
��� ����� �	
��� 
�	� � ���������������
� ������
��� ��� ��	��� !"#� $%%&� '�	 (��)�* '
'
+,,-./0 12.34 53/06-/78,0 9,3

+3,:.3/;. ,0 7<. =.>
?@ABC DEBFG@HCIBBJ KLM NO ?@APE@QJ RBMAAMSTHMC DEMHUGBMA

VWXYZ [W\W]X^_ `WabXW cdXYeWf gXWaYhiW j]hYX]bYXk
lf `_Wmna oW p]deWXbdn\q rstuvwx pWki]af rX]a^W

cym]niz {\dXa]mW|}ZX^WqZWXYZ q̂ Ym
~������� z �Whf _WbWXY�WaWnbkf hYYiW]a �dWXkf �dWXk bX]a\i]bnYaq
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Àn\bXnhdbWo naÁYXm]bnYa XWbXnWÂ]i ]ao �]b_WXna� Ya
b_W �Wh XWinW\ deYa b_W XW�dW\b hXYÃWX]�W ]ao ^YYeyWX]bnYa Änb_ mdibneiW \W]X^_ \WXÂn^W\q ÀdW bY b_W _WbyWXY�WaWnbk YÁ b_W �Whf b_W \WXÂn^W\ d\d]iik \deeYXb�dWXk i]a�d]�W\ Änb_ Â]XnYd\ Á]^ninbnW\ ÁYX ÁYXmdi]byna� ] �dWXkq Å\ b_W XW\dibf b_W d\WX na ] hXYÃWX \k\ybWm n\ ]\\dmWo bY hW eXYÂnoWo Änb_ ] ÁXYabyWao �dWXki]a�d]�W Ä_n^_ d\d]iik danÆW\ b_W Â]XnYd\ \W]X^_ Á]y^ninbnW\ ]ao _noW\ b_W _WbWXY�WaWnbk YÁ b_W �Wh \W]X^_
\WXÂn^W\q

Ç_W ÁXYabyWao oYW\ aYb m]a]�W �dWXk ]ao o]b]
nabWXa]iikf na\bW]o nb XWinW\ deYa WZbWXa]i \WXÂn^W\ bY
XWbXnWÂW b_W naÁYXm]bnYa b_W d\WX n\ ]\Ãna� ÁYXq ÇY
oY b_n\f b_W ÁXYabyWao md\b hW ]hiW bY bX]a\i]bW d\WX�dWXnW\ ÈÄXnbbWa na b_W ÁXYabyWao danÆWo i]a�d]�WÉ bYa]bnÂW i]a�d]�W\ \deeYXbWo hk b_W �Wh naÁYXm]bnYa
\WXÂn^W\q

ÊÁ ] d\WX �dWXk ^Yab]na\ YeWX]bYX\ aYb \deeYXbWohk ] a]bnÂW i]a�d]�Wf b_W �dWXk bX]a\i]bnYa Ya b_W
ÆX\b \bWe iW]o\ bY ]eeXYZnm]bnYa YÁ b_W YXn�na]i �dWXkÄnb_ ] �dWXk Æbbna� nabY b_W a]bnÂW i]a�d]�Wq ÇY
�d]X]abWW ] ^YXXW^b XW\eYa\W bY b_W d\WX �dWXkf b_W]eeXYZnm]bWo �dWXk \dh\dmW\ b_W YXn�na]i YaWq Å\
] XW\dibf b_W �Wh \WXÂn^W XW\eYa\W n\ b_W \deWX\Wb YÁ
o]b] ]\ÃWo ÁYX hk b_W YXn�na]i �dWXkq ÇY Winmna]bW b_W
nXXWiWÂ]ab o]b]f b_W ÁXYabyWao eWXÁYXm\ eY\byÆibWXna�

]\ b_W \W^Yao \bWe YÁ b_W �dWXk eXY^W\\na�q Å\ ]
eXnmnbnÂW �dWXk \dh\dmebnYa mn�_b XW\dib na b_W naWÁyÆ^nWab dbninË]bnYa YÁ b_W aWbÄYXÃ XW\YdX^W\f b_W �dWXkbX]a\i]bnYa \_Ydio hW Yebnm]iq

ÌÍÎÏÐ ÑÏÒÓÔÕÒÖ×ØÓ ÙÏØÚÕÎÛ
rYX kW]X\f b_W �dWXk bX]a\i]bnYa Ä]\ ]a nay^YXW naybWXYeWX]hninbk eXYhiWm na _WbWXY�WaWYd\ o]b]h]\W\
\_]Xna� ^YmmYa o]b]h]\W\ hdb _]Âna� onÜWXWab
o]b] m]anedi]bnYa i]a�d]�W\ ÝriYXW\^d Wb ]iq Þßßàf
[]\^_no Wb ]iq Þßßwáq Ç_W i]a�d]�W\ ÄWXW ]\\dmWo
bY _]ÂW b_W \]mW WZeXW\\nÂW i]a�d]�W ]ao b_W
m]na eXYhiWm\ ÄWXW eXnm]Xnik na b_W nabW�X]bnYa YÁ
o]b]h]\W \^_WmW\ ]ao \WXn]inË]hninbk YÁ deo]bW\q Ç_W
]eeW]X]a^W YÁ b_W �Wh ]ao aWÄ e]X]on�m\ YÁ \WWna�
b_W o]b] Ya b_W �Wh ]\ ] _d�W on\bXnhdbWo XW\YdX^W YÁ
naÁYXm]bnYaf _]\ ^_]a�Wo ]ao WZbWaoWo b_W oYm]na
YÁ �dWXk bX]a\i]bnYaq

cÂWXk �Wh naÁYXm]bnYa \WXÂn^W _Yio\ ] \W]X^_ Way�naW ]\ ] bYYi bY eXYÂnoW Á]\b XWbXnWÂ]i YÁ o]b]q
�_]b n\ ^YmmYa ÁYX onÜWXWab ^YmmWX^n]i ]ao edhyin^â\_]XWÄ]XW \W]X^_ Wa�naW\ ÈãWXnbkf Àn�nb]if rdiy^Xdmf cZ^nbWf äeWaÇWZf ginme\Wf åÄn\_f Wb^qÉ n\ ]
\nmeiW YaWyÃWkÄYXo �dWXkq Ç_W onÜWXWa^W\ hWbÄWWa
b_W Wa�naW\ ^YmW bY in�_b Ä_Wa eXWe]Xna� ] ^YmyeiWZ �dWXkq pY\b Wa�naW\ \deeYXb æYYiW]a YeWX]bnYa\
çèéf êëf èêì íîçèé èêìï na Ádii YX ]b iW]\b XWod^WoÁYXmq æna]Xk eXYZnmnbk ÄYXo YeWX]bnYa\ inÃW ðíñï]ao èòóôíñï XW�dnXW bÄY ÄYXo\ bY ]eeW]X na ] oY^ydmWab na ] �nÂWa YXoWX YX Änb_na ] �nÂWa on\b]a^W ñÈd\d]iikf na ÄYXo\Éq õa]Xk ÄYXo YeWX]bnYa\ d\d]iikna^idoW ö÷øùúûú ]ao úüûýýþÿ�q rna]iikf b_W �û��û�
úûùø�÷ eXWon^]bW\ �êèìç�è� ]ao �	
ç�� ]XW d\Wo bY
XW\bXn^b b_W \W]X^_ bY \YmW oY^dmWab ÆWio\f \d^_ ]\
ì�
�òf ç�
��ôf ç��
ôó�
 Wb^q

