˙regfil˙table(); ˝ filter˙init(int fid, void *rec) – initfunc˙t init;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return (-1); ˝ init = regfilters[fid].finit;

unlock˙regfil˙table();

init(rec); return (0); ˝ /* The filter’s body execution is NOT seriallized :-) * i.e. it is called *after* unlocking the table. * * FILTER BODIES SHOULD RETURN: 0 if record does not pass * 1 if it passes and should be fowrarded */ filter˙body(int fid, void *rec, int *n, void **out) – int t;

bodyfunc˙t body;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return (-1); ˝ body = regfilters[fid].fbody;

unlock˙regfil˙table();

return (body(rec, n, out)); ˝ /* Like body, it SHOULD RETURN: 0 if record does not pass * 1 if it passes and should be fowrarded

*/ filter˙tini(int fid, int *n, void **out) – int t;

tinifunc˙t tini;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return (-1); ˝ tini = regfilters[fid].ftini;

unlock˙regfil˙table();

return (tini(n, out)); ˝ filter˙memsize(int fid) – int t;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return (-1); ˝ t = regfilters[fid].memsize;

unlock˙regfil˙table(); return (t); ˝ filter˙readsize(int fid) – int t;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return (-1); ˝ t = regfilters[fid].readsize;

unlock˙regfil˙table(); return (t); ˝ void *filter˙getbuffer(int fid) – filter˙buffer˙t *t;

lock˙regfil˙table();

if (fid ¡ 0 —— fid ¿= regfilnum) – unlock˙regfil˙table(); return NULL; ˝ t = regfilters[fid].buf;

unlock˙regfil˙table(); return ((void *) (t)); ˝ A.8 server/˛lters.h

/* FILTERS.H

* Interface to FILTERS.C */ #ifndef ˙˙FILTERS˙H #include ”buffers.h” /* Info functions */ extern int isregfilter(int /* filter id */ ); extern int filterowner(int /* filter id */ );

/* Bookkeeping functions */ extern int filter˙add(char * /* name */ , char * /* fullpath */ , int /* owner sfd */ );

extern int filter˙del(int /* fid */ ); extern int filter˙del˙owner(int /* owner id */ );

/* Filter usage function */ extern int filter˙init(int /* fid */ , void * /* filter mem */ ); extern int filter˙body(int /* fid */ , void * /* inrec */ , int * /* &outsize */ , void ** /* &outbufptr */ );

extern int filter˙tini(int /* fid */ , int * /* &outsize */ , void ** /* &outbufptr */ );

extern int filter˙memsize(int /* fid */ ); extern int filter˙readsize(int /* fid */ );

extern void *filter˙getbuffer(int);

#define ˙˙FILTERS˙H #endif

A.9 server/handlers.c

/* HANDLERS.C * Message Handlers -- here we service all the SMAS˙xxx messages * (client requests). * * Revisions: * ========== * 0.2.3, 06/12/2000 * Code to support general installations (single-user or system-wide) * Modified handle˙smas˙open() to use smas˙root˙files[] and * handle˙smas˙registerfilter() to use smas˙root˙filters[]. * * AFTS 0.2.2 14/06/2000 * Fixed smas˙close bug on illegal fd; utilized sock˙writev(). * * AFTS 0.2.1 06/06/2000 * Slightly modified for new owener-cleanup stuff * * AFTS 0.2 05/06/2000 * Written by VVD, CS, UoI * * AFTS 0.1 ??/06/2000 * Non-existant */ #include ¡stdio.h¿ #include ¡stdlib.h¿ /* for malloc() */ #include ¡sys/ioctl.h¿ #include ¡unistd.h¿ #include ¡fcntl.h¿ #include ¡dlfcn.h¿ #include ”buffers.h” #include ”smasdefs.h” #include ”socks.h” #include ”handlers.h” #include ”server.h” #include ”filters.h” #include ”files.h”

#include ”timer.h”

extern void *nextrecth(void *);

/*Uniform open() args */ /*We need this because these flags may be defined with different values across platforms*/ /*Not all values from ¡bits/fcnl.h¿ are defined here, only those used by open()*/ /* These are defined in ../lib/smas.h as they are used only by the client, displayed here for convinience

#define SMAS˙O˙RDONLY 1 #define SMAS˙O˙WRONLY 2 #define SMAS˙O˙RDWR 4 #define SMAS˙O˙CREAT 8 #define SMAS˙O˙EXCL 16 #define SMAS˙O˙NOCTTY 32 #define SMAS˙O˙TRUNC 64 #define SMAS˙O˙APPEND 128 #define SMAS˙O˙NONBLOCK 256 #define SMAS˙O˙SYNC 512 */ /*We use the above values to index the array below*/ unsigned long int open˙flags[] = –

O˙RDONLY, O˙WRONLY, O˙RDWR, O˙CREAT, O˙EXCL, O˙NOCTTY, O˙TRUNC, O˙APPEND, O˙NONBLOCK, O˙SYNC ˝; /*Convert SmAS defined flags from x to system defined flags in y*/ /*WARNING : Always use different variables for x and y*/ #define GET˙OFLAGS(x,y) do – “ int i; “ “ (y)=0; “

for (i=0;i¡10;i++) – “ if ((x)&(1¡¡i)) “ (y)—=open˙flags[i]; “ ˝ “ ˝ while(0)

/* The table of handler functions -- one for each message type */ #define ARGS int

extern void handle˙smas˙open(ARGS), handle˙smas˙close(ARGS), handle˙smas˙lseek(ARGS), handle˙smas˙applyfilter(ARGS), handle˙smas˙read(ARGS), handle˙smas˙write(ARGS), handle˙smas˙nextrec(ARGS), handle˙smas˙registerfilter(ARGS); void (*msghandler[10]) (ARGS);

handlers˙init() – msghandler[SMAS˙OPEN] = handle˙smas˙open; msghandler[SMAS˙CLOSE] = handle˙smas˙close; msghandler[SMAS˙READ] = handle˙smas˙read; msghandler[SMAS˙WRITE] = handle˙smas˙write; msghandler[SMAS˙LSEEK] = handle˙smas˙lseek; msghandler[SMAS˙REGFIL] = handle˙smas˙registerfilter; msghandler[SMAS˙APPFIL] = handle˙smas˙applyfilter; msghandler[SMAS˙NEXTREC] = handle˙smas˙nextrec; ˝

/* Returns: 0 if ok * -1 on memory allocation failure * -2 on unknown message reception */ /*Should go in a header file*/ handle˙message(int sfd, int msgtype) – if (msgtype ¡ SMAS˙OPEN —— msgtype ¿ SMAS˙NEXTREC) return (-2);

(msghandler[msgtype]) (sfd); return (0); ˝ /* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * THE HANDLER FUNCTIONS * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

void handle˙smas˙open(int sfd) – int fd, td; msgopen˙t m;

char fullpath[500];

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1) cthread˙exit(NULL);

m.flags = ntohl(m.flags); m.mode = ntohl(m.mode);

SRV˙DEBUG(1, ”(%u) received OPEN message (file: %s, flags: %o)“n”, cthread˙self(), m.fname, m.flags);

if (strlen(smas˙root˙files) + strlen(m.fname) ¿ 500) goto FERROR;

strcat(strcpy(fullpath, smas˙root˙files), m.fname); GET˙OFLAGS(m.flags, td); m.flags = td;

if ((fd = open(fullpath, m.flags, m.mode)) ¡ 0) – FERROR:

SRV˙DEBUG(-2, ”(%u) cannot open the file!“n”, cthread˙self());

fd = htonl(fd);

if (sock˙write(sfd, (char *) &fd, sizeof(fd)) ¡ 1) cthread˙exit(NULL);

return; ˝ if ((td = file˙add(fd, sfd)) ¡ 0)

close(fd);

td = htonl(td);

if (sock˙write(sfd, (char *) &td, sizeof(td)) ¡ 1) cthread˙exit(NULL);

td = ntohl(td);

SRV˙DEBUG((td ¡ 0) ? -2 : 2, ”(%u) file opened (fd = %d, td = %d), info sent to client“n”, cthread˙self(), fd, td); ˝ void handle˙smas˙close(int sfd) – int value; msgclose˙t m;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1) cthread˙exit(NULL);

m.fd = ntohl(m.fd);

SRV˙DEBUG(1, ”(%u) received CLOSE message for td %d“n”, cthread˙self(), m.fd);

if (!isfile(m.fd)) –

SRV˙DEBUG(-2, ”(%u) invalid file to close“n”, cthread˙self());

value = htonl(-1);

if (sock˙write(sfd, (char *) &value, sizeof(value)) ¡ 1) cthread˙exit(NULL);

return; ˝ /* Notice that we DON’T DELETE THE FILTERS applied to this file.

Filter deletion (for all registered filters) is deferred to the time the client departs - see service(). */ value = htonl(close(file˙ffd(m.fd))); file˙del(m.fd);

if (sock˙write(sfd, (char *) &value, sizeof(value)) ¡ 1) cthread˙exit(NULL);

SRV˙DEBUG(2, ”(%u) file closed; info sent to client“n”, cthread˙self()); ˝ void handle˙smas˙read(int sfd) – int fid = 0, value = 0, nv = 0; msgread˙t m;

char *buf = NULL;

file˙buffer˙t *fbuffer;

filter˙buffer˙t *flbuffer = NULL;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1)

cthread˙exit(NULL); m.fd = ntohl(m.fd);

m.nbytes = ntohl(m.nbytes);

SRV˙DEBUG(1, ”(%u) received READ message for td %d (%d bytes)“n”, cthread˙self(), m.fd, m.nbytes);

if (m.nbytes ¡= 0) –

SRV˙DEBUG(-2, ”(%u) illegal number of bytes requested“n”, cthread˙self());

nv = htonl(value = -10); m.nbytes = 0;

˝ else –

if ((buf = calloc(m.nbytes, sizeof(char))) == NULL) – SRV˙DEBUG(-2, ”(%u) cannot allocate read buffer“n”, cthread˙self());

nv = htonl(value = -20); m.nbytes = 0;

˝ else –

if ((fid = file˙fid(m.fd)) ¿ -1) –

flbuffer =

(filter˙buffer˙t *) filter˙getbuffer(fid); mutex˙lock(&flbuffer-¿stop);

filter˙buf˙invalidate(flbuffer); /* Stop filter buffer’s fill thread */ ˝ fbuffer = (file˙buffer˙t *) file˙getbuffer(m.fd); value = file˙ffd(m.fd);

if (!file˙buf˙readvalid(fbuffer))

file˙buf˙invalidate(fbuffer); /* Invalidate buffer */ nv = htonl(value = file˙buf˙read(fbuffer, buf, m.nbytes));

file˙buf˙validate(fbuffer); if (flbuffer != NULL) –

filter˙buf˙invalidate(flbuffer);

mutex˙unlock(&flbuffer-¿stop); /* Resume filter buffer’s fill thread */ ˝ ˝ ˝ CHECK˙ERROR(value); if (value ¡= 0) –

if (sock˙write(sfd, (char *) &nv, sizeof(nv)) ¡ 1)

cthread˙exit(NULL);

˝ else – /* i.e. read ”value” bytes ” */ if (sock˙write(sfd, (char *) &nv, sizeof(nv)) ¡ 1)

cthread˙exit(NULL);

if (sock˙write(sfd, (char *) buf, value) ¡ 1)

cthread˙exit(NULL); ˝ if (buf != NULL)

free(buf);

SRV˙DEBUG((value ¡ m.nbytes) ? -2 : 2, ”(%u) read done (retval = %d); info sent to clent“n”, cthread˙self(), value); ˝ void handle˙smas˙write(int sfd) – int value; char *buf; msgwrite˙t m;

file˙buffer˙t *fbuffer; filter˙buffer˙t *flbuffer;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1)

cthread˙exit(NULL); m.fd = ntohl(m.fd);

m.nbytes = ntohl(m.nbytes);

SRV˙DEBUG(1, ”(%u) received WRITE message for td %d (%d bytes)“n”, cthread˙self(), m.fd, m.nbytes);

if (m.nbytes ¡= 0)

value = htonl(-5);

else if ((buf = malloc(m.nbytes)) == NULL) –

sock˙flush(sfd, m.nbytes); value = htonl(-6);

˝ else –

fbuffer = (file˙buffer˙t *) file˙getbuffer(m.fd); flbuffer =

(filter˙buffer˙t *) filter˙getbuffer(file˙fid(m.fd)); if (flbuffer != NULL) – /* Stop filter buffer’s fill thread */ mutex˙lock(&flbuffer-¿stop); filter˙buf˙invalidate(flbuffer); ˝ mutex˙lock(&fbuffer-¿stop); /* Stop file buffer’s fill thread */ file˙buf˙invalidate(fbuffer); if (sock˙read(sfd, buf, m.nbytes) ¡ 1)

cthread˙exit(NULL);

value = htonl(write(file˙ffd(m.fd), buf, m.nbytes)); mutex˙unlock(&fbuffer-¿stop); /* Resume file buffer’s fill thread */ if (flbuffer != NULL) –

filter˙buf˙invalidate(flbuffer);

mutex˙unlock(&flbuffer-¿stop); /* Resume filter buffer’s fill thread */ ˝

˝ if (sock˙write(sfd, (char *) &value, sizeof(value)) ¡ 1) cthread˙exit(NULL);

value = ntohl(value);

SRV˙DEBUG((value ¡ 0) ? -2 : 2, ”(%u) write done (retval = %d); info sent to clent“n”, cthread˙self(), value); ˝ void handle˙smas˙lseek(int sfd) – int value; msglseek˙t m;

file˙buffer˙t *fbuffer; filter˙buffer˙t *flbuffer;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1)

cthread˙exit(NULL); m.fd = ntohl(m.fd);

m.offset = ntohl(m.offset); m.whence = ntohl(m.whence); SRV˙DEBUG(1, ”(%u) received LSEEK message for td %d (offset %d, whence %d)“n”, cthread˙self(), m.fd, m.offset, m.whence);

fbuffer = (file˙buffer˙t *) file˙getbuffer(m.fd); flbuffer =

(filter˙buffer˙t *) filter˙getbuffer(file˙fid(m.fd)); if (flbuffer != NULL) – /* Stop filter buffer’s fill thread */ mutex˙lock(&flbuffer-¿stop); filter˙buf˙invalidate(flbuffer); ˝ mutex˙lock(&fbuffer-¿stop); /* Stop file buffer’s fill thread */ file˙buf˙invalidate(fbuffer);

value = htonl(lseek(file˙ffd(m.fd), m.offset, m.whence)); mutex˙unlock(&fbuffer-¿stop); /* Resume file buffer’s fill thread */ if (flbuffer != NULL) –

filter˙buf˙invalidate(flbuffer);

mutex˙unlock(&flbuffer-¿stop); /* Resume filter buffer’s fill thread */ ˝ write(sfd, &value, sizeof(value));

SRV˙DEBUG(2, ”(%u) lseek done (retval = %d); info sent to clent“n”, cthread˙self(), ntohl(value)); ˝ void handle˙smas˙registerfilter(int sfd) – int nfd, val; msgregfil˙t m;

char *buf, fullpath[MAX˙PNAME];

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1)

cthread˙exit(NULL);

m.codesize = ntohl(m.codesize);

SRV˙DEBUG(1, ”(%u) received REGFIL message (%s, %d bytes)“n”, cthread˙self(), m.fname, m.codesize);

if (strlen(smas˙root˙filters) + strlen(m.fname) ¿ 500) goto FERROR;

strcat(strcpy(fullpath, smas˙root˙filters), m.fname);

/* Open file for saving the code */ if ((nfd = open(fullpath, O˙CREAT — O˙WRONLY, 0755)) ¡ 0) – FERROR:

SRV˙DEBUG(-2, ”(%u) cannot open file for saving filter“n”, cthread˙self());

sock˙flush(sfd, m.codesize); /* Empty it */ val = htonl(nfd);

if (sock˙write(sfd, (char *) &val, sizeof(val)) ¡ 1) cthread˙exit(NULL);

return; ˝ /* Allocate a large enough buffer and read the code */ if ((buf = (char *) malloc(m.codesize)) == NULL) – SRV˙DEBUG(-2, ”(%u) cannot malloc() for filter code“n”, cthread˙self());

val = htonl(-5);

sock˙flush(sfd, m.codesize); close(nfd);

if (sock˙write(sfd, (char *) &val, sizeof(val)) ¡ 1) cthread˙exit(NULL);

return; ˝ if (sock˙read(sfd, buf, m.codesize) ¡ 1)

cthread˙exit(NULL);

/* Save the code, release buf and close the file */ val = write(nfd, buf, m.codesize); close(nfd); free(buf);

if (val ¡ 0) –

SRV˙DEBUG(-2, ”(%u) could not write filter to file“n”, cthread˙self());

val = htonl(val);

if (sock˙write(sfd, (char *) &val, sizeof(val)) ¡ 1) cthread˙exit(NULL);

return; ˝ SRV˙DEBUG(2, ”(%u) filter written to file %s“n”, cthread˙self(), fullpath);

val = htonl(filter˙add(m.fname, fullpath, sfd)); if (sock˙write(sfd, (char *) &val, sizeof(val)) ¡ 1) cthread˙exit(NULL);

val = ntohl(val);

SRV˙DEBUG((val ¡ 0) ? -2 : 2, ”(%u) filter registered (fid: %d, owner: %d)“n”, cthread˙self(), val, sfd); ˝ void handle˙smas˙applyfilter(int sfd) – int memsize, value; msgappfil˙t m;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1)

cthread˙exit(NULL); m.fd = ntohl(m.fd); m.fid = ntohl(m.fid);

SRV˙DEBUG(1, ”(%u) received APPFIL message (filter id %d for td %d)“n”, cthread˙self(), m.fid, m.fd);

if (!isregfilter(m.fid)) –

value = htonl(-1);

