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+4%C: +@C&
* 6 5&: -2.9&2?5+&95= -&5@&A9&6 .5/-&2&B2B-.&B.- ; 01/03?&/C-&
; -= 09-&5@&DE3-&<0F-&G0/9&HII&JE<GHKL&M</5N%2O(&)3&/C2/&
B2B-.+&6 -&-P2= 03- ; &/C-&9/.-2= &B.51-9903?&23; &; 2/2&
6 2.-C5A9-&= 2.Q- /9&23; &?28-&.-29539&@5.&2&9A>9/23/02I&
B- .@5.= 231-&2; 823/2?-&/5&9B-102I0F-;&2.1C0/-1/A.-9&03&>5/C&
= 2.Q- /9(&R-.-03+&6 -&= 2Q-&/C.- -&2; ; 0/0532I&153/.0>A/0539(&
G0.9/+&6 -&B.- 9-3/&.- 29539&6 C: &/C-&92= -&B-.@5.= 231-&
2; 823/2?-&09&-3S5: - ; &>: &9B-102I0F- ; &0= BI-= -3/2/0539&03&/C-&
/-P/&B.51-9903?&= 2.Q- /(&<-153; +&/C-&= 2S5.&153/.0>A/053&5@&
/C-&B2B-.&09&/5&9C56 &D2BBI-9&/5&2BBI-9L&B-.@5.= 231-&
3A= >- .9& >- /6 - -3& 15= = - .102I& 0= BI-= -3/2/0539& 5@&
9B-102I0F-;&2.1C0/-1/A.-9&23; &.- I2/0532I&T4' <9&03&>5/C&
9/.-2= &B.51-9903?&23; &; 2/2&6 2.-C5A9-9(&G032II: +&6 -&2I95&
9C56 &15= B2.0953&3A= >- .9&>- /6 - -3&23&212; -= 01&B.5/5/: B-&
5@&2&9B-102I0F- ; &2.1C0/-1/A.-&@5.&910-3/0@01&23; &03/- II0?-31-&
2BBI012/0539+&2&.- I2/0532I&T4' <+&23; &2&6 0; - I: &A9- ; &
= 2/C-=2/012I&15=BA/2/053&/55I(&)3&9A= = 2.: +&/C- .-&2BB-2.&
/5&>-&2/&I-29/&@5A.&= 2.Q-/9&6C-.-&9B-102I0F-;&2.1C0/-1/A.-9&
-3S5: &23&58- .6 C- I= 03?&B-.@5.= 231-&2; 823/2?-(&&
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OP C6#$G&*)=1Q$=L$)6#$! %( +$+156&)#5); 1#$

U-I2/0532I& T2/2>29-& ' 232?-= -3/& <: 9/-= & JUT4' <K&
/-1C35I5?: &; 2/-9&@.5= &/C-&6 5.Q&5@&<: 9/-= &U&MH9/VWO&23; &
)3?.-9&M</5VWO(&&H/&/C-&/0= -&J! XVN9K+&/C-&2.1C0/-1/9&5@&/C-9-&
9: 9/-= 9&6 - .-&@51A9- ; &53&B.5803?&/C2/&.- I2/0532I&/-1C35I5?: &
6 29&9AB-.05.&/5&C0- .2.1C012I&23; &3- /6 5.Q&9: 9/-= 9&53&/C-&
/29Q9&/C2/&6 - .-&/C-3&15= = 53+&32= -I: &>A903-99&; 2/2&
B.51-9903?(&R-31-+&2.1C0/-1/A.2I&;-1090539&03&/C-9-&-2.I:&
B.5/5/: B-9& 6 - .-& @51A9- ; & 53& /.23921/053& B.51-9903?(&&
Y99-3/02II: &2II&15= = - .102I&UT4' <9&2.-&; 0.-1/&; -91-3; -3/9&
5@&/C-9-&-2.I:&9:9/-= 9&23;&9C2.- &/C-0.&15= = 53&2.1C0/-1/A.- &
J9A1C&29&.56 &9/5.-&.-B.-9-3/2/053+&4Z/.- -&03; -P03?+&= 5; -9/&
; 09Q&>I51Q&90F-+&23; &/ABI-Z5.0-3/- ; &-P-1A/053K(&

E8- .&/C-&: -2.9+&/C-&I2.?-&UT4' <&8-3; 5.9&C28-&-3C231- ; &
/C09&5.0?032I&2.1C0/-1/A.-&03&2&3A= >-.&5@&6 2: 9+&6 C01C&
031IA; - [&

!  <;,)&RI1=5#**=1$5="L&9;10)&="* (&E.0?032II: &; -90?3- ; &
@5.& 9C2.-; Z=-= 5.:& = AI/0ZB.51-995.9+&15= = -.102I&
UT4' <&9: 9/-= 9&C28-&>--3&-P/-3; - ; &/5&9ABB5./&-0/C- .&
9C2.- ; &; 09Q&9: 9/-= 9&J; 09Q&1IA9/- .9K+&9C2.- ; &35/C03?&
9: 9/-= 9&J>I2; -9K+&5.&>5/C(&

!  S< K(&U-1-3/I:+&9-8-.2I&UT4'<9& C28-&>--3&-P/-3;-;&
/5&9ABB5./&-0/C- .&<\ ] &5.&̂ \ A- .: &53&-0/C- .&/2>I-9&5.&
; 2/2&.-B.-9-3/- ; &03&̂ ' ] <1C-= 2(&&&

!  T0)0$U 01#6=; *#*(&<-8- .2I&15= = - .102I&9: 9/-= 9&C28-&
>--3& -P/-3; - ; & 6 0/C& @-2/A.-9& ; -90?3- ; & /5& = 2Q-&
>A903-99&03/-II0?-31-&J62.-C5A9-K&_A-.: &6 5.QI52; 9&
B-.@5.= &>- //- .(&&* C-9-&031IA; -&/-1C30_A-9&9A1C&29&; 2/2&
15= B.-99053+&= 2/- .02I0F- ; &80-6 +&03; -PZ53I: &/2>I-9+&23; &
S503&03; -P-9(&

* C-&= 203&BA.B59-&5@&/C-9-&82.05A9&-3C231-= -3/9&09&/5&
153/03A-&/5&9- II&2&903?I-&15; -&I03-&9ABB5./03?&2II&T4' <&
3-- ; 9(&&* C-&.-29539&@5.&/C09&D53-&90F-&@0/9&2IIL&JE<GHK&
9/.2/-?: &031IA; -&/C-&@5II56 03?[&

!  V"9&"##1&"9$5=*)*(&' AI/0BI-&15; -&I03-9&031.-29-9&
-3?03-- .03?&-@@5./&I03-2.I: &6 0/C&/C-&3A= >- .&5@&15; -&
I03-9(&&' 5.-58- .+&= AI/0BI-&15; -&I03-9&= A9/&5@/-3&>-&
Q-B/&9: 31C.530F- ; +&.-9AI/03?&03&2; ; 0/0532I&-3?03-- .03?&
-@@5./(&