Å Ádao]mWab]i ^]\W YÁ �dWXk bX]a\i]bnYa hWbÄWWa
\W]X^_ Wa�naW\ Ä]\ \bdonWo na Ý̀ _]a� Wb ]iqÞßßlf
`_]a� ]ao g]X^n]ypYina] Þßß�á q Êb �nÂW\ ] b_WYXWbny^]i daoWX�XYdao ]ao eXYÂnoW\ b_W W�^nWab ]i�YXnb_m
ÁYX Yebnm]i bX]a\i]bnYa daoWX b_W h]\n^ ]\\dmebnYa
b_]b hYb_ ÁXYabyWao ]ao a]bnÂW i]a�d]�W\ eXYÂnoW b_W
æYYiW]a YeWX]bYX\ çèéf êë ]ao èêì ÁYX b_W �dWXk ÁYXymdi]bnYaq Ç_W i]a�d]�W\ m]k _YÄWÂWX onÜWX na \dey



eYXbna� b_W eXYZnmnbk YeWX]bnYa\ ðíñï ]ao èòóôíñïfÆWioWo \W]X^_ eXWon^]bW\ �êèìç�è� ]ao �	
ç�� Wb^q
rYX W]^_ YeWX]bYX YX eXWon^]bW b_]b n\ \deeYXbWoonÜWXWabik na b_W bÄY i]a�d]�W\f ] XWÄXnbna� \bWe n\

XW�dnXWo bY \dh\dmW b_W YeWX]bYX hk YeWX]bYX\ ]Â]niy]hiW na b_W a]bnÂW i]a�d]�Wq Å\ ] XW\dibf b_W eXY^WyodXW YÁ b_W �dWXk bX]a\i]bnYa n\ ]\ ÁYiiYÄ\q rnX\bf ]
d\WX �dWXk n\ bX]a\ÁYXmWo nabY b_W on\�da^bnÂW aYXm]i
ÁYXm ÈÀ�rÉ Ä_n^_ Ä]\ eXYÂWa bY eXW\WXÂW b_W �mnanym]inbk� eXYeWXbk Ý̀ _]a� Wb ]iq Þßßláq Ç_W eXWon^]bW
XWÄXnbna� \bWe b_Wa XWei]^W\ b_W da\deeYXbWo eXWony^]bW\ Änb_ b_WnX \dh\dmebnYa\q rna]iikf b_W \dh\dmyna� �dWXk n\ \Wab bY b_W �Wh \WXÂWXq äa^W b_W XWy\eYa\W n\ XW^WnÂWo ÁXYm b_W \WXÂWXf b_W eY\byÆibWXna�n\ d\Wo bY on\^]Xo b_W nXXWiWÂ]ab o]b]q
������� 	q `Ya\noWX b_W �dWXk

� � ì�
�ò �êèìç�è� 
ó��
 ðí�ï 
��òôóñ�ò

Ä_n^_ \_Ydio XWbXnWÂW ]ii oY^dmWab\ Änb_ bÄY ÄYXo\

ó��
 ]ao 
��òôóñ�ò na b_W bnbiW ]ao Änb_ ]b mY\b
YaW ÄYXo na hWbÄWWaq ÊÁ ] a]bnÂW �dWXk i]a�d]�W \deyeYXb\ b_W æYYiW]a YeWX]bYX çèé ]ao oYW\ aYb \deyeYXb b_W YeWX]bYX ðíñïf ÄW \_Ydio \dh\dmW ðí�ï
Änb_ çèéq Ç_WXWÁYXWf b_W \dh\dmna� �dWXk n\ 
��
ì�
�ò �êèìç�è� 
ó��
 çèé 
��òôóñ�òq ÅÁbWX b_W
o]b] _]\ hWWa XWbXnWÂWo ÁXYm b_W \WXÂn^W \WXÂWXf b_W
eY\byÆibWXna� n\ ^]iiWo bY on\^]Xo b_Y\W oY^dmWab\
Ä_n^_ oY aYb mWWb b_W ðí�ï ^YaonbnYaq
ÌÍÎÏÐ ÖÏÒÓÔÕÒÖ×ØÓ ØÓ Ö�Î �ÎÚ
Ç_W �dWXk mYoWi ÁYX �dWXk bX]a\i]bnYa hWbÄWWa bÄY
\W]X^_ Wa�naW\ Ý̀ _]a� Wb ]iq Þßßlá ]\\dmW\ b_]b b_W
æYYiW]a YeWX]bYX\ çèé � êë � èêì ]XW \deeYXbWo hk
b_W a]bnÂW i]a�d]�Wq Ç_n\ XW\dib\ na �d]X]abWWna� b_W
�ÿû���ûø� ú��ú�ýöüþ�ÿf Ä_Wa ùÿ� d\WX �dWXk m]k
hW \dh\dmWo Änb_ YaW a]bnÂW �dWXkq õaÁYXbda]bWikfYa b_W �Wh b_n\ ]\\dmebnYa n\ aYb bXdW ÁYX m]ak
naÁYXm]bnYa \WXÂn^W\q

Åak �Wh \W]X^_ \WXÂn^W n\ ^YaaW^bWo bY ]a daoWXikyna� \W]X^_ Wa�naW b_XYd�_f ÁYX WZ]meiWf ] ^�ny\^Xnebq�YÄWÂWXf b_W d\WX oW]i\ Änb_ b_W �û� öù�û ��ûø�
�ùÿ��ù�û X]b_WX b_]a Änb_ b_W daoWXikna� \W]X^_ Way�naWq Ç_W WZeXW\\nÂW eYÄWX YÁ b_W �Wh e]�W �dWXki]a�d]�W ^]a YhÂnYd\ik aYb hW _n�_WX b_]a b_]b YÁ
b_W daoWXikna� \W]X^_ Wa�naWq �WÂWXb_WiW\\f WÂWa na
b_W eXW\Wa^W YÁ ] eYÄWXÁdi \W]X^_ Wa�naW b_W �Wh
e]�W oW\n�aWX n\ YÁbWa oXnÂWa hk b_W ]eein^]bnYa aWWo\
Ä_n^_ m]k XW\dib na ] �Wh e]�W �dWXk i]a�d]�WÄ_n^_ n\ Á]X onÜWXWab ÁXYm b_W daoWXikna� �dWXk i]ay�d]�Wq

�W ^]a m]ÃW b_W �WaWX]i \b]bWmWab b_]b ] �Wh
e]�W �dWXk i]a�d]�W _]\ ]a �öûøùüþ�ÿù� �þýþüùüþ�ÿnÁ nb Á]ni\ bY \deeYXb ]ii æYYiW]a YeWX]bYX\ çèé � êë
]ao èêì YX \deeYXb\ b_Wm na ] aYay\b]ao]Xo Ä]kq Êa
\YmW ^]\W\f b_W h]\n^ �dWXk ^]e]^nbk n\ inmnbWo bY �d\b] YaWyÄYXo �dWXkq rYX WZ]meiWf \WXÂn^W\ ÁYX \W]X^_yna� rÇ� \nbW\ inÃW ÅX^_nW Ýcmb]�W ]ao ÀWdb\^_ Þßßvá