SRV˙DEBUG(-2, ”(%u) filter id %d invalid“n”, cthread˙self(), m.fid);

˝ else –

/******Buffer initialization******/ file˙buffer˙t *fbuf =

(file˙buffer˙t *) file˙getbuffer(m.fid); filter˙buffer˙t *buf =

(filter˙buffer˙t *) filter˙getbuffer(m.fid); memsize = filter˙readsize(m.fid);

mutex˙lock(&fbuf-¿stop); /* This will save some trouble */ filter˙buf˙init(buf, (int) file˙getbuffer(m.fd), FILTER˙BUFFER˙SIZE, memsize);

set˙filter˙buf˙pos(buf, BUF˙NOPOS); mutex˙lock(&buf-¿stop);

#ifdef HURD˙DIST #ifdef USE˙MYCTHREAD

buf-¿fillth = cthread˙spawn(nextrecth, (void *) m.fid); #else

buf-¿fillth = cthread˙fork(nextrecth, (void *) m.fid); #endif #endif #ifdef LINUX˙DIST

pthread˙create(&buf-¿fillth, NULL, nextrecth, (void *) m.fid);

#endif

mutex˙unlock(&fbuf-¿stop); if ((value =

file˙applyfilter(m.fd, m.fid, memsize)) == 0) filter˙init(m.fid, (void *) file˙filtermem(m.fd));

value = htonl(value); mutex˙unlock(&buf-¿stop); ˝ if (sock˙write(sfd, (char *) &value, sizeof(value)) ¡ 1) cthread˙exit(NULL);

value = ntohl(value);

SRV˙DEBUG((value ¡ 0) ? -2 : 2, ”(%u) filter %d set and initialized (%d)“n”, cthread˙self(), m.fid, value); ˝ void handle˙smas˙nextrec(int sfd) – msgnextrec˙t m;

filter˙buffer˙t *buf; char *recbuf; void *MyRam;

int fid, val, iseof = 0, recsize, size, nbytes; struct iovec vec[2]; struct –

int val;

int nbytes; ˝ reply;

if (sock˙read(sfd, (char *) &m, sizeof(m)) ¡ 1) cthread˙exit(NULL);

CHECK˙ERROR(m.fd = ntohl(m.fd)); fid = file˙fid(m.fd); size = filter˙readsize(fid);

buf = (filter˙buffer˙t *) filter˙getbuffer(fid); SRV˙DEBUG(1, ”(%u) received NEXTREC message (td %d, filter id %d)“n”, cthread˙self(), m.fd, fid);

recbuf = (size ¿ 0) ? malloc(size) : NULL; recsize = filter˙buf˙nextrec(buf, recbuf); mutex˙lock(&buf-¿lock);

if (buf-¿status & BUF˙SEOF && recsize == 0) – MyRam = (void *) file˙filtermem(m.fd); filter˙tini(fid, &recsize, &MyRam);

iseof = 1;

mutex˙unlock(&buf-¿lock); ˝ else –

mutex˙unlock(&buf-¿lock); MyRam = (void *) recbuf; filter˙buf˙validate(buf); ˝ reply.val = htonl(!iseof); /* 0 = LASTREC, 1 = continue */ reply.nbytes = htonl(recsize);

if (sock˙write(sfd, (char *) &reply, sizeof(reply)) ¡ 0) cthread˙exit(NULL);

if (sock˙write(sfd, (char *) MyRam, recsize) ¡ 0) cthread˙exit(NULL);

SRV˙DEBUG(2, ”(%u) rec sent to client (flag = %d, size = %d)“n”, cthread˙self(), val, recsize);

if (iseof == 0 && recbuf != NULL)

free(recbuf); return; ˝ A.10 server/handlers.h

/* HANDLERS.H * Interface to HANDLERS.C */ extern handlers˙init();

/* Returns: 0 if ok, -1 on memalloc failure, -2 if unknown message */ extern handle˙message(int /* sfd */ , int /* msgsize */ );

A.11 server/server.c

/* SERVER.C * The Server (SmaS Disk) * * Revisions: * ========== * 0.2.4, 18/12/2000 * Now catches SIGTERM, too. * * 0.2.3, 06/12/2000 * Added code to allow system-wide installation for SmAS * server (filesystem˙init()), plus allow a couple of * command line options.

* A lock file is now used to allow only 1 server to run. * Also, now the server runs (by itself) on the background. * * AFTS 0.2.1 06/06/2000 * No MAX˙CLIENTS limmitation. No bookeeping for service * threads! new˙server˙thread() and done˙server˙thread() * redefined and simplified. * * AFTS 0.2 05/06/2000 * Improved threaded code & debugging info * * AFTS 0.1 ??/06/2000 * Completely rewritten by VVD, CS, UoI */ #include ¡stdio.h¿ #include ¡sys/time.h¿ #include ¡sys/types.h¿

#include ¡unistd.h¿ #include ¡signal.h¿ /*We try to use a unified version for all possible platforms that SmAS is used*/ #ifdef HURD˙DIST #ifdef USE˙MYCTHREADS #include ”../libthreads/cthreads.h” /* Use relative path to avoid conflicts */ #include ”../libthreads/cthread˙internals.h” #else #include ¡cthreads.h¿ #endif #endif #ifdef LINUX˙DIST #include ¡pthread.h¿ #define cthread˙self() pthread˙self() #define mutex˙lock(t) pthread˙mutex˙lock(t) #define mutex˙unlock(t) pthread˙mutex˙unlock(t) #endif

#include ¡stdarg.h¿

#include ”socks.c” #include ”smasdefs.h” #include ”server.h” #include ”handlers.h” #include ”files.h” #include ”filters.h” #include ”timer.h”

/*From buffers.c*/ extern int FILTER˙BUFFER˙SIZE; extern int FILE˙BUFFER˙SIZE;

int smas˙server˙sfd; char smas˙root[500];

char smas˙root˙filters[500]; char smas˙root˙files[500];

void (*oldsigint˙handler) (int); void (*oldsigterm˙handler) (int);

void onsigintterm(int sig) – close(smas˙server˙sfd);

signal(SIGINT, oldsigint˙handler); /* Restore old signal */ signal(SIGINT, oldsigterm˙handler); /* Restore old signal */ exit˙smas(0, ”¿¿¿ SmAS shut down completed ¡¡¡“n”); return; ˝ filesystem˙init() – int installing = 0;

if (*smas˙root)

if (!isdir(smas˙root)) –

installing = 1;

if (mkdir(smas˙root, 0755) != 0) exit˙smas(1, ”[SmAS˙server]: cannot install system directories“n”); ˝; sprintf(smas˙root˙files, ”%s/files”, smas˙root); sprintf(smas˙root˙filters, ”%s/filters”, smas˙root);

if (!isdir(smas˙root˙files)) –

installing = 1;

if (mkdir(smas˙root˙files, 0755) != 0) exit˙smas(1, ”[SmAS˙server]: cannot install userfile directories“n”); ˝ if (!isdir(smas˙root˙filters)) –

installing = 1;

if (mkdir(smas˙root˙filters, 0755) != 0) exit˙smas(1, ”[SmAS˙server]: cannot install filter directories“n”); ˝ if (installing)

SRV˙DEBUG(0, ”¿¿¿ SmAS .. installation of file systems complete ¡¡¡“n”);

strcat(smas˙root˙files, ”/”); strcat(smas˙root˙filters, ”/”); ˝ int main(int argc, char *argv[]) – fd˙set rfds, fdlist; int sfd, len, i;

struct sockaddr˙in claddr; extern void *service(void *);

/* Go to the background! */ #ifdef LINUX˙DIST

if (fork() != 0)

exit(0); #endif #ifdef HURD˙DIST

/* Initialize threads */ cthread˙init();

#ifdef USE˙MYCTHREAD

set˙sched(SMAS˙SCHED˙ROUNDROBIN, (any˙t) 150); #endif #endif

/* No ’/’ at the end of directory name - makes mkdir() to fail under HURD, propably a libc issue */ strcpy(smas˙root, ”/usr/local/SmAS”);

lockfile();

#if 0 /* A better parameter checking is done bellow */ if (argc ¿ 1) –

for (i = 1; i ¡ argc; i++)

if (strcmp(argv[i], ”-s”) == 0) *smas˙root = 0;

else if (strcmp(argv[i], ”-r”) == 0) – i++;

if (i ¿= argc)

exit˙smas(1, ”[SmAS Server]: usage: SmAS˙server [-s] [-r ¡path¿]“n”);

strncpy(smas˙root, argv[i], 480); /* We add stuff later ... */

/* Add the trailing ”/” */

if (strlen(smas˙root) ¿ 1)

if (smas˙root[strlen(smas˙root) - 1] != ’/’) strcat(smas˙root, ”/”);

˝ else

exit˙smas(1, ”[SmAS Server]: usage: SmAS˙server [-s] [-r ¡path¿]“n”); ˝ #endif

while ((i = getopt(argc, argv, ”sr:F:R:”)) != -1) –

char c = (char) i; if (c == ’s’)

*smas˙root = 0; if (c == ’r’) strncpy(smas˙root, optarg, 480); /* We add stuff later ... */ if (c == ’R’) –

FILTER˙BUFFER˙SIZE = atoi(optarg); if (FILTER˙BUFFER˙SIZE ¡ 1

—— FILTER˙BUFFER˙SIZE ¿ 1000) c = ’?’; ˝ if (c == ’F’) –

FILE˙BUFFER˙SIZE = atoi(optarg); if (FILE˙BUFFER˙SIZE ¡ 1

—— FILE˙BUFFER˙SIZE ¿ 10000000) c = ’?’; ˝ if (c == ’?’ —— c == ’:’) –

exit˙smas(1, ”[SmAS Server]: usage: SmAS˙server [-s] [-r ¡path¿] [-F ¡file buffer size¿] [-R ¡record buffer size¿]“n”); ˝ ˝ filesystem˙init(); handlers˙init();

/* Start socket service */ if ((smas˙server˙sfd =

server˙open˙socket(SERVER˙PORT, 5)) ¡ 0) exit˙smas(1, ”[SmAS Server]: cannot open main socket (%d)“n”, smas˙server˙sfd);

/* Intsall signals: (a) for graceful interruption and (b) for when we try to write to a socket that is not connected (e.g. the client died prematurely) */ oldsigint˙handler = signal(SIGINT, onsigintterm); oldsigterm˙handler = signal(SIGTERM, onsigintterm); signal(SIGPIPE, SIG˙IGN);

SRV˙DEBUG(0, ”¿¿¿ SmAS started (pid %d), listening on socket %d ¡¡¡“n”, getpid(), smas˙server˙sfd);

/* We will use select() =¿ we construct the fd list */ FD˙ZERO(&rfds);

FD˙SET(smas˙server˙sfd, &rfds);

for (;;) –

fdlist = rfds; /* Because select() modifies the fd list */

if (select(FD˙SETSIZE, &fdlist, NULL, NULL, NULL) ¡ 1) – fprintf(stderr,

”[SmAS Server]: unexpected select() error“n”); onsigintterm(SIGINT); ˝ if (FD˙ISSET(smas˙server˙sfd, &fdlist)) –

sfd =

accept(smas˙server˙sfd,

(struct sockaddr *) &claddr, &len); SRV˙DEBUG(0, ”¿¿¿ SmAS new client (%s) @ socket %d ¡¡¡“n”, inet˙ntoa(claddr.sin˙addr), sfd);

new˙server˙thread(sfd, service); ˝ ˝ ˝ /* Create a new service thread -- and put in the detached state * Well, we should normally check for the success of * pthread˙create() - but for now we don’t! */ new˙server˙thread(int sfd, void *(*func) (void *)) – #ifdef HURD˙DIST

cthread˙t tid;

tid = cthread˙fork(func, (void *) sfd); cthread˙detach(tid);

#endif #ifdef LINUX˙DIST

pthread˙t tid;

pthread˙create(&tid, NULL, func, (void *) sfd); pthread˙detach(tid);

#endif ˝ /* When the client leaves, we clean up after him (i.e. delete * all the filters he registered and close all the files he opened) */ done˙server˙thread(int sfd) – int i;

filter˙del˙owner(sfd); file˙cleanup˙owner(sfd); close(sfd);

#ifdef HURD˙DIST

cthread˙exit(NULL); #endif #ifdef LINUX˙DIST

pthread˙exit(NULL); #endif ˝ /* This is what each server thread executes */ void *service(void *data) – int mysock, msgtype; fd˙set fdlist, lfds;

mysock = (int) data; FD˙ZERO(&lfds);

FD˙SET(mysock, &lfds);

signal(SIGPIPE, SIG˙IGN);

SRV˙DEBUG(1, ”Service thread %u started @ socket %d“n”, cthread˙self(), mysock);

for (;;) –

fdlist = lfds;

if (select(FD˙SETSIZE, &fdlist, NULL, NULL, NULL) ¡ 1) – fprintf(stderr,

”[service thread]: unexpected select() error“n”); close(mysock);

onsigintterm(SIGINT); ˝ if (!FD˙ISSET(mysock, &fdlist))

continue;

SRV˙DEBUG(1, ”(%d) activity on my socket“n”, cthread˙self());

/* Check if detected activity is of 0 bytes =¿ client disconnected himself! */ if (sock˙unrecved(mysock) == 0) –

SRV˙DEBUG(1, ”(%u) client done - exitting thread“n”, cthread˙self());

done˙server˙thread(mysock);

˝ /* Now just look at the message’s type without removing it from the input queue. */ recv(mysock, (char *) &msgtype, sizeof(int), MSG˙PEEK); switch (handle˙message(mysock, ntohl(msgtype))) – case -1:

SRV˙DEBUG(-1, ”(%u) handle˙message() allocation problem“n”, cthread˙self());

break;

case -2:

SRV˙DEBUG(-1, ”(%u) handle˙message() unknown message type“n”, cthread˙self());

/* Try to recover: flush the socket completely! */ sock˙flush(mysock, sock˙unrecved(mysock)); break;

case 0:

SRV˙DEBUG(1, ”(%u) done; waiting again ..“n”, cthread˙self());

break; ˝ ˝ ˝ /* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * DIRECTORY, LOCKS AND EXIT STUFF * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

#include ¡sys/stat.h¿

isdir(char *path) – struct stat sb;

stat(path, &sb);

return (S˙ISDIR(sb.st˙mode)); ˝ lockfile() – FILE *fp;

/* Check if it exists */

if ((fp = fopen(”/tmp/.SmAS˙server˙lock”, ”r”)) != NULL) – fclose(fp);

fprintf(stderr,

”[SmAS˙server]: a server is already running“n”); exit(1); ˝ if ((fp = fopen(”/tmp/.SmAS˙server˙lock”, ”w”)) == NULL) exit˙smas(1, ”[SmAS˙server]: cannot create lock file“n”);

fprintf(fp, ”%d”, getpid()); fclose(fp); ˝ exit˙smas(int value, char *format, ...) – va˙list ap;

if (format != NULL) –

va˙start(ap, format);

vfprintf(stderr, format, ap); ˝

/* Remove the lock file */

unlink(”/tmp/.SmAS˙server˙lock”);

exit(value); ˝ /* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * DEBUGGING ... * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */

#ifdef SMAS˙SRV˙DEBUG

/* It may seem strange but SRV˙DEBUG will crash if we do not lock it!!

--- maybe it is an fputc() or vprintf() problem. */ #ifdef HURD˙DIST struct mutex debuglock = MUTEX˙INITIALIZER; #endif #ifdef LINUX˙DIST pthread˙mutex˙t debuglock = PTHREAD˙MUTEX˙INITIALIZER; #endif

SRV˙DEBUG(int depth, char *format, ...) – va˙list ap;

char c = ’ ’, i;

if (depth ¡ 0) –

depth = -depth; c = ’#’; ˝ mutex˙lock(&debuglock);

for (i = 1; i ¡ 2 * depth; i++)

fputc(c, stderr); if (depth ¿ 0)

fputc(’ ’, stderr);

va˙start(ap, format);

vfprintf(stderr, format, ap);

if (c == ’#’)

fputc(7, stderr);

mutex˙unlock(&debuglock); ˝ #else

SRV˙DEBUG(int depth, char *format, ...) – ˝ #endif

A.12 server/server.h

/* SERVER.H * Interface to SERVER.C */ /* #define the following to get debugging info at the server’s stderr * Should only be used by the developers! #define SMAS˙SRV˙DEBUG */ /* Used to print debugging info - it actually does so only if * SMAS˙SRV˙DEBUG has been defined.