!  %0,#*$5=*)*(&&UT4' <&92I-9= -3&= A9/&>-&/2A?C/&6 C01C&
15; -&I03-&/5&9- II&03&6 C01C&10.1A=9/231-(&<031-&/C-&
099A-9&?- /&15= BI-P&_A01QI: &J23; &92I-9B-5BI-&2.-&
Q356 3&35/&/5&>-&.51Q-/&910-3/09/9K+&/C09&09&2&; 2A3/03?&
/29Q(&

!  < 018#)&" 9$ 5=*)*(&&' AI/0BI-&15; -&I03-9&= A9/&>-&
12.-@AII:&B590/053-;&03&/C-&= 2.Q-/BI21-(&*C09&09&5@/-3&2&
; 0@@01AI/&1C2II-3?-(&)/&09&= A1C&90= BI- .&/5&B590/053&
E<GH+&0(- (+&D)&2= &/C-&?A: &6 0/C&/C-&C2= = -.+&23; &
-8- .: /C03?&09&2&320IL(&&&

H&903?I-&15;-&I03-&60II&9A11--;&6 C-3-8- .&/C-&03/-3; - ; &
1A9/5= - .&>29-&09&.-29532>I: &A30@5.= &03&/C-0.&@-2/A.-&23; &
_A- .: &.-_A0.-= -3/9(&E3-&123&-290I: &2.?A-&/C09&A30@5.= 0/: &
@5.&>A903-99&; 2/2&B.51-9903?(&R56 -8- .+&03&/C-&I29/&_A2./- .&

&
&
* C09&2./01I-&09&BA>I09C-; &A3; - .&2&̀ .-2/08-&̀ 5= = 539&] 01-39-&H?.- -= -3/&
JC//B[aa1.-2/08-15= = 539(5.?aI01-39-9a>:a"(%aK(&&
b 5A&= 2: &15B: +&; 09/.0>A/-+&; 09BI2: +&23; &B- .@5.= &/C-&6 5.Q+&= 2Q-&; - .082/08-&
6 5.Q9&23; &= 2Q-&15= = - .102I&A9-&5@&/C-&6 5.Q+&>A/&: 5A&= A9/&2//.0>A/-&/C-&6 5.Q&
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1-3/A.: +& 2& 15II-1/053& 5@& 3-6 & = 2.Q-/9& 6 0/C& 3-6 &
.-_A0.-= -3/9&C29&2.09-3(&)3&2; ; 0/053+&/C-&.- I-3/I-99&2; 8231-&
5@&/-1C35I5?: &C29&2&/-3; -31: &/5&1C23?-&/C-&5B/0= 0F2/053&
/21/019&@.5= &/0= -&/5&/0= -(&&&

d C-3&-0/C- .&5@&/C-9-&511A.9+&/C-.-&09&2&B5990>0I0/: &/C2/&2&
3-6 & 15; -& I03-& 6 0/C& 2& ; 0@@-.-3/& 2.1C0/-1/A.-& 6 0II&
; .2= 2/012II: &5A/B- .@5.= &/C-&/.2; 0/0532I&53-(&)3-80/2>I: +&/C09&
09&/C-&.-9AI/&5@&2&; 0@@-.-3/&9/5.2?-&2.1C0/-1/A.-&/C2/&C29&
03C-.-3/&2; 823/2?-9&.- I2/08-&/5&/C-&E<GH&53-(&G5.&/C-&
BA.B59-&5@&/C09&B2B-.+&6 -&; -@03-&D; .2= 2/012II: &5A/B- .@5.= L&
/5&= -23&at least&2&@21/5.&5@&! N&2; 823/2?-&53&/C-&92= -&J5.&
15= B2.2>I-K&C2.; 6 2.- (&G5.&-P2= BI-+&2&@21/5.&5@&! N&09&/C-&
; 0@@-.-31-&>- /6 - -3&.-9B539-&/0= -&5@&53-&= 03A/-&23; &
.-9B539-&/0= -&5@&W&9-153; 9(&&<0= 0I2.I: +&0/&09&/C-&; 0@@-.-31-&
>- /6 - -3&23&ef NN&g` &6 0/C&/6 5&̀ g7 9&23; &2&>I2; -&@2.= &6 0/C&
" N&B.51-995.9(&d C-3-8- .&9A1C&2&B-.@5.= 231-&; 0@@-.-31-&
511A.9+&1A9/5= - .9&6 C5&12.-&2>5A/&B-.@5.= 231-&J0(- (+&53-9&
/C2/&2.-&D03&B203LK&6 0II&>-&031I03- ; &/5&/.: &/C-&3-6 &
2.1C0/-1/A.- (&HI/C5A?C&53-&123&2.?A-&2>5A/&6 C-/C- .&2&
@21/5.&5@&! N&09&/55&C0?C&2&@-31-&@5.&2&3-6 &2.1C0/-1/A.-&/5&
1I-2.+&/C-&3A= >- .&09&1I-2.I: &35/&2&@21/5.&5@&" &5.&#(&)3&/C-&
I2//-.&129-+&53-&= -.-I:& 620/9&2&:-2.&5.&/65&@5.&/C-&3-P/&
C2.; 6 2.-&2; 8231-&5.&031.-29-9&/C-&C2.; 6 2.-&>A; ?- /(&H&
@21/5.&5@&! N+&03&153/.29/+&= 2Q-9&9A1C&/21/019&A36 5.Q2>I- (&

* C-&B.-= 09-&5@&/C09&B2B-.&09&/C2/&/C-.-&2.-&2/&I-29/&@5A.&
= 2.Q- /9&6 C-.-&/C09&@21/5.&5@&! N&J5.&C0?C-.K&/C.-9C5I; &
1A..-3/I: &-P09/9(&)3&/C-&3-P/&@5A.&9-1/0539+&6 -&; - /20I&/C-&
.-29539&@5.&5A.&1I20= 9+&6 C01C&2.-&>29- ; &53&>-31C= 2.Q03?&
5.&.-B5./9&5@&>-31C= 2.Q03?&.-9AI/9&>: &5/C- .9(&)3&/C-&I29/&
9-1/053&5@&/C09&B2B-.+&6 -&9B-1AI2/-&53&2&@-6 &6 2: 9&/C2/&/C-&
15= = -.102I&T4' <&= 2.Q- /&15AI; &A3@5I; &5@@&03/5&/C-&@A/A.- (&