]iiYÄ Yaik YaWyÄYXo ÈXW�di]X WZeXW\\nYaÉ na ]
�dWXkq Å admhWX YÁ �Wh \WXÂn^W\ oWÂWiYeWo ]ÁybWXÄ]Xo\ b_WnX YÄa \W]X^_ Wa�naW\ ÁYX \W]X^_na�
aYaybX]onbnYa]i o]b] \d^_ ]\ \W�dWa^W YX �WaYmW
o]b]h]\W\ ÈWq�qf rÅåÇÅyå�Å� �]bbWXa o]b]h]\W
�

� �����
  �!"òñ ��
  
!� ò�� �#$$%ïf mY\b YÁ
Ä_n^_ ]^^Web Yaik YaWyÄYXo �dWXnW\q

Å\ ]a WZ]meiW YÁ aYay\b]ao]Xo eXY^W\\na� YÁ b_W
æYYiW]a YeWX]bYX\f ÄW ^]a ^Ya\noWX b_W &]_YY \W]X^_
Wa�naW È�

� ���'''  (ó��� ��!Éq Ç_W Yh�W^bnÂW YÁ
b_W &]_YY \WXÂWX n\ ] ÄnoWX \W]X^_ ]ao hWbbWX X]aÃna�
YÁ b_W naÁYXm]bnYa XWbXnWÂWo X]b�WX b_]a XWod^na� b_W
]mYdab YÁ o]b]q Ç_W YXoWX YÁ ÃWkÄYXo\ na b_W �dWXk\WXÂW\ ÁYX X]aÃna� b_W o]b]q Ç_Waf )* + ]eeW]X\ na
ÁXYab YÁ ] ÄYXo nÁ nb md\b ]eeW]X na b_W XW\eYa\W
),+ na ÁXYab YÁ ] ÄYXo n\ d\Wo bY WZ^idoW oY^dmWab\
^Yab]nana� b_W ÄYXoq Ç_W \b]ao]Xo æYYiW]a �dWXk
)ç çèé - +b_WXWÁYXW iYYÃ\ na &]_YY ]\ )*ç *- +f ]ao
b_W �dWXk )ç êë - + n\ )ç - +f hdb b_WXW n\ aY onXW^b
bX]a\i]bnYa ÁYX b_W �dWXk )ç çèé - êë �+q Êa Yb_WX
ÄYXo\f &]_YY _]\ ]a YeWX]bnYa]i inmnb]bnYaf nqWqf nb
\deeYXb\ Wnb_WX .çèé � èêì/ YX .êë � èêì/ æYYiW]a
YeWX]bYX \Wb\q

ÇY ^Ya^idoW YdX WZ]meiW\ YÁ YeWX]bnYa]i inmnb]ybnYa\f \YmW �Wh \nbW\ oW\enbW _]Âna� ] ^YmeiWbW
\W]X^_ Wa�naW na d\Wf \deeYXb Yaik çèé ÈYX êëÉ YeyWX]bYX\ bY ÁYX^W b_W d\WX bY hW mYXW ÈiW\\É \WiW^bnÂW
odXna� b_W \W]X^_ È]\ ]a WZ]meiWf Å`p Àn�nb]i jnyhX]Xk ]b �

� ���'''  ó�!  ��!Éq

Êa b_n\ e]eWXf ÄW oW\^XnhW ] \YidbnYa bY b_W �dWXkbX]a\i]bnYa eXYhiWm ]oYebWo na b_W 0aYÄiWo�W æXYyÃWX ÝæYX�_YÜ Wb ]iq Þßßlf `_noiYÂ\Ãnn Wb ]iq Þßß�á q
�W ]\\dmW YaWyÄYXo �dWXk ]\ ] h]\n^ Á]^ninbk YÁ ] a]ybnÂW i]a�d]�W Änb_ æYYiW]a YeWX]bYX\ hWna� YebnYa]iq
�W b_Wa \bdok b_W ^]\W\ YÁ YeWX]bnYa]i inmnb]bnYa ]ao
b_W eY\\nhninbk YÁ YaWy�dWXk \dh\dmebnYaq rYX b_W
^]\W\ Ä_Wa YaWy�dWXk \dh\dmebnYa n\ nmeY\\nhiWf ÄW
\_YÄ _YÄ b_W mnanm]i admhWX YÁ \dh�dWXnW\ ^]a hW
d\Wo bY \dh\dmW b_W YXn�na]i �dWXkq

Ç_W XWm]naoWX YÁ b_W e]eWX n\ YX�]anËWo ]\ ÁYiyiYÄ\q rnX\bf ÄW ^Ya\noWX b_W �dWXk bX]a\i]bnYa ]X^_nybW^bdXW ]ao b_W ÁXYabyWao �dWXk mYoWi ]oYebWo na b_W
0aYÄiWo�W æXYÃWX \k\bWmq �W b_Wa on\^d\\ b_W \dhy\dmebnYa eXY^W\\ ÁYX b_W ^]\W YÁ YeWX]bnYa]i inmnb]ybnYa na ] a]bnÂW i]a�d]�W ]ao b_W eXWon^]bW XWÄXnbna�
XdiW\q �W ]i\Y oWmYa\bX]bW b_W \dh\dmebnYa eXYy^W\\ hk mdibneiW WZ]meiW\q rna]iikf ÄW ^Ya^idoW Änb_
\YmW XWm]XÃ\ Ya ÁdbdXW ÄYXÃq

1½2º3 4º5¸675¹¿»¸ 8º¾9¿¹2¾¹½º2
Ç_W ]X^_nbW^bdXW YÁ b_W �dWXk bX]a\i]bnYa na b_W
0aYÄiWo�W æXYÃWX \k\bWm n\ ^iY\W bY b_]b ]oYebWo
na Ý̀ _]a� Wb ]iq Þßßláq

rn�dXW Þ \_YÄ\ ]ii \bWe\ YÁ b_W �dWXk eXY^W\\na�
ÁXYm \dhmnbbna� bY XWbdXana� b_W XW\dib\q rnX\bf b_W
d\WX �dWXk n\ e]X\Wo ]ao ]a nabWXa]i bXWWyinÃW eXW\Wayv
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rn�dXW Þz �dWXk bX]a\i]bnYa ]X^_nbW^bdXWq

b]bnYa n\ ^XW]bWoq Ç_W �dWXk bX]a\i]bYX eXY^W\\W\ b_W
�dWXk bXWW Ya b_W h]\n\ YÁ YeWX]bYX\ \deeYXbWo na b_W
a]bnÂW i]a�d]�W bY �WaWX]bW ] \dh\dmna� �dWXk bXWWq
`Ya^dXXWabikf b_W ÆibWX Áda^bnYa ÁYX b_W eY\byÆibWXna�n\ �WaWX]bWoq ÊÁ b_W YaWy�dWXk \dh\dmebnYa n\ nmeY\y\nhiWf \WÂWX]i \dh�dWXnW\ ]XW ^XW]bWoq Ç_W \dh\dmna�
�dWXk bXWWÈ\É ]XW b_Wa edb nabY b_W \kab]Z YÁ b_W a]ybnÂW i]a�d]�W ]ao \Wab Ydb b_XYd�_ b_W aWbq ÅÁbWX
b_W X]Ä _bmi ÆiWÈ\É _]ÂW hWWa XW^WnÂWo ]ao oY^dmWab
nbWm\ WZbX]^bWo ÁXYm b_Wmf b_W eY\byÆibWXna� d\W\ b_WÆibWX Áda^bnYa bY on\^]Xo b_W nXXWiWÂ]ab nbWm\q
�ÔÎÏ �ÍÎÏÐ ÕÒÓ�ÍÒ�Î
Ç_W ÁXYabyWao �dWXk mYoWi na b_W 0aYÄiWo�W æXYÃWX
\k\bWm na^idoW\ ] admhWX YÁ �ùúþ� öøû�þ�ùüûú Ä_n^_
m]k hW d\Wo bY ÁYXmdi]bW ] �dWXkq æWiYÄ ÄW �XYdeb_W h]\n^ eXWon^]bW\ ]^^YXona� bY b_WnX \Wm]abn^\z
Þq æYYiW]a YeWX]bYX\ çèé � êë � èêì íî çèé èêìï