* This first parameter (int depth) has the following meaning: * abs(depth) is the function call depth (gives the indentation to be used)

* sign(depth) determines whether the info refers to an error or not. * Examples:

* SRV˙DEBUG(0, ”¿¿¿ SmAS started”); * Gives a nice info to the developer * SRV˙DEBUG(1, ”Message handled ok”);

* Nice info, too but will be indented by 2 spaces (1 level) * SRV˙DEBUG(1, ”unknown message received”);

* This marks an error; it will be indented by positions * which will bot be spaces but ’#’s. */ extern SRV˙DEBUG(int, char *, ...);

extern char smas˙root˙filters[500]; /* Where filters go */ extern char smas˙root˙files[500]; /* Where files go */

extern exit˙smas(int, char *, ...);

A.13 server/smas stop.c

/* SMAS˙STOP.C * Stops the server (if running) * * Revisions: * ========== * 0.2.4, 18/12/2000 * Now removes the lock file when the server cannot be * stopped (covers the case where SmAS was killed and * did not have the chance to remove the lock). * 0.2.3, 07/12/2000 * First time! */ #include ¡stdio.h¿ #include ¡signal.h¿

main() – FILE *fp; int spid;

if ((fp = fopen(”/tmp/.SmAS˙server˙lock”, ”r”)) == NULL) exit(0);

fscanf(fp, ”%d”, &spid); fclose(fp);

if (kill(spid, SIGINT) != 0) –

fprintf(stderr,

”SmAS server could not be stopped; cleaning any leftovers ..“n”); /* Here we must assume that the lock file has been left over when SmAS server was brutally killed. So, we try to remove it ourselves! */ unlink(”/tmp/.SmAS˙server˙lock”); ˝ ˝ A.14 server/threadfunc.c

#include ¡unistd.h¿ #include ¡sys/types.h¿ #include ¡sys/stat.h¿ #include ”buffers.h” #include ”filters.h” #include ”files.h”

#ifdef USE˙MYCTHREAD #include ”../libthreads/cthread˙internals.h” extern volatile cproc˙t running˙cproc;

/*Get’s cproc from cthread - See cthreads.h#cthread˙assoc()*/ #define get˙cproc(c) ((cproc˙t)((c)-¿ur))

#endif

void *readth(void *b) – register file˙buffer˙t *buf = (file˙buffer˙t *) b; int res = 0;

#ifdef USE˙MYCTHREAD

cproc˙t p; #endif

while (!(buf-¿status & BUF˙SDESTROY)) –

mutex˙lock(&buf-¿stop); if (buf˙eof(buf)) –

mutex˙unlock(&buf-¿stop); #ifndef USE˙MYCTHREAD mutex˙lock(&buf-¿wait˙lock); condition˙signal(&buf-¿data˙needed); mutex˙unlock(&buf-¿wait˙lock);

#endif cthread˙yield(); continue; ˝ res = file˙buf˙fetch(buf); mutex˙unlock(&buf-¿stop); if (res == 0) – #ifdef USE˙MYCTHREAD p = get˙cproc(cthread˙self());

if (p-¿group˙next != 0) /* This means that this buffer is been read by a filter thread */ p = p-¿group˙next;

else

p = running˙cproc; /* Or let get service thread and pass control */ thread˙switch(p-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 15);

#else mutex˙lock(&buf-¿wait˙lock); condition˙signal(&buf-¿data˙needed); mutex˙unlock(&buf-¿wait˙lock); cthread˙yield();

#endif ˝ ˝ return NULL; ˝ void *nextrecth(void *i) – int fd = (int) i; int fid, recsize; int size = 0, res, vs; unsigned char *fmem; unsigned char *rbuf; filter˙buffer˙t *buf;

#ifdef USE˙MYCTHREAD

cproc˙t p; #endif

fid = file˙fid(fd);

fmem = file˙filtermem(fd); size = filter˙readsize(fid);

buf = (filter˙buffer˙t *) filter˙getbuffer(fid); rbuf = (size ¿ 0) ? malloc(size) : NULL; while (!(buf-¿status & BUF˙SDESTROY)) –

mutex˙lock(&buf-¿stop); if (buf˙eof(buf)) – mutex˙unlock(&buf-¿stop);

#ifndef USE˙MYCTHREAD mutex˙lock(&buf-¿wait˙lock); condition˙signal(&buf-¿data˙needed); mutex˙unlock(&buf-¿wait˙lock);

#endif cthread˙yield(); continue; ˝ res = file˙buf˙read2(buf-¿src.buf, rbuf, size, &vs); if (res == size

&& filter˙body(fid, rbuf, &recsize, (void **) &fmem)) – while (!filter˙buf˙append˙record (buf, fmem, recsize, vs)) – mutex˙unlock(&buf-¿stop);

/* Buffer is full - wakeup reader */ #ifdef USE˙MYCTHREAD /* In our implementation we can switch to the consuming thread quite easily */ p = running˙cproc; /* Let’s get service thread and pass control */ thread˙switch(p-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 15);

#else mutex˙lock(&buf-¿wait˙lock); condition˙signal(&buf-¿data˙needed); mutex˙unlock(&buf-¿wait˙lock);

#endif cthread˙yield();

mutex˙lock(&buf-¿stop); ˝ ˝ mutex˙unlock(&buf-¿stop);

#ifdef USE˙MYCTHREAD

/* In our implementation we can switch to the consuming thread quite easily */ p = running˙cproc; /* Let’s get service thread and pass control */ thread˙switch(p-¿mach˙thread, SWITCH˙OPTION˙DEPRESS, 15);

#else

mutex˙lock(&buf-¿wait˙lock); condition˙signal(&buf-¿data˙needed); mutex˙unlock(&buf-¿wait˙lock); cthread˙yield();

#endif ˝ free(rbuf);

return NULL; ˝ A.15 server/timer.h

#ifndef TIMERMAN˙H #define TIMERMAN˙H 1

/*Provides time measurement using different function.

Currently supports ftime(),gettimeofday(),times().

The following structures are defined: ttimer: A structure that holds timer data ttimer˙t: A pointer to the above structure

The following macros are defined:

new˙timer(ttimer˙t): Allocates a new zeroed ttimer structure free˙timer(ttimer˙t): Deallocates a previously allocated structure with new˙timer() clear˙timer(ttime˙t): Initializes a timer struct to zero eq˙timer(ttimer˙t ,ttimer˙t): True if the 2 arguments represent the same moment ne˙timer(ttimer˙t ,ttimer˙t): True if the 2 arguments represent the different moments sub˙timer(ttimer˙t ,ttimer˙t): Returns the amount of time between the 2 arguments. Note that when using gettimeofday() you get microseconds(10^-6) refresh˙timer(ttimer˙t): Stores current moment in timer struct */ //#define TIMER˙FTIME #define TIMER˙GETTIMEOFDAY //#define TIMER˙TIMES

/*Using gettimeofday*/ #ifdef TIMER˙GETTIMEOFDAY #include ¡sys/time.h¿ #include ¡unistd.h¿ typedef struct timeval ttimer; typedef struct timeval *ttimer˙t;

#define new˙timer(tvp) (tvp)=(ttimer˙t)calloc(1,sizeof(struct timeval)) #define free˙timer(tvp) free(tvp)

#define clear˙timer(tvp) timerclear(tvp)

#define eq˙timer(tv1p,tv2p) ((tv1p)-¿tv˙sec == (tv2p)-¿tv˙sec &&“ (tv1p)-¿tv˙usec == (tv2p)-¿tv˙usec) #define ne˙timer(tv1p,tv2p) timercmp(tv1p,tv2p,!=)

#define sub˙timer(tv1p,tv2p) (((tv1p)-¿tv˙sec == (tv2p)-¿tv˙sec)? “ ((tv2p)-¿tv˙usec - (tv1p)-¿tv˙usec) “ :((tv2p)-¿tv˙sec - (tv1p)-¿tv˙sec)*1000000 - “ ((tv1p)-¿tv˙usec - (tv2p)-¿tv˙usec)) #define refresh˙timer(tv1p) gettimeofday((tv1p),NULL) #endif

/*Using ftime*/ #ifdef TIMER˙FTIME #include ¡sys/timeb.h¿ typedef struct timeb ttimer; typedef struct timeb *ttimer˙t;

#define new˙timer(tvp) (tvp)=(ttimer˙t)calloc(1,sizeof(struct timeb)) #define free˙timer(tvp) free(tvp)

#define clear˙timer(tvp) (tvp)-¿time=(tvp)-¿millitm=(tvp)-¿timezone=(tvp)-¿dstflag=0;

#define eq˙timer(tv1p,tv2p) ((tv1p)-¿time == (tv2p)-¿time &&“ (tv1p)-¿millitm == (tv2p)-¿millitm) #define ne˙timer(tv1p,tv2p) ((tv1p)-¿time != (tv2p)-¿time ——“ (tv1p)-¿millitm != (tv2p)-¿millitm)

#define sub˙timer(tv1p,tv2p) (((tv1p)-¿time == (tv2p)-¿time)? “ ((tv2p)-¿millitm - (tv1p)-¿millitm) “ :((tv2p)-¿time - (tv1p)-¿time)*1000 - “ ((tv1p)-¿millitm - (tv2p)-¿millitm)) #define refresh˙timer(tv1p) ftime((tv1p))

#endif

/*Using mach’s thread info*/ /*This doesn’t work very well*/ #if 0 #ifdef TIMER˙MACH #include ¡mach.h¿ #include ¡unistd.h¿ typedef struct thread˙basic˙info ttimer; typedef struct thread˙basic˙info *ttimer˙t;

#define new˙timer(tvp) (tvp)=(ttimer˙t)calloc(1,sizeof(ttimer)) #define free˙timer(tvp) free(tvp)

#define clear˙timer(tvp) memset(tvp,0,sizeof(ttimer))

#define eq˙timer(tv1p,tv2p) ((tv1p)-¿user˙time == (tv2p)-¿user˙time &&“ (tv1p)-¿system˙time == (tv2p)-¿system˙time) #define ne˙timer(tv1p,tv2p) ((tv1p)-¿user˙time.seconds != (tv2p)-¿user˙time.seconds ——“ (tv1p)-¿system˙time.seconds != (tv2p)-¿system˙time.seconds ——“ (tv1p)-¿user˙time.microseconds != (tv2p)-¿user˙time.microseconds ——“ (tv1p)-¿system˙time.microseconds != (tv2p)-¿system˙time.microseconds )

#define sub˙timeru(tv1p,tv2p) (((tv1p)-¿user˙time.seconds == (tv2p)-¿user˙time.seconds)? “ ((tv2p)-¿user˙time.microseconds - (tv1p)-¿user˙time.microseconds) “ :((tv2p)-¿user˙time.seconds - (tv1p)-¿user˙time.seconds)*1000000 - “ ((tv1p)-¿user˙time.microseconds - (tv2p)-¿user˙time.microseconds)) #define sub˙timers(tv1p,tv2p) (((tv1p)-¿system˙time.seconds == (tv2p)-¿system˙time.seconds)? “ ((tv2p)-¿system˙time.microseconds - (tv1p)-¿system˙time.microseconds) “ :((tv2p)-¿system˙time.seconds - (tv1p)-¿system˙time.seconds)*1000000 - “ ((tv1p)-¿system˙time.microseconds - (tv2p)-¿system˙time.microseconds))

#define sub˙timer(tv1p,tv2p) (sub˙timeru(tv1p,tv2p)+sub˙timers(tv1p,tv2p)) #define refresh˙timer(t,tv1p,x) thread˙info((t),THREAD˙BASIC˙INFO,(tv1p),&x) #endif #endif

/*Using times*/ #ifdef TIMER˙TIMES #include ¡sys/times.h¿ #include ¡unistd.h¿ typedef clock˙t ttimer; typedef clock˙t *ttimer˙t; static struct tms dumtms;

#define new˙timer(tvp) (tvp)=(ttimer˙t)calloc(1,sizeof(ttimer)) #define free˙timer(tvp) free(tvp)

#define clear˙timer(tvp) ((*(tvp))=(clock˙t)0)

#define eq˙timer(tv1p,tv2p) ((*(tv1p)) == (*(tv2p))) #define ne˙timer(tv1p,tv2p) ((*(tv1p)) != (*(tv2p))) #define sub˙timer(tv1p,tv2p) ((*(tv2p))-(*(tv1p))) #define refresh˙timer(tv1p) ((*(tv1p))=times(&dumtms)) #endif #endif

A.16 include/smasdefs.h

/* SMASDEFS.H * SmAS Definifitions: the interface file between libsmas and the server * * Revisions: * ========== * AFTS 0.2 05/06/2000 * Completely rewritten by VVD, CS, UoI * * AFTS 0.1 ??/06/2000 * Untouched */ #ifndef ˙˙SMASDEFS˙H

#include ¡errno.h¿ /* Used for new error reporting code */ #define SERVER˙PORT 9735 #ifndef ˙˙MYBYTE˙˙ typedef unsigned char byte; #define ˙˙MYBYTE˙˙ #endif

#define MAX˙PNAME 256 /* For a full path */ #define MAX˙FNAME 64 /* Just for the filename */

/* The various message types

*/ typedef enum – SMAS˙OPEN = 1,

SMAS˙CLOSE = 2, SMAS˙READ = 3, SMAS˙WRITE = 4, SMAS˙LSEEK = 5, SMAS˙REGFIL = 6, SMAS˙APPFIL = 7, SMAS˙NEXTREC = 8 ˝ smas˙msg˙t;

/*typedef unsigned long int smas˙msg˙t; /*Always 4 bytes*/ /* The various message bodies */ typedef struct –

smas˙msg˙t msgtype; int flags; int mode;

char fname[MAX˙PNAME]; ˝ msgopen˙t;

typedef struct –

smas˙msg˙t msgtype; int fd;

˝ msgclose˙t;

typedef struct –

smas˙msg˙t msgtype; int fd;

int nbytes; ˝ msgread˙t;

typedef struct –

smas˙msg˙t msgtype; int fd;

int nbytes; ˝ msgwrite˙t;

typedef struct –

smas˙msg˙t msgtype; int fd;

int offset; int whence;

˝ msglseek˙t;

typedef struct –

smas˙msg˙t msgtype; int codesize;

char fname[MAX˙FNAME]; ˝ msgregfil˙t;

typedef struct –

smas˙msg˙t msgtype; int fd; int fid;

˝ msgappfil˙t;

typedef struct –

smas˙msg˙t msgtype; int fd;

˝ msgnextrec˙t;

/*******Scheduler related code**********/ /*This is a remnant of our attempt to implement * shortest job scheduling everything else is removed*/ struct sched˙dat –

int pri; int count; void *tp; ˝; #define CHECK˙ERROR(x) if ((x)¡0) SRV˙DEBUG(-2,”(%u) %s @ %d : %s“n”, “ cthread˙self(),˙˙FILE˙˙, ˙˙LINE˙˙ ,strerror(errno))

#define ˙˙SMASDEFS˙H #endif

A.17 include/socks.c

/* SOCKS.C * Standard code for socket programming * VVD, CS, UoI, 2000 * * Revisions: * ========== * AFTS 0.2.2 14/06/2000 * Added sock˙writev(). */ #include ¡string.h¿ #include ¡sys/ioctl.h¿ #include ¡sys/types.h¿ #include ¡unistd.h¿ #include ¡fcntl.h¿ #include ¡errno.h¿

#include ”socks.h”

/*We don’t need this*/ #if 0 int sock˙unblock(int sockfd) – int flags;

/* Get file descriptor associated flags */ if ((flags = fcntl(sockfd, F˙GETFL)) ¡ 0)

return flags;

/* Add non-blocking option */ flags —= O˙NONBLOCK;

/* Set file descriptor associated flags */ if ((flags = fcntl(sockfd, F˙SETFL, flags)) ¡ 0)

return flags; ˝ #endif

server˙open˙socket(short port, int maxclients) – struct sockaddr˙in addr; int sfd;

/* Open a socket fd */ if ((sfd = socket(AF˙INET, SOCK˙STREAM, 0)) ¡ 0)

return (-1);

/* Bind to a port */ memset(&addr, 0, sizeof(addr)); addr.sin˙family = AF˙INET;

addr.sin˙addr.s˙addr = htonl(INADDR˙ANY); addr.sin˙port = htons(port);

if (bind(sfd, (struct sockaddr *) &addr, sizeof(addr)) ¡ 0) – close(sfd); return (-2); ˝ /* Listen for connection - not needed in SOCK˙DGRAM sockets */ listen(sfd, maxclients); return (sfd); ˝ server˙wait˙connection(int sfd, struct sockaddr˙in * client) – struct sockaddr˙in remote; int addrlen;

if (client == NULL)

client = &remote;

return (accept(sfd, (struct sockaddr *) client, &addrlen)); ˝ client˙open˙socket(char *serveraddr, short port) – struct sockaddr˙in inaddr; struct in˙addr ina;

struct hostent *serverinfo; unsigned long int ip; int sfd;

/* Open a socket fd */ if ((sfd = socket(AF˙INET, SOCK˙STREAM, 0)) ¡ 0)

return (-1);

/* Now find server’s real address. The following code works whether user passed a numeric or a named address! serverinfo = ((ip = inet˙addr(serveraddr)) == INADDR˙NONE) ? gethostbyname(serveraddr) : gethostbyaddr((char *) &ip, sizeof(int), AF˙INET); */

serverinfo = gethostbyname(serveraddr); if (serverinfo == NULL)

return (-2);

/* if (ip == INADDR˙NONE) – struct hostent *t = serverinfo;

for (; *(t-¿h˙addr˙list); ) – bcopy(*(t-¿h˙addr˙list), (char *) &ina, t-¿h˙length); (t-¿h˙addr˙list)++;

ip = inet˙addr( inet˙ntoa(ina) ); ˝ serverinfo = gethostbyname(serveraddr); ˝ if (serverinfo == NULL) return (-2);*/

/* Bind to a port */ memset(&inaddr, 0, sizeof(inaddr)); inaddr.sin˙family = AF˙INET; memcpy((void *) &inaddr.sin˙addr,

(void *) serverinfo-¿h˙addr˙list[0], 4); inaddr.sin˙port = htons(port);

if (connect(sfd, (struct sockaddr *) &inaddr, sizeof(inaddr)) ¡ 0) – close(sfd); return (-3); ˝ return (sfd); ˝ client˙open˙numeric˙socket(char *serverbyteaddr, short port) – struct sockaddr˙in addr; int sfd;

/* Open a socket fd */ if ((sfd = socket(AF˙INET, SOCK˙STREAM, 0)) ¡ 0)

return (-1);

