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1 ÛÊê
ù¤ø¢ üÜî ��Ê¿Èõ

éÀû ø ÓþÂã� 1.1ø �ûÝµþ¤�Úó� ü÷�±õ ���õ¥ ¤¢ üÈûøÄ� ø ýÂÑ÷ §ø¤¢ Â� ÛÞµÈõ ý�ù¤ø¢ "��±¨�½õ ø �ûÝµþ¤�Úó�' Àª¤� ü¨��ª¤�î¤¢ üþ�û�¤�úõ ù¤ø¢ ßþ� �µ¡�õ�Ç÷�¢ .´¨� Â���³õ�î ü¨À�úõ �µª¤ ýÂÑ÷ ý�û�±�� ÂÚþ¢ ø ��±¨�½õ üðÀ�»��:¢�Þ÷ À�û��¡ °Æî Âþ¥ ý�û���õ¥ý�ûÝµÆ�¨ ,��±¨�½õ üðÀ�»�� ,�ûÝµþ¤�Úó� Ûõ�ª Â���³õ�î �µª¤ ýÂÑ÷ ü÷�±õ �� Õ�Þä üþ��ª�ý�ûÝµþ¤�Úó� ,üãì�ø Û��Æõ Û� ¤¢ ¶��±õ ßþ� ¢Â�¤�î ,ý¤�¬ ý�û©ø¤ ,ý¥��õ ��±¨�½õ ,ùÀªâþ¥��.üê¢�Ê� ø ü±þÂÖ� ý�ûÝµþ¤�Úó� ,é�Âð
üþ�¤�î 2.1:Àª�� Âþ¥ ý�ûüþ�¤�î ý�¤�¢ À÷���üõ ù¤ø¢ ßþ� �µ¡�õ�Ç÷�¢

��Ñ÷ ÛØª ø ù¤ø¢ ñ�Ï 3.1.´¨� üó�ÆÞ�÷ �¤�¬�� ö� ��Ñ÷ ÛØª ø ñ�¨ 2 Í¨�µõ ¤�Ï�� ù¤ø¢ ßþ� ñ�Ï5



ù¤ø¢ ý�ûÀ��ø ¢�Àã� 4.1.´¨�Âþ¥ �¤�Ê� À��ø 32 Â��Â� ü÷�Â±� §ø¤¢ Â� ùø�ä ù¤ø¢ ßþ� ü¨¤¢ ý�ûÀ��ø ¢�Àã�ÂµÈ�� �þ À��ø 12 1 ùøÂð §ø¤¢ÂµÞî �þ À��ø 12 2 ùøÂð §ø¤¢À��ø 2 ¤���Þ¨À��ø 6 �õ�÷ ö�þ��À��ø 24 Â��Â� 2 ø 1 ùøÂð §ø¤¢ ý�ûÀ��ø á�Þ¹õ �î ¢�ªüõ ��¿µ÷� ý��÷�ð�� 2 ùøÂð §ø¤¢ ý�ûÀ��ø ¢�Àã�.Àª��ü÷�Â±� §ø¤¢ 5.1.¢¢Âðüõ ß��ã� ýÂ¹õ ùøÂð Í¨�� �¹È÷�¢ üÜ�Ê½� �Ö��¨ �� ���� �� �¹È÷�¢ Âû ü÷�Â±� §ø¤¢©ÂþÁ� Íþ�Âª 6.1ö��Ê½µó�å¤�ê .´¨� Â���³õ�î �µª¤ Àª¤� ü¨��ª¤�î ý¢ø¤ø �îÂÞµõ ö�õ¥� ¤¢ ´�Öê�õ �� ¯��õ ù¤ø¢ ßþ� ¤¢ ©ÂþÁ�ø ,(ÝµÆ�¨ Çþ�Âð) âþ��¬ ü¨À�úõ ,ëÂ� ü¨À�úõ ,ü®�þ¤ ,Â���³õ�î ��Üä ,Â���³õ�î ü¨À�úõ ü¨��ª¤�î ý�ûù¤ø¢.À�þ�Þ÷ ´îÂª ù¤ø¢ ßþ� ý¢ø¤ø ö�õ¥� ¤¢ À�÷���üõ ×þ��êý¢ø¤ø ö�õ¥� ü÷�½µõ� ¢��õ 7.1ý�þ¤�õ�÷Â� üó�ä ý�¤�ª ü¨À�úõ ø ü�ê ùøÂð Â���³õ�î �µ�Þî Í¨�� �ó�¨ Âû ù¤ø¢ ßþ� ý¢ø¤ø ö�õ¥� ü÷�½µõ� ¢��õ:À�ª��üõ Âþ¥ ¤�Âì�� ùÀª ��ä� ¢��õ ßþÂ¡� .¢¢Âðüõ ��ä�,ü¨À�úõ ���®�þ¤ ,ý¢Àä ��±¨�½õ Ûõ�ª ���®�þ¤ -2 ,(Çþ�Âð �¨Âû ý�Â� 1 °þÂ®) üÊÊ¿� ö��¥ -1ý�û¤�Àõ Ûõ�ª ¤��ê�´¿¨ §ø¤¢ -3 ,(Çþ�Âð �¨ Âû ý�Â� 3 °þÂ®) �µÆÆð ý�ûö�Þµ¡�¨ ,���Þµ�� ø ¤�õ�3 °þÂ® ,¤��ê��Â÷ ý�Â� 2 °þÂ® ,Â���³õ�î ý¤�Þãõ ý�Â� 4 °þÂ®) Â���³õ�î ý¤�Þãõ ,üÖÎ�õ ý�û¤�Àõ ,üØþÂµØó�ø �ú÷��¥ �þÂÑ÷ ,Ûõ�ä ÝµÆ�¨ ,�ûÝµþ¤�Úó� ø �ûù¢�¢ ö�Þµ¡�¨ Ûõ�ª ¤��ê��Â÷ §ø¤¢ -4 ,(üä��Êõ ©�û ý�Â�.(üä��Êõ ©�û ý�Â� 3 °þÂ® ,¤��ê��Â÷ ý�Â� 4 °þÂ® ,Â���³õ�î ý¤�Þãõ ý�Â� 2 °þÂ®) �ú��ª�õ6