2P C#W)$T0)0>0*#*$.$+$(05)=1$=L$OX$

)/&09&2&90?30@0123/&; 092BB503/= -3/&/C2/&/-P/&9/5.2?-&23; &
.- /.0-82I&-3?03-9&; 5&35/&A9-&UT4' <9+&2&15= = -3/&.-B-2/- ; &
2/&= 59/&T4'<& 153@-.-31-9(&)3&@21/+&/C09&= 2.Q- /&; 5-9&35/&
A9-&23: &T4' <+&B.-@-..03?&/5&>A0I; &; 0.-1/I: &53&/5B&5@&2&@0I-&
9: 9/-= &9/5.2?-&I2: - .(&Y2.I: &6 2.303?&5@&/C09&D.5II&: 5A.&56 3L&
BC-35= -353&12= -&/5&53-&5@&A9&@.5= &/C-&@5A3; - .&5@&
)3Q/5= 0&JY.01&4.-6 - .K&03&/C-&= 0; &! XXN9(&R-&/.0- ; &A903?&2&
15= = - .102I&UT4' <&03&23&-2.I: &8- .9053&5@&/C-0.&B.5; A1/+&
>A/&_A01QI: &?28-&AB&6 C-3&C-&.-2I0F- ; &/C2/&)3Q/5= 0&.23&
-P21/I: &53-&_A-.: +&2&/C.- -&6 2: &S503&6 0/C&1539/23/9&@5.&/C-&
9-2.1C&/- .= 9&03&/C-&A9- .&_A- .: (&* C09&903?I-&_A- .: &15AI; &>-&

-290I: &C2.; &15; - ; &23; &.23&2>5A/&! NN&/0= -9&@29/- .&/C23&/C-&
92= -&_A-.: &03&23&UT4' <(&&&

* C-.-&2.-&2&= : .02; &5@&.-29539&@5.&/C09&B-.@5.= 231-&; - I/2(&
*C-9-& 031IA;-&J0K&/C-&I21Q&5@&3-- ; &@5.&I51Q03?&5.&
/.23921/0539+&; 2/2&/: B-9&5/C- .&/C23&/-P/+&23; &.-B-2/2>I-&5.&
-8-3&15= BI- /-&2396 - .9+&23; &J00K&/C-&3--; &@5.&C5.0F53/2I&
; 2/2&B2./0/05303?+&2BBI012/053Z9B-10@01&15= B.-99053+&23; &
82.02>I-&I-3?/C&I09/9(&&

)3&2&.- /.59B-1/08-+&4.-6 - .&M4.-N$O&-PBI5.- ; &/C-9-&.-29539&
03&95= -&; - /20I(&' 5.-58- .+&2II&9A>9-_A-3/&9-2.1C&-3?03-9&
J-(?(+&h 55?I-+&] : 159+&-/1(K&C28-&15= -&/5&/C-&92= -&
1531IA9053& 23; & C28-& >A0I/& B.5B.0- /2.: & /-P/& -3?03-9(&
'5.-58-.+& h55?I-&C29&>A0I/&2&15=BI-/-&9:9/-= &95@/62.-&
9/21Q&031IA;03?&2&@0I-&9:9/-= &Jh G<&Mh C-N#OK+&2&9B-102I&
T4' <&J40?/2>I-&M̀ C2NWOK+&23; &B- ./03-3/&B2.2II- I&; 2/2&
B.51-9903?&2>9/.21/0539&J' 2BU-; A1-&MT-2N$O&23; &<26 F2II&
Mg0QN%OK(&40?/2>I-&09&>-03?&; -BI5: - ; &@5.&2&= : .02; &5@&
03/- .32I&9/5.2?-&A9-9(&

H/&/C09&B503/+&0/&09&I0Q-I: &/C2/&53-&5@&/C-&9-2.1C&15= B230-9&
60II&-PB59-&/C-0.&03/-.32I&9/5.2?-&9:9/-= &@5.&1A9/5= - .&; 2/2+&
-0/C- .&29&23&2BBI0231-&53&/C-&1A9/5= - .i9&B.-= 09-&J2I53?&/C-&
I03-9&5@&/C-&1A..-3/&h 55?I-&2BBI0231-K&5.&29&2&9- .801-(&
d C-3&/C09&C2BB-39+&/C-.-&6 0II&>-&53-&5.&= 5.-&B.5= 03-3/&
353ZUT4' <&2.1C0/-1/A.-9&A9- ; &/5&9/5.-&1A9/5= - .&; 2/2(&

YP T0)0$U01#6=;*#*$.$+"=)6#1$(05)=1$=L$OX$

)/&09&-9/0= 2/- ; &/C2/&; 2/2&6 2.-C5A9-9&@5.= &! a#&5@&/C-&
UT4' <&= 2.Q- /&03&" NN%&Mh 2.NW+&EI2NWO(&U0?C/&356 +&/C-&
; 2/2&6 2.-C5A9-&= 2.Q- /&09&; 5= 032/- ; &>: &UT4' <&8-3; 5.9&
9- II03?&9: 9/-= 9&/C2/&A9-&/C-&/.2; 0/0532I&.56 Z5.0-3/- ; &
2.1C0/-1/A.- (& ` Z</5.-& M</5N%>O& 23; & ' 53- /& M453N$O&
2; 8512/- ; &/C-&A9-&5@&2&15IA= 3&9/5.-&@5.&; 2/2&6 2.-C5A9-&
2BBI012/0539& 23; & MR2.NWO& ?28-& 95= -& B.- I0= 032.: &
B- .@5.= 231-& 3A= >- .9(& )3& /C09& 9-1/053+& 6 -& B.-9-3/&
2; ; 0/0532I&-80; -31-+&32= - I: &/6 5&9B-10@01&B-.@5.= 231-&
9/A; 0-9&A903?&/C-&356 Z.- I-29- ; &15; -&I03-&5@&, - ./012&
M, - .NWO+&2&15= BI- /-&15IA= 3Z5.0-3/- ; &T4' <&2I53?&/C-&
I03-9& 5@& ` Z</5.-+& 6 C01C& 82I0;2/-&/C-&15IA=3& 9/5.-&
B- .@5.= 231-&1I20= 9(&

YPO C#,5=$@0,,$T#)0&,*$
' 59/&J0@&35/&2IIK&; 2/2&6 2.-C5A9-&2BBI012/0539&A9-&2&9/2.&5.&
9356 @I2Q-&91C-= 2+&23; &/C-&91C-= 2&@5.&/C09&2BBI012/053&09&
9C56 3&03&G0?A.-&! (&* C09&91C-= 2&09&03&B.5; A1/053&A9-&>: &2&
@0.=&/C2/&9B-102I0F-9&03&>A903-99&232I:909&5@&*-I15&12II&

A92?-

2115A3/

/5II

95A.1-

&
G0?A.-&! (&* - I15&<1C-= 2&

 Vertica Appliance 
Query 1 "(NW& #NN&
Query 2 "("N& #NN&
Query 3 N(NX& #NN&
Query 4 %("$& #NN&
Query 5 "(ff& #NN&

&
G0?A.-&" (&\ A- .: &UA3303?&* 0= -9&J9-153; 9K&
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; - /20I&03@5.= 2/053(&&R-.-+&/C-&1-3/.2I&@21/&/2>I-&JusageK&
C29&2&.-15.; &B-.&12II&6 0/C&2&82.0- /: &5@&12II&; - /20I&; 2/2j&/C-&
account&/2>I-&153/2039&/C-&BC53-&3A= >- .9&6 C01C&2.-&/C-&
>0II03?&-3/0/0-9j&source&153/2039&/C-&3- /6 5.Q&/C-&12II&
;-/20I&12=-&@.5=j&23;&toll&153/2039&>0II03?&03@5.= 2/053(&

