
!"#$%&''(%
)*+,-%./-0+/1-*2/13%42+5,627%2/%!0892+:%$01+;6%2/%$-+<;-<+0:%=1-1% !

!

"#$%!&'(!&))*(!+,-./0%$1%(!23-0%!4567$0(!89:!

%

3;;<=>>?%@5)*A75#A%0#!

!

%

>.?$%@%ABC.D$%B)%.EA"F"$A%

4$B-,C7;/-$!5%7,13!/5!7$!/$0/5<%$57D6%!1-C<-$%$;!-B!-#,!6/.%5A!E%D!5%7,13!%$F/$%5!7,%!G/0%6@!#5%0!

B-,! 5%7,13/$F! ;%H;#76! 0-1#C%$;5(! /C7F%5(! 7$0! ./0%-A! I-G%.%,(! ;3%,%! 7,%! 765-! .75;! 1-66%1;/-$5! -B!

5;,#1;#,%0! 7$0! 5%C/J5;,#1;#,%0! 07;7! D-;3! -$! ;3%! E%D! 7$0! /$! %$;%,<,/5%5(! 5#13! 75! ,%67;/-$76!

07;7D75%5(!KLM!07;7(!%;1A!N,70/;/-$766@(! ;-!711%55! ;3%5%! ,%5-#,1%5(!7!#5%,!C#5;! 6%7,$!5;,#1;#,%0!-,!

5%C/J5;,#1;#,%0!O#%,@! 67$F#7F%5(! 7$0!C#5;!D%!7D6%! ;-!711%55!07;7! 513%C75(!G3/13!7,%!C-5;! 6/?%6@!

3%;%,-F%$%-#5(! 1-C<6%H(! 7$0! B75;J%.-6./$FA! N-! ,%6/%.%! G%D! 7$0! 51/%$;/B/1! #5%,5! B,-C! ;3%! 6%7,$/$F!

1#,.%! 7$0! %$7D6%! ;3%C! ;-! %75/6@! 711%55! 5;,#1;#,%0! 7$0! 5%C/J5;,#1;#,%0! 07;7(! ;3%,%! /5! 7! F,-G/$F!

,%5%7,13!/$;%,%5;!;-!5#<<-,;!?%@G-,0!5%7,13!-$!;3%5%!07;7!5-#,1%5A!

! !

N3%! 7/C! -B! ;3/5! G-,?53-<! /5! ;-! %$1-#,7F%! ,%5%7,13%,5! B,-C! D-;3! 7170%C/7! 7$0! /$0#5;,@!

1-CC#$/;/%5! ;-! 0/51#55! ;3%! -<<-,;#$/;/%5! 7$0! 13766%$F%5! /$! ?%@G-,0! 5%7,13! -$! P5%C/JQ5;,#1;#,%0!

07;7(! 7$0! ;-! <,%5%$;! ;3%! ?%@! /55#%5! 7$0! $-.%6! ;%13$/O#%5! /$! ;3/5! 7,%7A!E%! /$./;%! ,%5%7,13%,5! 7$0!

<,71;/;/-$%,5! G-,?/$F! /$! ,%67;/-$76! 07;7D75%5(! 07;7! G7,%3-#5%5(! KLM(! /$B-,C7;/-$! %H;,71;/-$(!

$7;#,76!67$F#7F%!<,-1%55/$F(!<,-D7D/6/5;/1!07;7D75%5(!7$0!,%67;%0!7,%75!;-!7;;%$0!;3/5!G-,?53-<A!N3%!

C7/$!;-</15!/$16#0%!D#;!7,%!$-;!6/C/;%0!;-=!

!

R! S%@G-,0!5%7,13!-$!,%67;/-$76!07;7D75%5!7$0!07;7!G7,%3-#5%5!

R! S%@G-,0!5%7,13!-$!KLM!07;7!

R! S%@G-,0!5%7,13!-$!%H;,71;%0!07;7!B,-C!;%H;!0-1#C%$;5!

R! S%@G-,0!-$!-;3%,!07;7!5;,#1;#,%5!P%AFA!G-,?B6-G5(!7$$-;7;%0!/C7F%5Q!

R! S%@G-,0!5%7,13!-$!07;7!5;,%7C5!7$0!1-$;/$#-#5!C-$/;-,/$F!5@5;%C5!

R! 27$?/$F!513%C%5!

R! N-<JS!O#%,@!<,-1%55/$F!

R! 2%5#6;!5$/<<%;!F%$%,7;/-$!

R! 2%5#6;!16#5;%,/$F!

R! T#%,@!16%7$/$F!

R! 85%,!<,%B%,%$1%5!7$0!B%%0D71?!

R! I7$06/$F!07;7!#$1%,;7/$;@!/$!?%@G-,0!5%7,13!

R! 9%7,13!O#76/;@!%.76#7;/-$!

R! +%,B-,C7$1%!-<;/C/U7;/-$!

!

F"G.$AF>A.BE%

2%F/5;,7;/-$! B-,!SVW9!&))*! /5!0-$%!./7! ;3%!94XLYZ>+YZ9!&))*! 1-$B%,%$1%! ,%F/5;,7;/-$!G%D! 5/;%!