/* Bind to a port */ memset(&addr, 0, sizeof(addr)); addr.sin˙family = AF˙INET;

addr.sin˙addr.s˙addr = inet˙addr(serverbyteaddr); addr.sin˙port = htons(port);

if (connect(sfd, (struct sockaddr *) &addr, sizeof(addr)) ¡ 0) – close(sfd); return (-2); ˝ return (sfd); ˝ #if 0 #undef CHECK˙ERROR #define CHECK˙ERROR(x) if ((x)¡0) fprintf(stderr,”%s @ %d : %s“n”, “ ˙˙FILE˙˙, ˙˙LINE˙˙ ,strerror(errno)) /*Dummy function that enable better error checking*/

sock˙write(int fd, char *buf, int n) – int res = Sock˙write(fd, buf, n); CHECK˙ERROR(res);

printf(”Write returns : %d“n”, res); ˝ sock˙read(int fd, char *buf, int n) – int res = Sock˙read(fd, buf, n); CHECK˙ERROR(res);

printf(”Read returns : %d“n”, res); ˝ #undef CHECK˙ERROR #endif sock˙write(int fd, char *buf, int n) – int res = 0, sent = 0;

for (; sent ¡ n;) –

res = write(fd, buf + sent, n - sent); if (res ¡ 0 && errno != EAGAIN && errno != EINTR) return res;

else if (res == 0)

return 0;

else if (res ¿ 0)

sent += res; ˝ ˝ sock˙read(int fd, char *buf, int n) – int res = 0, recv = 0;

for (; recv ¡ n;) –

res = read(fd, buf + recv, n - recv); if (res ¡ 0 && errno != EAGAIN && errno != EINTR) return res;

else if (res == 0)

return 0;

else if (res ¿ 0)

recv += res; ˝ ˝ sock˙writev(int fd, struct iovec *vec, int rows) – int nw;

for (;;) –

nw = writev(fd, vec, rows);

if (nw ¡ 0 && errno != EAGAIN) /* The rest of the code isn’t checked for non-blocking sockets */ return nw;

else if (nw == 0)

return 0;

for (;;) – /* Check how much was written by writev() */ if (nw ¡ vec-¿iov˙len) – /* This row not entirely written (A) */ vec-¿iov˙base += nw; /* Point at unwritten part */ vec-¿iov˙len -= nw;

break; /* Continue with current row (B) */ ˝ /* The row was sent; prepare to ckeck if nw covered the next row, too */ nw -= vec-¿iov˙len;

vec++; /* Next row */ rows--; /* i.e. one row less to send */ if (nw == 0) /* It means that (A) was not satisfied because */ return rows; /* nw was EQUAL to vec-¿iov˙len */ ˝ /* We come here only because of (B) */ ˝ /* Continue sending */ return rows; ˝ /* This funtion empties a socket a character at a time * It is useful in panic situations */ sock˙flush(int fd, int n) – char c;

for (; n ¿ 0; n--)

if (read(fd, &c, 1) ¡ 0)

return n; ˝ /* Returns the number of bytes of unsent data in the send queue. * Got it from tcp(4) man page. */ sock˙unsent(int sfd) – int n;

ioctl(sfd, TIOCOUTQ, &n); return (n); ˝ sock˙unrecved(int sfd) – int n;

ioctl(sfd, FIONREAD, &n); return (n); ˝ A.18 include/socks.h

/* SOCKS.H * Standard code for socket programming * VVD, CS, UoI, 2000 */ #ifndef ˙˙SOCKS˙H

#include ¡sys/types.h¿ #include ¡sys/socket.h¿ /* Includes gethostbyaddr() */ #include ¡netinet/in.h¿ #include ¡arpa/inet.h¿ #include ¡netdb.h¿ /* For gethostbyname() */

#include ¡sys/uio.h¿ /* For writev() */ #if 0 extern unblock(int /* sfd */ ); #endif

extern server˙open˙socket(short /* port */ , int /* maxclients */ );

extern server˙wait˙connection(int /* sfd */ , struct sockaddr˙in * /* client */ ); extern client˙open˙socket(char * /* serveraddr */ , short /* port */ );

extern client˙open˙numeric˙socket(char * /* serverbyteaddr */ , short /* port */ );

extern sock˙write(int /* sfd */ , char * /* buf */ , int /* nbytes */ );

extern sock˙read(int /* sfd */ , char * /* buf */ , int /* nbytes */ );

extern sock˙writev(int /* sfd */ , struct iovec * /* vec */ , int /* rows */ );

extern sock˙flush(int /* sfd */ , int /* nbytes */ );

extern sock˙unsent(int /* sfd */ ); extern sock˙unrecved(int /* sfd */ ); #define ˙˙SOCKS˙H #endif

ÐáñÜñôçìá B

Êþäéêáò âéâëéïèÞêçò CThread

ËSSóôá áñœåSSùí, ìå * óçìåéþíïíôáé ôá áñœåSSá ðïõ ôñïðïðïéÞèçêáí óôç äéêÞ ìáò õëïðïSSçóç:

libthreads/Makeconf libthreads/Makefile* libthreads/call.c libthreads/cancel-cond.c libthreads/cprocs.c* libthreads/cthread data.c libthreads/cthread internals.h* libthreads/cthreads.c* libthreads/cthreads.h* libthreads/libthreads.map libthreads/lockfile.c libthreads/mig support.c libthreads/options.h libthreads/rwlock.c libthreads/rwlock.h libthreads/stack.c libthreads/sync.c libthreads/timer.h

ÐáñáêÜôù ðáñïõóéÜæïíôáé ìüíï ôá áñœåSSá ðïõ ìåôáâëÞèçêáí óôç äéêÞ ìáò õëïðïSSçóç.

B.1 libthreads/Make˛le # # Copyright (C) 1994,95,96,97,2000 Free Software Foundation, Inc. # # This program is free software; you can redistribute it and/or # modify it under the terms of the GNU General Public License as # published by the Free Software Foundation; either version 2, or (at # your option) any later version. # # This program is distributed in the hope that it will be useful, but # WITHOUT ANY WARRANTY; without even the implied warranty of # MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU # General Public License for more details. # # You should have received a copy of the GNU General Public License # along with this program; if not, write to the Free Software # Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.

dir := libthreads makemode := library

# In GNU mig˙support.c, sync.c and machine/lock.s are omitted; that work is # all done in libc.

SRCS := call.c cprocs.c cthread˙data.c cthreads.c stack.c “ cancel-cond.c rwlock.c lockfile.c I386SRCS := i386/csw.S i386/thread.c

# In GNU machine/cthreads.h is omitted; that work is done in libc headers. LCLHDRS := cthread˙internals.h options.h cthreads.h rwlock.h

OBJS = $(addsuffix .o,$(basename $(notdir $(SRCS) $(I386SRCS))))

OTHERTAGS = $(I386SRCS) $(I386HDRS)

libname = libmythreads installhdrs = cthreads.h rwlock.h installhdrsubdir = .

VPATH += $(srcdir)/$(asm˙syntax)

include ./Makeconf

# The threads library was written by CMU. If you’ve ever experienced # what that means, you’ll understand this line. CFLAGS := $(filter-out -Wall,$(CFLAGS))

lndist: lndist-i386-files

lndist-i386-files: $(top˙srcdir)/hurd-snap/$(dir)/i386 ln $(addprefix $(srcdir)/,$(I386SRCS) $(I386HDRS)) $¡

$(top˙srcdir)/hurd-snap/$(dir)/i386: mkdir $@

ifeq ($(VERSIONING),yes)

# Adding this dependency gets it included in the command line, # where ld will read it as a linker script. $(libname).so.$(hurd-version): $(srcdir)/$(libname).map

endif

B.2 libthreads/cprocs.c /* * Mach Operating System * Copyright (c) 1991,1990,1989 Carnegie Mellon University * All Rights Reserved. * * Permission to use, copy, modify and distribute this software and its * documentation is hereby granted, provided that both the copyright * notice and this permission notice appear in all copies of the * software, derivative works or modified versions, and any portions

* thereof, and that both notices appear in supporting documentation. * * CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS ”AS IS” * CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR * ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE. * * Carnegie Mellon requests users of this software to return to * * Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU * School of Computer Science * Carnegie Mellon University * Pittsburgh PA 15213-3890 * * any improvements or extensions that they make and grant Carnegie Mellon * the rights to redistribute these changes. */ /* * HISTORY * *2001 Kinalis Athanasios * * * $Log: cprocs.c,v $ * Revision 1.12 2000/01/10 14:42:30 kettenis * 2000-01-10 Mark Kettenis ¡kettenis@gnu.org¿ * * * cprocs.c: Include ¡assert.h¿ * * Revision 1.11 2000/01/09 23:00:18 roland * 2000-01-09 Roland McGrath ¡roland@baalperazim.frob.com¿ * * * cprocs.c (cproc˙alloc): Initialize P-¿wired and P-¿msg here (code * from cthread˙wire).

* (cthread˙wire): Reduce to just an assert, cthreads always wired. * (chtread˙unwire): Abort if called. * * Revision 1.10 1998/07/20 06:59:14 roland * 1998-07-20 Roland McGrath ¡roland@baalperazim.frob.com¿ * * * i386/csw.S (cproc˙prepare): Take address of cthread˙body as third * arg, so we don’t have to deal with PIC magic to find its address * without producing a text reloc.

* * cprocs.c (cproc˙create): Pass &cthread˙body to cproc˙prepare. * * Revision 1.9 1996/11/18 23:54:51 thomas * Mon Nov 18 16:36:56 1996 Thomas Bushnell, n/BSG ¡thomas@gnu.ai.mit.edu¿ * * * cprocs.c (cproc˙create): Cast CHILD in assignment. * * Revision 1.8 1995/12/06 19:48:34 mib * (condition˙unimplies): Take address of (*impp)-¿next in assignment to * IMPP on loop step instruction. * * Revision 1.7 1995/09/22 17:51:10 roland * Include hurd/threadvar.h. * * Revision 1.6 1995/08/30 15:57:47 mib * Repair typos. * * Revision 1.5 1995/08/30 15:50:53 mib * (cond˙signal): If this condition has implications, see if one of them * needs to be signalled when we have no waiters. * (cond˙broadcast): Signal the implications list too. * (condition˙implies, condition˙unimplies): New functions. * * Revision 1.4 1995/04/04 21:04:29 roland * (mutex˙lock˙solid, mutex˙unlock˙solid): Renamed to ˙˙*. * (˙cthread˙mutex˙lock˙routine, ˙cthread˙mutex˙unlock˙routine): Variables * removed. * * Revision 1.3 1994/05/19 04:55:30 roland * entered into RCS * * Revision 2.15 92/03/06 14:09:31 rpd * Replaced swtch˙pri with yield.

* [92/03/06 rpd] * * Revision 2.14 91/08/28 11:19:16 jsb * Fixed the loop in cproc˙fork˙child that frees cprocs. * [91/08/23 rpd] * * Revision 2.13 91/07/31 18:33:04 dbg * Fix some more bad types. Ints are NOT pointers. * * Fix argument type mismatch in cproc˙create. * [91/07/30 17:32:59 dbg] * * Revision 2.12 91/05/14 17:56:11 mrt * Correcting copyright * * Revision 2.11 91/02/14 14:19:26 mrt * Added new Mach copyright * [91/02/13 12:40:50 mrt] * * Revision 2.10 90/11/05 14:36:41 rpd * Added cproc˙fork˙–prepare,parent,child˝. * [90/11/02 rwd] * * Fix for positive stack growth. * [90/11/01 rwd] * * Add spin˙lock˙t.

* [90/10/31 rwd] * * Revision 2.9 90/10/12 13:07:12 rpd * Fix type * [90/10/10 15:09:59 rwd] * * Comment code.

* [90/10/02 rwd] * * Revision 2.8 90/09/09 14:34:44 rpd * Remove special mutex. Remove thread˙calls and debug˙mutex * [90/08/24 rwd] * Fix up old call to cthread˙msg˙busy to new format. * [90/08/22 rwd] * * Revision 2.7 90/08/06 15:09:17 rwd * Fixed arguments to cthread˙mach˙msg. * [90/06/26 rwd] * Add additional STATISTICS. * [90/06/07 rwd] * * Attempt to reduce number of times a cthread is released to to a * msg˙receive by adding min/max instead of single number to * cthread˙msg calls. * [90/06/06 rwd] * * Revision 2.6 90/06/02 15:13:36 rpd * Converted to new IPC. * [90/03/20 20:46:16 rpd] * * Revision 2.5 90/05/29 18:40:11 rwd * Don’t incr special field until the mutex grab is successful. * [90/05/09 rwd] * * Revision 2.4 90/03/14 21:12:02 rwd * Added WAIT˙DEBUG code for deadlock debugging. * [90/03/01 rwd] * Insert cprocs in cproc˙list as allocated. * [90/03/01 10:20:16 rwd] * * Revision 2.3 90/01/19 14:36:57 rwd * Make cthread˙msg˙busy only release new thread if this is still * busy. Ie don’t release two on back to back calls. * [90/01/11 rwd] * Add THREAD˙CALL code. Add CPROC˙ARUN state.

* [90/01/03 rwd] * Add new cthread˙msg˙rpc call * [89/12/20 rwd] * Change cproc˙self pointer to top of stack. Now need to change * the stack of the first thread. * [89/12/12 rwd] * * Revision 2.2 89/12/08 19:53:13 rwd * Added CPROC˙CONDWAIT state to deal with lock held * across mutex˙unlock problem. * [89/11/29 rwd] * Changed mutexes to not hand off. MUTEX˙EXTRA conditional is * now obsolete.

* [89/11/27 rwd] * * Add MUTEX˙EXTRA code for extra kernel threads to serve special * mutexes in time of need. * [89/11/25 rwd] * Add MUTEX˙SPECIAL and DEBUG˙MUTEX code * [89/11/24 rwd] * Changed mutex˙lock to mutex˙lock˙solid. Mutex˙lock is now a * macro which tries the spin˙lock before making a subroutine call. * Mutex˙unlock is now a macro with mutex˙unlock˙solid for worst case. * [89/11/13 rwd] * * Rewrite most to merge coroutine and thread implementation. * New routines are cthread˙set˙kernel˙limit, cthread˙kernel˙limit, * cthread˙wire, cthread˙unwire, and cthread˙receive. * [89/10/23 rwd] * * Revision 2.1 89/08/03 17:07:10 rwd * Created. * * 11-Apr-89 David Golub (dbg) at Carnegie-Mellon University * Made condition˙yield loop break if swtch˙pri returns TRUE (in * case we fix it). * * 31-Mar-89 David Golub (dbg) at Carnegie-Mellon University * Change cond˙signal, cond˙broadcast, and cproc˙continue so that * the condition’s spin lock is not held while continuing the * process. * * 16-Jan-89 David Golub (dbg) at Carnegie-Mellon University * Changes for stand-alone library to run on pure kernel: * . made IPC˙WAIT standard, as calls that are used if IPC˙WAIT == 0 * vanished a year ago.

* . Removed (as much as possible) references to stdio or other U*X * features. * * 01-Apr-88 Eric Cooper (ecc) at Carnegie Mellon University * Changed condition˙clear(c) to acquire c-¿lock, * to serialize after any threads still doing condition˙signal(c). * Suggested by Dan Julin. * * 19-Feb-88 Eric Cooper (ecc) at Carnegie Mellon University * Extended the inline scripts to handle spin˙unlock() and mutex˙unlock(). * * 28-Jan-88 David Golub (dbg) at Carnegie Mellon University * Removed thread˙data argument from thread˙create * and converted to new thread˙set˙state call. * * 01-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University * Added inline expansion for cthread˙sp() function. * * 21-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Fixed uninitialized reply˙port in cproc˙alloc() (found by rds). * * 14-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Tried using return value of swtch() to guide condition˙wait(). * Performance was worse than using a hybrid spin/yield/block * scheme, so the version using swtch() was commented out.

* Disabled IPC˙WAIT in released version. * * 13-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Added IPC˙WAIT option.