4-90; -9&/C-0.&91C-= 2+&/C09&@0.= &?28-&, - ./012&WNN&h >: /-9&5@&
21/A2I&;2/2&23;&2&9A0/-&5@&-P2=BI-&_A-.0-9&/C-:&A9-&03&/C-0.&
; 2: Z/5Z;2: &2@@20.9(&' 5.- 58- .+&/C- : &2I95&?28-&, - ./012&
2BB.5P0= 2/-&.A3303?&/0= -9&@5.&/C-0.&1A..-3/&95IA/053+&2&" f &
>I2; -&2BBI0231-&@.5= &53-&5@&/C-&6 - IIZQ356 3&T4' <&
2BBI0231-&8-3; 5.9+&6 C01C&I09/9&@5.&2>5A/&e#NN+NNN&23; &
0= BI-= -3/9&2&/.2; 0/0532I&.56 Z9/5.- &2.1C0/-1/A.- (&G0?A.- &" &
9C56 9&/C-9-&2BB.5P0= 2/-&.A3303?&/0= -9+&29&6 - II&29&/C-&
B-.@5.= 231-&5@&, - ./012&53&2&; A2I&15.-&; A2I&̀ g7 &EB/- .53&
15= BA/- .+&6 C01C&I09/9&@5.&2>5A/&e" %NN(&&&

G0?A.-&#&9C56 9&/C-&<\ ] &@5.&\ A- .: &" &5@&/C09&>-31C= 2.Q&
9A0/-&; -@03- ; &58- .&/C-&9/2.&91C-= 2&9C56 3&03&G0?A.-&! (&&* C09&
_A-.: &09&/: B012I&5@&; 2/2&6 2.-C5A9-&_A-.0-9&03&/C2/&0/&@0.9/&
@0I/- .9&A903?&B.- ; 012/-9&58- .&15IA= 39&5@&/C-&@21/&/2>I-&5.&2&
; 0= -39053&/2>I-+&23; &/C-3&?.5AB9&/C-&.-9/.01/- ; &@21/&/2>I-&
58- .&95= -&2//.0>A/-&23; &2??.-?2/-9(&E3&/C09&_A-.: +&2&
15IA= 3&9/5.-&5A/B- .@5.= 9&2&.56 &9/5.-&>: &2&@21/5.&5@&$V&
6 0/C&! aV&/C-&3A= >- .&5@&̀ g7 9&23; &/6 5&5.; - .9&5@&= 2?30/A; -&
I-99&C2.; 6 2.- &159/(&* C- .- &2.- &9-8- .2I&.- 29539&@5.&/C09&
9/2./I03?&B-.@5.= 231-&; 0@@-.-31-+&>A/&/C.- -&9/23; &5A/(&

G0.9/+&/C-&usage&/2>I-&153/2039&2&= : .02; &5@&; - /20I9&2>5A/&
12II9+&031IA; 03?&12II&@5.6 2.; 03?&03@5.= 2/053+&/C-&3- /6 5.Q9&
/C-&12II&/.28- .9- ; +&12II&I-3?/C&23; &; .5B&03@5.= 2/053+&-/1(&)3&
2II+&/C- .-&2.-&= 5.-&/C23&" NN&15IA= 39(&d C0I-&/C-&6 09; 5= &5@&
9A1C&2&D@2/L&/2>I-&123&>-&; ->2/- ; &>: &91C-= 2&; -90?3- .9+&0/&
9C5AI; &>-&35/- ; &/C2/&/C-&1A9/5= - .&A9-9&= 23: &; 0@@-.-3/&
@0-I; 9&03&82.05A9&2; ZC51&_A-.0-9(&&R-31-+&; -15= B5903?&/C09&
@21/&/2>I-&03/5&= AI/0BI-&/2>I-9&6 5AI; &03/.5; A1-&S5039+&6 C01C&
= 0?C/&9I56 &B-.@5.= 231-(&HI95+&03&B503/&5@&@21/+&/C-&@21/&
/2>I-&C29&>--3&B.-ZS503- ; &6 0/C&2BB.5B.02/-&15IA= 39&03&
; 0= -39053&/2>I-9&/5&-I0= 032/-&.A3Z/0= -&S5039+&2&15= = 53&

/21/01&/5&0= B.58-&B- .@5.= 231-&03&6 2.-C5A9-&-380.53= -3/9+&
.-9AI/03?&03&2&= 2/- .02I0F- ; &80-6 &6 0/C&" ! " &15IA= 39(&k 5/-&
@A./C- .&/C2/&_A- .: &" &.-2; 9&V&15IA= 39&@.5= &/C-&" ! " (&R-31-+&
2&15IA= 3&9/5.-&6 0II&.-2; &-P21/I:&/C-&V&15IA= 39+&6 C0I-&2&.56 &
9/5.-&6 0II&.-2; &2II&" ! " ! 2&9/.0Q03?&; 0@@-.-31-&5@&3-2.I: &/6 5&
5.; - .9&5@&= 2?30/A; -&03&>: /-&= 58-= -3/&@.5= &/C-&; 09Q(&

* C-&9-153; &15390; - .2/053&09&15= B.-99053(&H9&35/- ; &03&2&
15= B23053&B2B-.&MH>2NWO+&15= B.-99053&09&A9A2II: &= 5.-&
-@@-1/08-&03&2&15IA=3&9/5.-&/C23&2&.56 &9/5.- (&k 5/&53I: &2.- &
2II&5>S-1/9&03&2&; 09Q&>I51Q&5@&/C-&92= -&; 2/2&/: B-+&>A/&
2; ; 0/0532I&15= B.-99053&5B/0539+&9A1C&29&; - I/2&-315; 03?&23; &
.A3ZI-3?/C&-315; 03?+&2.-&B5990>I- (&)3&9-8- .2I&>-31C= 2.Q&
9/A;0-9+&,-./012&/:B012II:&C29&2&15= B.-99053&.2/05&5@&2&
@21/5.&5@&! N+&>- //- .&>: &3-2.I: &2&@21/5.&5@&#&/C23&/C-&
15= B.-99053&B5990>I-&03&15= B-/03?&.56 &9/5.-9(&&&

* C-&/C0.; &.-2953&09&95./03?&23; &03; -P03?+&6 C01C&2.-&A9- ; &>: &
, - ./012+&>A/&35/&>: &/C-&2BBI0231-(&* C09&-PBI2039&/C-&
1539/23/&_A-.:&/0=-&5@&/C-&2BBI0231-+&6C-.-29&,-./012&
Q--B9&/C-&; 2/2&03&95= -&95./&5.; - .+&6 C01C&123&.-9/.01/&
.A3303?&/0= -9&@5.&95= -&_A- .0-9(&