P3;;<5=>>,%FC75;%,&A1-C>1F/JD/$>LYZ)*>-$[>2L95A1F/QA!

SIGMOD Record, March 2009 (Vol. 38, No. 1) 81



!"#EBA"%A>H!$%

\!9;,#1;#,%0!Z7;7!7$0!E%D!Z-1#C%$;5=!]%;;%,!N-F%;3%,^!

9#,7_/;!`37#03#,/!PL/1,-5-B;!2%5%7,13Q!

!

\!T#%,@/$F!N%H;!Z7;7D75%5!7$0!;3%!E%D=!]%@-$0!N,70/;/-$76!S%@G-,0!9%7,13!

M#/5!X,7.7$-!P`-6#CD/7!8$/.%,5/;@Q!

%

>DD"CA"=%C>C"F$%

I%F0,01+;6%C170+,% %

\!Z-!E%!L%7$!;3%!97C%^!Z/57CD/F#7;/-$!-B!VH;,71;%0!S%@G-,0!T#%,/%5!B-,!Z7;7D75%!9%7,13!

V6%$7!Z%C/0-.7(!4,/$7!Y%6U%(!+%;%,!a7$?37#5%,!PMb9!2%5%7,13!`%$;%,Q!

!

\!S%@G-,0!T#%,@!`6%7$/$F!#5/$F!I/00%$!L7,?-.!L-0%65! !

S%$!T!+#!P8$/.%,5/;@!-B!Y$;7,/-!4$5;A!-B!N%13$-6-F@Q!

!

\!VBB/1/%$;!N-<J?!:6F-,/;3C5!B-,!a#UU@!9%7,13!/$!9;,/$F!`-66%1;/-$5! !

27,%5!c%,$/17(!`3%$!M/!P8$/.%,5/;@!-B!`76/B-,$/7(!4,./$%Q!

!

\!I/%,7,13/176!2%5#6;!c/%G5!B-,!S%@G-,0!T#%,/%5!-.%,!2%67;/-$76!Z7;7D75%5! !

93/@#7$! E7$F! P8`! 97$;7! ]7,D7,7Q(! "#$/13/! N7;%C#,7(! :,57$@! 97G/,%5(! Y6/.%,! +-! PdV`!

M7D-,7;-,/%5!:C%,/17Q(!Z/.@7?7$;!:F,7G76(!:C,!V6!:DD70/!P8`!97$;7!]7,D7,7Q!

!

\!T#%,@!9%FC%$;7;/-$!85/$F!`-$0/;/-$76!27$0-C!a/%605! !

K/7-3#/!W#!7$0!I#H/7!93/!PW-,?!8$/.%,5/;@Q!

!

\!:!a/,5;!9;#0@!-$!9;,7;%F/%5!B-,!X%$%,7;/$F!E-,?B6-G!9$/<<%;5! !

N-CC@! V66?./5;(! M%$7! 9;,eCDf1?! PM/$?e</$F! 8$/.%,5/;@Q(! M7#,-! Z/0/%,! M/$5(! "#6/7$7! a,%/,%!

P8$/.%,5/;@!-B!8;73Q!

!

I%=0J2,%1/:%C2,-0+,% %

\!]#/60/$F!9%7,13!:<<6/17;/-$5!G/;3!L7,?M-F/1!9%,.%,!P4$./;%0!Z%C-Q!

2-$!:.$#,!PL7,?!M-F/1!`-,<-,7;/-$Q!

!

\!M7$F#7F%JL-0%6J]75%0!27$?/$F!/$!V$;/;@J2%67;/-$!X,7<35! !

9370@!V6D755#-$/(!L7@7!27C7$7;3(!X%,37,0!E%/?#C!PL7HJ+67$1?!4$5;/;#;%!B-,!4$B-,C7;/15Q!

!

\!X%$%,/1!7$0!VBB%1;/.%!9%C/J5;,#1;#,%0!S%@G-,0!9%7,13! !

:,753!N%,C%313@(!L7,/7$$%!E/$56%;;!P8$/.%,5/;@!-B!466/$-/5(!8,D7$7Q!

!

\!KLM!S%@G-,0!T#%,@!2%B/$%C%$;! !

"/73%$F! M#(! g3/B%$F! ]7-! Pd7;/-$76! 8$/.%,5/;@! -B! 9/$F7<-,%Q(! N-?!E7$F! M/$F(! K/7-B%$F! L%$F!

P2%$C/$!8$/.%,5/;@!-B!`3/$7Q!

!

\!Z]ZY`=!T#%,@/$F!7$0!],-G5/$F!4$;%,,%67;%0!Z-1#C%$;5!/$!9TM! !

`7,6-5!X7,1/7J:6.7,70-(!`7,6-5!Y,0-$%U(!g3/D-!`3%$!P8$/.%,5/;@!-B!I-#5;-$Q!

82 SIGMOD Record, March 2009 (Vol. 38, No. 1)