2 ÛÊê
ù¤ø¢ §ø¤¢ ø �õ�÷Â�

ø ,¤���Þ¨ À��ø ø¢ ,2 ø 1 ùøÂð §ø¤¢ ¥� ü¨¤¢ À��ø 24 Ûõ�ª ��±¨�½õ ø �ûÝµþ¤�Úó� Àª¤� ü¨��ª¤�î ù¤ø¢ �õ�÷Â�24 ÓÖ¨ �� §ø¤¢ ùÀ÷�õüì�� ø ¢�ª ��¿µ÷� Àþ�� §¤¢ ¤�ú� Ûì�À� 1 ùøÂð §ø¤¢ ¥� .´¨� �õ�÷ ö�þ�� À��ø Çª.À÷¢Âð ��¿µ÷� 2 ùøÂð §ø¤¢ ¥� À��ø1 ùøÂð §ø¤¢ 1.2�� ´±Æ÷ �ûö� Á¡�ø À�û¢ Çª�� �¤ �µª¤ ßþ� ý�Â� �¥� ñ�¬� ø ü÷�±õ �î À÷�ùÀª ��¿µ÷� ý��÷�ð�� 1 ùøÂð §ø¤¢¥� §¤¢ ¤�ú� Àþ�� ¢���õ ý�ûÉÊ¿� °Æ�Â� ýÂ¹õ ý�ûùøÂð ø �ûùÀØÈ÷�¢ .´¨� ´þ�óø� ý�¤�¢ 2 ùøÂð §ø¤¢.À÷�ùÀª üêÂãõ �Þ�Þ® ñøÀ� ¤¢ ø À�µÆû ýÀ��ø �¨ üÚÞû §ø¤¢ ßþ� .À�û¢ ���¤� �¤ ¤�îÁõ §ø¤¢2 ùøÂð §ø¤¢ 2.2ßþ� .À÷¤ø�üõ Ýû�Âê «�¡ ���õ¥ ×þ ¤¢ �¹È÷�¢ ÂµÈ�� �îÂÞ� ø üÊÊ¿� ´�ó�ãê ý�Â� �¤ ü��÷�Øõ� 2 ùøÂð §ø¤¢.À÷�ùÀª üêÂãõ �Þ�Þ® ñøÀ� ¤¢ ø À�µÆû ýÀ��ø �¨ üÚÞû ��÷ §ø¤¢¤���Þ¨ 3.2¤���Þ¨ ¤ø�Èõ ¢�µ¨� �� ù¤ø�Èõ �� �¹È÷�¢ §¤¢ ßþ� ¤¢ .´¨� ý¤�±�� ù¤ø¢ ö�þ�¹È÷�¢ ý�Â� ¤���Þ¨ §¤¢ öÀ÷�¤Áð,¤�î �Ö��¨ Ûõ�ª Àþ�� ÇûøÄ� ßþ� .¢¥�¢Â�üõ ÇûøÄ� ø �ãó�Îõ �� ���õ¥ ö� ¤¢ ø ��¿µ÷� ù¤ø¢ �� Í±�Âõ �¤ üä�®�õ§¤¢ ßþ� ¤¢ �¹È÷�¢ ÇûøÄ� �¹�µ÷ .Àª�� á�®�õ ù¤��¤¢ ùÀª ü���Ç�� ü�� ý�ûñ�ø ¤ ø ,Â®�� ö�õ¥ �� ´�ã®ø.¢�ª �®Âä ü±µî ©¤��ð ×þ ø �µä�¨ ×þ üû�Ôª ���¤� ×þ �¤�¬�� Àþ��7



�õ�÷ ö�þ�� 4.2ö�þ�� á�®�õ .¢¥�¢Â�üõ Õ�Ö½� �� ü¬�¡ �ó�bÆõ ¢¤�õ ¤¢ ýÀ��ø 6 �õ�÷ ö�þ�� ×þ ��¹÷� �� �¹È÷�¢ Âû ù¤ø¢ ßþ� ¤¢á�®�õ °þ�Ê� ù�½÷ .Àª�� ùÀª Á¡� ö� ��¹÷� ý�Â� �¥� §ø¤¢ ø Àª�� ýÂÑ÷ ý�û���õ¥ ¥� üØþ ¤¢ Àþ�� �fõ��ó� �õ�÷.Àª��üõ üÜ�ÞØ� ���Ê½� ý�û�õ�÷ ß��� Õ��Îõ ö� á�ê¢ ø ü��þ¥ ¤� ø �õ�÷ö�þ��

