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❖ L BNMPO Q QSRTSU=VWO XYB	CZ:=TSM[@ T\O ]!>AQ B	]!B?U=@^
_4`	a b a c�d e f�g hjilk�m�n m�o�p q=rZq�sut	q�m�p?v�wHx vzy#qJw x vz{|x m�n rp } vz~?�
_4�u� f ��a c�d e f�g hji���m�n m�p m�q=su~?y;r~?p m���o�vzn su{4~?q=w x vz{�x m�n rp } vz~?�
_4� f�e g h�i#��n n vzy#qJsuq=p v�o�vz{4t	} ~?m%p y#v�x m�n rp } vz~?q��
_4`	a d � �e � ��a � a g	c�a hji#�Hsu�Hn m�q=} ~#x m�n ~?��W�Wt	sHp?~?vzp?} ~#x m�n ~?���
_!�2g	e f�g hji#�usu�Hn m�qJ} ~#x m�n ~?��Zr~?�N} ~#x m�n ~?���
_4�%�W�� a ���d e f�g h ���J������� �2�Wm�p o�� i?r~?�\�u�	 2�2¡Y¢W£

❖ ¤ O U=RBNB	<?R:PTS>¥C�B	@ ¦AC�U=V�<�C�B	Q <?@ O TSU=F?T2>AV�R<?UP§2BN¨�©ª¬«?©��®�¯Y°I¬± @ B	CZMPBNRTS²2B	CZ@ :=BNTS>AB	C�<H@ O TSU=VWF?MPBNMPO Q QSXYO VWR¦AVWV�:=TSM[@ T
©«?³ ´ ª¬´ µ®Z¶2¦AB	C�O B	V�± TSC�]!B	X·§2¸'RT2]!>YTSVWO U=¹'@ :=B	]/º

σ
π

−
Υ

><

��� � � � � � ���	� 
 � � � �� 
 � � � � � � ��� � ��� ��� �� � � � � � 
 � 
� 
 ��� � ��� � � � � »

¼'½=¾ 02¿6"4-%*%7��!À#"%¿65#$�028

❖ ¤ O ]!O Q <?CZ@ T\TSQ X·VWR:=B	]Á<?Â?Ã�Ä2Åª\®%<?XYX%B	X·± TSCZ²2<?C�O <?@ O TSU=VSº
❖ Æ B	VWB	C�²2B	VS^
_¬Çuro�È#p su�Hn m%} qJÉWÊZt	Ë	p m�qJn vz~?Ì	�Z�WÊWÊÍp su�Hn m�qJ�Hm�x2�HrÌ	m��W�WÊÊWÊÍ�?rÌ	m�q��

❖ ¤ <?O Q TSC�VS^
_¬Çuro�È#p su�Hn m%} qJÎWÊZt	Ë	p m�qJn vz~?Ì	�ZÏWÊÍp su�Hn m�qJ�?m�x2�HrÌ	m��WÎWÊÊZ�HrWÌ	m�q��

k�r} n vzx q=h Ð e ��ÑW} ~?p m�Ì	m�x �WÐ g	��Ò�a Ñq�p x } ~?Ì	��� ��d e gz��Ñ} ~?p m�Ì	m�x �W���a�ÑWx m�rn iÓ m�q�m�x Ô	m�q=h Ð e �Ñ} ~?p m�Ì	m�x �WÕ�e ��ÑW} ~?p m�Ì	m�x �W���Ö�Ñ��urp m�q ��� g	��Ò�a Ñq�p x } ~?Ì	i
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❖ í UP<?Q ¹2B	§2C�<Y^ Æ ¤ ºZ9;TS]Á]!TSU;°�î1¦AVW@J§2BNR<?C�B	± ¦AQ Q ¸TS>A@ O ]!O ï?B	XNº Æð¤ O V�Q <?C�¹2B	Â?VWTSF Æñ¤ ± TSQ Q TSMPB	X·§2¸'<VWB	Q B	R@ O TSUPO V�O U=B	± ± O RO BzU=@º
❖
I¬VWVW¦A]!BA^�îò@ ¦Y>AQ B	V�O U Æ F?>�óZ@ ¦A>AQ B	Vô>AB	CZ>A<?¹2B	F?õ[@ ¦A>AQ B	VO U ¤ F?>�öu@ ¦Y>AQ B	V�>AB	CZ>A<?¹2BAº
_¬÷ ~#vzsux2m�ør{4�Hn m�q�� Ó } q Ó m�q�m�x Ô	m�qJr~?�Nk�} q2k�r} n vzx q��

❖ L BNMPO Q QSRTSU=VWO XYB	CZ]!TSC�BNRTS]Á>AQ B	ù4ú TSO UPRTSU=XYO @ O TSU=V�Q <?@ B	CHº
❖ û ©�³Aª¬®�³�Ã�´ ¨u^%ü·TS± í�ý?þ VSº L BNMPO Q QSO ¹2U=TSC�BNTS¦A@ >A¦A@=RTSVW@ VSº

��ÿ��ÿ������� �	 J� Ó m�q�m�x Ô	m�q Ó ��Wk�r} n vzx qJk���
	 ÿ�	ÿ Ó �� q�} ���Hk��W� q�} �
><× ×
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❖ � TSCZB	<?R:P@ ¦A>AQ BNO UP@ :=BN©��2³ ®�Ã%C�B	Q <?@ O T2U Æ F?MPBNVWR<?UP@ :=BB	U=@ O C�BN´ Ä2Ä2®�Ã%C�B	Q <?@ O TSU ¤ º
_��Yvzq�p Ñ������������ ��!"�1�WÊWÊÊ��N�WÊWÊ�� �WÊWÊÊ�� ÎWÊÊ·÷ #�$�q��

❖
GA<?¹2B&% TSC�O B	U=@ B	X·õPB	VW@ B	X('YTSTS>AV�ú TSO U;^ � TSCZB	<?R:P«?Å�)H®%TS± Æ F¹2B	@JB	<?R:P«?Å�)H®%TS± ¤ F?<?U=X·MPC�O @ BNT2¦A@=]!<?@ R:=O U=¹'>A<?O C�VôTS±@ ¦A>AQ B	V+*	C�FHV-,AFHMP:=B	C�BNCZO V�O U Æ % >A<H¹2BN<?U=X ¤ O V�O U ¤ %>A<?¹2BAº
_��Yvzq�p Ñ����.��� !/�N�WÊWÊÊ��N�WÊWÊÊ�� ÎWÊÊ
_¬÷ wHq�{�rn n m�x2x m�n rp } vz~#h kiH} q=v�sup m�x �o�vzq�p&�NÎÊWÊ��NÎÊWÊ�� �ÊWÊWÊ

w vzx m�ro�È#p su�Hn m%x2} ~ Ó �uvw vzx m�ro�È#p su�Hn m%qJ} ~#k��uv} wHx10 ����q32	p È?m�~#r�u�
4ux �Wq35Np vôx m�q�sun p
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❖ í ±=@ :=B	C�BNO V�<?UPO U=XYB	ù4TSUP@ :=BNú TSO UPRTSQ ¦A]!UPTS±=TSU=BNC�B	Q <?@ O TSU9 VW<?¸ ¤�: F?R<?UP]Á<<;2BNO @J@ :=BNO U=U=B	CZ<?U=X·B	ùH>AQ TSO @J@ :=BNO U=XYB	ù%º
_��Yvzq�p Ñ�����h?h ��� ��� i��2o�v�q�p?vzw?w } ~?�u} ~?Ì;{�rWp o�È?} ~?Ì;k�p su�Hn m�q�i