]XW d\Wo bY ^YmeY\W ] ^YmeiWZ �dWXkq Ç_W eXWony^]bW çèé naon^]bW\ b_]b hYb_ bWXm\ \_Ydio hW ÂWXynÆWo na ] XWbXnWÂWo oY^dmWab Ä_niW b_W eXWon^]bW
êë naon^]bW\ b_]b ]b iW]\b YaW YÁ b_W b_Wm \_YdiohW ÂWXnÆWoq Ç_W YeWX]bYX èêì n\ hna]Xk na b_W m]y�YXnbk YÁ Ê[ \k\bWm\ ]ao mW]a\ b_]b ]ak XWbXnWÂWo
oY^dmWab \_Ydio \]bn\Ák b_W ÆX\b bWXm ]ao aYb b_W
\W^Yaoq

vq æna]Xk ÄYXo eXWon^]bW\ hWbÄWWa bÄY ÄYXo bWXm\ ç
]ao -z
� �dWXk ç ðíñï - XW�dnXW\ b_W bWXm ç bY ]eeW]X

na b_W bWZb Änb_na ñ ÄYXo\ hWÁYXW -q
� �dWXk ç èòóôíñï - XW�dnXW\ b_W bWXm\ ç ]ao -

bY ]eeW]X na b_W bWZb Änb_na ñ ÄYXo\f na ]ak
YXoWXq

tq õa]Xk ÄYXo eXWon^]bW\z
� ö÷øùúû n\ ] �dYbWo \bXna� ÈinÃW )�ñ
�ô!ó
��ñ

ôò
ô�ò�ó�+Ä_n^_ n\ \deeY\Wo bY ]eeW]X na b_W
oY^dmWabq

� ç�È\bWmmna�Ém]b^_W\ ]ak ÄYXo\ Änb_ b_W \bWm
çq rYX WZ]meiWf �(�
ò!� m]b^_W\ �(�
ò! �
�(�
ò!�� �(�
ò!ó
�� Wb^q

wq Å \Wb YÁ oY^dmWab �û��ú È\d^_ ]\ ç�
��ô� ì�
�ò�
ç��
ôó�
 Wb^qÉ ^]a hW \W]X^_Wo hk d\na� b_W
ÆWio eXWon^]bW\ �êèìç�è� ]ao �	
ç��q �_Wa d\yna� �	
ç�� bY \W]X^_ ] ÆWiof YaW YX \WÂWX]i e_X]\W\
^YaaW^bWo hk Yaik b_W æYYiW]a YeWX]bYX êë ]XW ]iyiYÄWoq Êa\bW]of na b_W �êèìç�è� eXWon^]bW ]ak hnya]Xk ]ao da]Xk eXWon^]bW\ in\bWo na b_W eXWÂnYd\nbWm\ m]k hW d\Woq
Êa ]oonbnYaf ] \eW^n]i ÆWio éó
ò ^]a hW \W]X^_Wo
Änb_ b_W eXWon^]bW\ -��êë� ]ao ç�ì�ë bY XWbXnWÂW
oY^dmWab\ o]bWo hWÁYXW YX ]ÁbWX ] �nÂWa o]bWq
rn�dXW v �nÂW\ b_W ]h\bX]^b \kab]Z YÁ b_W ÁXYabyWao�dWXk i]a�d]�W na b_W 0aYÄiWo�W æXYÃWX \k\bWmq
Ç_W nabWXa]i eXW\Wab]bnYa YÁ ] d\WX �dWXk n\ ] hnya]Xk bXWW Ä_WXW ]a nabWXa]i aYoW ^Yab]na\ ] h]\n^

eXWon^]bW ]ao ] bXWW iW]Á ^Yab]na\ ] ÄYXo bWXmfe_X]\W
YX ÆWio a]mWq
������� �q `Ya\noWX b_W �dWXk


	� íì�
�ò �êèìç�è�
���
ô���
ò� ðí�ï �(�
ò!�ïçèé íç�
��ô �	
ç�� �ó!��ô
ï 

Ç_W nabWXa]i �dWXk eXW\Wab]bnYa n\ b_W hna]Xk bXWW
\_YÄa na rn�dXW tq rnWio eXWon^]bW\ �êèìç�è� ]ao
�	
ç�� ]XW ^Ya\noWXWo ]\ hna]Xk aYay\kmmWbXn^ YeyWX]bYX\ Änb_ b_W iWÁb o]d�_bWX ^Yab]nana� b_W ÆWiot



	�òô( zz� �ôò���ó
ò í çèé � êë � èêì ï 	�òô(� �ôò���ó
ò�ôò���ó
ò zz� ��ò�� �êèìç�è� �,���ôò����ñ� ��ò�� �	
ç�� �,���ôò����ñ� ���� í -��êë� � ç�ì�ëï éó
òìòô!
�,���ôò����ñ zz� �,���ôò����ñ êë ��ôó�ò� ��ôó�ò
�,���ôò����ñ zz� �,���ôò����ñ í çèé � êë � èêì ï �,���ôò����ñ� �ô���!�
(���� ð�ô�ìòô!� ��ôó�ò�ô���!�
(��� zz� ð�ô�ìòô! ðíñï ð�ô�ìòô!� ð�ô�ìòô! èòóôíñï ð�ô�ìòô!��ôó�ò zz� ) íð�ô�ï* +ð�ô�ìòô! zz� ð�ô�� ð�ô�� ââ\bWmmna�

rn�dXW vz Åh\bX]^b \kab]Z YÁ b_W ÁXYabyWao �dWXk i]a�d]�Wq

a]mW ]ao b_W Xn�_b o]d�_bWX ^Yab]nana� b_W �dWXkbWXmq

EQUALS

AND

W(2)Title

system*distributed

Author Lamport

CONTAINS

rn�dXW tz �dWXk bXWW WZ]meiWq

1½2º3 �½�6½��¹¿»¸
ÇX]a\i]bnYa YÁ b_W d\WX �dWXk 
 nabY ] a]bnÂW �dWXkm]k YÁbWa hW oYaW na onÜWXWab Ä]k\q ädX �Y]i na b_W
0aYÄiWo�W æXYÃWX \k\bWm n\ bY ^Ya\bXd^b ] a]bnÂW
�dWXk Ä_n^_ XWbdXa\ ] mnanm]i admhWX YÁ nXXWiWÂ]ab
�WZbX]� o]b]q �W \]k b_]b \d^_ ] a]bnÂW �dWXk 
�ýþÿþýù��� ú��ú�ýûú b_W d\WX �dWXkq

jnÃW Ý̀ _]a� Wb ]iq Þßßláf ÄW d\W b_W on\�da^bnÂWaYXm]i ÁYXm ÈÀ�rÉ YÁ ] �dWXk bY eXW\WXÂW b_W �mnanym]inbk� YÁ bX]a\i]bnYaq Ç_W À�r YÁ b_W d\WX �dWXk n\
] on\�da^bnYa YÁ b_W ÁYXm 
�	
 � ����	 � 
 