8



3 ÛÊê
§ø¤¢ ¢��õ �þ¤

.Àþ�üõ ÛÊê ßþ� ¤¢ �µª¤ ßþ� §ø¤¢ ¢��õ �þ¤

9



1 ùøÂð §ø¤¢��±¨�½õ ø �ûÝµþ ¤ �Úó�
(À��ø 3) (Advan
ed Algorithms) �µêÂÈ�� ý�ûÝµþ¤�Úó� (1(À��ø 3) (Complexity of Algorithms) �ûÝµþ¤�Úó� üðÀ�»�� (2(À��ø 3) (Graph and Networks Algorithms) �Ø±ª ø é�Âð ý�ûÝµþ¤�Úó� (3(À��ø 3) (Theory of Distributed Systems) ùÀªâþ¥�� ý�ûÝµÆ�¨ �þÂÑ÷ (4(À��ø 3) (Parallel Computations) ý¥��õ ��±¨�½õ (5(À��ø 3) (Randomized Algorithms) üê¢�Ê� ý�ûÝµþ¤�Úó� (6(À��ø 3) (Spe
i�
ations and Veri�
ations of Systems) �ûÝµÆ�¨ ü¨¤�ø ø Ó�¬�� (7.´¨� üõ��ó� �µª¤ ßþ� ö�þ�¹È÷�¢ ý�Â� 1 ùøÂð §ø¤¢ ¥� §¤¢ 4 Ûì�À� öÀ÷�¤Áð
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2 ùøÂð §ø¤¢��±¨�½õ ø �ûÝµþ ¤ �Úó�
(À��ø 3) (Design and Analysis of Parallel Algorithms) ý¥��õ ý�ûÝµþ¤�Úó� Û�Ü½� ø ü��ÂÏ (1(À��ø 3) (Computational Geometry) ü��±¨�½õ �¨À�û (2(À��ø 3) (Formal Methods for Rea
tive Systems) üÈ�î�ø ý�ûÝµÆ�¨ ý�Â� ý¤�¬ ý�û©ø¤ (3(À��ø 3) (Combinatorial Optimization) ü���±�îÂ� ý¥�¨���ú� (4(À��ø 3) (Computational Aspe
ts of VLSI) ý�§�ñ�ýø ü��±¨�½õ ý�û�±�� (5(À��ø 3) (Theory of Data Bases) ù¢�¢ ý�ûù�Úþ�� �þÂÑ÷ (6(À��ø 3) (Learning Algorithms) ýÂ�ð¢�þ ý�ûÝµþ¤�Úó� (7(À��ø 3) (Computational Aspe
ts of Roboti
s) ×����¤ ü��±¨�½õ ý�û�±�� (8(À��ø 3) (Arithmati
 Algorithms) ü��Æ� ý�ûÝµþ¤�Úó� (9(À��ø 3) (Advan
ed Topi
s in Computer Engineering) Â���³õ�î ü¨À�úõ ¤¢ ùÄþø ¶��±õ (10ý�¤�ª ´Öê��õ � � ÂÚþ¢ ý�ûùÀØÈ÷�¢ � þ Â ���³õ�î ü¨À�úõ ÂÚþ¢ ý�û�µª¤ ¥� Àª¤� ü¨��ª¤�î §¤¢ ×þ (11ùÀØÈ÷�¢

11



�µêÂÈ�� ý�ûÝµþ¤�Úó�Advan
ed Algorithms�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�
¢��õ �þ¤(amortized) üî�úµ¨� Û�Ü½� ,�ûÝµþ¤�Úó� Û�Ü½� Â� ý¤øÂõ ,��õÀÖõ -1NP-Complete Ûþ�Æõ -2,3-Sat) ü Ü ¬� Û þ� Æ õ ,í� î �b � Ì ì ,NP Û þ� Æ õ � � � Î ��¤ ,NP-Completeness �b þÂ Ñ ÷ ,�� õÀ Ö õ×þ ö¢�� NP-Complete ��±�� ý�û©ø¤ (,¥�Âê� ,ü÷�µÜ�Þû ¤ø¢ ,Clique ,Vertex-Cover ,3D-mat
hing.�ûÝµþ¤�Úó� Û�Ü½� ý�Â� á�®�õ ßþ� ¥� ù¢�Ôµ¨� ,�ÜÿÆõé�Âð ø �Ø±ª ý�ûÝµþ¤�Úó� -3�ø�Ôµõ ý�û�÷�ð ,(lift-to-front ø Pre
ow-Push ý�ûÝµþ¤�Úó� ,Ford-Fulkerson©ø¤) ù¤�ª ý�û�Ø±ªÓÜµ¿õ ý�û¢Â�¤�î ,�ÜÿÆõ(mat
hing) Õ��Î� ý�û�ÜÿÆõ(Assignment Problem) "©¤�Þðe' �b ÜÿÆõü��þ�� ø (Transportation Problem) "ÛÖ÷øÛÞ�' ý�û�ÜÿÆõNP-hard Ûþ�Æõ ü¡Â� ý�Â� ü±þÂÖ� ý�ûÝµþ¤�Úó� -5
â��Âõ.¢�ªüõ ù¢�Ôµ¨� §¤¢ â�Âõ ö���ä �� Âþ¥ ý�û��µî ¥� üþ�ûÇ¿�1. T. Cormen, C. Leiserson, R. Riverst, Introdu
tion to Algorithms, MIT Press, 1992.2. Garey and Johnson, Computers and Intra
tibility, A Guide to Theory of NP-Completeness, W.H. Freeman And Company, 1979.3. Vijay V. Vazirani, Approximate Algorithms, Georgia Institute of Te
hnology, 
ourse note, 1997.
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ý¥��õ ��±¨�½õParallel Computations�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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�ûÝµþ¤�Úó� üðÀ�»��Complexity of Algorithms�µêÂÈ�� ý�ûÝµþ¤�Úó� :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤ý�ûß�ª�õ ý�Ìê ø �Â�� ö�õ¥ ,Ù�þ¤�� ý�ûß�ª�õ ø Ýµþ¤�Úó� ,�ûö��¥ ø Ý�ÞÊ� ý�û�ÜÿÆõ :��õÀÖõ (1ý¥�¨ù¢ÂÈê ø üÎ¡ âþÂÆ� ý�û��Ìì ,Ù�þ¤��EXP ø P ý�û§�î ø Spa
e Hierar
hy ø Time Hierar
hyý�û��Ìì (2PSPACE ø LOGSPACE ý�û§�î ø �Ìê üðÀ�»�� (3NP§�î ø üãÎìÂ�è ý�ûß�ª�õ (4Cook �b �Ìì ø ,NP-
ompleteness ,ýÂþÁ�ëÀ¬ �b ÜÿÆõ (5NP \ 
oNP ø 
oNP ý�û§�î (6Ladner �b �Ìì (7Savit
h �b �Ìì ø üãÎìÂ�è ý�Ìê üðÀ�»�� (8NL-
ompleteness (9Immerman-Szeleps
�senyi �b �Ìì (10ùÂÔ÷ø¢ ý�ûý¥�� ø ,TQBF �b ÜÿÆõ ,PSPACE-
ompleteness (11Polynomial Hierar
hy ø ü�ø��� Ù�þ¤�� ß�ª�õ (12BPP ø ,PP ,ZPP ,
oRP ,RP ý�û§�î ø üê¢�Ê� ý�ûÝµþ¤�Úó� (13APX§�î ,FPTAS ø PTAS ,ü±þÂÖ� ý�ûÝµþ¤�Úó� (14H�astad �b �Ìì ø (PCP) üó�Þµ�� ÂþÁ�Õ�±Î� ý�û��±�� (15#P-
ompleteness (16PRAM ñÀõ ø ,�û¤�Àõ ,ý¥��õ ©¥�¢Â� (17P-
ompleteness ø NC§�î (18(Communi
ation 
omplexity) ��Ï�±�¤� üðÀ�»�� (19â�Âõ1. Christos Papadimitriou: Computational Complexity. Addison-Wesley, 1994.
14