)/&09&356 &9/.20?C/@5.6 2.; &/5&-PBI203&G0?A.-&" (&&* C-&
15= B-/03?&.56 &9/5.-&; 0; &35/&A9-&15= B.-99053&5.&03; -P03?(&&
R-31-+&_A-.:&/0=-9&@5.&/C-&2BBI0231-&2.-&/C-&/0= -&/5&.-2; &
WNN&h >: /-9&5@@&/C-&; 09Q+&23&0= B.-9908-&VN&' >: /-9a9-1&B-.&
B.51-995.Z; 09Q&B20.(&)3&153/.29/+&, - ./012&9/5.- ; &I-99&/C23&WN&
h >: /-9&23; &21/A2II: &.-2; &2>5A/&" &h >: /-9(&H&@21/5.&5@&#NN&
I-99&)aE&09&?A2.23/- - ; &/5&?-3- .2/-&2&; .2= 2/01&B-.@5.= 231-&
0= B.58-= -3/l&

HI/C5A?C&/C09&1A9/5= - .&C2; &2&8- .: &@2/&@21/&/2>I-+&6 C01C&
5>805A9I: &9Q-6 - ; &/C-&B-.@5.= 231-&15= B2.0953+&90= 0I2.+&
/C5A?C&I0Q-I: &I-99&; .2= 2/01+&.-9AI/9&C28-&>--3&5>9- .8- ; &03&2&
82.0- /: &5@&5/C- .&9/A; 0-9(&EA.&3-P/&-P2= BI-&A9-9&2&D9Q033: L&
@21/&/2>I-(& &

YP2 %&7 I ,&L&#M$C/ @RG$
* C-&6 - II&Q356 3&>-31C= 2.Q+&* g` ZR+&09&A9- ; &>: &= 23: &
8-3; 5.9& /5& 1I20= & 9AB-.05.0/: & 03& ; 2/2& 6 2.-C5A9-&
B-.@5.= 231-(&* C09&>-31C= 2.Q&09&1I-8- .I: &1539/.A1/- ; &/5&
2850; &A903?&2&9356 @I2Q-&91C-= 2&23; &/5&.-3; - .&= 2/- .02I0F- ; &
80-6 9&A3B.5; A1/08-(&)3&03/- .80-6 03?&2>5A/&/6 5&; 5F-3&
` )E9+&/C-&2A/C5.9&C28-&3-8- .&9--3&2&6 2.-C5A9-&/C2/&; 0; &35/&
A9-&2&9356@I2Q-&91C-=2(&R-31-+&g2/&Eik-0I&90=BI0@0-;&/C-&
* g` ZR&91C-= 2&/5&>-&2&9356 @I2Q-&23; &; -@03- ; &82.023/9&5@&
! " &* g` ZR&_A-.0-9&53&/C09&91C-= 2&ME3-NWO(&* C-&91C-= 2&09&
9C56 3&03&G0?A.-&$&23; &2&@-6 &5@&/C-&! " &_A- .0-9&03&G0?A.-&%(&
] 29/I: +&/C-&.A3303?&/0= -&5@&/C-&! " &_A- .0-9&53&2&e" %NN&
EB/- .53&15= BA/- .&6 0/C&$&15.-9&09&9C56 3&03&G0?A.-&W&@5.&
/6 5&-3?03-9+&/C-&, - ./012&15IA= 3&9/5.-&23; &2&B5BAI2.&.56 &
9/5.- (&&&

SELECT account.account_number,  
sum (usage.toll_airtime),  

sum (usage.toll_price) 

FROM usage, toll, source, account 

WHERE usage.toll_id = toll.toll_id 

  AND usage.source_id = source.source_id 

  AND usage.account_id = account.account_id 

  AND  toll.type_ind in (‘AE’. ‘AA’) 

  AND  usage.toll_price > 0 

  AND  source.type != ‘CIBER’ 

  AND  toll.rating_method = ‘IS’ 

  AND  usage.invoice_date = 20051013 

GROUP BY  account.account_number 
&

G0?A.-&#(&\ A- .: &" &
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45/C& 9: 9/-= 9& A9- ; & 15= B.-99053& 23; & C5.0F53/2I&
B2./0/05303?(&&'5 .-58-.+&/C-&.56 &9/5.-&6 29&5B/0=0F-;&>: &2&
D$&9/2.&6 0F2.; L&T4H&6 C5&/A3-9&/C09&8-3; 5.i9&B.5; A1/&29&
C09&B.5@-99053(&)3&G0?A.-&W+&6 -&.-B5./&53&/6 5&BC: 9012I&
91C-=29(&*C-&@0.9/&53-&09&12II-;&DI56&9B21-L&23;&A9-9&8-.:&
= 5; -9/&.- ; A3; 231: +&6 C0I-&/C-&9-153; +&12II- ; &D= - ; 0A= &
9B21-L&1.-2/-9&/C.--&= 2/-.02I0F- ; &80-6 9&95&35&_A-.: &3-- ; &
B-.@5.=&2&15=BI-/-&9123(&]29/I:+&/C-&>-31C=2.Q&A9-9&912I-&
! NN&90F-9+&29&; -@03- ; &03&* g` ZR+&23; &/C-&.26 &; 2/2&511AB0-9&
2BB.5P0= 2/- I: &WN&h >: /-9(&

)3&G0?A.-&W+&53-&123&15= B2.-&/C-&/6 5&9: 9/-= 9&A903?&
0;-3/012I&BC:9012I&91C-=29(&k5/- &/C2/&/C-&15IA=3&9/5.-&09&
2.5A3; &V&/0=-9&@29/-.& 03&I-99&/C23&C2I@&/C-&9B21-(&

HI/- .32/- I: +&53-&15AI; &15= B2.-&/C-&/6 5&9: 9/-= 9&?0803?&
-21C&2&9B21-&>A;?-/(&)3&/C09&129-+&/C-&15IA=3&9/5.-&09&2&
= A1C&I2.?- .&@21/5.&@29/- .&/C23&/C-&.56 &9/5.- (&HI/C5A?C&
/C-9-&.-9AI/9&2.-&I-99&; .2= 2/01&/C23&/C-&.-9AI/9&5@&<-1/053&
#(! +&/C- : &2.-&90= 0I2.&/5&/C-&.-9AI/9&.-B5./- ; &03&M</5N%>O(&

ZP %)1#07 $/1=5#**&" 9$.$+" =)6#1$(05)=1$=L$OX$

U-1-3/I:+& /C-.-& C29&>--3& 15390;-.2>I-&03/-.-9/&03&
B-.@5.= 03?&I56 &I2/-31: &B.51-9903?&5@&= -992?-&9/.-2= 9&
A903?&2&C0?CZI-8- I&/55I&Q0/(&* C- .-&2.-&15= = - .102I&B.5; A1/9&
6 C01C&A9-&2&.AI-&35/2/053&J-(?(+&HB2= 2&MHB2NWOK+&29&6 - II&29&
53-9&6 C01C&A9-&2&<\ ] &35/2/053&J-(?(+&</.-2= 429-&M</.NWO&
23; &̀ 5.2If &M̀ 5.NWOK(&HI/C5A?C&/C- .-&09&95= -&; ->2/-&58- .&

