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798;:=<?> @	A�BDC�E,:=F;GHC�I
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❖ PRQ STVU W=X�Y�Y[Z \[]_^ `4^=Zacb�dce4f g hji�h=Zf ikY&Z \[SQ l&\�ZX[Y�Si�h,Za=^monqpr�s4tvucw�x py tvx#y z	uc{ r�p| | z9{ },uc| w�},w�~=y w��j�c��{ ~=�9p[� uc�q| | �{ ~=y w�x � pr�w���4s=w�~4p~4tvucw�x py tvx#{ �;� u=�q| | w��q�� tvx#y s=w&~=w��y=tv�qy uc�qyy �quc| w����{ y=� u=�q| | ����tv~4{ y �;{ ~=uc�qy ��p~=��r�tv},uc�qy w��;y s=w�},�
❖ �R���D� :=� F�� BkBk�?@	B Umo�	tvx#p[�	{ �	w�~4�	�qw�x z	�k�4s=py=uc| p~=��px w&r�tv~=��{ �qw�x w��q�

◆ ��� ����� � � � *� ��¡ ¢�£�� ¤ �?¥� £ ¦R¡ ¥�£ ¤ ¢c§ ����¤ �¢�£ ¥¢ ¡ �¨ ¢ ¡ � �  [£�� ¢�©kª�¥� £ ¦v«mo¬4tv�{ �;y s=w&r�tv��y=tv�=p[uc| p~4w���y { }jpy w��q�
❖ ® GR@	:=¯ ¯ ° U�± :=F;>�> �D² � F;G´³#@	Bk>�<?¯ :=F9µ&¶RA�:=·> � ·:=¯ ¯ ° U�¸D¹#� � G
��� A�Bk>�<?¯ :=F;B»º

❖ ± @ � � ¯ ¯»Bk> �?GR°*> 8;@�¼q°#Bk> @ �¾½ :=<?<?A � :=·89µ
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❖ ® � <?:=·> UmoÉÊtv��y=�4{ �qw�| zË�q��w��qr��qx x w�~=y | z	Ì�4tvx Í	�;�4w�| |�� tvx#Î�ÏkÐ[Ñ tv{ ~=���
❖
7 � Bk>�@	Bk> � � :=> � � F U[¸ <?<?A �#Ò � � :c> @�:=A�>�:=>�³#@	Bk>µmoÓ�y py { ��y { r����}jp{ ~=y p{ ~=w��j{ ~4��z	��y w�}Hr�py p| tv�v����c��w��jy tËw���y { }jpy wr�tv��y=tv�ctvucw�x py { tv~=��p~=�jx w����q| y=��{ Ôw����
moÕRtv~=��{ �qw�x �;r�tv},Ö	{ ~	py { tv~4tv�=ÕR×cØÙp~=�jÚ ÛcÜÝr�tv��y ���

❖
¶?¯ :=F�¼q<?:=·@ U&�R�»� ¯ :=A�Þ#@	ß � �?B>�³#@�<RA��?F;@	G�µmoÜV~=| z9y s=w&��ucpr�w&tv�	à á â�ã ä åá á æ[æà ç�è	é�{ ��r�tv~=��{ �qw�x w��q�

◆ ê¢ § � ë ©k¢�¢ ¥R¥� £ ¦¡=£�� � ��ìD��í� ¥í����§�¢�£�¤ �R��¥¢ � £�� ����� �»îk¢	ï�ð ï�ñ ò ð ó�ñ ô � ¦� �� �¢=¦¢ õ�����¥¢ � £�� ���ìR� � ���í��¡ � ��� � ¦��� ��� ¦&£q� ¢  R¥��� £�� ö;� ¢ � £�� � ��¦v«moÕRpx y w���{ p~4ucx tv�c�qr�y ��p�	tv{ �qw��q� ��� � � � � � ���	� 
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❖
¼q� � � ¯ :=A[> �D� ¯ G´Bk·8;@ � :=û X�T#SüDY :=GRG&@	G ² � A ¹ :=A�� :=> � � F;B»µ