ùÀªâþ¥�� ý�ûÝµÆ�¨ �b þÂÑ÷Theory of Distributed Systems�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤¤¢ �ÂÎõ ý�û�ÜÿÆõ üÜî ÛØª ,ùÀªâþ¥�� ý�ûÝµÆ�¨ á��÷� ,ùÀªâþ¥�� ý�ûÝµÆ�¨ ÓþÂã� :��õÀÖõ (1��ÚÞû�÷ ø ��ÚÞû ý�ûÝµÆ�¨ ,�û�Î¡ á��÷� ø �Î¡ ÛÞ½� ,ùÀª âþ¥�� ý�ûÝµÆ�¨¢��ø � � Ýµ þ¤�Úó� ¢��ø �Àä ��± �� ,Safety ø Liveness ý�û´�¬�Ê¡ ,Atomi
 Commitment �b Ü ÿÆõ (2ù¥�ê �¨ Ýµþ¤�Úó� ø ù¥�ê ø¢ Ýµþ¤�Úó� ,üÏ�±�¤� ý�û�Î¡�û�ÜÿÆõ ÛþÀ±� ,TRB ø (Consensus) Õê��� ý�û�ÜÿÆõ (3Ýµþ¤�Úó� ý�Â�� ö�õ¥ ý�Â� ß�þ�� À� ,early-stopping Ýµþ¤�Úó� ,ÂÎ¡ü� ý�û�Î¡ ¢��ø �� TRB �b ÜÿÆõ Û� (4�û���� ¢�Àã� ø (�û¤ø¢ ¢�Àã�)ý�ûùÀ÷¥�¢Â� ¢�Àã� ý�Â� ß�þ�� À� ,(ö� öøÀ� ø �Ìõ� ö�Øõ� ��) ù��¡ñ¢ ý�û�Î¡ ¢��ø �� TRB �b ÜÿÆõ Û� (5��Â¡ý�ûÝµÆ�¨ ¤¢ Õê��� Ýµþ¤�Úó� ¢��ø �Àä ý�Â� Patterson ø ,Lyn
h ,Fis
her ��±�� :��ÚÞû�÷ ý�ûÝµÆ�¨ (6��Â¡ ùbÀ÷¥�¢Â� ×þ �� ��ÚÞû�÷��Â¡ ý�ûùÀ÷¥�¢Â� ¢�Àã� ý�Â� ß�þ�� À� ,��ÚÞû�÷ ý�ûÝµÆ�¨ ¤¢ Õê��� ý�Â� Ben-Or üê¢�Ê� Ýµþ¤�Úó� (7.}S ø ,S ,P ý�û��þ�Î¡×Þî �� Õê��� �b ÜÿÆõ Û� ,Ýû �� �ûö� ÛþÀ±� ø �û��þ�Î¡ á��÷� :�û��þ�Î¡ (8ßÿÞÎõ ¤�Èµ÷� �b ÜÿÆõ (9,Knuth Ýµþ¤�Úó� ,Dijkstra Ýµþ¤�Úó� :Mutual Ex
lusion �b ÜÿÆõ ø íÂµÈõ �bÑê�� �� ��ÚÞû�÷ ý�ûÝµÆ�¨ (10�û��±� á��÷� ,bakery Ýµþ¤�Úó�â�Âõ1. Nan
y Lyn
h, Distributed Algorithms, Morgan Kaufmann Publishers, 1996.
15



�Ø±ª ø é�Âð ý�ûÝµþ¤�Úó�Graph and Networks Algorithms�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤

16



üê¢�Ê� ý�ûÝµþ¤�Úó�Randomized Algorithms�µêÂÈ�� ý�ûÝµþ¤�Úó� :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�
¢��õ �þ¤�b Î��¤ ,üþø¢ø¢ ¼ÎÆõ ¥�Âê� ,�ó¤�î´÷�õ ø §�ðø §� ý�û©ø¤ ,���Þî ©Â� Ýµþ¤�Úó� :üêÂãõ ø ��õÀÖõ -1üðÀ�»�� ý�û§�î ø ü��±¨�½õ ñÀõ ,ü���Þµ�� üµÈð¥��ý¥�� �b þÂÑ÷ Â� ü�µ±õ ý�û×��Ø� -2üê¢�Ê� ��¿µ÷� ,ÓÈ�±� ø Óî¤�õ �b ó¢�ãõ�÷ :é�Â½÷� ø ´�õ�õ -3ü���Þµ�� ©ø¤ -4é�Âð ý�û�ÜÿÆõ ,2-SAT �b ÜÿÆõ :üê¢�Ê� �Àì ø �î¤�õ ùbÂ�¹÷¥ -5ýÂ±� ý�û©ø¤ -6ý�ûÝµþ¤�Úó� ,é�Âð ý�ûÝµþ¤�Úó� üÎ¡ ý�þ¤�õ�÷Â� ,ü¨À�û ý�ûÝµþ¤�Úó� ,ý�ù¢�¢ ý�ûö�Þµ¡�¨ :�û¢Â�¤�î -7(§¤Àõ ��¿µ÷� ��) ý¥��õâ�Âõ1. R. Motwani, P. Raghavan Randomized Algorithms, Cambridge University Press, 1997.