Lineorder
orderkey (pk)
linenumber (pk)
custkey (fk)
partkey (fk)
suppkey (fk)
orderdate (fk)
orderpriority
shippriority
quantity
extendedprice
ordtotalprice
discount
revenue
supplycost
tax
commitdate (fk)
shipmode

Part
partkey (pk)
name
mfgr
category
brand1
color
type
size
container

Supplier
suppkey (pk)
name
address
city
nation
region
phone

Customer
custkey (pk)
name
address
city
nation
region
phone
mktsegment

Date
datekey (pk)
date
dayofweek
month
year
yearmonth
daynuminmonth
daynuminyear
monthnuminyear
weeknuminyear
sellingseason
lastdayinweekfl
lastdayinmonthfl
holidayfl
weekdayfl

$
&

G0?A.-&$(&* C-&<1C-= 2&@5.&<0= BI0@0-; &* g` ZR&

Q1: Select the total discount given in 
1993, for lineitems with <25 quantity, 
and 1-3% discount 

Q5: Measure total revenue for a certain 
manufacturer/category/brand of part, from 
a supplier in a certain geographical area. 

Q8: Measure the revenue from customers in 
the same geographical region as their  
suppliers, further broken down by geography 
and year. 

SELECT SUM 
(lo_extendedprice*lo_discount)  

  AS revenue 

FROM lineorder, dwdate 

WHERE lo_orderdate = d_datekey 

  AND d_year = 1993 

  AND lo_discount between  

   1 and 3 

  AND lo_quantity < 25; 

&

SELECT SUM (lo_revenue), 
 d_year, p_brand1 

FROM   lineorder, dwdate,  

 part, supplier 

WHERE  lo_orderdate = d_datekey  

  AND  lo_partkey = p_partkey 

  AND  lo_suppkey = s_suppkey 

  AND  p_brand1 between   
 'MFGR#2221' and 
 'MFGR#2228' 

  AND  s_region = 'ASIA' 

GROUP BY d_year, p_brand1 

ORDER BY d_year, p_brand1; 

&

SELECT  c_city, s_city, d_year, 

  sum(lo_revenue) as revenue 

FROM    customer, lineorder, 

  supplier, dwdate 

WHERE   lo_custkey = c_custkey 

  AND  lo_suppkey = s_suppkey  

  AND  lo_orderdate = d_datekey  

  AND  c_nation = 'UNITED STATES'  

  AND  s_nation = 'UNITED STATES' 

  AND  d_year between  

   1992 and 1997 

GROUP BY c_city, s_city, d_year 

ORDER BY d_year asc, revenue desc; 

&
&

G0?A.-&%(&<2= BI-9&@.5= &/C-&\ A- .: &<- /&5@&! " &&
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6 C01C&B2.2; 0?= &6 0II&6 03+&0/&2BB-2.9&/C2/&2&<\ ] &35/2/053&
C29&53-&>0?&2; 823/2?-+&32= - I: &/C2/&= 59/&.-2IZ/0= -&9/.-2= &
B.51-9903?&B.5>I-= 9&C28-&23&-= >- ; ; - ; &.-_A0.-= -3/&/5&
9/5.-&23;&211-99&9A>9/23/02I&2=5A3/9&5@&9/2/-(&<031-&<\]& 09&
/C-&A308- .92I&B2.2; 0?= &@5.&9/5.- ; &; 2/2+&0/&09&32/A.2I&/5&A9-&
23&-P/-3; - ; &8- .9053&5@&<\ ] &@5.&/C-&.-_A0.- ; &= 0P03?&5@&.-2I&
/0= -&23; &C09/5.012I&; 2/2(&

*C-& 1A..-3/&15== - .102I&9:9/-= 9&2.-& ;-91-3;-3/9& 5@&
212; -= 01& B.5/5/: B-9+& 9A1C& 29& HA.5.2& MH>2N#O& 23; &
<* UYH' &M' 5/N#O(&H/&/C09&B503/+&/C- .-&09&9A>9/23/02I&
= 2.Q-/BI21-&-PB-.0-31-&60/C&9A1C&15== -.102I&9:9/-= 9+&23;&
/C-0.&B-.@5.= 231-&.- I2/08-&/5&/C-&2I/- .32/08-9+&32= - I: &A903?&
1A9/5= &15; -&5.&2&.- I2/0532I&T4' <(&)3&/C09&9-1/053+&6 -&2I95&
; 091A99&/6 5&>-31C= 2.Q9&15= B2.03?&2&9B-102I0F- ; &-3?03-&
6 0/C&2&.- I2/0532I&T4' <(&HI/C5A?C&] 03-2.&U52; &MH.2N$O&
6 5AI; &>-&2&32/A.2I&1C501-+&6 -&1C59-&039/-2; &/5&A9-&/6 5&
91-32.059&/C2/&12=-&@.5=&.-2I&1A9/5=-.9(&

ZPO %I ,&)$+MD;*)#M$/1&5#$
* C09&09&2&12I1AI2/053&/C2/&09&5@/-3&; 53-&03&d 2II&</.- - /&
2BBI012/0539(&&* C-.-&09&23&0315= 03?&@-- ; &5@&/01Q&; 2/2[&

C&58*&&J9:=>5I&m&̀W+&

&&&&&&&&&&&&/0= -&m&; 5A>I-+&&

&&&&&&&&&&&&&&&&&&&&&&&&&&85IA= -&m&03/-?- .+&

&&&&&&&&&&&&&&&&&&&&&&&&&&B.01-&m&; 5A>I-K&

6 C01C&15AI; &15= -&@.5= &53-&5@&/C-&B5BAI2.&; 2/2&B.580; - .9&
5.&@.5= &2&; 0.-1/&1533-1/053&/5&23&-P1C23?-(&)3&2; ; 0/053+&
/C- .-&09&2&9-153; &@-- ; [&

%I,&)*&&J9:=>5I&m&̀W+&

&&&&&&&&&&&&/0= -&m&; 5A>I-+&&

&&&&&&&&&&&&9BI0/n@21/5.&m&@I52/K&

* C-&9-153; &@-- ; &.-15.; 9&/C-&/0=-9&2/&6C01C&9/51Q&9BI0/9&
/2Q-&BI21-+&?0803?&/C-&9BI0/&@21/5.j&0(-(+&2&" &@5.&! &9BI0/&6 5AI; &