❖ � TSCZB	<?R: Æ @ ¦A>AQ B	F?R�TSVW@JTS±A>AC�TS§2O U=¹ ¤ O U=XYB	ù4O V�<?§2TS¦A@ôD?º E± TSCZ:=<?VW:PO U=XYB	ùHF?E<% =�± TSC�>@?¥@ C�B	BAº%9#TSVW@JTS±=@ :=B	UP± O U=XYO U=¹ ¤@ ¦A>AQ B	V 9 <?VWVW¦A]!O U=¹'I¬Q @º 9 E : TSC 9 A : ±�T2CZXY<?@ <�B	U=@ C�O B	V :XYB	>AB	U=XYV�TSUPRQ ¦AVW@ B	C�O U=¹�º
_��Yn suq�p m�x m���} ~?�um�øÑZ�Z÷ #�$!h p Ë	�H} o�rn i �Wsu~?o�n sHq�p m�x m��uÑsu�Hp v��Í÷ #�$�Hm�x2{4rp o�È?} ~?Ì;k�p su�Hn m��

w vzx m�ro�È#p su�Hn m%x2} ~ Ó �uvw vzx m�ro�È#p su�Hn m%qJ} ~#k�y#È?m�x m%x10 ����q32��uvr�u�
4ux �Wq35Np vôx m�q�sun p
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❖ D <?VW:E% O U=XYB	ù 9 I¬Q @º�E : TSUP�´ ¯�TS± ¤ <?O Q T2C�V 9 <?V�O U=U=B	C : ^
_¬k�o�r~ Ó m�q�m�x Ô	m�q�ÑZ�WÊWÊÊZ�HrWÌ	m%÷ #�$�q��W�WÊÊ�� �WÊWÊÊZp su�Hn m�q��
_�F	vzx2m�ro�È Ó m�q�m�x Ô	m�q=p su�Hn m�ÑZ�� �Í÷ #�$�q=p v�Ì	m�p?�urp rZm�~?p x Ë;} ~} ~?�um�ø��Hn suqJ�Í÷ #�$Áp vôÌ	m�p	h p È?m%m�øro�p n Ë;vz~	m�iH{4rp o�È?} ~?Ì;kr} n vzx qp su�Hn m��Í�uvzp rn Ñ%��WÊ� ÊWÊÊZ÷ #�$Íq��

❖ D <?VW:E% O U=XYB	ù 9 I¬Q @º�E : TSUP�´ ¯�TS± Æ B	VWB?C�²2B	V 9 <?V�O U=U=B	C : ^
_¬k�o�r~#kr} n vzx q�ÑZÎWÊÊZ�HrWÌ	m%÷ #�$�q��WÏWÊ�� ÎWÊWÊÍp sH�Hn m�q��
_�F	vzx2m�ro�È#kr} n vzx q=p su�Hn m�Ñ%�� �Í÷ #�$�q=p vôw } ~?�#} ~?�um�øÍ�HrÌ	m%y#} p È�urp rZm�~?p x } m�q���Hn suq=o�v�q�p?vzwHx m�p x } m�Ô	} ~?Ì;{4rp o�È?} ~?Ì Ó m�q�m�x Ô	m�qp su�Hn m�q��Z��q�q�su{4} ~?Ìôsu~?} w vzx {|�u} q�p x } tzsup } vz~?��W� ÎZx m�q�m�x Ô	rp } vz~?q�Hm�x2q�r} n vzx2h �ÊWÊ� ÊWÊÊ�#NÉWÊ� ÊWÊÊWi ���Yvzq�p?v�wHx m�p x } m�Ô	} ~?Ì;p È?m�{ } q=�Ívzx�� ÎÍ÷ #�$�q=�um��Hm�~?�u} ~?Ì;vz~;y#È?m�p È?m�x2p È?m%} ~?�Sm�øÍ} q=o�n suq�p m�x m��u� ��� � � � � � ���	� 
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❖ J VWBNTSU=BN>A<?¹2BN<?V�<?UPO U=>A¦A@J§2¦A± ± B	CZ±�TSCZVWR<?U=U=O U=¹'@ :=BO U=U=B	C ¤ F?TSU=BN>A<?¹2BN<?V�@ :=BNTS¦A@ >A¦A@J§J¦A± ± B	C�F?<?U=X·¦AVWBN<?Q QC�B	]!<?O U=O U=¹'>A<?¹2B	V�@ T\:=TSQ X(K K §2Q TSR�;�L LSTS±=TS¦A@ B	C Æ º
_�F	vzx2m�ro�È#{�rp o�È?} ~?Ì;p su�Hn m%x2} ~ ÓNM t	n vzo1O	�WqJ} ~#k M �HrÌ	m��Wr�u�4ux �qP5�p vôx m�q�sun p �Í�uÈ?m�~#x m�rW��~?m�øp ÓNM t	n vzo3O	�q�o�r~#k�m�p o��

QEQNQ
QEQNQ

�SR#�
Hash table for block of R

(k < B-1 pages)

Input buffer for S Output buffer

QEQNQ
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❖
9;TSVW@^ ¤ R<?UPTS±=T2¦A@ B	C�?6üAT2¦A@ B	CZ§2Q TSR_;2VS`%VWR�<?UPTS±=O U=U=B	C
_�auvzsup m�x2t	n vzo3O	qN�

❖ L O @ : Æ B	VWB	C�²2B	V 9 Æb: <?VôTS¦A@ B	C�F?<?U=X|DWc<c�>A<?¹2B	V�TS± Æ ^
_��Yvzq�p?vzw?q�o�r~?~?} ~?Ì Ó } qJ�ÊWÊWÊÍ÷ #�$�q3dZrZp vzp rn�vzw?�Ê%Õ�b f�cPe�Ð��
_�fum�x2t	n vzo1Oôvzw Ó �y#m%q�o�r~#kr} n vzx qJh k�i dZ�WÊ�� ÎÊWÊÍ÷ #�$�q��
_¬÷ wHq��?ro�m%w vzx�g suq�p&hWÊÍ�?rÌ	m�qJvzw Ó �Wy#m%y#v�sun ��q�o�r~#kÍ��Zp } {4m�q��

❖ L O @ :1D1c<c<% >A<H¹2BN§2Q TSR�;'TS± ¤ <?O Q TSC�V�<?VôTS¦A@ B	CH^
_��Yvzq�p?vzw?q�o�r~?~?} ~?Ì;kÍ} qJÎÊWÊZ÷ #�$�qPdWrÍp vzp rnzv�wHÎZt	n vzo3O	q��
_�fum�x2t	n vzo1OôvzwHk�y#mYq�o�r~ Ó m�q�m�x Ô	m�q3d·Î�� �WÊWÊÊZ÷ #�$�q��

❖ L O @ :P�®1ij�2®�Ä2³ ´ Å�kSÃ�®�Å¯H RTSU=VWO XYB	C�B	XYF?<?U=<?Q ¸2VWO V�R:=<?U=¹2B	VS^]!<?¸'§2BN§2B	VW@J@ T\XYO ²2O XYBN§2¦A± ± B	C�V�B	²2B	U=Q ¸'§2B	@ MPB	B	U Æ <?U=X ¤ º

 # /of pages of outer blocksize
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❖ ¤ TSC�@ Æ <?U=X ¤ TSUP@ :=BNú TSO UPRTSQ ¦Y]!U=F?@ :=B	UPVWR<?UP@ :=B	] @ T\XYT<.K K ]!B	C�¹2B&L L 9 TSUPú TSO UPRTSQ�º : F?<?U=X·TS¦A@ >A¦A@JC�B	VW¦AQ @J@ ¦A>AQ B	VSº
_¬���uÔ	r~?o�mYq�o�r~#v�w Ó su~?p } nzo�sux x m�~?p ÓNM p su�Hn ms5��No�sux x m�~?p?k�p su�Hn m��p È?m�~#r�uÔ	r~?o�m%q�o�r~#v�wHkÍsu~?p } nzo�sux x m�~?p?k M p su�Hn ms5���o�sux x m�~?p Óp su�Hn mtd�uvôp È?} qJsu~?p } nzo�sux x m�~?p Ó p su�Hn ms�No�sHx x m�~?p?k�p su�Hn m��
_¬��p?p È?} q=�Hvz} ~?p �rn n Ó p su�Hn m�q=y#} p È#q�r{4m%ÔzrWn sum%} ~ Ó }zh c u	� � a gzd�v�� f1ujw�i?r~?�Nrn nzkÍp su�Hn m�q=y#} p È#q�r{4m%Ôzrn sum%} ~#k_g�h cPu	� � a g	d?`�� f1ujw�i	Ò���d cPx dÍv�sup �Hsup&4ux �qP5Nw vzx2rn nz�?r} x qJvzwHq�suo�È#p su�Hn m�q��
_¬�uÈ?m�~#x m�q�su{4m%q�o�r~?~?} ~?Ì Ó r~?�Nk��

❖ Æ O V�VWR<?U=U=B	X·TSU=RB	Â?B	<?R: ¤ ¹2C�TS¦Y>¥O V�VWR<?U=U=B	X·TSU=RBN>AB	C]!<?@ R:=O U=¹ Æ @ ¦Y>AQ BAº 9 î ¦AQ @ O >AQ BNVWR<?UAV�TS±=<?U ¤ ¹2C�TS¦Y>¥<?C�BQ O ;2B	Q ¸'@ T\± O U=X·U=B	B	XYBzX·>A<?¹2B	V�O UP§2¦A± ± B	CHº :

><} ��g
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❖
9;TSVW@^ZîòQ TS¹åîy?¥õ[Q T2¹'õ8? 9 îz?Yõ :
_¬�uÈ?m%o�vzq�p?vzwHq�o�r~?~?} ~?Ì	������!#�Wo�vzsun �Nt	m@��� ! h Ô	m�x Ëôsu~?n } O	m�n Ë&{ i

❖ L O @ : A<| FYDWc<c�TSC A c<c�§2¦A± ± B	CZ>A<?¹2B	VWFH§2TS@ : Æ B	VWB	C�²2B	V�<?U=X
¤ <?O Q TSC�V�R<?UP§2BNVWTSC�@ B	X·O UPE�>A<?VWVWB	VWÂ?@ TS@ <?QSú TSO UPRTSVW@�^1} | c�cYº

sid sname rating age
22 dustin 7 45.0
28 yuppy 9 35.0
31 lubber 8 55.5
44 guppy 5 35.0
58 rusty 10 35.0

sid bid day rname

28 103 12/4/96 guppy
28 103 11/3/96 yuppy
31 101 10/10/96 dustin
31 102 10/12/96 lubber
31 101 10/11/96 lubber
58 103 11/12/96 dustin
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❖ L BNR<?UPRT2]!§2O U=BN@ :=BN]!B	C�¹2O U=¹'>A:=<?VWB	V�O UP@ :=BN�©Ã�³ ´ Ä�)�TS±
Æ <?U=X ¤ MPO @ :P@ :=BN]!B	C�¹2O U=¹'C�B	¶2¦AO C�B?X·± TSCZ@ :=BNú TSO U;º
_��·} p È��.5 �y#È?m�x m@�;} q=p È?m%q�} �m%vzw?p È?m%n rx Ì	m�x2x m�n rp } vz~?�sHq�} ~?Ìp È?m%q�vzx p } ~?Ì;x m�w } ~?m�{4m�~?p?p È?rp?�Hx vz�usuo�m�q=x sH~?q=vzwHn m�~?Ì	p È#�-��} ~furq�qJÊ�-aux su~?qJvzwHm�ro�È#x m�n rp } vz~#} qN4
��#H��
_¬��n n vzo�rp mY�Í�HrWÌ	m%�Hm�x2x su~#v�wHm�ro�È;x m�n rp } vz~?�r~?�
� {4m�x Ì	mt��y#È?} n mo�È?m�o1O	} ~?Ì;p È?msg vz} ~#o�vz~?�u} p } vz~?�
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