❖ ½ @	Bk@	A ¹ @	B Umonqpr�s4y �quc| w&{ ��ýkÐ[Ö	z	y w���| tv~=�	�[ÏkÐkÐ_y �quc| w���ucw�x#ucp�	w��kÏkÐÐkÐ_u=p�	w����
❖
¼q:=� ¯ � A�B Umonqpr�s4y �quc| w&{ ��þkÐ[Ö	z	y w���| tv~=�	�[ÿkÐ_y �quc| w���u=w�x#ucp�	w��kþkÐÐ[ucpk�	w����

Ó�p{ | tvx ��� é � å��k{ ~=y w��	w�x �ké è	ç��Vá ���y x { ~=�	��� ç�ã � è����{ ~=y w��	w�x �kç	�á��kx w�p| 
� w���w�x �	w���� é � å�{ ~=y w��	w�x ���� å��k{ ~=y w��	w�x �kåç	�����qpy w�� ��� è	ç��Vá ���y x { ~=��
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❖ ÕRtv��y �[þkÐÐ�cþÐkÐ�� ÏÐkÐkÐ_Ú ÛqÜV�
❖ � z9~=tË},w�p~=�;y s=w&�4tvx ��y=uc| p~��
❖ ÉÊ{ ����w�����w��	w�x p|vtvucuctvx y �q~={ y { w������w�| w�r�y { tv~=�;r�tv�q| �js=p�	wRÖ	w�w�~� uc�q��s=w��q��w�px | { w�x �~=tË�q��wR{ �;}jp�qwtv�cp~=zËp�vp{ | pÖ	| w&{ ~=�qw��w����kw�y r��
❖ ��� ç�à � â � æã � ��� ��ç�ã � � è�� �qtË� { ~=��},tvx ww�� � { r�{ w�~=y=uc| p~=�;y s=py=r�tv},u=�qy w&y s=w��p},wRp~=���4w�x �

!�" ê "�#%$ Ó�� ��~	p},w&�'�(*) � w���w�x �	w�� � �Óp{ | tvx �;Ó+-,." ' " � � ��{ �%/qÓ�� ��{ � �*0�1� � Ö	{ �%/cÏÐkÐ �20.1 Ó� x py { ~=��3cþ
Reserves Sailors

sid=sid

bid=100 rating > 5

sname

Reserves Sailors

sid=sid

bid=100 rating > 5

sname

(Simple Nested Loops)

(On-the-fly)

(On-the-fly)

�*4 �qx w�w��

×q| p~=�
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❖ BDC�E FHG�E I I�J�K J�F�L�J	M æ�N	é O_é á à á P�ã é Q
❖ R { y s4þ[Ö	�c� � w�x ���kr�tv��y=tv�=uc| p~=�S ! ¤ £ ¦ ' ¢ ¡ ¢ � Tk¢ ¡c¨ U V	VWV�ªX;ìR� � � ¢c� ¢  R¥ $ U»¨ U Vq¥�£���¢ ¡ Y�� §�ìR¢c��£ Tk¢ZU VWVcîk��£�� ¡ Yík¦� § ���  Ê©k� ¡ � � � îkí� � ��¦ª «S ! ¤ £ ¦ ! £�� � ��� ¡c¨ [	V	V�ªX;ìR� � � ¢c� ¢  R¥ $�\ ¨ \ [�Vq¥�£���¢ ¡ Y�� §�ìR¢=��£ Tk¢ZU V»� £�� � ¦��¡ ª «S ! ��� � $ U»¨ \	] \	] U V�ª Y�¡ ��� � $�\ ¨ \	] ^	] \ [	V�ª Y� &¢ � ��¢»¨ U V�X \ [�V�ªS $ ��� £�� _ ^ [	`	Vq¥�£���¢%a b ( ¡ «
❖ Ú �c�4wR�q��w�� �dcfe Ñ tv{ ~=�Ñ tv{ ~4r�tv��y�/�ÏkÐ��cý�� gkþÐk�y tvy p|vr�t���y�/-gh�hkÐ�
❖ Ú �c�4wR� uc�q��s=��ucx tvÑ w�r�y { tv~=�����cÏ_s	p�;tv~=| zVé � å���dg[tv~=| zËé � å_p~=�4é è	ç	�Vá��S $ Uc§ � � ¡	� ¦ ^ ¥�£���¢ ¡ Y�¤ ��¡ ����§�i�0?ê&©k� ��¥¡	� �#ík¦�©k¢ � \ [�Vq¥�£���¢ ¡ Y�� ��� £���j \ VWV	V�«