17



�û�õ�÷Â� ü¨¤�ø ø Ó�¬��Formal Spe
i�
ation and Veri�
ation of Programs:¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã����Üî§¤¢ ßþ� ¤¢ .´¨� �ûÝµÆ�¨ ø �û�õ�÷Â� ü¨¤�ø ø Ó�¬�� ý�Â� üÞ¨¤ ý�û©ø¤ �� ßµ¡�¢Â� §¤¢ ßþ� ¥� éÀû¶½� ¤�Êµ¡� ¤�Ï�� ý¥�¨ù¢��� ø üÞ¨¤ Ó�¬�� ß�� �Î��¤ ø üêÂãõ �û©ø¤ ßþ� ýÂ�ð¤�î�� ý�Â� �¥� ý�û¤����.¢¢Âðüõ¢��õ �þ¤¥� �õ�÷Â� À�ó�� ,¤��ê��Â÷ ü¨À�úõ ø üÞ¨¤ Ó�¬�� ?üÞ¨¤ Ó�¬�� �Â� :�ûÝµÆ�¨ Ó�¬�� Â� ý��õÀÖõ (1(Çþ���) Ó�¬����À�Æõ Â±� ,�ûù¤��ð Â±� (2ýø¤ ���ÜÞä ø Í��ø ¤ ,Óþ¤�ã� ,�ûö� ýø¤ ���ÜÞä ø �û�ä�Þ¹õ ,á��÷� ,ýø�Æ� :Z ö��¥ ø �û�ä�Þ¹õ ý¤�ÿ� (3ñ�·õ ,�ú÷� ýø¤ ���ÜÞä ø â���� ,�ûö�ø á�÷ ,ö�ä� ö���ä ���Þª
 ¥� ù¢�Ôµ¨�,ÝµÆ�¨ ö¢Âî ñÀõ ù�½÷ ø (S
hema)�Þª
 :Ó�¬�� ý
 ¤�µ¡�¨ ý�ûÀ��ø (4ñ�·õ ,(Axiomati
 Des
ription) ñ�¬� ö��� ù�½÷ ,×þÂ÷� ý�Þª
 ,À�Æõ,^ ¥� ù¢�Ôµ¨� �� �û�Þª
 °�îÂ� ,(Renaming and De
oration)Â�çµõ Â��ç� :(S
hema Cal
ulus)�û�Þª
 Â±� (5ñ�·õ ,In
lusion ø n ,; ,9 ,8 ,) ,: ,_ñ�·õ ,(Free Type) ¢�¥� á�÷ ,�ûö� ýø¤ ���ÜÞä ø �ûBag ø�ûÓþ¢¤ : Z ü®�þ¤ ö�ð¤���� (6:(Promotion)�Ö�¤� ¥� ù¢�Ôµ¨� �� Ó�¬�� (7(Pre
ondition)�û¯ÂªÇ�� �±¨�½õ ø Ó�¬�� ýÂþÁ� ö�Øõ� (8ý¥�¨ù¢�¨ ,ÝµÆ�¨ ��óø� ´ó�� ��Ìì ,��µ�µ¨� ß�÷��ì ,�û�ä�Þ¹õ ý¤�ÿ� ñ�¬� : (Veri�
ation)ü¨¤�ø (9ñ�·õ ,Ó�¬�� ���¬�Ê¡ ��±�� ,�û¯ÂªÇ��Çþ��� ,ý�ù¢�¢ ý�û¤�µ¡�¨Çþ��� :(Re�nement) Çþ��� ¥� ù¢�Ôµ¨� �� Z �� üÞ¨¤ Ó�¬�� ¥� �õ�÷Â� À�ó�� (10ñ�·õ ,���ÜÞäâ��Âõ1. Wood
o
k, J. and Davies, J., Using Z Spe
i�
ations, Re�nement, and Proof, Prenti
e HallEurope, 19962. Gries D., S
hneider F.B., - A Logi
al Approa
h to Dis
rete Math, Springer Verlag, 19933. Morgan, C., Programming from Spe
i�
ations, Prenti
e Hall, 199018



ý¥��õ ý�ûÝµþ¤�Úó� Û�Ü½� ø ü��ÂÏDesign and Analysis of Parallel Algorithmsý¥��õ ��±¨�½õ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤ý¥��õ �b ±¨�½õ ý�ûñÀõ (1ý¥��õ ý�ûÝµþ¤�Úó� üþ�¤�î ø ß�þ�� À� :ý¥��õ ý�ûÝµþ¤�Úó� üðÀ�»�� (2(PRAM) "�¤dü�' ý�ûÝµþ¤�Úó� (3ü¡Â� ,ý¥�¨°�Âõ ,üÆþÂ��õ ��±¨�½õ) íÂµÈõ �b Ñê�� �� ý¥��õ ý�úÞµÆ�¨ ýø¤ Â� ÓÜµ¿õ Û��Æõ Û� (4(é�Âð Û��Æõ:üµ¡¤¢ ø ý¤�� ,ý��þ�¤� �bØ±ª ýø¤Â� ý¥��õ ý�ûÝµþ¤�Úó� (5ü¡Â� ,üÎ¡ ��¢�ãõ Û� ,ßª�ó�÷�î (,3pN + o(pN �b ±�Âõ ¥� üÞµþ¤�Úó� ø ,¢Âê�ø¥ ,ù¢�¨) ý¥�¨°�ÂõÛ�Ü½� ø �÷�ÊþÂ� Ýµþ¤�Úó�) �û�µÆ� üû¢Â�Æõ (,���Þî ý�ª�� ´¡¤¢ ,À��Ýû ý����) é�Âð ý�û�ÜÿÆõ(ö� Í¨�µõ:ü��±¨�½õ �b¨À�û ø Âþø�Ê� ©¥�¢Â� ý�û�ÜÿÆõ (6
onvex)�À½õ ��î ,�þ�ÆÞû ßþÂ�×þ¢�÷ ,é�û ÛþÀ±� (,Levialdi Ýµþ¤�Úó�)Âþ�Ê� ×þ ý���� ü÷¥°Æ�Â�(hull:(Mesh of Trees) "�û´¡¤¢ ¥� ý¤��' ¤�µ¡�¨ ýø¤ Â� ý¥��õ ý�ûÝµþ¤�Úó� (7üþ�¤�î �b ±¨�½õ ,�ûÅþÂ��õ �Â® ø âÞ�Ëþ�ã� ©Â� ø (butter
y) ý��÷�ø Â� ,(hyper
ube) °ãØõ ë�ê ý�û¤�µ¡�¨ ýø¤ Â� ý¥��õ ý�ûÝµþ¤�Úó� (8ý�ûÝµþ¤�Úó� ,(¢Âê�ø¥ ý¥�¨°�Âõ ,�û�µÆ� üû¢Â�Æõ ,FFT) ÓÜµ¿õ ý�û�ó�Æõ Û� ø (shu�e ex
hange)ÂÚþ¢ ¤�µ¡�¨ �� ¤�µ¡�¨ ×þ ¥� ñ�õÂ÷ Ýµþ¤�Úó� ×þ ¤�î¢�¡ ÛþÀ±� ø �û¤�µ¡�¨ ßþ� ýø¤ Â� ñ�õÂ÷ÂÚþ¢ ñÀõ �� ñÀõ ×þ ¥� ý¥��õ ý�ûÝµþ¤�Úó� ý¥�¨��±ª (9â��Âõ1. Leighton, F.T., Introdu
tion to Parallel Algorithms and Ar
hite
tures: Arrays, Trees, Hyper-
ubes, Morgan Kaufmann, 1992.2. Quinn, Mi
hael J., Parallel Computing: Theory and Pra
ti
e, M
Graw Hill, 1994
19