 
� �� fÄ_WXW W]^_ bWXm �� n\ ] ^Ya�da^bnYa YÁ eXWon^]bW\ YÁ
b_W ÁYXm �� � ����� ���	�
 
 
� ���	 q c]^_ eXWon^]bW ����n\ Wnb_WX ] h]\n^ eXWon^]bW ��� YX nb\ aW�]bnYa ���� q
������� �q Ç_W À�r YÁ b_W �dWXk


� � ì�
�ò �êèìç�è� ðò�
èêì 
�òñò
 êë �ñ
òôñò


_]\ bÄY ^Ya�da^bnYa\ 
�	
� � ����� ���	� ��	� Änb_ bÄY
h]\n^ eXWon^]bW\ ��� � ì�
�ò �êèìç�è� ðò� ]ao

��	 � ì�
�ò �êèìç�è� 
�òñò
 na b_W ÆX\b ^Ya�da^ybnYa ]ao YaW h]\n^ eXWon^]bW �	� � ì�
�ò �êèìç�è�
ðò� na b_W \W^Yao YaWq �YbW b_W eXWon^]bW ��	 n\
aW�]bWoq

ÇY �WaWX]bW b_W mnanm]i \dh\dmebnYa 
� ÁYX �dWXk
f ]ii da\deeYXbWo h]\n^ eXWon^]bW\ na 
�	
 \_YdiohW XWÄXnbbWa hk d\na� b_W \deeYXbWo eXWon^]bW\q c]^_
da\deeYXbWo eXWon^]bW � \_Ydio _]ÂW ö�úþüþ�û ]ao
ÿû�ùüþ�û ú��ú�ýöüþ�ÿú ��� ]ao ��� \d^_ b_]b ���� � ��� � � ���� �f Ä_WXW �� � n\ b_W \Wb YÁ oY^dmWab\ XWybdXaWo hk ] �dWXk � q Ç_]b n\f b_W \dh\dmebnYa\ ���]ao ��� XWbdXa ] \deWX\Wb ]ao \dh\Wb YÁ oY^dmWab\
XW�dnXWo hk � q

ÀdXna� b_W eXWon^]bW XWÄXnbna�f W]^_ WabXk YÁ �
na b_W d\WX �dWXk n\ XWei]^Wo Änb_ b_W eY\nbnÂW \dhy\dmebnYa ��� \na^W �� � � ���� �f ]ao W]^_ WabXk YÁ nb\
aW�]bnYa �� n\ XWei]^Wo Änb_ ��� \na^W ���� � ���� �qæW\noW\ b_W eY\nbnÂW ]ao aW�]bnÂW \dh\dmebnYa\f ]
eXWon^]bW � m]k_]ÂW ] ÿû�üøù� \dh\dmebnYa ��� \deyeYXbWo hk b_W a]bnÂW i]a�d]�Wf \d^_ b_]b �� � � ���� �qÅii \dh\dmebnYa\ ÁYX b_W h]\n^ eXWon^]bW\ ]XW on\y^d\\Wo na b_W ÁYiiYÄna� \W^bnYaq
������� ! "# ���� $ Ç_W ÆibWXna� Áda^bnYa Ä_n^_

n\ aW^W\\]Xk ÁYX eY\byÆibWXna� n\ �WaWX]bWo odXna� b_W
�dWXk bX]a\i]bnYa eXY^W\\q Ç_W ÆibWXna� Áda^bnYaiYYÃ\ inÃW ]ak �dWXk ]ao n\ nanbn]iik W�dnÂ]iWab bY b_W
d\WX �dWXk bXWWq Ç_W aYoW\ ÁYX \deeYXbWo eXWon^]bW\
]ao eXWon^]bW\ _]Âna� ] aWdbX]i \dh\dmebnYa ]XW XWymYÂWo ]ao b_W bXWW n\ Yhb]naWo hk ^Yab]^bna� b_W
bXWW ]ÁbWX b_W XWmYÂ]i YÁ b_W aYoW\q Ç_W aYoW\ iWÁb na
b_W ÆibWX bXWW ^Yab]na b_W h]\n^ eXWon^]bW\ \dh\dmWo
odXna� b_W bX]a\i]bnYaq

w



æ]\n^ eXWon^]bW �]bnÂW i]a�d]�W ÇkeW ådh\dmebnYa
ç çèé - çèé aYb \deeYXbWo eY\nbnÂW ç YX -
ç êë - êë aYb \deeYXbWo eY\nbnÂW \dhy�dWXnW\ ç ]ao -
ç èêì - èêì aYb \deeYXbWo eY\nbnÂW ç

ç èòóôíñï - êëf ðíñï �ñ aWdbX]i íç ðíñï -ï êë í- ðíñï çï
èòóôí!ï� ! � ñ eY\nbnÂW ç èòóôí!ï -

çèé eY\nbnÂW ç çèé -
ç ðíñï - ðí!ï� ! � ñ eY\nbnÂW ç ðí!ï -

èòóôí!ï� ! � ñ eY\nbnÂW ç èòóôí!ï -
çèé eY\nbnÂW ç çèé -

)ç� ç	 
 
 
 ç� + ðí�ï aWdbX]i ç� ðí�ï ç	 ðí�ï 
 
 
 ðí�ï ç�Èe_X]\WÉ ðí!ï� ! � �f eY\nbnÂW ç� ðí!ï ç	 ðí!ï 
 
 
 ðí!ï ç�èòóôí�ï eY\nbnÂW ç� èòóôí�ï 
 
 
 èòóôí�ï ç�èòóôí!ï� ! �� eY\nbnÂW ç� èòóôí!ï 
 
 
 èòóôí!ï ç�çèé eY\nbnÂW ç� çèé ç	 çèé 
 
 
 çèé ç�ç�È\bWmmna�É êë aWdbX]i ç� êë 
 
 
 êë ç�ó

ô �	
ç�� ç �êèìç�è� eY\nbnÂW ó

ô �êèìç�è� ç
ó

ô �êèìç�è� ç 
��� 
ò�
 �òóô�� eY\nbnÂW ç

Ç]hiW Þz Ç]hiW YÁ h]\n^ eXWon^]bW \dh\dmebnYa\q

�ÍÚÔÍÛ�Ö×ØÓÔ �ØÏ �ØØÕÎÒÓ Ø�ÎÏÒÖØÏÔ
�W _]ÂW \WWa b_]b b_W a]bnÂW �Wh e]�W i]a�d]�W^]a \deeYXb ]a na^YmeiWbW \Wb YÁ æYYiW]a YeWX]bYX\
Ä_Wa ]b iW]\b YaW YÁ b_W YeWX]bYX\ çèé � êë YX èêì n\
mn\\na�q pYXWYÂWXf nÁ b_W æYYiW]a YeWX]bYX \Wb n\ nay^YmeiWbWf b_W YaWy�dWXk \dh\dmebnYa oYW\ aYb ÄYXÃf
nqWqf \YmW d\WX �dWXnW\ ^]aaYb hW \dh\dmWo Änb_ YaW
a]bnÂW �dWXkq