C28-&2&9BI0/&@21/5.&5@&" &23; &2&! &@5.&" &J.-8- .9-K&9BI0/&65AI; &
C28-&2&9BI0/&@21/5.&5@&N(%(&

* C-&?52I&5@&/C-&15= BA/2/053&09&/5&B.5; A1-&/C-&9BI0/&2; SA9/- ; &
B.01-&@5.&/C-&C&58*&@-- ; (&<031-&2&?08-3&9: = >5I&= 2: &9BI0/&
= 5.-&/C23&531-+&0/&09&3-1-992.: &/5&= 203/203&2&.A3303?&
15= B590/-&5@&/C-&/5/2I&9BI0/&@21/5.&9--3&AB&/5&356 (&* C09&
9/2/-&09&= 203/203- ; &03&2&%)=109#&/2>I-&

%)=109#&&J9:=>5I&m&̀W+&&

&&&&&&&&&&&&&&&&/5/2In9BI0/&m&@I52/K&

*C-&@5II5603?&</.-2= <\]& 9/2/-=-3/9&03;012/-&/C-&.-_A0.-;&
B.51-9903?&53&/C-&9/5.- ; &/2>I-+&%)=109#?&23; &/C-&/6 5&@-- ; 9&
C&58*&23; &%I,&)*(&

 
UPDATE Storage 

FROM Splits S 

SET (total_split = total_splits *  

S.split_factor) 

WHERE S.symbol = Storage.Symbol 

 

SELECT T.symbol,  

price = T.price * S.factor,  

T.volume, T.time 

FROM Ticks T, Storage S 

WHERE S.symbol = T.symbol 

&

* C-&2>58-&15; -&6 29&.A3&53&</.-2= 429-&53&2&e! NNN&9: 9/-= &
J" (f h RF&g-3/0A= &T&f " N+&#h 4&UH' +&23; &$P"NNh&<H*H))&
;.08-9K&23; &: 0- I; - ; &2&/C.5A?CBA/&5@&###+NNN&= -992?-9&B-.&
9-153;(&*C-&UT4'<& I5?01&/5&2115=BI09C&/C-&92=-&/29Q&09&
2&>0/&/.01Q: (&E3-&5B/053&09&/5&1.-2/-&2&9/5.-;&/2>I-&</5.2?-&
23; &/C-3&B-.@5.= &/C-&.-9/&5@&/C-&2BBI012/053&03&2&9/5.- ; &
B.51- ; A.- (&* C09&2BB.521C&: 0- I; - ; &! " +W$N&= -992?-9&B-.&

 Row Store 
Low Space 

Column Store 
Low Space 

Row Store 
High Space 

Column Store 
High Space 

Query 1 #" (N& #($& #(X& ! (! &
Query 2 #! (W& $(! & ! (W& N(#&
Query 3 #N(f & " (f & N(X& N(" &
Query 4 " X(#& #($& V(" & N(W&
Query 5 " W(! & #(" & " (! & N(" &
Query 6 " " (" & #(N& N(V& N(! &
Query 7 WN(X& ! (V& ! %(W& " ($&
Query 8 $(! & #(" & " (%& N(#&
Query 9 #(V& #(N& " (N& N(" &
Query 10 " $(! & ! (! & ! ! ($& ! (f &
Query 11 %(! & N(" & W(#& N(#&
Query 12 N(V& N(" & ! (N& N(" &
Weighted 
Average 

! #(W& ! (f & " (X& N($&

Space 
Required 

WN(#& #W(#& VW(V& $N(" &

&
G0?A.-&W(&UA3303?&* 0= -&J9-153; 9K&23;&<B21-&U-_A0.-=-3/9&Jh4:/-9K&
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9-153; (&H&9-153; &2BB.521C&09&/5&039- ./&>5/C&@-- ; 9&03/5&/C-&
T4' <&23; &/C-3&A9-&/.0??- .9&/5&B-.@5.= &/C-&.-_A0.- ; &
B.51-9903?(&* C09&2BB.521C&C29&/C-&1C2.21/-.09/01&5@&= 5.-&
@AII: &A/0I0F03?&T4' <&@A31/0532I0/: +&>A/&9I56 9&B-.@5.= 231-&
;.2= 2/012II:(&&&

* 5&9C56 &/C-&UT4' <&03&0/9&>-9/&I0?C/+&6 -&2I95&0= BI-= -3/- ; &
2&/C0.; &2I/- .32/08-+&32= - I: &2II512/03?&/C-&<BI0/9&/2>I-&29&23&
2..2: &0390; -&/C-&9/5.- ; &B.51- ; A.- (&* 5&2&@0.9/&2BB.5P0= 2/053&
/C09&09&2&95IA/053&6 C01C&15; -9&/C-&-3/0.-&2BBI012/053&29&2&
9/5.- ; &B.51- ; A.-+&A903?&35&T4' <&@210I0/0-9(&E>805A9I: +&
53-&6 5AI; &B.-@-.&/5&; 5&/C-&2BBI012/053&6 0/C&1A9/5= &I5?01&
/5/2II: &-P/- .32I&/5&/C-&T4' <+&03&B.-@-.-31-&/5&/C09&5B/053(&
R56 -8- .+&6 -&.-B5./&/C09&.-9AI/&03&/C-&12/-?5.: &5@&D0@&: 5A&
9/23; &53&: 5A.&C-2; +&/C09&09&29&?55; &29&0/&?- /9L+&23; &/C-&
.-9AI/&6 29&#f +NNN&= -992?-9a9-153; (&

ZP2 ( =1[ 01M$(&1*)$+11&H#1$
)/&09&15= = 53&@5.&d 2II&</.- - /&@0.= 9&/5&9A>91.0>-&/5&= AI/0BI-&
9/51Q&/01Q-.&@-- ; 9+&9A1C&29&U-A/- .9+&̀ 5= 9/51Q+&5.&)3@5; : 3- (&
H3&-_A2II: &15= = 53&2BBI012/053&09&/5&@5.6 2.; &/C-&@0.9/&
2..0803?&/01Q&@.5= &6 C01C-8- .&5@&/C-&@-- ; 9&C29&I-29/&I2/-31: &
2/&/C2/&= 5= -3/(&]2/-&;ABI012/-9&= A9/&>-&;0912.;-;+&/C-.->:&
1.-2/03?&2&903?I-&80./A2I&@-- ; &6 0/C&/C-&@0.9/&2..0803?&/01Q&
03@5.= 2/053(&&&