Reserves Sailors

sid=sid

bid=100 

sname
(On-the-fly)

rating > 5
(Scan;
write to 
temp T1)

(Scan;
write to
temp T2)

(Sort-Merge Join)
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❖ R { y s4r�| �q��y w�x w��j{ ~=�qw��_tv~H��� åVt��� w���w�x �	w�����4w&�	w�y	ÏÐkÐ� ÐkÐÐkÛcÏÐkÐp/ÏÐkÐkÐ_y �quc| w���tv~4ÏkÐkÐÐkÛqÏkÐkÐp/�ÏÐ[ucpk�	w����
❖ Ú cfe �4{ y sHq E q J�r E F�E F�s � t��qy w�x#{ �;~=tvy},py w�x { p| { Ôw��%
 �

❖ t w�r�{ ��{ tv~4~=tvy=y tËuc�c��sH� ç�ã � è��udv_Ö	w�� tvx w&y s=w&Ñ tv{ ~4{ �;Övp��w���tv~p�vp{ | pkÖ	{ | { y z9tv�	é � å_{ ~=�qw��_tv~4Ó�p{ | tvx ���
❖ ÕRtv��y �[Ó�w�| w�r�y { tv~4tv� � w���w�x �	w��;y �quc| w���� ÏkÐ[Ú ÛqÜV�	
 Ì� tvx#w�pr�s=�},�c��y=�	w�y=}jpy r�s={ ~=�9Ó�p{ | tvx �;y �quc| w�� ÏÐkÐkÐ�� Ïk� g
 Ìky tvy p|�Ï�gkÏkÐ_Ú ÛqÜV���

❖ w tv{ ~4r�tv| �q},~Ëé � åV{ ��p_Í	w�zË� tvx#Óp{ | tvx ���x ���� &��¡ ����¦¢c [£�� ¤ �� ¦��� ík¥� ¢ Y�ík¦¤ � í¡ � ¢ � ¢�©?� ¦�©k¢ õ#��¦.y ð ô (2z «
x	{ � �W| ¢ ¤ � � ¦����í��ík¦�¦¢ ¤ ¢ ¡ ¡ £�� ö;§ � ¢ � ©k¡	§ � �� *��í� ¢ �v©k��¢ ¡ ¦~} ���¢ � ¥v«Reserves

Sailors

sid=sid

bid=100 

sname
(On-the-fly)

rating > 5

(Use hash
index; do
not write
result to 
temp)

(Index Nested Loops,
with pipelining )

(On-the-fly)
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❖
4 ~4Ó~� e �v�qw�x z9{ ��ucpx ��w���{ ~=y tËpr�tv| | w�r�y { tv~4tv����N	á � � ��à � PW��é �kp~=�jy s=w���wpx w&tvucy { },{ Ôw��jtv~=wRÖ	| tvr�ÍËpy	p_y { },w��

❖ c w���y w��jÖ	| tvr�Í	��px wR�q���cp| | z9y x w�py w���p�r�p| | �;y tVp_���qÖ	x t��qy { ~=w��},pk�qw&tv~=r�w&ucw�xtv�qy w�x#y �quc| w��p� �qs={ �;{ ��p~4tv�	w�x ���{ },uc| { � { r�py { tv~=�Öv�qy=��w�x �	w���� tvx#~=tv�4� 