æ]\n^]iikf æYYiW]a YeWX]bYX\ aWWo Yaik eY\nbnÂW
\dh\dmebnYa\ odW bY b_W À�r �dWXk eXW\Wab]bnYa
Ä_WXW b_W aWWo ÁYX ] aW�]bnÂW \dh\dmebnYa aWÂWX
]Xn\W\q �Y\nbnÂW \dh\dmebnYa\ ÁYX YeWX]bYX\ çèé ]ao
èêì ]XW X]b_WX W]\k ]ao m]k hW \dh\dmWo hk YaW YÁ
b_W bÄY bWXm\q rYX ç çèé -f nb m]k hW Wnb_WX ç YX -
\na^W íç çèé -ï � ç ]ao íç çèé -ï � -q rYX ç èêì
-f b_W ÆX\b bWXm ç m]k \dh\dmW b_W YeWX]bYX \na^W
íç èêì -ï � çq

pn\\na� êë �nÂW\ mYXW bXYdhiW b_]a mn\\na� çèé
YX èêìq ÊaoWWof b_W \Wb .êë/ n\ b_W mnanm]i \Wb YÁ
æYYiW]a YeWX]bYX\ aW^W\\]Xk ÁYX b_W YaWy�dWXk \dhy\dmebnYaq Êa Yb_WX ÄYXo\f b_W eXW\Wa^W YÁ YeWX]bYX
êë �d]X]abWW\ b_]b ]ak d\WX �dWXk m]k hW \dh\dmWo
Änb_ YaW a]bnÂW �dWXkq ÊÁ ] a]bnÂW i]a�d]�W oYW\ aYb
\deeYXb êëf \dh\dmebnYa Änb_ YaW a]bnÂW �dWXk ^]a
aYb hW �d]X]abWWo ÁYX mY\b �dWXnW\q Êa \d^_ ] ^]\Wf
b_W �dWXk \_Ydio hW \einb nabY b_W mnanm]i admhWX
YÁ \dhy�dWXnW\ bY hW \Wab bY b_W b]X�Wb \WXÂWXq
�YÄWÂWXf b_WXW oYW\ WZn\b ] �XYde YÁ �dWXnW\ ^Yayb]nana� êë Ä_n^_ ^]a hW \dh\dmWo Änb_ YaW a]bnÂW

�dWXkq ÇY ^_W^Ã b_n\ eY\\nhninbkf b_W �dWXk \_YdiohW bX]a\ÁYXmWo nabY b_W ^Ya�da^bnÂW aYXm]i ÁYXm
È`�rÉq ÊÁ b_W `�r ^Yab]na\ ] on\�da^bnYa Änb_ YaW
eXWon^]bW � 	 Yaikf b_W eXWon^]bW ^]a hW d\Wo ]\ ] \dhy\dmna� �dWXkq pYXWYÂWXf b_n\ XW�dnXWmWab ÁYX YaWy

�dWXk \dh\dmebnYa ^]a hW W]\nik XWÁYXmdi]bWo ÁYX b_W
�dWXk À�r Ä_n^_ n\ d\Wo ÁYX b_W nabWXa]i eXW\Wab]ybnYa YÁ �dWXnW\ na b_W 0aYÄiWo�W æXYÃWXq �]mWikf nÁ
]ii ^Ya�da^bnYa\ �� YÁ b_W À�r ^Yab]na YaW ^YmmYa
eY\nbnÂW eXWon^]bW � 		f nb ^]a hW d\Wo ]\ ] \dh\dmna�
�dWXkq

Åii XWÄXnbna� XdiW\ ÁYX b_W h]\n^ eXWon^]bW\ na^idoyna� æYYiW]a YeWX]bYX\ ]XW ^YiiW^bWo na Ç]hiW Þq Å\
YaW eXWon^]bW m]k _]ÂW \WÂWX]i XWÄXnbna� XdiW\ ÈÁYX
onÜWXWab a]bnÂW i]a�d]�W\Éf b_W XdiW\ ]XW �XYdeWo hk
eXWon^]bW\ �nÂWa na b_W ÆX\b ^Yidma YÁ b_W b]hiWq Ç_W
\W^Yao ^Yidma \_YÄ\ onÜWXWab ^Ymhna]bnYa\ YÁ \deyeYXbWo eXWon^]bW\q Ç_W b_nXo ]ao ÁYdXb_ ^Yidma\
\_YÄ b_W \dh\dmebnYa bkeW ]ao b_W \dh\dmebnYa
nb\WiÁ q Å\ aW�]bnÂW \dh\dmebnYa\ ]XW W]\nik oWXnÂWo
ÁXYm eY\nbnÂW YaW\f Ç]hiW Þ XWeYXb\ Yaik aWdbX]i ]aoeY\nbnÂW \dh\dmebnYa\q

�ØÏ
 �ÏÎ
×�ÒÖÎÔ
�YXo eXWon^]bW\ ^YmeY\W b_W i]X�W\b �XYde YÁ XWÄXnbyna� XdiW\q `Ya\noWXf ÁYX WZ]meiWf XdiW\ ÁYX b_W YeWXy]bYX èòóôíñï Ä_Wa nb n\ aYb \deeYXbWo hk ] a]bnÂW
i]a�d]�Wq Ç_W YeWX]bYX ^]a YhÂnYd\ik hW \dh\dmWo
Änb_ ðíñï YXf nÁ b_W i]bWX n\ aYb \deeYXbWof Änb_ b_W
çèé YeWX]bYXq Ç]hiW Þ ]i\Y ^Yab]na\ ] \eW^n]i ^]\W YÁ
\dh\dmebnYa ÁYX èòóôíñïf Ä_Wa ] a]bnÂW i]a�d]�W\deeYXb\ èòóô Yaik ÁYX \YmW Â]idW\ YÁ � ÈinÃW na
Åib]Ân\b] Ä_WXW èòóô n\ \deeYXbWo Änb_ b_W oWÁ]dibÂ]idW � � ÞxÉq

Ç]hiW Þ eXYeY\W\ \nmni]X XWÄXnbna� XdiW\ ÁYX b_W
eXYZnmnbk YeWX]bYX ðíñï ]ao ]ak ÄYXo e_X]\W Ä_n^_
n\ W�dnÂ]iWab bY ] \W�dWa^W YÁ ÄYXo\ ^YaaW^bWo Änb_
b_W YeWX]bYX ðí�ïqà



AND

Phrase

NOT

W(n)

NEAR(n)

full text

EQUALS

CONTAINS

one word

rn�dXW wz �XWon^]bW XWÄXnbna� �X]e_q

�×ÎÕ
 �ÏÎ
×�ÒÖÎÔ
æWÁYXW ]ak �Wh \WXÂn^W n\ na^idoWo na b_W 0aYÄiWo�W
æXYÃWXf ÄW oWbW^b ] in\b YÁ �dWXk]hiW ÆWio\ YÁ b_W
\WXÂn^Wf na^idona� b_W ÁdiiybWZb \W]X^_ Ä_WXW ]Â]ni]hiWq

