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Âð� �ú�� ø Âð� À÷�üû��µõ ýùÀª À�ó�� üÚÞû Hra(M); :::; H1a (M); H0a (M) ý�ûñøÀõ �î.À�ª�� üû��µõ ýùÀª À�ó�� üã®�õ ¤�Ï �� �ú÷� ý�Þûfa(M) ,a �� ´±Æ÷ M üû��µõ Àã� °Æ� Â� ÅÚ��µó�ê üÜî-üã®�õ Û¬� ÂÚþ¢ ÛØªý��ó�õ�û�î ý�ûñøÀõ ý�Â� ÅÚ��µó�ê üÜî-üã®�õ Û¬� Ý�÷���üõ ÂÚþ¢ �¤�±ä �� .´¨�:Ý��î ö��� Âþ¥ �¤�¬ �� �¤ üã®�õ8p 2 Spe
(R) ; faRp(Mp) > r, fa(M) > r: (1):ýù¤��ð �þ� �î Ý��î ñ��¨ ´¨� üã�±Ï ñ��
8p 2 Spe
(R) ; f bRpaRp (Mp) > r, f ba (M) > r (2)?´¨� ´¨¤¢ r 2 N Âû ý�Â�r ¼Î¨ ¤¢ üã®�õ ý��ó�õ�û�î ý�ûñøÀõ 4¥�Æ��� ý�Â� üÜî-üã®�õ Û¬� Ý�þ�ðüõø a ù��¿ó¢ ñ�ùÀþ� ø¢ Âû ý�¥� �� (2) Âð� ´¨� ¤�ÂìÂ� (R ý�ÖÜ� ýø¤)(´¨� üã�±Ï ¢Àä r).Àª�� ´¨¤¢M ñøÀõ�R Âû ø b¥� ß� �»Þû ø� .´¨� ¤�Â ìÂ � ×þ ¼Î¨ ¤¢ üÜî-üã®�õ Û¬� �î ¢�¢ ö�È ÷ 5ö�ø�è�¤6ÝÑ�õ ý�ÖÜ� ×þ ×�ê¤�õ�Þû Âþ�Ê� R Âð� �î ¢Âî ��µ�µ¨� ÅÚ��µó�ê ¥�Æ��� ý��Ìì.´¨� ¤�ÂìÂ� (r 2 N) r ��Î¨ ý�Þû ¤¢ üÜî-üã®�õ Û¬� ù�Ú÷� ,Àª��ø¢ ¼Î¨ ¤¢ üÜî-üã®�õ Û¬� Ý�û¢ ö�È÷ �î ´¨� ßþ� �ø¢ ÛÊê ¤¢ �õ üÜ¬� ý�¹�µ÷.¢�ªüõ ¤�ÂìÂ� ,r 2 N ¼Î¨ Âû ¤¢ üÜî-üã®�õ Û¬� ,dim(R) � 4 Âð� ø ´¨� ¤�ÂìÂ�Âþ�Ê� R Âð� �î À�îüõ ö��� ÅÚ��µó�ê ¥�Æ��� ý��Ìì .f ba (M) � �ba(M) Ýþ¤�¢ ù¤��ÞûÝ�Þã � � � �ø¢ ÛÊê ¤¢ .f ba (M) = �ba(M) ù�Ú ÷� ,Àª� � ÝÑ�õ ý�ÖÜ� ×þ ×�ê¤�õ�Þûý��ó�õ�û�î ý�ûñøÀõ ý�Â�)¥�Æ��� ý��Ìì ,r 2 N ý�Â� �î Ý�û¢üõ ö�È÷ ����Î¬�Annihilation 4Raghavan 5Regular 6¤�ú�



Âû ø M üû��µõ ýùÀª À�ó�� ñøÀõ�R Âû ý�Â� Âð� ,´¨� ¤�ÂìÂ� R ýø¤ r ¼Î¨ ¤¢ (üã®�õ:Ý�ª�� �µª�¢ ,R ¥� b ø a ù��¿ó¢ ñ�ùÀþ� ø¢f ba (M) > r , �ba(M) > r:ý�ûñøÀõ ý�Â� ¥�Æ��� ý��Ìì ø üÜî-üã®�õ Û¬� �î ¢�ªüõ ù¢�¢ ö�È÷ ��¨ ÛÊê ¤¢,À�µÆû ßþ�µÈ÷Âð �ÖÜ� ×þ ×�ê¤�õ�Þû Âþ�Ê� �î üþ�û�ÖÜ� ýø¤ üã®�õ ý��ó�õ�û�î.Àª��üõ ¤�ÂìÂ�
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ñøÀõ ×þ ��µî�øÂ� ø ��µîÄ÷� Û�Ü½� 1.1.´¨� ¤�ÀØþ ø üþ�¹��� ý�ÖÜ� ×þ ù¤��Þû R ÛÊê ßþ� Â¨�Â¨ ¤¢:Ý�ª�� �µª�¢ �¤ Âþ¥ Õ�ì¢ ý�û1´ê�±Þûø ù¢�� ñøÀõ�R×þ M À��î ­Âê . 1.1.1 ÓþÂã�P: = � � � �! Pn+1 dn+1�! Pn dn�! � � � �! P1 d1�! P0 f�!M �! 0E : = 0 �!M g�! E0 d1�! E1 �! � � � �! En dn�! En+1 �! � � �Û�Ü½ � ×þ �¤ P: �¤�¬ ßþ� ¤¢ .À � µÆû � � µ îÄ ÷� � û Ej ø ýÂ þ�Ê� �û Pi �î ý¤�Ï � �éøÁ½õ ýÂ þ�Ê � Û � Ü½ � ×þ �¤ � � � �! P1 d1�! P0 �! 0 ´ê� ± Þ û ø M 2ýÂ þ�Ê �Pm 6= 0 ù� ðÂ û ,´¨� m Â ��Â � P: Û� Ü½ � ñ�Ï .Ý � û¢üõ ö�È ÷ P:M ¢� Þ ÷ � � ø ùÀ � õ� ÷ M´ê� ± Þ û ø M 3� � µ îÄ ÷� Û � Ü ½ � × þ �¤ E : � �� È õ ¤� Ï � � .Pi = 0 ,i > m Â û ý�Â � øö�È ÷ E :M ¢� Þ ÷ � � ø ùÀ � õ� ÷ éøÁ½õ � � µ îÄ ÷� Û � Ü½ � ×þ �¤ 0 �! E0 d1�! E1 d2�! � � �.Ei = 0 ,i > m Âû ý�Â� ø Em 6= 0 ù�ðÂû ,´¨� m Â��Â� E : Û�Ü½� ñ�Ï .Ý�û¢üõ.´¨� ��µîÄ÷� Û�Ü½� ×þ ø ýÂþ�Ê� Û�Ü½� ×þ ý�¤�¢ Ûì�À� ,M À�÷�õ ñøÀõ Âû :�µØ÷
Âþ¥ �¤�¬ �� �¤ ExtnR(M;N) .À�ª� � ñøÀõ�R ø¢ N ø M À��î ­Âê . 2.1.1 ÓþÂã�:Ý��îüõ ÓþÂã�N éøÁ½õ ��µîÄ÷� Û�Ü½� ×þ E :N ö�¤¢ �î ,ExtnR(M;N) = Hn(HomR(M;E :N) ( Óó�.´¨�Complex 1Proje
tive resolution 2Inje
tive resolution 32



M éøÁ½õ ýÂþ�Ê� Û�Ü½� ×þ P:M ö�¤¢ �î ,ExtnR(M;N) = Hn(HomR(P:M ; N) ( �.´¨�
ýùÀª À�ó�� ý�ûñøÀõ�R ,M ø N ø ýÂ��÷ ý�ÖÜ� ×þ R À��î ­Âê . 3.1.1 ��Ììüû��µõ ýùÀª À�ó�� ñøÀõ�R ,ExtnR(M;N) ,n � 0 Âû ý�Â� �¤�¬ ßþ� ¤¢ .À�ª�� üû��µõ.´¨�2 .[9℄ â�Âõ ,21.9 ý��Ìì �� .í.¤ .ö�ûÂ�
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×þ ý��¤¢ ,ñøÀõ ×þ ñøÂî ø ��µîÄ÷� ,ýÂþ�Ê� Àã� 2.1ö� ÕÞä ø ñøÀõ
�� �¤ M 4ýÂþ�Ê� Àã� �¤�¬ ßþ� ¤¢ .Àª�� ñøÀõ-R×þ M À��î­Âê . 1.2.1 ÓþÂã�:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� ø ù¢�¢ ö�È÷ pd(M) ¢�Þ÷pd(M) = supfij ExtiR(M; :) 6= 0g:
�� �¤ M 5��µîÄ÷� Àã� �¤�¬ ßþ� ¤¢ .Àª�� ñøÀõ-R ×þ M À��î ­Âê . 2.2.1 ÓþÂã�:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� ø ù¢�¢ ö�È÷ id(M) ¢�Þ÷id(M) = supfij ExtiR(:;M) 6= 0g:
ù¢�¢ ö�È÷ dim(N) ´õ�ä �� �¤ N À�÷�õ ÂÔ¬�÷ ñøÀõ �R×þ 6ñøÂî Àã� . 3.2.1 ÓþÂã�¤¢)Ý��îüõ ÓþÂã� Supp(N) ¤¢ âì�ø ñø� ý�ûñ�ùÀþ� ý�ûùÂ�¹÷¥ ñ�Ï ÝÞþÂ ��¨ �¤ ö� øÂð� ß��»Þû .Ý��îüõ ÓþÂã� 1 �¤ ö� Àª�± ÷ ¢���õ ÝÞþÂ ��¨ ßþ� Âð� ø (¢��ø �¤�¬.dim(N) := �1 Ý�Æþ�÷üõ ¢�¢¤�Âì Â� ��� ù�Ú÷� ,N = 0ß��»Þû .Ý�û¢üõ ö�È÷ Spe
(R) ´õ�ä �� �¤ R ý�ÖÜ� ñø� ý�ûñ�ùÀþ� ý�Þû ý�ä�Þ¹õProje
tive dimension 4Inje
tive dimension 5Krull dimension 64



Â þ¥ �¤�¬ �� ø ù¢�¢ ö�È ÷ Var(I) ´õ�ä � � �¤ I ý�µ þ¤�ø R ¥� I À� ÷� õ ñ�ùÀ þ� Âû ý�Â �:Ý��îüõ ÓþÂã�Var(I) = fp 2 Spe
(R) : I � pg:
ÂÊ�ä ù�ðÂû Ý�õ� ÷üõ N ýø¤ 7ÂÔ¬ ��Üä��ÆÖõ ×þ �¤ R ¥� a ÂÊ�ä . 4.2.1 ÓþÂã�ý�û��Üä��ÆÖõ ý�Þû ý�ä�Þ¹õ .ax = 0 �î üÞÆì �� Àª�� ¢���õ x 2 N À�÷�õ ýÂÔ¬�÷.Ý�û¢üõ ö�È÷ ZR(N) ´õ�ä �� �¤ N ýø¤ ÂÔ¬an; : : : ; a1 À�÷�õ I ý�Ìä� ¥� �ó�±÷¢ ×þ �¤�¬ ßþ� ¤¢ .Àª�� R ¥� ñ�ùÀþ� ×þ I Ý��î­Âê:ù�ðÂû À�õ�÷üõ I ¤¢ Ó�ã® ý�µª¤�N ×þ �¤.Àª�� N ýø¤ ÂÔ¬ ��Üä��ÆÖõ�÷ ×þ a1 (Óó�).Àª�� N=�i�1j=1ajN ýø¤ ÂÔ¬ ��Üä��ÆÖõ�÷ ×þ ai ,2 � i � n �î i 2 N Âû ý�Â� (�)ù¢�� I ¤¢ Ó�ã® �µª¤�N ×þ �ú÷� ù�ðÂû ,À�õ�÷üõ I ¤¢ �µª¤�N ×þ �¤ an; : : : ; a1 Â¬��ä.< a1; : : : ; an > N 6= N øan+1 2 I �Ì ä ö�� µ ÷ ù� ðÂ û ´¨� I ¤¢ ñ� Þ � Æ î� õ � µ ª¤-N ×þ a1; a2; :::; an Ý � þ� ðñ¢� ã õ �¤� ± ä � � .À ª� � I ¤¢ � µ ª¤�N ×þ a1; a2; :::; an; an+1 � î ý¤� Ï � � ´ ê� þ �¤.I � ZR(M= < a1; :::; an > M)
ýùÀª À�ó�� ø ÂÔ¬Â�è ñøÀõ-R×þ M ø ýÂ��÷ �ÖÜ� ×þ R À��î ­Âê . 5.2.1 ùÂÊ±�ñ�Ï �¤�¬ßþ� ¤¢ .M 6= IM �î ý¤�Ï �� Àª�� R ¥� üó�ùÀþ� I À��î ­Âê .Àª�� üû��µõø Ý�õ�÷üõ M ýø¤ I ��¤¢ �þ I ��¤¢-M ,I ¤¢ ñ�Þ�Æî�õ ý�û�µª¤-M ý�Þû íÂµÈõZero divisor 75