!�" ê "�#%$ Ó�� ��~	p},w&�'�(*) Óp{ | tvx �;Ó+-,." ' " Ó�� p�	w a 0�W�������~�������Z��� ����Q ç	�á ����%� �n�	ç�� à � � éZ���� �d�*������� ����Q � ç�ã � è��~

� á é ã á å ��à � PW�� N	ã á �Z��à � PW�

❖ �	tvx#w�pr�s9Ö	| tvr�Í	�ky s=w&uc| p~=�;r�tv~=��{ �qw�x w���px w��  4 | |�p�vp{ | pkÖ	| w&pr�r�w����;},w�y s=tv�q���k� tvx#w�pr�s9x w�| ~4{ ~ &�'�(*) r�| pk�q��w��
  4 | |�à á â�ã ä åá á æd¡ � � è9ã � á á é2� { � w�� �kp| |��4pzv�;y tËÑ tv{ ~4y s=w&x w�| py { tv~=�;tv~=w��py � p�� y { },w���4{ y s4y s=w&{ ~=~=w�x#x w�| ~4{ ~4y s=w &�'�(*) r�| p�c��w��r�tv~=��{ �qw�x { ~=�p| |vx w�| ~4ucw�x },�qy py { tv~=��p~=�jÑ tv{ ~4},w�y s=tv�q��� 
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❖ ¤#� A[@	:=·8�<?¯ :=F�· � F;Bk� GR@	A�@	GRß � �?Bk>�@=Bk> � � :=> @�· � Bk> UmoÉÊ�q��y=w���y { }jpy w¥P � é ãctv�=w�pr�s4tvucw�x py { tv~4{ ~9uc| p~4y x w�w��
◆ 1#¢ ¥¢ ¦�©k¡	��¦R� ¦k¥í��¤ £�� ©k� ¦£�� � � � ¢ ¡ «
◆
+ ¢W} Tk¢q£�� � ¢�£�©�ö?©k� ¡ ¤ í¡ ¡ ¢�©;���ìD� ��¢ ¡ � �  [£�� ¢c� �¢c¤ ��¡ ����§���¥¢ � £�� � ��¦¡¨ ¡ ¢W¦�í¢ ¦� � £���¡ ¤ £ ¦�Y�� ¦�©k¢ õ»¡ ¤ £ ¦�Y | ��� ¦¡ Y�¢ � ¤�« ªmoÉÊ�q��y=w���y { }jpy wRé � ��á � â*� á é N	à ãc� tvx#w�pr�s9tvucw�x py { tv~4{ ~4y x w�w��

◆ §�¡ ¢c� ¦§ ���  [£�� � ��¦&£ î���í��� �¢c� ¦k¥í��� ¢ � £�� � ��¦¡ «
◆
& ����¡ ¢ � ¢ ¤ � � ��¦¡=£ ¦�©2| ��� ¦¡ Y�£�¡ ¡ í &¢c� ¦�©k¢ ¥¢ ¦�©k¢ ¦¤ ¢c��§�¥� ¢�©k� ¤ £�� ¢ ¡ «