�_Wa \dh\dmna� ] ÆWio eXWon^]bW �	
ç�� YX
�êèìç�è�f ÄW ÆX\b ^_W^Ã Ä_Wb_WX b_W ÆWio d\Wo na
b_W eXWon^]bW n\ �dWXk]hiWq ÊÁ \Yf b_W eY\nbnÂW \dhy\dmebnYa ÁYX b_W eXWon^]bW �	
ç�� d\W\ b_W eXWony^]bW �êèìç�è� na\bW]o È\WW Ç]hiW ÞÉq Êa ^YabX]\bf
�êèìç�è� _]\ aY eY\nbnÂW \dh\dmebnYa Änb_ �	
ç���q
ÊÁ aY ÆWio \W]X^_ n\ eY\\nhiW hdb b_W ÁdiiybWZb \W]X^_
n\ ]Â]ni]hiWf hYb_ eXWon^]bW\ �êèìç�è� ]ao �	
ç� ]XW
XWÄXnbbWa ]\ ÁdiiybWZb \W]X^_ �dWXnW\q
�YbW b_]b b_W b]hiW eXYÂnoW\ aY eY\nbnÂW \dh\dmeybnYa ÁYX ]ak eXWon^]bW È-��êë� ]ao ç�ì�ëÉ ]�]na\b

b_W ÆWio éó
òq ÊaoWWof Yaik nÁ b_W a]bnÂW �dWXk i]ay�d]�W \deeYXb\ ] \nmni]X ÆWiof ^]a \d^_ ] eXWon^]bW
]eeW]X na b_W \dh\dmna� �dWXkq

Ç_W Æa]i n\\dW n\ Ä_Wa mdibneiW eXWon^]bW XWÄXnbna�
n\ aW^W\\]Xkq rYX WZ]meiWf b_n\ _]eeWa\ odXna� b_W
bX]a\i]bnYa YÁ ] �dWXk Änb_ eXWon^]bW èòóôíñï bY ]
a]bnÂW i]a�d]�W \deeYXbna� Yaik YaWyÄYXo �dWXnW\q Êa\d^_ ] ^]\Wf èòóôíñï n\ ÆX\b XWÄXnbbWa Änb_ çèé ]ao
b_W i]\b n\ XWÄXnbbWa na ] YaWyÄYXo �dWXkq

Êa rn�dXW w ÄW XWeXW\Wab b_W eXWon^]bW XWÄXnbna�
XdiW\ ]\ ] �X]e_ Ä_WXW W]^_ aYoW ^YXXW\eYao\ bY YaW
eXWon^]bW ]ao W]^_ Wo�W ^YXXW\eYao\ bY YaW XWÄXnbna�
XdiWq äaW bX]a\nbnYa na b_W �X]e_ n\ YaW \dh\dmeybnYaq pdibneiW XWÄXnbna� ^YXXW\eYao\ Änb_ ] ^_]na
YÁ bX]a\nbnYa\ na b_W �X]e_q Ç_W eXWon^]bW XWÄXnbna�
\bYe\ Ä_Wa ]ii eXWon^]bW\ na b_W �dWXk Æb nabY b_W
a]bnÂW i]a�d]�Wq �YbW b_]b mdibneiW XWÄXnbna� oYW\
aYb ^Ya^WXa �dWXnW\ Änb_ YeWX]bYX êë ]ao b_W �X]e_
na rn�dXW w ^Yab]na\ aY aYoW ÁYX b_W YeWX]bYXq

ÅaYb_WX h]\n^ eXWon^]bW aYb na^idoWo na b_W �X]e_
n\ b_W \bWmmna� ]\ nb n\ \dh\dmWo Änb_ b_W d\W YÁ
YeWX]bYX êëq Êa b_W XW]i ]eein^]bnYa YÁ b_W 0aYÄiy
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Wo�W æXYÃWX \k\bWmf Ä_Wa b_W \bWmmna� n\ aYb
\deeYXbWo XWmYbWikf nb n\ ]^bd]iik \YiÂWo iY^]iik
hk naÂYÃna� b_W VWXYZ ina�dn\bn^ bYYi\ È]Â]ni]hiW ]b
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Ç_W �dWXk bX]a\i]bnYa eXY^WodXW ÄW XWeYXb na rn�ydXW à oW]i\ Änb_ b_W bÄY m]na \nbd]bnYa\ Y^^dXna�Ä_Wa ] a]bnÂW i]a�d]�W \deeYXb\ b_W æYYiW]a eXWoyn^]bW êëq ÊÁ êë n\ \deeYXbWof b_W �dWXk bX]a\i]bnYa
d\W\ b_W �dWXk À�r ]ao eXWon^]bW XWÄXnbna� XdiW\qÊa b_W ^]\W Ä_Wa b_W eXWon^]bW êë n\ aYb \deeYXbWofb_W eXY^WodXW bXnW\ bY Æao ] ^YmmYa eXWon^]bW na
]ii ^Ya�da^bnYa\ YÁ b_W À�r ÁYX YaWy�dWXk \dh\dmeybnYaq ÊÁ b_n\ Á]ni\f b_W eXY^WodXW d\W\ XW^dX\nÂW ^]ii\
bY �WaWX]bW ] \W�dWa^W YÁ \dhy�dWXnW\ bY \dh\dmW b_W
YXn�na]i �dWXkq `Ya^dXXWabikf ÆibWX Áda^bnYaÈ\É ÁYX b_WeY\byÆibWXna� ]XW �WaWX]bWoq
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Êa b_n\ \dh\W^bnYa ÄW �nÂW WZ]meiW\ YÁ b_W \dh\dmyna� �dWXnW\ ]ao ÆibWX Áda^bnYa\ ÁYX �dWXnW\ mWabnYaWo
eXWÂnYd\ik na b_W e]eWXz
Þq �dWXk 
� Ä_Wa b_W a]bnÂW i]a�d]�W \deeYXb\ YaWyÄYXo �dWXnW\ Yaikz

ådh\dmna� �dWXk
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vq �dWXk 
	 Ä_Wa eXWon^]bW\ �êèìç�è� ]ao
�êèìç�è� �êèìç�è� ]XW \deeYXbWoz
ådh\dmna� �dWXk
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rn�dXW àz �dWXk \dh\dmebnYa eXY^WodXWq

Author Ullman Title

CONTAINS CONTAINS

relational database*

AND

AND

Author CONTAINS Ullman AND
Title CONTAINS relational AND database*

- no proximity

Library of
Congress

ServerPost-filtering
11

AND

Author Ullman W(2)Title

CONTAINS CONTAINS

relational database*

Author CONTAINS Ullman AND

Author Ullman 

CONTAINS

Title CONTAINS Ullman

AND

Ullman AND

relational database*

Ullman AND relational AND database*

Title CONTAINS relational W(2) database*

Post-filtering
Server

- either Author
or Title

(USA)

DBLP server

(Germany)
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Post-filtering
7

CS Bibliography
  ( MIT)