´õ�ä � � �¤ M ý��¤¢ ß� �»Þû .Ý�û¢üõ ö�È÷ grade(I;M) � þ gradeM(I) ´õ�ä� �:Ý��îüõ ÓþÂã�ø ù¢�¢ ö�È÷ grade(M)grade(M) = gradeM(Ann(M)):m ý��¤¢ Àª� � üã®�õ (R;m) �î ü�¤�¬ ¤¢ .grade(I;M)=1 ù�Ú ÷� ,M = IM Âð�.Ý�û¢üõ ö�È÷ depth(M) �� �¤ M ýø¤
ñøÀõ�R ×þ M ø üã®�õ ø ýÂ�� ÷ ý�ÖÜ� ×þ (R;m; k) À��î ­Âê . 6.2.1 ��Ìì:�¤�¬ ßþ� ¤¢ .Àª�� üû��µõ ýùÀª À�ó�� ø ÂÔ¬�÷depth(M) = minfij ExtiR(k;M) 6= 0g:2 .[4℄ â�Âõ ,8.2.1 ý��Ìì �� .í.¤ .ö�ûÂ�
ýùÀª À� ó� � ñøÀõ�R ×þ M 6= 0ø üã®�õ ý�ÖÜ� ×þ R À� �î ­Âê . 7.2.1 Ýó:�¤�¬ ßþ� ¤¢ .pd(M) <1 �î ý¤�Ï �� Àª�� üû��µõpd(M) + depth(M) = depth(R):2 .[8℄ â�Âõ ,1.19 ý��Ìì �� .í.¤ .ö�ûÂ�
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×þ ü¨�¨� â�¨� � ø � µÆ ��ø ñø� ý�ûñ�ùÀ þ� ,ÛÞ½õ 3.1ñøÀõ
�� ø ù¢�¢ ö�È÷ Supp(N) ´õ�ä �� �¤ ,N À�÷�õ ñøÀõ�R ×þ 8ÛÞ½õ . 1.3.1 ÓþÂã�:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬Supp(N) := fp 2 Spe
(R) : Np 6= 0gý�µÆ� ý�ä�Þ¹õÂþ¥ �� ´±Æ÷ N ýùÀª üã®�õ Np ,R ¥� p ñø� ñ�ùÀþ� Âû ý�Â� ö� ¤¢ �î.Àª��üõ S = Rnp ü�Â®×þ ù�ð Âû ,À�õ�÷üõ N 9ý�µÆ��ø ñø� ñ�ùÀþ� ×þ �¤ p ,R ¥� p À�÷�õ ñø� ñ�ùÀþ� Âû ý�¥� ��ñø� ý�ûñ�ùÀþ� ��Þ� ý�ä�Þ¹õ .p = (0 :R x) �î üÞÆì �� Àª�� ¢���õ x 2 N À�÷�õ �Ìä.Ý�û¢üõ ö�È÷ AssR(N) ¢�Þ÷ �� �¤ N ý�µÆ��ø
ø Âð� AssR(M) 6= � �¤�¬ ßþ� ¤¢ .Àª�� ñøÀõ�R ×þ M À��î ­Âê . 2.3.1 ��Ìì.M 6= 0 Âð� �ú��2 .℄10[ â�Âõ ,35.9 ý�¹�µ÷ �� .í.¤ .ö�ûÂ�
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ý�µÆ� ý�ä�Þ¹õ Âþ¥ ×þ S ø R ýÂ��÷ ý�ÖÜ� ýø¤ ñøÀõ�R ×þ M À��î ­Âê:�¤�¬ ßþ� ¤¢ .Àª�� R ¥� ü�Â®AssS�1R(S�1M) = fpS�1R j p 2 AssR(M) ; p \ S = �g:
2 .℄10[ â�Âõ ,38.9 Ýó �� .í.¤ .ö�ûÂ�
,À ª� � R ñø� ñ�ùÀ þ� × þ p ø ñøÀ õ�R ×þ M ,ýÂ �� ÷ ý� Ö Ü � R Â ð� . 4.3.1 �¹�µ÷:ù�Ú÷�p 2 AssR(M) , pRp 2 AssRp(Mp):
2 .℄8[ â�Âõ ,2.6 ý��Ìì ý�¹�µ÷ �� .í.¤ .ö�ûÂ�

:�¤�¬ ßþ� ¤¢ .Àª�� ñøÀõ�R ×þ M ø ýÂ��÷ ý�ÖÜ� R À��î ­Âê . 5.3.1 ��Ìì.´¨� üû��µõ �ä�Þ¹õ ×þ AssR(M) ù�Ú÷� ,Àª�� üû��µõ À�ó�� �� M Âð� (i).AssR(M) � Supp(M) (ii).À�þø�Æõ Ýû �� Supp(M) ø AssR(M) ñ�Þ���õ Â¬��ä �ä�Þ¹õ (iii)2 .[8℄ â�Âõ ,5.6 ý��Ìì �� .í.¤ .ö�ûÂ�
.Àª��M ¥� ÂÔ¬�÷ ñøÀõ Âþ¥ ×þ N ø ÂÔ¬�÷ ñøÀõ�R×þ M Ý��î­Âê . 6.3.1 ÓþÂã�¥� ÂÔ¬�÷ ñøÀõ Âþ¥ Âû ý�¥� �� �î ü�¤�¬ ¤¢ ´¨� N ý�Â� 10ü¨�¨� â�¨�� ×þ M Ý�þ�ðEssential extention 108



×þ b 2 M ÂÔ¬�÷ �Ìä Âû ý�Â� ÂÚþ¢ �¤�±ä �� .L \ N 6= 0 :Ý�ª�� �µª�¢ L À�÷�õ MñøÀõ�R×þ M Ý��î ­Âê .rb 6= 0 ø rb 2 N �î ý¤�Ï �� Àª�� ¢���õ r 2 R À�÷�õ �Ìä�� ø ´¨� N 11��µîÄ÷� Çª�� ×þ M Ý�þ�ð �¤�¬ ßþ� ¤¢ .Àª�� N ü¨�¨� â�¨�� ø ��µîÄ÷�.Ý�û¢üõ ö�È÷ E(N) ´õ�ä
�¤�¬ ßþ� ¤¢ .À�ª�� R ñø� ñ�ùÀþ� ø¢ p2 ø p1 ø ýÂ��÷ ý�ÖÜ� R À��î ­Âê . 7.3.1 Ýó:À÷¥ ¤� Ýû Âþ¥ ý�û ù¤��ð.p2 � p1 (a).HomR(ER(R=p2); ER(R=p1)) 6= 0 (b)2 .[12℄ â�Âõ 21.4 ýù¤��ð �� .í .¤ .ö�ûÂ�
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ñ�ùÀþ� ×þ ýÀ�Ü� ø ��óø� ý�þ�¹� ,ö�Æ��î�� ñ�Øþ¢�¤ 4.1
pJ �þ Rad(J) ´õ�ä �� �¤ ö� ñ�Øþ¢�¤ ,R ¥� J À�÷�õ ñ�ùÀþ� Âû ý�¥� �� . 1.4.1 ÓþÂã�:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� ø ù¢�¢ ö�È÷Rad(J) = pJ = fx 2 R j 9 r 2 N ; xr 2 Jg:Ý�õ�÷üõ R 12ö�Æ��î�� ñ�Øþ¢�¤ �¤ R ý�ÖÜ� ñ�Þ�Æî�õ ý�ûñ�ùÀþ� ��Þ� í�Âµª� ß��»Þû.Ý�û¢üõ ö�È÷ Ja
(R) ¢�Þ÷ �� �¤ ö� ø

ù�ðÂû À�õ�÷üõ R ¤¢ ��óø� ñ�ùÀþ� ×þ �¤ q ñ�ùÀþ� . 2.4.1 ÓþÂã�.q 6= R (1).y 2 pq �þ x 2 q ù�Ú÷� ,xy 2 q Âð� ,x; y 2 R Âû ý�¥� ��(2)
¥� ´¨� �¤�±ä q ý�Â� ��óø� ý�þ�¹� ×þ .Àª�� R ¥� üó�ùÀþ� q À��î ­Âê . 3.4.1 ÓþÂã�ñ�ùÀþ� ×þ qi ,i Âû ý�¥� �� �î q = Tni=1 qi ü�ãþ ,��óø� ý�ûñ�ùÀþ� ¥� üû��µõ ¢�Àã� í�Âµª�ù�Ú÷� ,qi * Tj 6=i qj ø À�ª�� �þ�Þµõ �ûpqi ,i Âû ý�¥� �� Âð� ��óø� �þ�¹� ßþ� ¤¢ .´¨� ��óø��� ø pi = pqi �î fp1; p2; :::; png ý�ä�Þ¹õ �¤�¬ßþ� ¤¢ .À�õ�÷üõ ñ�Þ���õ �¤ ë�ê ý�þ�¹�.¢�ªüõ ù¢�¢ ö�È÷ ass(q) ´õ�ä �� ,¢¤�À÷ üÚµÆ� q ý�þ�¹�Ja
obson 1210