❖ ± @�¨ ¯ ¯»GR� Bk·�?BkBV> 8;@�¼q°#Bk> @ �¾½ · � Bk>�@	B> � � :=> � � F�:c<?<?A � :c·89µmª©&w�x z9{ ~=w��pr�y �kÖ	�qy	�4tvx Í	�;tvÍË{ ~4ucx pr�y { r�w��
moÉÊtvx w&��tvucs={ ��y { r�py w��jy w�r�s=~={ �	�qw��;Í	~=tv�4~9~=tv�4�
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❖ ¬ @	@	G´� F ² � A � :=> � � F�:=³ � �?>�> 8;@�A�@	¯ :=> � � F;BV:=F;G´� F;GR@ Ò @	B� F ¹#� ¯ ¹ @	G�µ�*®*¯�®�° ±2²%³Ë> °#<?� ·�:=¯ ¯ °*· � F;> :=� F�:=>�¯ @	:=Bk> Umª´jy �quc| w��*� c �q�quc| w��W
=p~=�-´ju=p�	w��*� c ×cp�vw��	
c� tvx#w�pr�s4x w�| py { tv~=�mª´j�q{ ��y { ~=r�y=Í	w�zË�	p| �qw��*� cfµ w�z	�	
=p~=� c ×cpk�	w��;� tvx#w�pr�s4{ ~=�qw���moÚ ~=�qw��_s=w�{ �	s=y �| tv�4Ûqs={ �	s4Í	w�zË�	p| �qw��*� e t��4Ûq¬4{ �	s�
=� tvx#w�pr�sy x w�w&{ ~=�qw���
❖
79:=> :=¯ � Þ#BV�?<?GR:c> @	G´<?@	A�� � GR� ·:=¯ ¯ °VµmoØVuc�qpy { ~=�9�4s=w�~=w��	w�x#�cpy p_r�s	p~=�	w��;{ �;y t�tËw��ucw�~=��{ �	w�Ì| tvy �;tv�pucucx tv�{ },py { tv~4p~=z	�9pz	�k��tË��| { �	s=y={ ~=r�tv~	��{ ��y w�~=r�z9tvÍ	�

❖ ¶� A�@�GR@	> :=� ¯ @	G´� F ² � A � :=> � � F¸· @?µ ÞVµ ß=8?� Bk> � Þ#A�: � B �»² > 8;@
¹ :=¯ �?@	BV� F�B �»� @ ² � @	¯ G¥¹;:=A�@�B �»� @	> � � @	BVBk> � A�@	G�µ
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❖
7 � F;Bk� GR@	A[:�¼#�?@	A�°*³#¯ � ·�½ U

❖ ¶ : Ò � � � �¿¾ > �?<?¯ @	BV� F�A�@	Bk�?¯ >�� BV> 8;@�<?A � GR�?·> �»² > 8;@·:=A�GR� F;:=¯ � > � @	B �»² A�@	¯ :=> � � F;BV� F�> 8;@ � � ÜVÉ ·¯ :=�?Bk@?µ
❖ ]_Y�À%Á#i�g f ZTË\�Si�g ZXÃÂ ] Ä2Å :cBkB � ·� :=> @	G � � > 8�@	:=·8 g Y�X�ü A�@ ² ¯ @	·> B> 8;@�� � <?:=·> �»² > 8;@ g Y�X�ü � F�A�@	GR�?·� F;Þ*A�@	Bk�?¯ >�Bk� Æ=@?µ ]_Y�b�Á#Q g
i�SX�À=f T#SQ f g ÇÃÈÉ¶ : Òª¾ > �?<?¯ @	B8ÊÝ<?A � G&�?·> �»² :=¯ ¯ ½ ¤ ¨ B»µmoÚ },uc| { r�{ y=p�����q},ucy { tv~4y s=py	ã á � �Vé#px w&{ ~=�qw�ucw�~=�qw�~=y �
mª�qw�x }ËP � à ÌdÍç�à N	á#s=p� � ��Î�Ï ��Ð á �é � Ñ � Ò�	{ �	w�~4{ ~=�qw��_Úctv~HP � àmª�qw�x }ËP � à Î�ÌdP � à �Vs	p� � ��Î�Ï ���Z�~� ��Ð á �é � Ñ Î� Ò ��Ð á �é � Ñ �� �mª�qw�x }ËP � à udÍç�à N	á#s=p� � ��� Ó�� ��O� Ñ � ä Íç�à N	á � Ï � Ó�� �O�� Ñ � ä Ô ��Õ � Ñ � �
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