-no proximity
-no fielded search

15

Web service name

and description
Subsuming query Remote

servers

Q     =

- no proximity

Server

User query in Knowledge Brokers

4

rn�dXW lz �dWXk bX]a\i]bnYa WZ]meiW ÁYX b_XWW �Wh \WXÂWX\q
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tq �dWXk 
� Ä_Wa YaWyÄYXo �dWXnW\ ]XW Yaik \deyeYXbWoz
ÇÄY \dh\dmna� \dhy�dWXnW\
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rna]iikf ]a WZ]meiW YÁ b_W �dWXk bX]a\i]bnYa
ÁYX b_XWW XW]i �Wh \WXÂn^W\ n\ �nÂWa na rn�dXW lq
Êb \_YÄ\ b_W d\WX �dWXk 
� f b_XWW �Wh \WXyÂn^W\ ÈÀ]b]h]\W ]ao jY�n^ �XY�X]mmna� \WXÂWX È]b
�
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b_W jnhX]Xk YÁ `Ya�XW\\ È]b
�
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òÉf ]ao oWy\^XnhW\ b_W onÜWXWa^W\ YÁ b_WnX �dWXk i]a�d]�W\ ÁXYm
b_W ÁXYabyWaoq rYX W]^_ \WXÂn^Wf ]a ]eeXYeXn]bW \dhy\dmna� �dWXk n\ �WaWX]bWo ]ao \Wab bY b_W \WXÂn^W
\WXÂWXq Å admhWX YÁ oY^dmWab\ hWÁYXW ]ao ]ÁbWX b_W
eY\byÆibWXna� \_YÄ b_W on\^XWe]a^k hWbÄWWa b_W \dhy\dmebnYa\ ]ao b_W YXn�na]i �dWXkq rYX b_W jnhX]Xk YÁ
`Ya�XW\\f b_W \dh\dmebnYa ^Ya^WXa\ b_W eXYZnmnbk
YeWX]bYX Yaik ]ao b_W eY\byÆibWXna� Æao\ aY nXXWiWyÂ]ab o]b]q Êa\bW]of b_W \dh\dmebnYa ÁYX b_W Àæj�
\WXÂn^W XW�dnXW\ ^Ya\noWX]hiW mYonÆ^]bnYa YÁ b_W YXn�yna]i �dWXkq Å\ ] XW\dibf b_W Àæj� \WXÂWX XWbdXa\Þ�u oY^dmWab\ YÁ Ä_n^_ Yaik ß e]\\ b_W eY\byÆibWXna�\bWeq
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�W _]ÂW eXW\WabWo b_W 0aYÄiWo�W æXYÃWX ]eeXY]^_
bY hna]Xk �dWXk bX]a\i]bnYa Ya b_W �Whq �_Wa b_W
d\WX �dWXk ^]aaYb onXW^bik Æb nabY b_W a]bnÂW �dWXki]a�d]�Wf nb n\ \dh\bnbdbWo Änb_ b_W mnanm]i \dh\dmyna� �dWXk na YXoWX bY mnanmnËW b_W aWbÄYXÃ ^Ymmdany^]bnYa YÂWX_W]o ]ao XW\eYa\W bnmWq �W e]no e]Xbn^ydi]X ]bbWabnYa bY ^]\W\ Ä_WXW ]a naÁYXm]bnYa \WXÂn^W
oYW\ aYb \deeYXb b_W danÂWX\]i \Wb YÁ æYYiW]a YeWX]ybYX\ ]ao b_W �dWXk \_Ydio hW \einb nabY ] admhWX YÁ
\dhy�dWXnW\ bY \W]X^_ b_W \WXÂn^W \WXÂWXq

ädX ÁdbdXW ÄYXÃ Änii hW Ya ÁdXb_WX ]a]ik\n\ YÁ
b_W _WbWXY�WaWnbk YÁ b_W �Wh XWeY\nbYXnW\ ]ao eXYhyiWm\ XWi]bWo bY W�^nWab �dWXk bX]a\i]bnYaq �W Änii
\bdok _YÄ b_W inmnb]bnYa Ya XW\eYa\W \nËW\ Èbken^]i

ÁYX m]ak�Wh \WXÂn^W\É ^]a na�dWa^W b_W �dWXk bX]a\yi]bnYa �d]inbk ]ao _YÄ bY mW]\dXW b_W ]^^dX]^k YÁ
b_W XWbdXaWo XW\eYa\W\ ÁYX �Wh \WXÂn^W\ Ä_WXW b_W
ÂWXnÆ^]bnYa YÁ b_W XW\eYa\W ^YXXW^baW\\ n\ aYb ]iÄ]k\
eY\\nhiW YX aWWo\ mYXW a]Ân�]bnYa ÈinÃW Åib]Ân\b]Éq
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ÝæYX�_YÜ Wb ]iq Þßßlá æYX�_YÜ õq pqf �qy& q `_WÂ]yinWX ]ao �q �nii]mYÄ\Ãnq Þßßlq Åo]ebnÂW [WÆaWymWab YÁ åW]X^_ �]bbWXa\ ÁYX Àn\bXnhdbWo ÊaÁYXym]bnYa g]b_WXna�f 	ø��� 
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Ý̀ _]a� Wb ]iq Þßßlá `_]a� `qy`q 0qf �q g]X^n]ypYina] ]ao Åq �]We^ÃWq Þßßlq æYYiW]a �dWXkp]eena� Å^XY\\ �WbWXY�WaWYd\ ÊaÁYXm]bnYa

åYdX^W\q 
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Ý̀ _]a� Wb ]iq Þßßl]á `_]a� `qy`q 0qf �q g]X^n]ypYina] ]ao Åq �]We^ÃWq Þßßlq �XWon^]bW [WÄXnbyna� ÁYX ÇX]a\i]bnYa æYYiW]a �dWXnW\ na ] �WbWXYy�WaWYd\ ÊaÁYXm]bnYa åk\bWmf �û�÷ÿþ�ù� �ûö�øü
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����	����������f åb]aÁYXo õanÂWX\nbkq

Ý̀ _]a� ]ao g]X^n]ypYina] Þßß�á `_]a� `qy`q 0q
]ao �q g]X^n]ypYina]q Þßß�q cÂ]id]bna� b_W `Y\b
YÁ æYYiW]a �dWXk p]eena�q	ø��� �ÿ� ��� 
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Ý̀ _noiYÂ\Ãnn Wb ]iq Þßß�á
`_noiYÂ\Ãnn æqf õq pq æYX�_YÜ ]ao �qy& q `_WÂ]yinWXq Þßß�q ÇYÄ]Xo åYe_n\bn^]bWo �X]eena� YÁ
�Whyh]\Wo ÊaÁYXm]bnYa [WeY\nbYXnW\f 	ø��� 
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ûøûÿ�ûf pYabXW]if ÞvtyÞtàq

Ýcmb]�W ]ao ÀWdb\^_ Þßßvá cmb]�W Åq ]ao
�q ÀWdb\^_q ÞßßvqÅX^_nW y ]a WiW^bXYan^ onXW^bYXk
\WXÂn^W ÁYX b_W ÊabWXaWbq 	ø���  �
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ÝriYXW\^d Wb ]iq Þßßàá riYXW\^d Àqf jq []\^_no ]ao
�q ã]iodXnWËq Þßßàq õ\na� �WbWXY�WaWYd\ W�dnÂ]yiWa^W\ ÁYX �dWXk [WÄXnbna� na pdibno]b]h]\W åk\ybWm\q 	ø��� ���öûøùüþ�û 
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Ý�]e]ÃYa\b]abnaYd Wb ]iqÞßßàá
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`Ymeq å^nWa^W ÞxÞtf ÞlÞyÞulq

Ý[]\^_no Wb ]iq Þßßwá []\^_no jqf & q `_]a� ]ao
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