* If defined, thread synchronization (condition˙wait() and * cproc˙continue()) are implemented using msg˙receive() and * msg˙send() instead of thread˙suspend() and thread˙resume(). * * 11-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Moved thread reply port to cproc structure in cthread˙internals.h, * because mig calls are made while cproc is idle (no cthread structure). * Changed cproc˙switch() and cproc˙start (COROUTINE implementation) * to use address of saved context, rather than address of enclosing cproc, * to eliminate dependency on cproc layout. */ /* * File: cprocs.c * Author: Eric Cooper, Carnegie Mellon University * Date: Aug, 1987 * * Implementation of cprocs (lightweight processes) * and primitive synchronization operations. */ #include ”cthreads.h” #include ”cthread˙internals.h” #include ¡mach/message.h¿ #include ¡hurd/threadvar.h¿ /* GNU */ #include ¡assert.h¿ #define ECHO˙ON 1 /**/ #include ”echoer.h” #include ”timer.h” /* * C Threads imports: */ extern void alloc˙stack();

extern void cproc˙switch(); /* cproc context switch */ extern void cproc˙start˙wait(); /* cproc idle thread */ extern vm˙offset˙t cproc˙stack˙base(); /* return start of stack */ extern vm˙offset˙t stack˙init();

/***********Scheduler related code**************************/

extern int schedon; extern int user˙init;

int ready˙queue˙counter = 0;

struct cthread˙queue sched˙cprocs˙ready = QUEUE˙INITIALIZER; struct mutex sched˙queue˙lock = MUTEX˙INITIALIZER; struct cthread˙queue cprocs˙done = QUEUE˙INITIALIZER; struct mutex done˙queue˙lock = MUTEX˙INITIALIZER; cproc˙t running˙cproc = NO˙CPROC; cproc˙t sched˙cproc = NO˙CPROC;

/********End of scheduler related code*********************/ /* * Port˙entry’s are used by cthread˙mach˙msg to store information * about each port/port˙set for which it is managing threads */ typedef struct port˙entry –

struct port˙entry *next; /* next port˙entry */ mach˙port˙t port; /* which port/port˙set */ struct cthread˙queue queue; /* queue of runnable threads for this port/port˙set */ int min; /* minimum number of kernel threads to be used by this port/port˙set */ int max; /* maximum number of kernel threads to be used by this port/port˙set */ int held; /* actual number of kernel threads currentlt in use */ spin˙lock˙t lock; /* lock governing all above fields */ ˝ *port˙entry˙t;

#define PORT˙ENTRY˙NULL ((port˙entry˙t) 0)

/* Available to outside for statistics */

int cthread˙wait˙stack˙size = 8192; /* stack size for idle threads */ int cthread˙max˙kernel˙threads = 0; /* max kernel threads */ int cthread˙kernel˙threads = 0; /* current kernel threads */ private spin˙lock˙t n˙kern˙lock = SPIN˙LOCK˙INITIALIZER; /* lock for 2 above */

cproc˙t cproc˙list = NO˙CPROC; /* list of all cprocs */ private cproc˙list˙lock = SPIN˙LOCK˙INITIALIZER; /* lock for above */ private int cprocs˙started = FALSE; /* initialized? */ private struct cthread˙queue ready = QUEUE˙INITIALIZER; /* ready queue *//*This queue is always empty */ private int ready˙count = 0; /* number of ready threads on ready queue - number of messages sent */ private spin˙lock˙t ready˙lock = SPIN˙LOCK˙INITIALIZER; /* lock for 2 above */ private mach˙port˙t wait˙port = MACH˙PORT˙NULL; /* port on which idle threads wait */ private int wait˙count = 0; /* number of waiters - messages pending to wake them */ private struct cthread˙queue waiters = QUEUE˙INITIALIZER; /* queue of cthreads to run as idle */ private spin˙lock˙t waiters˙lock = SPIN˙LOCK˙INITIALIZER; /* lock for 2 above */ private port˙entry˙t port˙list = PORT˙ENTRY˙NULL; /* master list of port˙entries */ private spin˙lock˙t port˙lock = SPIN˙LOCK˙INITIALIZER; /* lock for above queue */ private mach˙msg˙header˙t wakeup˙msg; /* prebuilt message used by idle threads */ /* * Return current value for max kernel threads * Note: 0 means no limit */ cthread˙kernel˙limit() – return cthread˙max˙kernel˙threads; ˝ /* * Set max number of kernel threads * Note: This will not currently terminate existing threads * over maximum. */ cthread˙set˙kernel˙limit(n) int n; – cthread˙max˙kernel˙threads = n; ˝ /* * Wire a cthread to its current kernel thread */ void cthread˙wire() – register cproc˙t p = cproc˙self();

kern˙return˙t r;

/* In GNU, we wire all threads on creation (in cproc˙alloc). */ assert(p-¿wired != MACH˙PORT˙NULL); ˝ /* * Unwire a cthread. Deallocate its wait port. */ void cthread˙unwire() – register cproc˙t p = cproc˙self();

/* This is bad juju in GNU, where all cthreads must be wired. */ abort();

#if 0

if (p-¿wired != MACH˙PORT˙NULL) –

MACH˙CALL(mach˙port˙mod˙refs(mach˙task˙self(), p-¿wired, MACH˙PORT˙RIGHT˙SEND, -1), r); MACH˙CALL(mach˙port˙mod˙refs (mach˙task˙self(), p-¿wired, MACH˙PORT˙RIGHT˙RECEIVE, -1), r);

p-¿wired = MACH˙PORT˙NULL; #ifdef STATISTICS

spin˙lock(&wired˙lock); cthread˙wired--;

spin˙unlock(&wired˙lock);

#endif /* STATISTICS */ ˝ #endif ˝ private cproc˙t cproc˙alloc(int f) – register cproc˙t p = (cproc˙t) malloc(sizeof(struct cproc)); kern˙return˙t r; cproc˙t self;

p-¿incarnation = NO˙CTHREAD; #if 0

/* This member is not used in GNU. */ p-¿reply˙port = MACH˙PORT˙NULL;

#endif

spin˙lock˙init(&p-¿lock);

/*********************/ if (sched˙cproc == NO˙CPROC)

sched˙cproc = p; p-¿group˙next = NULL;

mutex˙lock(&sched˙queue˙lock); if (user˙init) –

if (f) –

sched˙queue˙enq(&sched˙cprocs˙ready, p); ˝ else –

self = cproc˙self();

while (self-¿group˙next != NULL) /* Enter new cproc in this cproc’s group queue */ self = self-¿group˙next;

self-¿group˙next = p; ˝ ˝ /*********************/ p-¿state = CPROC˙RUNNING; p-¿busy = 0; /* * In GNU, every cthread must be wired. So we just * initialize P-¿wired on creation. *

* A wired thread has a port associated with it for all * of its wait/block cases. We also prebuild a wakeup * message. */ MACH˙CALL(mach˙port˙allocate(mach˙task˙self(), MACH˙PORT˙RIGHT˙RECEIVE, &p-¿wired), r);

MACH˙CALL(mach˙port˙insert˙right(mach˙task˙self(), p-¿wired, p-¿wired, MACH˙MSG˙TYPE˙MAKE˙SEND), r); p-¿msg.msgh˙bits =

MACH˙MSGH˙BITS(MACH˙MSG˙TYPE˙COPY˙SEND, 0); p-¿msg.msgh˙size = 0; /* initialized in call */ p-¿msg.msgh˙remote˙port = p-¿wired; p-¿msg.msgh˙local˙port = MACH˙PORT˙NULL; p-¿msg.msgh˙kind = MACH˙MSGH˙KIND˙NORMAL; p-¿msg.msgh˙id = 0;

spin˙lock(&cproc˙list˙lock); p-¿list = cproc˙list; cproc˙list = p;

spin˙unlock(&cproc˙list˙lock); mutex˙unlock(&sched˙queue˙lock); return p; ˝ /* * Called by cthread˙init to set up initial data structures. */ vm˙offset˙t cproc˙init() – kern˙return˙t r;

cproc˙t p = cproc˙alloc(1);

cthread˙kernel˙threads = 1;

MACH˙CALL(mach˙port˙allocate(mach˙task˙self(), MACH˙PORT˙RIGHT˙RECEIVE, &wait˙port), r);

MACH˙CALL(mach˙port˙insert˙right(mach˙task˙self(), wait˙port, wait˙port, MACH˙MSG˙TYPE˙MAKE˙SEND), r); wakeup˙msg.msgh˙bits =

MACH˙MSGH˙BITS(MACH˙MSG˙TYPE˙COPY˙SEND, 0); wakeup˙msg.msgh˙size = 0; /* initialized in call */ wakeup˙msg.msgh˙remote˙port = wait˙port; wakeup˙msg.msgh˙local˙port = MACH˙PORT˙NULL; wakeup˙msg.msgh˙kind = MACH˙MSGH˙KIND˙NORMAL; wakeup˙msg.msgh˙id = 0;

cprocs˙started = TRUE; /* * We pass back the new stack which should be switched to * by crt0. This guarantess correct size and alignment. */ return (stack˙init(p)); ˝ /* * Insert cproc on ready queue. Make sure it is ready for queue by * synching on its lock. Just send message to wired cproc. */ private int cproc˙ready(p, preq) register cproc˙t p; register int preq; – kern˙return˙t r;

r = mach˙msg(&p-¿msg, MACH˙SEND˙MSG, sizeof p-¿msg, 0, MACH˙PORT˙NULL, MACH˙MSG˙TIMEOUT˙NONE, MACH˙PORT˙NULL);

#ifdef CHECK˙STATUS

if (r != MACH˙MSG˙SUCCESS) –

mach˙error(”mach˙msg”, r); exit(1); ˝ #endif /* CHECK˙STATUS */ return TRUE; ˝ /* * This is only run on a partial ”waiting” stack and called from * cproc˙start˙wait */ void cproc˙waiting(p) register cproc˙t p; – mach˙msg˙header˙t msg; register cproc˙t new; kern˙return˙t r;

#ifdef STATISTICS

spin˙lock(&ready˙lock); cthread˙waiting++; cthread˙waiters++;

spin˙unlock(&ready˙lock);

#endif /* STATISTICS */ for (;;) –

MACH˙CALL(mach˙msg(&msg, MACH˙RCV˙MSG, 0, sizeof msg, wait˙port, MACH˙MSG˙TIMEOUT˙NONE, MACH˙PORT˙NULL), r);

spin˙lock(&ready˙lock);

cthread˙queue˙deq(&ready, cproc˙t, new); if (new != NO˙CPROC)

break;

wait˙count++; ready˙count++;

#ifdef STATISTICS

cthread˙none++;

#endif /* STATISTICS */ spin˙unlock(&ready˙lock); ˝ #ifdef STATISTICS

cthread˙ready--; cthread˙running++; cthread˙waiting--;

#endif /* STATISTICS */ spin˙unlock(&ready˙lock); spin˙lock(&new-¿lock); new-¿state = CPROC˙RUNNING; spin˙unlock(&new-¿lock); spin˙lock(&waiters˙lock); cthread˙queue˙enq(&waiters, p); spin˙lock(&p-¿lock);

spin˙unlock(&waiters˙lock);

cproc˙switch(&p-¿context, &new-¿context, &p-¿lock); ˝ /* * Get a waiter with stack

* */ cproc˙t cproc˙waiter() – register cproc˙t waiter;

spin˙lock(&waiters˙lock);

cthread˙queue˙deq(&waiters, cproc˙t, waiter); spin˙unlock(&waiters˙lock); if (waiter == NO˙CPROC) –

vm˙address˙t base; kern˙return˙t r;

#ifdef STATISTICS

spin˙lock(&waiters˙lock); cthread˙wait˙stacks++; spin˙unlock(&waiters˙lock);

#endif /* STATISTICS */

waiter = cproc˙alloc(1);

MACH˙CALL(vm˙allocate(mach˙task˙self(), &base, cthread˙wait˙stack˙size, TRUE), r);

waiter-¿stack˙base = base;

waiter-¿stack˙size = cthread˙wait˙stack˙size; ˝ return (waiter); ˝ /* * Current cproc is blocked so switch to any ready cprocs, or, if * none, go into the wait state. * * You must hold cproc˙self()-¿lock when called. */ cproc˙block() – extern unsigned int ˙˙hurd˙threadvar˙max; /* GNU */ register cproc˙t waiter, new, p = cproc˙self(); register int extra;

mach˙msg˙header˙t msg; kern˙return˙t r;

spin˙unlock(&p-¿lock);

MACH˙CALL(mach˙msg(&msg, MACH˙RCV˙MSG, 0, sizeof msg, p-¿wired, MACH˙MSG˙TIMEOUT˙NONE, MACH˙PORT˙NULL), r); return; ˝ /* * Implement C threads using MACH threads. */ cproc˙t cproc˙create(cthread˙t t, int f) – register cproc˙t child = cproc˙alloc(f); register kern˙return˙t r; extern void cproc˙setup(); extern void cproc˙prepare(); extern void cthread˙body(); thread˙t n;

alloc˙stack(child); spin˙lock(&n˙kern˙lock); cthread˙kernel˙threads++; spin˙unlock(&n˙kern˙lock);

MACH˙CALL(thread˙create(mach˙task˙self(), &n), r); cthread˙assoc(child, t); /* associate cthread with cproc */ child-¿mach˙thread = n;

cproc˙setup(child, n, cthread˙body); /* machine dependent */ if (!user˙init)

MACH˙CALL(thread˙resume(n), r); if (!f) –

MACH˙CALL(thread˙resume(n), r); ˝ #ifdef STATISTICS

spin˙lock(&ready˙lock); cthread˙running++;

spin˙unlock(&ready˙lock);

#endif /* STATISTICS */

return child; ˝ void condition˙wait(c, m) register condition˙t c; mutex˙t m; – register cproc˙t p = cproc˙self();

p-¿state = CPROC˙CONDWAIT — CPROC˙SWITCHING;

spin˙lock(&c-¿lock);

cthread˙queue˙enq(&c-¿queue, p); spin˙unlock(&c-¿lock);

#ifdef WAIT˙DEBUG

p-¿waiting˙for = (char *) c;

#endif /* WAIT˙DEBUG */

mutex˙unlock(m);

spin˙lock(&p-¿lock);

if (p-¿state & CPROC˙SWITCHING) –

cproc˙block(); ˝ else –

p-¿state = CPROC˙RUNNING; spin˙unlock(&p-¿lock); ˝ #ifdef WAIT˙DEBUG

p-¿waiting˙for = (char *) 0;

#endif /* WAIT˙DEBUG */ /* * Re-acquire the mutex and return. */ mutex˙lock(m); ˝ /* Declare that IMPLICATOR should consider IMPLICATAND’s waiter queue to be an extension of its own queue. It is an error for either condition to be deallocated as long as the implication persists. */ void condition˙implies(condition˙t implicator, condition˙t implicatand) – struct cond˙imp *imp;

imp = malloc(sizeof(struct cond˙imp)); imp-¿implicatand = implicatand; imp-¿next = implicator-¿implications; implicator-¿implications = imp; ˝ /* Declare that the implication relationship from IMPLICATOR to IMPLICATAND should cease. */ void condition˙unimplies(condition˙t implicator, condition˙t implicatand) – struct cond˙imp **impp;

for (impp = &implicator-¿implications; *impp;

impp = &(*impp)-¿next) – if ((*impp)-¿implicatand == implicatand) – struct cond˙imp *tmp = *impp; *impp = (*impp)-¿next; free(tmp); return; ˝ ˝ ˝ /* Signal one waiter on C. If there were no waiters at all, return 0, else return 1. */ int cond˙signal(c) register condition˙t c; – register cproc˙t p; struct cond˙imp *imp;

spin˙lock(&c-¿lock);

cthread˙queue˙deq(&c-¿queue, cproc˙t, p); spin˙unlock(&c-¿lock); if (p != NO˙CPROC) –

cproc˙ready(p, 0); return 1;

˝ else –

for (imp = c-¿implications; imp; imp = imp-¿next) if (cond˙signal(imp-¿implicatand)) return 1; ˝ return 0; ˝ void cond˙broadcast(c) register condition˙t c; – register cproc˙t p;

struct cthread˙queue blocked˙queue; struct cond˙imp *imp;

cthread˙queue˙init(&blocked˙queue);

spin˙lock(&c-¿lock); for (;;) –

register int old˙state;

cthread˙queue˙deq(&c-¿queue, cproc˙t, p); if (p == NO˙CPROC)

break;

cthread˙queue˙enq(&blocked˙queue, p); ˝ spin˙unlock(&c-¿lock);

for (;;) –

cthread˙queue˙deq(&blocked˙queue, cproc˙t, p); if (p == NO˙CPROC)

break;

cproc˙ready(p, 0); ˝ for (imp = c-¿implications; imp; imp = imp-¿next) condition˙broadcast(imp-¿implicatand); ˝ void cthread˙yield() – yield(); return;

˝ /* * Mutex objects. */ void ˙˙mutex˙lock˙solid(void *ptr) – register mutex˙t m = ptr;

register cproc˙t p = cproc˙self(); register int queued; register int tried = 0;

#ifdef WAIT˙DEBUG

p-¿waiting˙for = (char *) m;

#endif /* WAIT˙DEBUG */ while (1) –

spin˙lock(&m-¿lock);

if (cthread˙queue˙head(&m-¿queue, cproc˙t) == NO˙CPROC) – cthread˙queue˙enq(&m-¿queue, p); queued = 1;

˝ else –

queued = 0; ˝ if (spin˙try˙lock(&m-¿held)) –

if (queued)

cthread˙queue˙deq(&m-¿queue, cproc˙t, p); spin˙unlock(&m-¿lock);

#ifdef WAIT˙DEBUG p-¿waiting˙for = (char *) 0;

#endif /* WAIT˙DEBUG */ return;

˝ else –

if (!queued)

cthread˙queue˙enq(&m-¿queue, p); spin˙lock(&p-¿lock); spin˙unlock(&m-¿lock); cproc˙block();

if (spin˙try˙lock(&m-¿held)) – #ifdef WAIT˙DEBUG p-¿waiting˙for = (char *) 0;

#endif /* WAIT˙DEBUG */ return; ˝ #ifdef STATISTICS spin˙lock(&mutex˙count˙lock); cthread˙no˙mutex++;

spin˙unlock(&mutex˙count˙lock);

#endif /* STATISTICS */ ˝ ˝ ˝ void ˙˙mutex˙unlock˙solid(void *ptr) – register mutex˙t m = ptr; register cproc˙t new;

if (!spin˙try˙lock(&m-¿held))

return;

spin˙lock(&m-¿lock);

cthread˙queue˙deq(&m-¿queue, cproc˙t, new); spin˙unlock(&m-¿held); spin˙unlock(&m-¿lock); if (new) –

cproc˙ready(new, 0); ˝ ˝

/***********Scheduler related code**************************/

extern int ready˙threads; /*cthread status codes*/ #define T˙MAIN 0x1 #define T˙RETURNED 0x2 #define T˙DETACHED 0x4 any˙t round˙robin(any˙t param) – register int dt = 0, time =

((int) param ¿ 0) ? ((int) param) : 100; cproc˙t proc, rdproc, nrproc; register kern˙return˙t r;

static ttimer t = NULL˙TIMER, tdum;

if (t.tv˙sec == 0 && t.tv˙usec == 0) –

refresh˙timer(&t); ˝ refresh˙timer(&tdum);

if ((dt = sub˙timer(&t, &tdum) / 1000) ¿= time) – t = tdum;

mutex˙lock(&sched˙queue˙lock);

if ((proc = running˙cproc) != NO˙CPROC) –

/* Suspend currently running cproc and enqueue if not finished */ if (!