ü��±¨�½õ �b¨À�ûComputational Geometry�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã����Üîø ´¨� ùÀª �ê�Øª "ý¢Â�¤�î ý�ûÝµþ¤�Úó�' Ýúõ ý�û���õ¥ ¥� üØþ ö���ä �� Â�¡� ñ�¨ ù¢ ¤¢ ü��±¨�½õ �b ¨À�û�ÜÞ� ¥� ,ý¢�þ¥ ý�û���õ¥ ¤¢ ,ýÂÑ÷ ý��è Â� ùø�ä á�®�õ ßþ� .´¨� ù¢Âî �Á� ¢�¡ �� �¤ ý¢�þ¥ ö�ÂÚÈûøÄ�ý�ûÝµþ¤�Úó� ø �û¤�µ¡�¨ù¢�¢ �� üþ��ª� §¤¢ ßþ� ¥� éÀû .¢¤�¢ ¢Â�¤�î ,ýÂ���³õ�î ×�ê�Âð ,CAD ,GIS ,Roboti
s.´¨� �µª¤ ßþ� üÜ¬� Ûþ�Æõ Û� ý�Â� �¤�î¢��õ �þ¤ö� ý�û¢Â�¤�î ø §¤¢ üêÂãõ -1:�ûÍ¡ù¤�� âÏ�Ö� -2´Æ�ó ,"´�ã®ø' ¤�µ¡�¨ù¢�¢ ø �û¢�¢ ¤ Ó¬ ,(plane sweep) "�½Ô¬ ýø¤��' Â� ü�µ±õ ý�ûÝµþ¤�Úó��ûö� ýø¤ Â� üÖÎ�õ ñ�Þä� ø �ÈÖ÷ ø¢ ü÷�ª��Ýû �b ±¨�½õ ,DCEL üó�þ À�±Þûø¢(Art Gallery Problem Â�û ýÂó�ð �b ÜÿÆõ) �ûüãÜ®À�� ýÀ��¶Ü·õ -3��÷×þ üãÜ®À�� ýÀ��¶Ü·õ ,��÷×þ ý�û�ãÎì �� Ý�ÆÖ� ,ù¢�¨ ý�ûüãÜ®À�� ýÀ��¶Ü·õ(ýÂð�µ¿þ¤ �b ÜÿÆõ) üÎ¡ ý�þ¤�õ�÷Â� -4üÎ¡ ý�þ¤�õ�÷Â� ,üÈþ��ê� üÎ¡ ý�þ¤�õ�÷Â� ,�û�½Ô¬Ý�÷ âÏ�Ö� ,ýÂð�µ¿þ¤ �b ÜÿÆõ ü¨À�û ý¥�¨ñÀõüÏ�½õ ùbÂþ�¢ ßþÂ�×��î �b ÜÿÆõ ,ÂµÈ�� ¢�ã�� ¤¢ �ÜÿÆõ ,üê¢�Ê�(Orthogonal Range Sear
hing) Àõ�ãµõ ý�ù¥�� ý�¹µÆ� -5ùb¥�� ý�û´¡¤¢ ,ù¥�� ý�û´¡¤¢ ,(Kd-Trees) "ý¢üî' ý�û´¡¤¢ (,Â�Ç�� ø ýÀã�×þ) �ÜÿÆõ ÓþÂã�Â�üÜî ´ó�� ¤¢ �ÜÿÆõ ,ýÀã�À��(Point Lo
ation) �ÎÖ÷ ü��þö�Øõ -6,üÈþ��ê� üê¢�Ê� Ýµþ¤�Úó� ×þ ,�ÈÖ÷ ×þ ýÀ���Ö÷¥ø£�ûö� ß�þ�� À� ø (Proximity Problems) "ý¤���Ýû' Ûþ�Æõ ý�Â� ý��þ�� ý�ûÝµþ¤�Úó� -7ö� Û� ý�Â� ���ú� ý�ûÝµþ¤�Úó� ø (Convex Hull) �À½õ ©�� �b ÜÿÆõ -8, (Delaunay Triangulation) ü÷�¢ ýÀ��¶Ü·õ ø (Voroni Diagram) ý�÷ø¤ø ��Âð�þ¢ -9�b ±¨�½õ ÓÜµ¿õ ý�û©ø¤ ø «��¡ ,�ÜÿÆõ ö�ðø¢ ,ý�÷ø ¤ø ��Âð� þ¢ �b ±¨�½õ ,�ûüðÄþø ø �� óø� Óþ¤�ã �ü÷�¢ ýÀ��¶Ü·õ�ûö� ý¥�¨ù¢�¨ ø ùÀªýÀ��¶Ü·õ ÝÑ�õ�÷ ý�û�Ø±ª -10ý¥��õ ý¥�¨ù¢�¨ ,ÓÜµ¿õ ý�û©ø¤ �bÆþ�Öõ ø ü¨¤Â�20