(running˙cproc-¿incarnation-¿state & T˙RETURNED)) sched˙queue˙enq(&sched˙cprocs˙ready, running˙cproc); /* Insert back in queue so we can select it next time */ while (proc != NULL) – /* Also suspend other threads in this cproc’s group */ MACH˙CALL(thread˙suspend(proc-¿mach˙thread), r); proc = proc-¿group˙next; ˝ ˝ sched˙queue˙deq(&sched˙cprocs˙ready, running˙cproc); if ((proc = running˙cproc) != NO˙CPROC) – /* This will be false when there are no cthreads created */ while (proc != NULL) – /* Resume all threads in this cproc’s group */ MACH˙CALL(thread˙resume(proc-¿mach˙thread), r); proc = proc-¿group˙next; ˝ ˝ mutex˙unlock(&sched˙queue˙lock);

˝ else –

time = time - dt; ˝ schedyield(((running˙cproc != NO˙CPROC) ? running˙cproc-¿ mach˙thread : MACH˙PORT˙NULL), time);

return param; ˝ any˙t first˙come(any˙t param) – register int time = ((int) param) ? ((int) param) : 100; register kern˙return˙t r; register cproc˙t proc;

mutex˙lock(&sched˙queue˙lock); if ((proc = running˙cproc) != NO˙CPROC

&& running˙cproc-¿incarnation-¿state & T˙RETURNED) – /* running˙cproc has finished suspend it */ MACH˙CALL(thread˙suspend(running˙cproc-¿mach˙thread), r); while (proc-¿group˙next != NULL) – /* Also suspend other threads in this cproc’s group */ proc = proc-¿group˙next;

MACH˙CALL(thread˙suspend(proc-¿mach˙thread), r); ˝ running˙cproc = NO˙CPROC; ˝ if (running˙cproc == NO˙CPROC) –

/* We don’t have a running cproc so we invoke the next one */ sched˙queue˙deq(&sched˙cprocs˙ready, running˙cproc); if ((proc = running˙cproc) != NO˙CPROC) –

MACH˙CALL(thread˙resume(running˙cproc-¿mach˙thread), r); while (proc-¿group˙next != NULL) – /* Resume all threads in this cproc’s group */ proc = proc-¿group˙next;

MACH˙CALL(thread˙resume(proc-¿mach˙thread), r); ˝ ˝ ˝ mutex˙unlock(&sched˙queue˙lock); schedyield(((running˙cproc != NO˙CPROC) ? running˙cproc-¿ mach˙thread : MACH˙PORT˙NULL), time);

return param; ˝ /*This is real old don’t pay attention at it*/ #if 0 any˙t shortest˙job(any˙t param) – int time = ((int) param) ? ((int) param) : 100; kern˙return˙t r;

register cproc˙t i = NO˙CPROC, min = NO˙CPROC; static ttimer t = NULL˙TIMER, tdum; int dt = 0;

if (t.tv˙sec == 0 && t.tv˙usec == 0) –

refresh˙timer(&t); ˝ refresh˙timer(&tdum);

if ((dt = sub˙timer(&t, &tdum) / 1000) ¿= time) – t = tdum;

mutex˙lock(&sched˙queue˙lock);

sched˙queue˙deq(&sched˙cprocs˙ready, i); for (min = i; i != NO˙CPROC; i = i-¿sched˙next) – if (i-¿incarnation-¿state & T˙RETURNED)

continue;

else if ((*(int *) (i-¿incarnation-¿sched˙data)) ¡ (*(int *) (min-¿incarnation-¿sched˙data))) – sched˙queue˙enq(&sched˙cprocs˙ready, min); /* Enqueue previous minimum */ min = i;

˝ else

sched˙queue˙enq(&sched˙cprocs˙ready, i); /* Re-enqueue if not minimum */ ˝ if (running˙cproc != NO˙CPROC) –

MACH˙CALL(thread˙suspend(running˙cproc-¿mach˙thread), r); if (!

(running˙cproc-¿incarnation-¿state & T˙RETURNED)) sched˙queue˙enq(&sched˙cprocs˙ready, running˙cproc); /* Insert back in queue so we can select it next time */ ˝ if (min != NO˙CPROC) –

MACH˙CALL(thread˙resume(min-¿mach˙thread), r); running˙cproc = min; ˝ mutex˙unlock(&sched˙queue˙lock);

˝ else –

time = time - dt; ˝ schedyield(((min != NO˙CPROC) ? min-¿mach˙thread : MACH˙PORT˙NULL), time);

return param; ˝ #endif /**************************************************************************************/

cproc˙fork˙prepare() – register cproc˙t p = cproc˙self();

vm˙inherit(mach˙task˙self(), p-¿stack˙base, p-¿stack˙size, VM˙INHERIT˙COPY);

spin˙lock(&port˙lock); spin˙lock(&cproc˙list˙lock); ˝ cproc˙fork˙parent() – register cproc˙t p = cproc˙self();

spin˙unlock(&cproc˙list˙lock); spin˙unlock(&port˙lock);

vm˙inherit(mach˙task˙self(), p-¿stack˙base, p-¿stack˙size, VM˙INHERIT˙NONE); ˝ cproc˙fork˙child() – register cproc˙t l, p = cproc˙self(); cproc˙t m;

register port˙entry˙t pe; port˙entry˙t pet; kern˙return˙t r;

vm˙inherit(mach˙task˙self(), p-¿stack˙base, p-¿stack˙size, VM˙INHERIT˙NONE);

spin˙lock˙init(&n˙kern˙lock); cthread˙kernel˙threads = 0;

#ifdef STATISTICS

cthread˙ready = 0; cthread˙running = 1; cthread˙waiting = 0; cthread˙wired = 0;

spin˙lock˙init(&wired˙lock); cthread˙wait˙stacks = 0; cthread˙waiters = 0; cthread˙wakeup = 0;

cthread˙blocked = 0; cthread˙rnone = 0; cthread˙yields = 0; cthread˙none = 0; cthread˙switches = 0; cthread˙no˙mutex = 0;

spin˙lock˙init(&mutex˙count˙lock);

#endif /* STATISTICS */

for (l = cproc˙list; l != NO˙CPROC; l = m) –

m = l-¿next; if (l != p)

free(l); ˝ cproc˙list = p; p-¿next = NO˙CPROC;

spin˙lock˙init(&cproc˙list˙lock); cprocs˙started = FALSE; cthread˙queue˙init(&ready); ready˙count = 0;

spin˙lock˙init(&ready˙lock);

MACH˙CALL(mach˙port˙allocate(mach˙task˙self(), MACH˙PORT˙RIGHT˙RECEIVE, &wait˙port), r);

MACH˙CALL(mach˙port˙insert˙right(mach˙task˙self(), wait˙port, wait˙port, MACH˙MSG˙TYPE˙MAKE˙SEND), r); wakeup˙msg.msgh˙remote˙port = wait˙port; wait˙count = 0;

cthread˙queue˙init(&waiters); spin˙lock˙init(&waiters˙lock);

for (pe = port˙list; pe != PORT˙ENTRY˙NULL; pe = pet) – pet = pe-¿next; free(pe); ˝ port˙list = PORT˙ENTRY˙NULL; spin˙lock˙init(&port˙lock);

if (p-¿wired)

cthread˙wire(); ˝ B.3 libthreads/cthread internals.h /* * Mach Operating System * Copyright (c) 1991,1990,1989 Carnegie Mellon University * All Rights Reserved. * * Permission to use, copy, modify and distribute this software and its * documentation is hereby granted, provided that both the copyright * notice and this permission notice appear in all copies of the * software, derivative works or modified versions, and any portions * thereof, and that both notices appear in supporting documentation. * * CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS ”AS IS” * CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR * ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE. * * Carnegie Mellon requests users of this software to return to * * Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU * School of Computer Science * Carnegie Mellon University * Pittsburgh PA 15213-3890

* * any improvements or extensions that they make and grant Carnegie Mellon * the rights to redistribute these changes. */ /* * HISTORY * $Log: cthread˙internals.h,v $ * Revision 1.3 1995/08/29 14:49:20 mib * (cproc˙block): Provide decl. * * Revision 1.2 1994/05/05 10:58:01 roland * entered into RCS * * Revision 2.14 92/08/03 18:03:56 jfriedl * Made state element of struct cproc volatile. * [92/08/02 jfriedl] * * Revision 2.13 92/03/06 14:09:24 rpd * Added yield, defined using thread˙switch. * [92/03/06 rpd] * * Revision 2.12 92/03/01 00:40:23 rpd * Removed exit declaration. It conflicted with the real thing. * [92/02/29 rpd] * * Revision 2.11 91/08/28 11:19:23 jsb * Fixed MACH˙CALL to allow multi-line expressions. * [91/08/23 rpd] * * Revision 2.10 91/07/31 18:33:33 dbg * Protect against redefinition of ASSERT. * [91/07/30 17:33:21 dbg] * * Revision 2.9 91/05/14 17:56:24 mrt * Correcting copyright * * Revision 2.8 91/02/14 14:19:42 mrt * Added new Mach copyright * [91/02/13 12:41:02 mrt] * * Revision 2.7 90/11/05 14:36:55 rpd * Added spin˙lock˙t.

* [90/10/31 rwd] * * Revision 2.6 90/09/09 14:34:51 rpd * Remove special field. * [90/08/24 rwd] * * Revision 2.5 90/06/02 15:13:44 rpd * Converted to new IPC. * [90/03/20 20:52:47 rpd] * * Revision 2.4 90/03/14 21:12:11 rwd * Added waiting˙for field for debugging deadlocks. * [90/03/01 rwd] * Added list field to keep a master list of all cprocs. * [90/03/01 rwd] * * Revision 2.3 90/01/19 14:37:08 rwd * Keep track of real thread for use in thread˙* substitutes. * Add CPROC˙ARUN for about to run and CPROC˙HOLD to avoid holding * spin˙locks over system calls. * [90/01/03 rwd] * Add busy field to be used by cthread˙msg calls to make sure we * have the right number of blocked kernel threads. * [89/12/21 rwd] * * Revision 2.2 89/12/08 19:53:28 rwd * Added CPROC˙CONDWAIT state * [89/11/28 rwd] * Added on˙special field.

* [89/11/26 rwd] * Removed MSGOPT conditionals * [89/11/25 rwd] * Removed old debugging code. Add wired port/flag. Add state * for small state machine. * [89/10/30 rwd] * Added CPDEBUG code * [89/10/26 rwd] * Change TRACE to –x;˝ else. * [89/10/24 rwd] * Rewrote to work for limited number of kernel threads. This is * basically a merge of coroutine and thread. Added * cthread˙receivce call for use by servers. * [89/10/23 rwd] * */ /* * cthread˙internals.h * * Private definitions for the C Threads implementation. * * The cproc structure is used for different implementations * of the basic schedulable units that execute cthreads. * */ #include ”options.h” #include ¡mach/port.h¿ #include ¡mach/message.h¿ #include ¡mach/thread˙switch.h¿

#if !defined(˙˙STDC˙˙) && !defined(volatile) # ifdef ˙˙GNUC˙˙ # define volatile ˙˙volatile˙˙ # else # define volatile /* you lose */ # endif #endif /* * Low-level thread implementation.

* This structure must agree with struct ur˙cthread in cthreads.h */ typedef struct cproc –

struct cproc *next; /* for lock, condition, and ready queues */ cthread˙t incarnation; /* for cthread˙self() */

struct cproc *list; /* for master cproc list */ #ifdef WAIT˙DEBUG

volatile char *waiting˙for; /* address of mutex/cond waiting for */ #endif /* WAIT˙DEBUG */

#if 0

/* This is not needed in GNU; libc handles it. */ mach˙port˙t reply˙port; /* for mig˙get˙reply˙port() */ #endif

int context;

spin˙lock˙t lock;

volatile int state; /* current state */ #define CPROC˙RUNNING 0 #define CPROC˙SWITCHING 1 #define CPROC˙BLOCKED 2 #define CPROC˙CONDWAIT 4

mach˙port˙t wired; /* is cthread wired to kernel thread */ int busy; /* used with cthread˙msg calls */

mach˙msg˙header˙t msg;

unsigned int stack˙base; unsigned int stack˙size;

/*****Kinalis***********//* for use by the scheduler */ struct cproc *sched˙next; /* For entering scheduling queue */ thread˙t mach˙thread; /* mach thread this cproc is attached to */ struct cproc *group˙next; /* pointer to next cproc in group */ /***********************/ ˝ *cproc˙t;

#define NO˙CPROC ((cproc˙t) 0) #define cproc˙self() ((cproc˙t) ur˙cthread˙self())

int cproc˙block();

#if 0 /* This declaration conflicts with ¡stdlib.h¿ in GNU. */ /* * C Threads imports: */ extern char *malloc(); #endif /* * Mach imports: */ extern void mach˙error(); /* * Macro for MACH kernel calls. */ #ifdef CHECK˙STATUS #define MACH˙CALL(expr, ret) “ if (((ret) = (expr)) != KERN˙SUCCESS) – “ quit(1, ”error in %s at %d: %s“n”, ˙˙FILE˙˙, ˙˙LINE˙˙, “

mach˙error˙string(ret)); “ ˝ else #else /* CHECK˙STATUS */ #define MACH˙CALL(expr, ret) (ret) = (expr) #endif /* CHECK˙STATUS */

#define private static #ifndef ASSERT #define ASSERT(x) #endif #define TRACE(x) /* * What we do to yield the processor:

* (This depresses the thread’s priority for up to 10ms.) */ #define yield() “ (void) thread˙switch(MACH˙PORT˙NULL, SWITCH˙OPTION˙DEPRESS, 10) /*************************/ #define schedyield(n,t) “ (void) thread˙switch((n), SWITCH˙OPTION˙WAIT, (t))

B.4 libthreads/cthreads.c /* * Mach Operating System * Copyright (c) 1991,1990,1989 Carnegie Mellon University * All Rights Reserved. * * Permission to use, copy, modify and distribute this software and its * documentation is hereby granted, provided that both the copyright * notice and this permission notice appear in all copies of the * software, derivative works or modified versions, and any portions * thereof, and that both notices appear in supporting documentation. * * CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS ”AS IS” * CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR * ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE. *

* Carnegie Mellon requests users of this software to return to * * Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU * School of Computer Science * Carnegie Mellon University * Pittsburgh PA 15213-3890 * * any improvements or extensions that they make and grant Carnegie Mellon * the rights to redistribute these changes. */ /* * * Kinalis Athanasios 18/3/2001 * * * HISTORY * $Log: cthreads.c,v $ * Revision 1.9 1998/11/22 18:18:10 roland * 1998-11-12 Mark Kettenis ¡kettenis@phys.uva.nl¿ * * * cthreads.c (cthread˙init): Move cthread˙alloc call before * cproc˙init call, since cthread˙alloc uses malloc, and malloc won’t * work between initializing the new stack and switching over to it. * * Revision 1.8 1998/06/10 19:38:01 tb * Tue Jun 9 13:50:09 1998 Thomas Bushnell, n/BSG ¡tb@mit.edu¿ * * * cthreads.c (cthread˙fork˙prepare): Don’t call * malloc˙fork˙prepare since we are no longer providing our own * malloc in this library.

* (cthread˙fork˙parent): Likewise, for malloc˙fork˙parent. * (cthread˙fork˙child): Likewize, for malloc˙fork˙child. * * Revision 1.7 1997/08/20 19:41:20 thomas * Wed Aug 20 15:39:44 1997 Thomas Bushnell, n/BSG ¡thomas@gnu.ai.mit.edu¿ * * * cthreads.c (cthread˙body): Wire self before calling user work * function. This way all cthreads will be wired, which the ports * library (and hurd˙thread˙cancel, etc.) depend on. * * Revision 1.6 1997/06/10 01:22:19 thomas * Mon Jun 9 21:18:46 1997 Thomas Bushnell, n/BSG ¡thomas@gnu.ai.mit.edu¿ * * * cthreads.c (cthread˙fork): Delete debugging oddity that crept * into source. * * Revision 1.5 1997/04/04 01:30:35 thomas * *** empty log message *** * * Revision 1.4 1994/05/05 18:13:57 roland * entered into RCS * * Revision 2.11 92/07/20 13:33:37 cmaeda * In cthread˙init, do machine dependent initialization if it’s defined. * [92/05/11 14:41:08 cmaeda] * * Revision 2.10 91/08/28 11:19:26 jsb * Fixed mig˙init initialization in cthread˙fork˙child. * [91/08/23 rpd] * * Revision 2.9 91/07/31 18:34:23 dbg * Fix bad self-pointer reference. * * Don’t declare ˙setjmp and ˙longjmp; they are included by * cthreads.h.

* [91/07/30 17:33:50 dbg] * * Revision 2.8 91/05/14 17:56:31 mrt * Correcting copyright * * Revision 2.7 91/02/14 14:19:47 mrt * Added new Mach copyright * [91/02/13 12:41:07 mrt]

* * Revision 2.6 90/11/05 14:37:03 rpd * Added cthread˙fork˙–prepare,parent,child˝. * [90/11/02 rwd] * * Add spin˙lock˙t.

* [90/10/31 rwd] * * Revision 2.5 90/08/07 14:30:58 rpd * Removed RCS keyword nonsense. * * Revision 2.4 90/06/02 15:13:49 rpd * Converted to new IPC. * [90/03/20 20:56:44 rpd] * * Revision 2.3 90/01/19 14:37:12 rwd * Make cthread˙init return pointer to new stack. * [89/12/18 19:17:45 rwd] * * Revision 2.2 89/12/08 19:53:37 rwd * Change cproc and cthread counters to globals with better names. * [89/11/02 rwd] * * Revision 2.1 89/08/03 17:09:34 rwd * Created. * * * 31-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University * Changed cthread˙exit() logic for the case of the main thread, * to fix thread and stack memory leak found by Camelot group. * * 21-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Added consistency check in beginning of cthread˙body(). * * 11-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Removed cthread˙port() and cthread˙set˙port(). * Removed port deallocation from cthread˙free().