ü��±¨�½õ �b¨À�û Ûþ�Æõ ý�Â� ÂÚþ¢ ý�û¤�µ¡�¨ù¢�¢ -11,�ãÎì ý�û´¡¤¢ ,´þ�óø� ý�¹µÆ� ý�û´¡¤¢ ,ù¥�� ý�û´¡¤¢×����ø ¤ ¤¢ ö� ¢Â�¤�î ø �ûÂ�Æõ ßþÂ�ù���î ,(Visibility) Àþ¢ ´�Ü��ì :ÂÚþ¢ Ûþ�Æõ -12â��Âõ1. M. de Berg, M. van Kreveld, M. Overmars, O. S
hwarzkopf, Computational Geometry: Algo-rithms and Appli
ations, Springer, 1997.2. Fran
o P. Preparata, M. I. Shamos, Computational Geometry, An Introdu
tion, Springer-Verlag,19853. J. Goodman and J. �O Rourke, eds., Handbook od Dis
rete and Computational Geometry , CRCPress, 1997.
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üÈ�î�ø ý�ûÝµÆ�¨ ý�Â� üÞ¨¤ ý�û©ø¤Formal Methods for Rea
tive Systems:¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�
���ÜîÓþÂã� Í�½õ �� ¯�±�¤� ¤¢ �µ¨��� ý��÷�ð �� �ûö� ¤�µê¤ �î À�µÆû üþ�ûÝµÆ�¨ ,(rea
tive) üÈ�î�ø ý�ûÝµÆ�¨ß��ã� .´¨� (real-time) Ù÷¤¢�� ý�û�±�� ø (
on
urren
y) ýÀ÷øÂÞû ,�ûÝµÆ�¨ ßþ� Ýúõ «��¡ ¥� .¢�ªüõù¤��¤¢ §¤¢ ßþ� .´¨� ùÀ�»�� ¤��Æ� Ù÷¤¢�� ø ýÀ÷øÂÞû ý�û�±�� Û�ó¢ �� ��Þãõ �ûÝµÆ�¨ ßþ� ¤�µê¤ üµ¨¤¢.À�þ�üõ ¤�î �� üÈ�î�ø ý�ûÝµÆ�¨ ü¹�¨¤�±µä� ø Ó�¬�� ý�Â� �î ´¨� ý�üÞ¨¤ Ý�û�Ôõ ø �û©ø¤¢��õ �þ¤ý¥¤� Ýû üþ��ãõ Û��Æõ íÂµÈõ ý�ûÂ�çµõ Â� ü�µ±õ ßµõ : 2 ñÀõ ¤�Áð ý�û��Âð�þ¢ : 1 ñÀõ �þ�� ý�ûñÀõ (1: 4 ñÀõ ��� � ñ�¨¤� Â � ü�µ±õ ßµõ : 3 ñÀõ ����÷ ��¤�µ¨¢ ¤�ê�Þ¨ ��¤�µ¨¢ üûøÂð ��¤�µ¨¢ ý¤�µê¤ýÂµ� ý�û�Ø±ª(Ó�ã® é�Ê÷�) ´ó�Àä §�Æ� ��ä��¤� ´þøÀ½õ ý¤�Áðö��õ ¤¢ ø ýÀ÷øÂÞû üãì�ø ýÀ÷øÂÞû ý¥�ÆóÀõ (2ý�ûÝµÆ�¨ :�¬�¡ üÏ�±�¤� ��¤�µ¨¢ üÚ�û�Ýû ��¤�µ¨¢ (ý�ì é�Ê÷�) ý¢¤ÀÞû ´ó�Àä ��õø�Üõ ��ã±�é�Ê÷� �� ¯��Âõ Û��Æõ üþ��ãõ ��Ñ��õ ýÂµ� ý�û�Ø±ª ¤¢ é�Ê÷� é�Ê÷� �� ¤�Áð�µªÁð ý�ûÂÚÜÞä :ü÷�õ¥ ý�ûñ�õÂê ùÀ�þ� ý�ûÂÚÜÞä :ü÷�õ¥ ý�ûñ�õÂê ´ó�� ý�ûñ�õÂê ü÷�õ¥ ÕÎ�õ (3��µ�µ¨� Àä��ì �þ�� ��µ�µ¨� Àä��ì ��±�� ÝµÆ�¨ ×þ ñ�¬� ��±�� ÝµÆ�¨ ×þ ü÷�õ¥ ý�ûÂÚÜÞä �þ�� «��¡�õ�÷Â� üµ¨¤¢ �� ��ä üµ¨¤¢ ¥� �û¤�¨ ø ýø�Æ� ùÀª ÕµÈõÂ��ç� :´��õ� ý�ûñ�·õ ´ó�� ýÂþÁ��÷ Â��ç� :´��õ� ý�ûñ�·õ«��¡ ýÀ���Ö±Ï üÜ½õ ö��¥ �û�õ�÷Â� «��¡ (4ö��� ´�Ü��ì â���õ ùÀ�û¢É�Ê¿� ×þ :ñ�·õ Ç�î�ø �� ß�ÞÌ� ¥� :´êÂÈ�� «��¡ ý�ûñ�·õ �µªÁð ýÂþÁ��÷ý��÷�Þ�� ��Ê¿Èõ °�îÂ� ��Ê¿Èõ ö��¥ ×þâ��Âõ1. Manna, Z. and Pnueli. A. The Temporal Logi
 of Rea
tive and Coneurrent Systems: Spe
i-�eation, Springer-Verlay, Nt, 1992. (üÜ¬� â�Âõ)2. Hoare, C., Communi
ating Sequential Pro
esses, Prenti
e-Hall, In
., 1985.3. Milner, R.Communi
ation and Con
urren
y, Prenti
e-Hall, In
., 1989.
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ýÂ�ð¢�þ ý�ûÝµþ¤�Úó�Learning Algorithms�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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ü���±�îÂ� ý¥�¨���ú�Combinatorial Optimization:¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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ý�§�
ñ�
ýø ý�û¤�Àõ ü��±¨�½õ ý�û�±��Computational Aspe
ts of VLSI:¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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×����ø ¤ ü��±¨�½õ ý�û�±��Computational Aspe
ts of Roboti
sü��±¨�½õ ý�¨À�û :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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ù¢�¢ ý�ûù�Úþ�� ý�þÂÑ÷Theory of Data Bases�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤
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ü��Æ� ý�ûÝµþ¤�Úó�Arithmeti
 Algorithms�ûÝµþ¤�Úó� ü��ÂÏ :¥��÷Ç�� ýÂÑ÷ :À��ø á�÷ 3 :À��ø ¢�Àã�¢��õ �þ¤À�� ø ��±õ×� üµ�ãì�õ ¢�Àä� ,(Positional) üµ�ãì�õ ý¤�Þª¢Àä üêÂãõ ,ý¤�Þª¢Àä �b»¡¤�� :ý¤�Þª¢Àä -1,¼�½¬ Â�è ý��±õ �� ¢�Àä� ,üÔ�õ ý��±õ �� ¢�Àä� ,��±õ,�Â® ø âÞ� ý�Â � (Winograd) ¢�Â ð� � þø ¢øÀ� ,ü ��Æ� �� � Ü Þä � � ± õ×� ý¢Àä ��Ñ ÷ ¤¢ �� � Ü Þä -2Carry Look Ahead, Carry Sele
t,) ñ�Ö�õ Ýì¤ ¤�Èµ÷� âþÂÆ� ý�û©ø¤ á��÷� ,ñ�Ö�õ Ýì¤ ¤�Èµ÷� �b ó�bÆõ,Carry Skip ©ø¤ ý�ûùøÂð ß��ã� ¤¢ üÎ¡ ý�þ¤�õ�÷Â� ¢Â�¤�î ,(Carry skip, Conditional Summation¤¢ ö� ¢Â�¤�î ø ï¤�� üÜ�¡ ý�ûÀ÷�ÜÞä �� �Â® ø âÞ� ,Carry Save©ø¤ ø ýÀ÷�ÜÞäÀ�� âÞ� ý�û©ø¤ý¤�Ú÷�õ¤Âµð¤�� ý�û��±õ �� ö� Ý�Þã�ø 2 ÛÞØõ ø 1 ÛÞØõ ý�û©ø¤ ,ÕÜÎõ¤Àì ø ´õ�ä ©ø¤ :üÔ�õ ¢�Àä� Çþ�Þ÷ -3ÛÞä ,Â ��Â � ö�õ¥ ¤¢ ø ÕþÂÔ � ø âÞ� ���b � ý¥�¨ù¢� � � �ø� ó ,ý¥�¨ù¢� � � ¤¢ ÛÞØõ ý�û©ø¤ ´þ�õ ,2 ¥�üÜÞØõ ¢�Àä� �Â® ý�û©ø¤ ,ö� ´�Þû� ø ö¢Âî��þÂìü��ÂÚÞû Ý�ÆÖ� ,SRT Ý�ÆÖ� ,üµê�þ¥�� Â�è Ý�ÆÖ� ,ù¢�¨ Ý�ÆÖ� :Ý�ÆÖ� ý�ûÝµþ¤�Úó� -4¢�Àä� ,¤�¢´õ�ä Ýì¤ � � ¢�Àä� ,¢�Àä� Çþ�Þ ÷ ¤¢ üÚ÷ø� ê� ý� þ�� õ ø ÓþÂã � :ý�� ÷ø� ê� ý¢Àä ý�û��Ñ ÷ -5�� ¢�Àä� ,ñ�Ö�õ Ýì¤ ùbÂ�¡£ �� ¢�Àä� ,ý�ùÀ÷�Þ�ì�� ¢�Àä� ,(GSD) ¤�¢´õ�ä Ýì¤ �� ¢�Àä� Ý�Þã� ,Å�÷�þ�þø��ø�Ôµõ ý��±õ �� ñ�Ö�õ Ýì¤ ùbÂ�¡£�� ý��÷ø�ê� ¢�Àä� ý�þ��õ ,ñ�Ö�õ Ýì¤ ¤�Èµ÷� ¥� ü��û¤ �þ ÀþÀ½� ¤¢ üÚ÷ø�ê� ÇÖ÷ :ý��÷ø�ê� ¢�Àä� ���ÜÞä -6ñ�Ö�õ Ýì¤ ¤�Èµ÷� ¥� å¤�ê ü���ÜÞä Í�½õ ,���ÜÞä ý¥�¨ù¢��� ¤¢ ï¤�� ý�û��±õ¢�Àä� ´ì¢ ¤¢ ý¤��ê�´¿¨ ´þ¢øÀ½õ ,¤ø��ª ��Þõ �� ¢�Àä� ,´��� ��Þõ �� ¢�Àä� :�Î¡ Ýî�Â� ø ý¤�Èä� ¢�Àä� -7Õ�ì¢ ��±¨�½õ ø �Î¡ Ýî�Â� ,ý¤�Èä�×þ¢¤�î ý�ûÝµþ¤�Úó� ,ü��·Ü·õ â���� ,ö��� ,¤Á� :â���� �b ±¨�½õ -8â��Âõ1. Behrooz Parhami, Computer Arithmeti
: Algorithms and Hardware Design, Oxford UniversityPress, 20002. L. Koren, Computer Arithmeti
 Algorithms, Prenti
e Hall, Englewood Cli�s, New Jersey, 1993.
28