* Minor changes to cthread˙body(), cthread˙exit(), and cthread˙done(). * * 10-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University * Changed call to mig˙init() in cthread˙init() to pass 1 as argument. * * 31-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University * Added call to mig˙init() from cthread˙init(). */ /* * File: cthreads.c * Author: Eric Cooper, Carnegie Mellon University * Date: July, 1987 * * Implementation of fork, join, exit, etc. */ #include ”cthreads.h” #include ”cthread˙internals.h” #define ECHO˙ON 1 /* Define this to output to terminal */ #include ”echoer.h” /* * C Threads imports: */ extern cproc˙t cproc˙create(cthread˙t, int); extern vm˙offset˙t cproc˙init(); extern void mig˙init();

/***********Scheduler related code**************/ static int sched˙counter = 0;

static sched˙func schedfunc = NULL; /* Holds the function that the scheduling algorithm */ static any˙t schedparams = NULL; /* Holds the parameter to be passed to the above function */ struct mutex scheduler˙lock = MUTEX˙INITIALIZER; /* A lock to access above data */ int ready˙threads = 0; /* Used to count threads in ready queue */

/********Scheduling algorithms************/ /*Implemented in cprocs.c*/ extern any˙t round˙robin(any˙t); extern any˙t first˙come(any˙t); extern any˙t shortest˙job(any˙t);

extern struct cthread˙queue sched˙cprocs˙ready; extern struct mutex sched˙queue˙lock; extern struct cthread˙queue cprocs˙done; extern struct mutex done˙queue˙lock;

extern cproc˙t running˙cproc; extern cproc˙t sched˙cproc; int schedon = FALSE; int user˙init = FALSE;

/***********End of scheduler related code**************/ /* * Mach imports: */ /* * C library imports: */ /* * Thread status bits. */ #define T˙MAIN 0x1 #define T˙RETURNED 0x2 #define T˙DETACHED 0x4

#ifdef DEBUG int cthread˙debug = FALSE;

#endif /* DEBUG */

private struct cthread˙queue cthreads = QUEUE˙INITIALIZER; private struct mutex cthread˙lock = MUTEX˙INITIALIZER; private struct condition cthread˙needed = CONDITION˙INITIALIZER; private struct condition cthread˙idle = CONDITION˙INITIALIZER; int cthread˙cprocs = 0; int cthread˙cthreads = 0; int cthread˙max˙cprocs = 0;

private cthread˙t free˙cthreads = NO˙CTHREAD; /* free list */ private spin˙lock˙t free˙lock = SPIN˙LOCK˙INITIALIZER; /* unlocked */

private struct cthread initial˙cthread = – 0 ˝;

private cthread˙t cthread˙alloc(func, arg) cthread˙fn˙t func; any˙t arg; – register cthread˙t t = NO˙CTHREAD;

if (free˙cthreads != NO˙CTHREAD) – /* * Don’t try for the lock unless * the list is likely to be nonempty. * We can’t be sure, though, until we lock it. */ spin˙lock(&free˙lock); t = free˙cthreads; if (t != NO˙CTHREAD) free˙cthreads = t-¿next;

spin˙unlock(&free˙lock); ˝ if (t == NO˙CTHREAD) – /* * The free list was empty.

* We may have only found this out after

* locking it, which is why this isn’t an * ”else” branch of the previous statement. */ t = (cthread˙t) malloc(sizeof(struct cthread)); ˝ *t = initial˙cthread; t-¿func = func; t-¿arg = arg; return t; ˝ private void cthread˙free(t) register cthread˙t t; – spin˙lock(&free˙lock); t-¿next = free˙cthreads; free˙cthreads = t; spin˙unlock(&free˙lock); ˝ int cthread˙init() – static int cthreads˙started = FALSE; register cproc˙t p; register cthread˙t t; vm˙offset˙t stack;

if (cthreads˙started) –

user˙init = TRUE; return 0; ˝ t = cthread˙alloc((cthread˙fn˙t) 0, (any˙t) 0); stack = cproc˙init(); cthread˙cprocs = 1;

#ifdef cthread˙md˙init

cthread˙md˙init(); #endif

cthread˙cthreads = 1; t-¿state —= T˙MAIN;

cthread˙set˙name(t, ”main”);

/* cproc˙self() doesn’t work yet, because we haven’t yet switched to the new stack. */

p = *(cproc˙t *) & ur˙cthread˙ptr(stack); p-¿incarnation = t;

/* The original CMU code passes P to mig˙init. In GNU, mig˙init does not know about cproc˙t; instead it expects to be passed the stack pointer of the initial thread. */ mig˙init((void *) stack); /* enable multi-threaded mig interfaces */ cthreads˙started = TRUE; return stack; ˝ /* * Used for automatic initialization by crt0.

* Cast needed since too many C compilers choke on the type void (*)(). */ int (*˙cthread˙init˙routine) () = (int (*)()) cthread˙init; /* * Procedure invoked at the base of each cthread. */ extern cproc˙block();

void cthread˙body(self) cproc˙t self; – register cthread˙t t;

static once = 0; cproc˙t tmp, i;

ASSERT(cproc˙self() == self);

TRACE(printf(”[idle] cthread˙body(%x)“n”, self)); t = self-¿incarnation;

if (˙setjmp(t-¿catch) == 0) /* catch for cthread˙exit() */ t-¿result = (*(t-¿func)) (t-¿arg); /* * Return result from thread. */ mutex˙lock(&t-¿lock); t-¿state —= T˙RETURNED;

mutex˙lock(&sched˙queue˙lock);

TRACE(printf(”[%s] done()“n”, cthread˙name(t))); /* Remove current cproc from sched˙cprocs˙ready queue */ if (t-¿state & T˙DETACHED) –

mutex˙unlock(&t-¿lock); cthread˙free(t);

˝ else –

mutex˙unlock(&t-¿lock); condition˙signal(&t-¿done); ˝ mutex˙unlock(&sched˙queue˙lock);

/* Signal that we’re idle in case the main thread * is waiting to exit */ cthread˙cthreads -= 1;

condition˙signal(&cthread˙idle);

spin˙lock(&self-¿lock); /* Lock before calling cproc˙block() */ cproc˙block(); ˝ cthread˙t cthread˙fork(func, arg) cthread˙fn˙t func; any˙t arg; – register cthread˙t t; cproc˙t cproc; kern˙return˙t r;

mutex˙lock(&cthread˙lock);

if (!schedon) – /* First start the scheduler */ t = cthread˙alloc(sched, NULL); ++cthread˙cthreads; cthread˙cprocs += 1;

cproc = cproc˙create(t, 1); schedon = TRUE; ˝ TRACE(printf(”[%s] fork()“n”, cthread˙name(cthread˙self()))); t = cthread˙alloc(func, arg); ++cthread˙cthreads; cthread˙cprocs += 1;

cproc = cproc˙create(t, 1); mutex˙unlock(&cthread˙lock); return t; ˝ cthread˙t cthread˙spawn(func, arg) cthread˙fn˙t func; any˙t arg; – register cthread˙t t; cproc˙t cproc; kern˙return˙t r;

mutex˙lock(&cthread˙lock);

if (!schedon) – /* First start the scheduler */ t = cthread˙alloc(sched, NULL);

++cthread˙cthreads; cthread˙cprocs += 1;

cproc = cproc˙create(t, 0); schedon = TRUE; ˝ TRACE(printf(”[%s] fork()“n”, cthread˙name(cthread˙self()))); t = cthread˙alloc(func, arg); ++cthread˙cthreads; cthread˙cprocs += 1;

cproc = cproc˙create(t, 0); mutex˙unlock(&cthread˙lock); return t; ˝ void cthread˙detach(t) cthread˙t t; – TRACE(printf

(”[%s] detach(%s)“n”, cthread˙name(cthread˙self()), cthread˙name(t)));

mutex˙lock(&t-¿lock);

if (t-¿state & T˙RETURNED) –

mutex˙unlock(&t-¿lock); cthread˙free(t);

˝ else –

t-¿state —= T˙DETACHED; mutex˙unlock(&t-¿lock); ˝ ˝ any˙t cthread˙join(t) cthread˙t t; – any˙t result;

TRACE(printf

(”[%s] join(%s)“n”, cthread˙name(cthread˙self()), cthread˙name(t)));

mutex˙lock(&t-¿lock);

ASSERT(!(t-¿state & T˙DETACHED)); while (!(t-¿state & T˙RETURNED))

condition˙wait(&t-¿done, &t-¿lock); result = t-¿result; mutex˙unlock(&t-¿lock); cthread˙free(t); return result; ˝ void cthread˙exit(result) any˙t result; – register cthread˙t t = cthread˙self();

TRACE(printf(”[%s] exit()“n”, cthread˙name(t))); t-¿result = result; if (t-¿state & T˙MAIN) –

mutex˙lock(&cthread˙lock); while (cthread˙cthreads ¿ 1) condition˙wait(&cthread˙idle, &cthread˙lock);

mutex˙unlock(&cthread˙lock); exit((int) result);

˝ else –

˙longjmp(t-¿catch, TRUE); ˝ ˝ /* * Used for automatic finalization by crt0. Cast needed since too many C * compilers choke on the type void (*)().

*/ int (*˙cthread˙exit˙routine) () = (int (*)()) cthread˙exit;

void cthread˙set˙name(t, name) cthread˙t t; char *name; – t-¿name = name; ˝ char *cthread˙name(t) cthread˙t t; – return (t == NO˙CTHREAD

? ”idle” : (t-¿name == 0 ? ”?” : t-¿name)); ˝ int cthread˙limit() – return cthread˙max˙cprocs; ˝ void cthread˙set˙limit(n) int n; – cthread˙max˙cprocs = n; ˝ int cthread˙count() – return cthread˙cthreads; ˝ cthread˙fork˙prepare() – spin˙lock(&free˙lock); mutex˙lock(&cthread˙lock); cproc˙fork˙prepare(); ˝ cthread˙fork˙parent() – cproc˙fork˙parent();

mutex˙unlock(&cthread˙lock); spin˙unlock(&free˙lock); ˝ cthread˙fork˙child() – cthread˙t t; cproc˙t p;

cproc˙fork˙child();

mutex˙unlock(&cthread˙lock); spin˙unlock(&free˙lock);

condition˙init(&cthread˙needed); condition˙init(&cthread˙idle);

cthread˙max˙cprocs = 0;

stack˙fork˙child();

while (TRUE) – /* Free cthread runnable list */ cthread˙queue˙deq(&cthreads, cthread˙t, t); if (t == NO˙CTHREAD)

break;

free((char *) t); ˝ while (free˙cthreads != NO˙CTHREAD) – /* Free cthread free list */ t = free˙cthreads;

free˙cthreads = free˙cthreads-¿next; free((char *) t); ˝ cthread˙cprocs = 1; t = cthread˙self(); cthread˙cthreads = 1; t-¿state —= T˙MAIN;

cthread˙set˙name(t, ”main”);

p = cproc˙self(); p-¿incarnation = t;

/* XXX needs hacking for GNU */ mig˙init(p); /* enable multi-threaded mig interfaces */ ˝ /***********Scheduler related code**************************/

/*Scheduler thread.

*Just calls the scheduling algorithm.

*Maybe we should call the algorithm function from cthread˙body directly or *use this instead of cthread˙body. */ any˙t sched(any˙t t) – register cproc˙t p = cproc˙self(); register cproc˙t i; register kern˙return˙t r;

while (1) –

mutex˙lock(&scheduler˙lock); /* Not very successful lock if we want to change scheduler dynamically? */ if (schedfunc != NULL) –

schedfunc(t ? t : schedparams); mutex˙unlock(&scheduler˙lock);

˝ else –

mutex˙unlock(&scheduler˙lock); schedyield(MACH˙PORT˙NULL, 50); ˝ ˝ ˝ /*Sets the scheduling algorithm to be called. It can a user defined one but *probably that won’t be used. Better call this from the main thread*/

int set˙sched(any˙t f, any˙t param) – mutex˙lock(&scheduler˙lock); switch ((int) f) – case SMAS˙SCHED˙ROUNDROBIN:

schedfunc = round˙robin; break;

case SMAS˙SCHED˙FIRSTCOME:

schedfunc = first˙come; break;

#if 0

case SMAS˙SCHED˙SHORTESTJOB:

schedfunc = shortest˙job; break;

#endif

default:

schedfunc = (sched˙func) f; break; ˝ schedparams = param;

mutex˙unlock(&scheduler˙lock); return FALSE; ˝ int retcounter() – return sched˙counter; ˝ B.5 libthreads/cthreads.h /* * Mach Operating System * Copyright (c) 1991,1990,1989 Carnegie Mellon University * All Rights Reserved. * * Permission to use, copy, modify and distribute this software and its * documentation is hereby granted, provided that both the copyright * notice and this permission notice appear in all copies of the * software, derivative works or modified versions, and any portions * thereof, and that both notices appear in supporting documentation. * * CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS ”AS IS” * CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR * ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE. * * Carnegie Mellon requests users of this software to return to * * Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU * School of Computer Science * Carnegie Mellon University * Pittsburgh PA 15213-3890 * * any improvements or extensions that they make and grant Carnegie Mellon * the rights to redistribute these changes. */ /* * HISTORY * $Log: cthreads.h,v $ * Revision 1.15 1999/06/13 18:54:42 roland * 1999-06-13 Roland McGrath ¡roland@baalperazim.frob.com¿ * * * cthreads.h (MACRO˙BEGIN, MACRO˙END): #undef before unconditionally * redefining. Use GCC extension for statement expression with value 0. * * Revision 1.14 1999/05/30 01:39:48 roland * 1999-05-29 Roland McGrath ¡roland@baalperazim.frob.com¿ * * * cthreads.h (mutex˙clear): Change again, to call mutex˙init. * * Revision 1.13 1999/05/29 18:59:10 roland * 1999-05-29 Roland McGrath ¡roland@baalperazim.frob.com¿ * * * cthreads.h (mutex˙clear): Change from syntax error to no-op (with * warning avoidance). * * Revision 1.12 1996/05/04 10:06:31 roland * [lint] (NEVER): Spurious global variable removed. * [!lint] (NEVER): Useless macro removed. * * Revision 1.11 1996/01/24 18:37:59 roland * Use prototypes for functions of zero args. * * Revision 1.10 1995/09/13 19:50:07 mib * (CONDITION˙INITIALIZER): Provide initial zero for IMPLICATIONS member. * (condition˙init): Bother initializing NAME and IMPLICATIONS members. * * Revision 1.9 1995/08/30 15:51:41 mib * (condition˙implies, condition˙unimplies): New functions. * (struct condition): New member ‘implications’. * (cond˙imp): New structure. * (cond˙signal): Return int now.

* (condition˙broadcast): Always call cond˙broadcast if this condition * has implications.

* (condition˙signal): Always call cond˙signal if this condition has * implications.

* * Revision 1.8 1995/08/30 15:10:23 mib * (hurd˙condition˙wait): Provide declaration. * * Revision 1.7 1995/07/18 17:15:51 mib * Reverse previous change. * * Revision 1.5 1995/04/04 21:06:16 roland * (mutex˙lock, mutex˙unlock): Use ˙˙ names for *˙solid. * * Revision 1.4 1994/05/05 10:52:06 roland * entered into RCS * * Revision 2.12 92/05/22 18:38:36 jfriedl * From Mike Kupfer ¡kupfer@sprite.Berkeley.EDU¿: * Add declaration for cthread˙wire().

* Merge in Jonathan Chew’s changes for thread-local data. * Use MACRO˙BEGIN and MACRO˙END. * * Revision 1.8 91/03/25 14:14:49 jjc * For compatibility with cthread˙data: * 1) Added private˙data field to cthread structure * for use by POSIX thread specific data routines. * 2) Conditionalized old data field used by cthread˙data * under CTHREAD˙DATA for binary compatibility. * 3) Changed macros, cthread˙set˙data and cthread˙data, * into routines which use the POSIX routines for * source compatibility.

* Also, conditionalized under CTHREAD˙DATA. * [91/03/18 jjc] * Added support for multiplexing the thread specific global * variable, cthread˙data, using the POSIX threads interface * for thread private data. * [91/03/14 jjc] * * Revision 2.11 91/08/03 18:20:15 jsb * Removed the infamous line 122. * [91/08/01 22:40:24 jsb] * * Revision 2.10 91/07/31 18:35:42 dbg * Fix the standard-C conditional: it’s ˙˙STDC˙˙. * * Allow for macro-redefinition of cthread˙sp, spin˙try˙lock, * spin˙unlock (from machine/cthreads.h). * [91/07/30 17:34:28 dbg] * * Revision 2.9 91/05/14 17:56:42 mrt * Correcting copyright * * Revision 2.8 91/02/14 14:19:52 mrt * Added new Mach copyright * [91/02/13 12:41:15 mrt] * * Revision 2.7 90/11/05 14:37:12 rpd * Include machine/cthreads.h. Added spin˙lock˙t. * [90/10/31 rwd] * * Revision 2.6 90/10/12 13:07:24 rpd * Channge to allow for positive stack growth. * [90/10/10 rwd] * * Revision 2.5 90/09/09 14:34:56 rpd * Remove mutex˙special and debug˙mutex. * [90/08/24 rwd] * * Revision 2.4 90/08/07 14:31:14 rpd * Removed RCS keyword nonsense. * * Revision 2.3 90/01/19 14:37:18 rwd * Add back pointer to cthread structure. * [90/01/03 rwd]

* Change definition of cthread˙init and change ur˙cthread˙self macro * to reflect movement of self pointer on stack. * [89/12/18 19:18:34 rwd] * * Revision 2.2 89/12/08 19:53:49 rwd * Change spin˙try˙lock to int. * [89/11/30 rwd] * Changed mutex macros to deal with special mutexs * [89/11/26 rwd] * Make mutex˙–set,clear˝˙special routines instead of macros. * [89/11/25 rwd] * Added mutex˙special to specify a need to context switch on this * mutex.

* [89/11/21 rwd] * * Made mutex˙lock a macro trying to grab the spin˙lock first. * [89/11/13 rwd] * Removed conditionals. Mutexes are more like conditions now. * Changed for limited kernel thread version. * [89/10/23 rwd] * * Revision 2.1 89/08/03 17:09:40 rwd * Created. * * * 28-Oct-88 Eric Cooper (ecc) at Carnegie Mellon University * Implemented spin˙lock() as test and test-and-set logic * (using mutex˙try˙lock()) in sync.c. Changed ((char *) 0) * to 0, at Mike Jones’s suggestion, and turned on ANSI-style * declarations in either C++ or ˙STDC˙. * * 29-Sep-88 Eric Cooper (ecc) at Carnegie Mellon University * Changed NULL to ((char *) 0) to avoid dependency on ¡stdio.h¿, * at Alessandro Forin’s suggestion. * * 08-Sep-88 Alessandro Forin (af) at Carnegie Mellon University * Changed queue˙t to cthread˙queue˙t and string˙t to char * * to avoid conflicts. * * 01-Apr-88 Eric Cooper (ecc) at Carnegie Mellon University * Changed compound statement macros to use the * do – ... ˝ while (0) trick, so that they work * in all statement contexts. * * 19-Feb-88 Eric Cooper (ecc) at Carnegie Mellon University * Made spin˙unlock() and mutex˙unlock() into procedure calls * rather than macros, so that even smart compilers can’t reorder * the clearing of the lock. Suggested by Jeff Eppinger. * Removed the now empty ¡machine¿/cthreads.h. * * 01-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University * Changed cthread˙self() to mask the current SP to find * the self pointer stored at the base of the stack. * * 22-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University * Fixed bugs in mutex˙set˙name and condition˙set˙name * due to bad choice of macro formal parameter name. * * 21-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University * Moved #include ¡machine/cthreads.h¿ to avoid referring * to types before they are declared (required by C++). * * 9-Jul-87 Michael Jones (mbj) at Carnegie Mellon University * Added conditional type declarations for C++.

* Added ˙cthread˙init˙routine and ˙cthread˙exit˙routine variables * for automatic initialization and finalization by crt0. */ /* * File: cthreads.h * Author: Eric Cooper, Carnegie Mellon University * Date: Jul, 1987

* * Definitions for the C Threads package. * */ #ifndef ˙CTHREADS˙ #define ˙CTHREADS˙ 1

/* MIB XXX */ #define CTHREAD˙DATA

#if 0 /* This is CMU’s machine-dependent file. In GNU all of the machine dependencies are dealt with in libc. */ #include ¡machine/cthreads.h¿ #else #include ¡machine-sp.h¿ /*#define cthread˙sp() ((int) ˙˙thread˙stack˙pointer ()) ***** * Kinalus: This causes cthread˙sel() to fail compilation*/ #endif

#if c˙plusplus —— ˙˙STDC˙˙

#ifndef C˙ARG˙DECLS #define C˙ARG˙DECLS(arglist) arglist #endif /* not C˙ARG˙DECLS */

typedef void *any˙t;

#else /* not (c˙plusplus —— ˙˙STDC˙˙) */

#ifndef C˙ARG˙DECLS #define C˙ARG˙DECLS(arglist) () #endif /* not C˙ARG˙DECLS */

typedef char *any˙t;

#endif /* not (c˙plusplus —— ˙˙STDC˙˙) */

#include ¡mach/mach.h¿ #include ¡mach/machine/vm˙param.h¿

#ifndef TRUE #define TRUE 1 #define FALSE 0 #endif /* TRUE */

#undef MACRO˙BEGIN #undef MACRO˙END #define MACRO˙BEGIN ˙˙extension˙˙ (– #define MACRO˙END 0; ˝) /* * C Threads package initialization. */ extern int cthread˙init C˙ARG˙DECLS((void)); #if 0 /* This prototype is broken for GNU. */ extern any˙t calloc C˙ARG˙DECLS((unsigned n, unsigned size)); #else #include ¡stdlib.h¿ #endif /* * Queues. */ typedef struct cthread˙queue –

struct cthread˙queue˙item *head; struct cthread˙queue˙item *tail;

˝ *cthread˙queue˙t;

typedef struct cthread˙queue˙item –

struct cthread˙queue˙item *next; ˝ *cthread˙queue˙item˙t;

#define NO˙QUEUE˙ITEM ((cthread˙queue˙item˙t) 0)

#define QUEUE˙INITIALIZER – NO˙QUEUE˙ITEM, NO˙QUEUE˙ITEM˝

#define cthread˙queue˙alloc() ((cthread˙queue˙t) calloc(1, sizeof(struct cthread˙queue))) #define cthread˙queue˙init(q) ((q)-¿head = (q)-¿tail = 0) #define cthread˙queue˙free(q) free((any˙t) (q))

#define cthread˙queue˙enq(q, x) “ MACRO˙BEGIN “ (x)-¿next = 0; “ if ((q)-¿tail == 0) “ (q)-¿head = (cthread˙queue˙item˙t) (x); “ else “ (q)-¿tail-¿next = (cthread˙queue˙item˙t) (x); “ (q)-¿tail = (cthread˙queue˙item˙t) (x); “ MACRO˙END

#define cthread˙queue˙preq(q, x) “ MACRO˙BEGIN “ if ((q)-¿tail == 0) “ (q)-¿tail = (cthread˙queue˙item˙t) (x); “ ((cthread˙queue˙item˙t) (x))-¿next = (q)-¿head; “ (q)-¿head = (cthread˙queue˙item˙t) (x); “ MACRO˙END

#define cthread˙queue˙head(q, t) ((t) ((q)-¿head))

#define cthread˙queue˙deq(q, t, x) “ MACRO˙BEGIN “ if (((x) = (t) ((q)-¿head)) != 0 && “

((q)-¿head = (cthread˙queue˙item˙t) ((x)-¿next)) == 0) “ (q)-¿tail = 0; “ MACRO˙END

#define cthread˙queue˙map(q, t, f) “ MACRO˙BEGIN “ register cthread˙queue˙item˙t x, next; “ for (x = (cthread˙queue˙item˙t) ((q)-¿head); x != 0; x = next) – “ next = x-¿next; “ (*(f))((t) x); “ ˝ “ MACRO˙END #if 1

/* In GNU, spin locks are implemented in libc.

Just include its header file. */ #include ¡spin-lock.h¿

#else /* Unused CMU code. */ /* * Spin locks. */ extern void spin˙lock˙solid C˙ARG˙DECLS((spin˙lock˙t * p)); #ifndef spin˙unlock extern void spin˙unlock C˙ARG˙DECLS((spin˙lock˙t * p)); #endif #ifndef spin˙try˙lock extern int spin˙try˙lock C˙ARG˙DECLS((spin˙lock˙t * p)); #endif

#define spin˙lock(p) (–if (!spin˙try˙lock(p)) spin˙lock˙solid(p);˝)

#endif /* End unused CMU code. */ /* * Mutex objects.

*/ typedef struct mutex –

/* The ‘held’ member must be first in GNU. The GNU C library relies on being able to cast a ‘struct mutex *’ to a ‘spin˙lock˙t *’ (which is kosher if it is the first member) and spin˙try˙lock that address to see if it gets the mutex. */ spin˙lock˙t held; spin˙lock˙t lock; char *name;

struct cthread˙queue queue; ˝ *mutex˙t;

/* Rearranged accordingly for GNU: */ #define MUTEX˙INITIALIZER – SPIN˙LOCK˙INITIALIZER, SPIN˙LOCK˙INITIALIZER, 0, QUEUE˙INITIALIZER˝

#define mutex˙alloc() ((mutex˙t) calloc(1, sizeof(struct mutex))) #define mutex˙init(m) “ MACRO˙BEGIN “ spin˙lock˙init(&(m)-¿lock); “ cthread˙queue˙init(&(m)-¿queue); “ spin˙lock˙init(&(m)-¿held); “ MACRO˙END #define mutex˙set˙name(m, x) ((m)-¿name = (x)) #define mutex˙name(m) ((m)-¿name != 0 ? (m)-¿name : ”?”) #define mutex˙clear(m) mutex˙init(m) #define mutex˙free(m) free((any˙t) (m))

extern void ˙˙mutex˙lock˙solid(void *mutex); /* blocking -- roland@gnu */ extern void ˙˙mutex˙unlock˙solid(void *mutex); /* roland@gnu */

#define mutex˙try˙lock(m) spin˙try˙lock(&(m)-¿held) #define mutex˙lock(m) “ MACRO˙BEGIN “ if (!spin˙try˙lock(&(m)-¿held)) – “ ˙˙mutex˙lock˙solid(m); “ ˝ “ MACRO˙END #define mutex˙unlock(m) “ MACRO˙BEGIN “ if (spin˙unlock(&(m)-¿held), “

cthread˙queue˙head(&(m)-¿queue, int) != 0) – “ ˙˙mutex˙unlock˙solid(m); “ ˝ “ MACRO˙END /* * Condition variables. */ typedef struct condition –

spin˙lock˙t lock;

struct cthread˙queue queue; char *name;

struct cond˙imp *implications; ˝ *condition˙t;

struct cond˙imp –

struct condition *implicatand; struct cond˙imp *next; ˝; #define CONDITION˙INITIALIZER – SPIN˙LOCK˙INITIALIZER, “ QUEUE˙INITIALIZER, 0, 0˝

#define condition˙alloc() ((condition˙t) calloc(1, “ sizeof(struct condition))) #define condition˙init(c) “ MACRO˙BEGIN “ spin˙lock˙init(&(c)-¿lock); “ cthread˙queue˙init(&(c)-¿queue); “ (c)-¿name = 0; “

(c)-¿implications = 0; “ MACRO˙END #define condition˙set˙name(c, x) ((c)-¿name = (x)) #define condition˙name(c) ((c)-¿name != 0 ? (c)-¿name : ”?”) #define condition˙clear(c) “ MACRO˙BEGIN “ condition˙broadcast(c); “ spin˙lock(&(c)-¿lock); “ MACRO˙END #define condition˙free(c) “ MACRO˙BEGIN “ condition˙clear(c); “ free((any˙t) (c)); “ MACRO˙END

#define condition˙signal(c) “ MACRO˙BEGIN “ if ((c)-¿queue.head —— (c)-¿implications) – “ cond˙signal(c); “ ˝ “ MACRO˙END

#define condition˙broadcast(c) “ MACRO˙BEGIN “ if ((c)-¿queue.head —— (c)-¿implications) – “ cond˙broadcast(c); “ ˝ “ MACRO˙END

extern int cond˙signal C˙ARG˙DECLS((condition˙t c));

extern void cond˙broadcast C˙ARG˙DECLS((condition˙t c));

extern void condition˙wait C˙ARG˙DECLS((condition˙t c, mutex˙t m));

extern int hurd˙condition˙wait C˙ARG˙DECLS((condition˙t c, mutex˙t m));

extern void

condition˙implies C˙ARG˙DECLS((condition˙t implicator, condition˙t implicatand));

extern void condition˙unimplies C˙ARG˙DECLS((condition˙t implicator, condition˙t implicatand)); /* * Threads. */ typedef any˙t(*cthread˙fn˙t) C˙ARG˙DECLS((any˙t arg));

#include ¡setjmp.h¿

typedef struct cthread –

struct cthread *next; struct mutex lock; struct condition done; int state;

jmp˙buf catch; cthread˙fn˙t func; any˙t arg; any˙t result; char *name;

#ifdef CTHREAD˙DATA

any˙t data;

#endif /* CTHREAD˙DATA */

any˙t private˙data; struct ur˙cthread *ur;

#if 0

/******Kinalis: data could be stored here for use by * scheduling algorithms currently unused**/ any˙t sched˙data;

/******************/ #endif ˝ *cthread˙t;

#define NO˙CTHREAD ((cthread˙t) 0)

extern cthread˙t

cthread˙fork C˙ARG˙DECLS((cthread˙fn˙t func, any˙t arg));

extern cthread˙t

cthread˙spawn C˙ARG˙DECLS((cthread˙fn˙t func, any˙t arg));

extern void cthread˙detach C˙ARG˙DECLS((cthread˙t t));

extern any˙t cthread˙join C˙ARG˙DECLS((cthread˙t t));

extern void cthread˙yield C˙ARG˙DECLS((void));

extern void cthread˙exit C˙ARG˙DECLS((any˙t result)); /* * This structure must agree with struct cproc in cthread˙internals.h */ typedef struct ur˙cthread –

struct ur˙cthread *next; cthread˙t incarnation;

˝ *ur˙cthread˙t;

#ifndef cthread˙sp extern int cthread˙sp C˙ARG˙DECLS((void)); #endif

extern int cthread˙stack˙mask;

#ifdef STACK˙GROWTH˙UP #define ur˙cthread˙ptr(sp) “ (* (ur˙cthread˙t *) ((sp) & cthread˙stack˙mask)) #else /* STACK˙GROWTH˙UP */ #define ur˙cthread˙ptr(sp) “ (* (ur˙cthread˙t *) ( ((sp) — cthread˙stack˙mask) + 1 “

- sizeof(ur˙cthread˙t *)) ) #endif /* STACK˙GROWTH˙UP */

#define ur˙cthread˙self() (ur˙cthread˙ptr(cthread˙sp()))

#define cthread˙assoc(id, t) ((((ur˙cthread˙t) (id))-¿incarnation = (t)), “ ((t) ? ((t)-¿ur = (ur˙cthread˙t)(id)) : 0)) #define cthread˙self() (ur˙cthread˙self()-¿incarnation)

extern void cthread˙set˙name C˙ARG˙DECLS((cthread˙t t, char *name));

extern char *cthread˙name C˙ARG˙DECLS((cthread˙t t));

extern int cthread˙count C˙ARG˙DECLS((void));

extern void cthread˙set˙limit C˙ARG˙DECLS((int n));

extern int cthread˙limit C˙ARG˙DECLS((void));

extern void cthread˙wire C˙ARG˙DECLS((void));

#ifdef CTHREAD˙DATA /* * Set or get thread specific ”global” variable * * The thread given must be the calling thread (ie. thread˙self). * XXX This is for compatibility with the old cthread˙data. XXX */ extern int cthread˙set˙data C˙ARG˙DECLS((cthread˙t t, any˙t x));

extern any˙t cthread˙data C˙ARG˙DECLS((cthread˙t t)); #endif /* CTHREAD˙DATA */ /* * Support for POSIX thread specific data * * Multiplexes a thread specific ”global” variable * into many thread specific ”global” variables. */ #define CTHREAD˙DATA˙VALUE˙NULL (any˙t)0 #define CTHREAD˙KEY˙INVALID (cthread˙key˙t)-1 typedef int cthread˙key˙t; /* * Create key to private data visible to all threads in task. * Different threads may use same key, but the values bound to the key are * maintained on a thread specific basis. */ extern int cthread˙keycreate C˙ARG˙DECLS((cthread˙key˙t * key)); /* * Get value currently bound to key for calling thread */ extern int cthread˙getspecific C˙ARG˙DECLS((cthread˙key˙t key, any˙t * value)); /* * Bind value to given key for calling thread */ extern int cthread˙setspecific C˙ARG˙DECLS((cthread˙key˙t key, any˙t value)); /* * Debugging support. */ #ifdef DEBUG #ifndef ASSERT /* * Assertion macro, similar to ¡assert.h¿ */ #include ¡stdio.h¿ #define ASSERT(p) “ MACRO˙BEGIN “ if (!(p)) – “ fprintf(stderr, “ ”File %s, line %d: assertion p failed.“n”, “ ˙˙FILE˙˙, ˙˙LINE˙˙); “ abort(); “ ˝ “ MACRO˙END

#endif /* ASSERT */ #define SHOULDNT˙HAPPEN 0 extern int cthread˙debug;

#else /* DEBUG */ #ifndef ASSERT #define ASSERT(p) #endif /* ASSERT */

#endif /* DEBUG */

/***********Scheduler related code**************************/ extern int ready˙queue˙counter; #define sched˙queue˙enq(q, x) “ MACRO˙BEGIN “ (x)-¿sched˙next = 0; “ if ((q)-¿tail == 0) “ (q)-¿head = (cthread˙queue˙item˙t) (x); “ else “ ((cproc˙t)(q)-¿tail)-¿sched˙next = (x); “ (q)-¿tail = (cthread˙queue˙item˙t) (x); “ ready˙queue˙counter++; “ MACRO˙END

#define sched˙queue˙head(q) ((cproc˙t)(q)-¿head)

#define sched˙queue˙deq(q, x) “ MACRO˙BEGIN “ if (((x) = (cproc˙t) ((q)-¿head)) != 0 && “ ((q)-¿head = (cthread˙queue˙item˙t) ((x)-¿sched˙next)) == 0) “ (q)-¿tail = 0; “ if ((x) != 0) “ ready˙queue˙counter--; “ MACRO˙END

#define SMAS˙SCHED˙ROUNDROBIN (any˙t)1 #define SMAS˙SCHED˙FIRSTCOME (any˙t)2 #define SMAS˙SCHED˙SHORTESTJOB (any˙t)4

typedef any˙t(*sched˙func) (any˙t); extern struct cthread˙queue ready˙queue;

extern any˙t sched(any˙t);

extern int set˙sched(any˙t, any˙t); extern int retcounter();

#endif /* ˙CTHREADS˙ */