E>805A9I: +&53-&= A9/&@5.6 2.; &/C-&@0.9/&2..08- .&6 0/C5A/&
620/03?&@5.&/C-&I2/-&; ABI012/-9(&E/C-.609-+&/C-&6C5I-&
BA.B59-&5@&/C-&2BBI012/053+&I2/-31: &.- ; A1/053+&6 5AI; &>-&
I59/(&)3&/C-&03/-.-9/&5@&>.-80/:+&/C-&</.-2= <\ ] &@5.&/C09&
2BBI012/053& 09& 5= 0//- ; (& R56 -8- .+& /C-& </.-2= 429-&
0= BI-= -3/2/053& 53& /C-& e! NNN& g-3/0A= & g` & : 0- I; - ; &
B- .@5.= 231-&5@&" f ! +NNN&= -992?-9&B-.&9-153; (&)3&153/.29/+&
/C-&UT4' <&I5?01&.-_A0.-9&53-&/5&1539/.A1/&2&/2>I-&5@&
.-1-3/&/01Q9&23;&/C-3&/5&1C-1Q&/C09&/2>I-&/5&9--&0@&23&
0315= 03?&/01Q&09&2&I2/-&; ABI012/- (&)@&95+&0/&09&; 0912.; - ; j&
5/C- .6 09-&0/&09&@5.6 2.; - ; &23; &039- ./- ; &03/5&/C-&/2>I- (&* C-&
>-9/&B- .@5.= 231-&5A.&D$Z9/2.L&6 0F2.; &15AI; &152P&5A/&5@&/C-&
UT4' <&6 29&! ! +VXN&= -992?-9&B-.&9-153; &A903?&2&/2>I-&@5.&
/C-&.-1-3/&/01Q9&23; &%! +VNN&= -992?-9a9-1&A903?&23&2..2: &
0390; -&/C-&9/5.- ; &B.51- ; A.- (&

)3& M</5N%2O+& 6 -& ; 091A99- ; & /C-& .-29539& 6 C: & 9/.-2= &
B.51-9903?& -3?03-9& 5A/B- .@5.= & UT4' <9& 03& /C09&
2BBI012/053(&R-.-+&6 -&>.0-@I: &.-80-6 &/C-&.-29539[&

!  </.-2= <\ ] &-3?03-9&; 5&35/&.A3&03&1I0-3/Z9- .8- .&= 5; - (&
R-31-+&/C- .-&2.-&35&B.51-99&96 0/1C-9(&)3&153/.29/+&
UT4' <&-3?03-9&2.-&>A0I/&35/&/5&/.A9/&/C-&2BBI012/053+&
23; &= A9/&.A3&0/&03&2&9-B2.2/-&2; ; .- 99&9B21-&@.5= &/C-&
2BBI012/053(&

!  ' 59/&</.-2= <\ ] &-3?03-9&; 5&B.51-9903?&-P1IA908- I: &03&
80./A2I&= -= 5.: (&* C- .-&09&35&1531-B/&5@&.- I02>I: &9/5.03?&
/C-&; 2/2&53&; 09Q+&6 C01C&09&SA9/&2&95A.1-&5@&-P/.2&
58- .C-2; (&

!  </.-2= <\ ] &-3?03-9&9ABB5./&/0= -&6 03; 56 9&32/08- I: +&
23; &; 5&35/&3-- ; &/5&90= AI2/-&/C-= &A903?&1538-3/0532I&
<\ ] &35/0539(&&

!  )/&B2: 9&/5&15= B0I-&B.- ; 012/-9&/5&= 21C03-&15; -&@5.&
= 2P0= A= &B-.@5.= 231-+&03&153/.29/&/5&UT4' <9+&
6 C01C&/: B012II: &15= B0I-&5B-.2/0539&/5&23&03/- .= - ; 02/-&
@5.= &@5.&-290- .&= 203/-3231-(&

!  UT4' <9&2.-&5B/0= 0F- ; &@5.&S50303?&2&= 0II053&.-15.; &
95A.1-&/2>I-& /5&2&= 0II053&.-15.; &/2.?-/& /2>I-(&)3&
153/.29/+&</.-2= <\]& -3?03-9&2.-& 5B/0=0F-;&@5.&
B.51-9903?& 2& 903?I-& = -992?-& J/ABI-K& /C.5A?C& 2&
15II-1/053&5@&5B-.2/0539&6 0/C&= 030= A= &I2/-31: (&R-31-+&
2850; 03?&_A-A-9&>- /6 - -3&5B-.2/0539&09&2&?55; &0; -2+&
6 C-.-29&03&UT4' <9&9A1C&_A-A-9&2.-&5= 30ZB.-9-3/(&

)3&9A= = 2.: +&23&03ZB.51-99&-3?03-&A903?&= 203&= -= 5.: &
9/5.2?-&23; &5B/0= 0F- ; &@5.&903?I-&= -992?-&5B-.2/0539&6 0II&
2I6 2: 9&?.-2/I: &5A/B- .@5.= &2&; 09QZ>29- ; &-3?03-&/C2/&A9-9&
5A/Z5@ZB.51-99&9/5.2?-&23; &/C2/&09&5B/0= 0F- ; &@5.&9- /&
B.51-9903?(&

\P %5&#" )&L&5$0" M$]" )#,,&9#" 5#$+I I ,&50)&=" *$.$
+"=)6#1$(05)=1$=L$OX$

<10-3/0@01&23;&03/-II0?-31-&A9-.9&C28-&C09/5.012II: &9CA33- ; &
15= = - .102I& ; 2/2& >29-& B.5; A1/9+& B.-@-..03?& /5& A9-&
1A9/5= 0F- ; &95IA/0539+&9A1C&29&RTGZ%&MR; @NWO+&' 2/] 2>&
M' 2/NWO+&23; &k - /` TG&Mk -/NWO(&* C-.-&2.-&2&= : .02; &5@&
.-29539&@5.&/C09(&)3&/C09&9-1/053+&6-& >.0-@I:&.-80-6& /C-&
I-99539&I-2.3- ; &@.5= &g.5S-1/&<-_A502&03&/C-&= 0; &! XXN9&
M<-_X#O(&H@/- .&/C2/+&6 -&B.-9-3/&.-9AI/9&@.5= &15= B2.03?&2&
9B-102I0F-;&B.5/5/:B-+&H<Hg&JMHO..2: &M<O/.-2= 03?&MHO3; &
MgO.51-9903?K+&6 0/C&2&B5BAI2.&15= = - .102I&UT4' <(&

\PO /1=D#5)$%#^;=&0$
* C-&TY` Z9B5395.- ; &<-_A502&B.5S-1/&M<-_X#O&2//-= B/- ; &/5&
9ABB5./&910-3/0@01&T4' <&A9- .9&J9B-10@012II: &/C-&Y2./C&
<10-31-&.-9-2.1C&?.5AB&2/&7 ` &<23/2&42.>2.2&A3; - .&/C-&
; 0.-1/053&5@&c-@@&T5F0- .&23; &/C-&1I0= 2/-&= 5; - I03?&?.5AB&2/&
7 ` ] H&A3; - .&/C-&; 0.-1/053&5@&U5>- ./5&' -1C592K&>: &
2BBI: 03?&gE<* h UY<&/5&/C-0.&B.5>I-= 9(&* C-&.-9AI/&6 29&
A39A11-99@AI(&* C-&= 2S5.&.-2953&6 29&/C2/&gE<* h UY<&C2; &
35&9ABB5./&@5.&I2.?-&= AI/0Z; 0= -390532I&2..2: 9+&23; &/C-&829/&
B.-B53; - .231-&5@&5>S-1/9&@.5= &>5/C&?.5AB9&6 29&2..2: &; 2/2(&
<0= AI2/03?&2..2: 9&53&/5B&5@&gE<* h UY<&/2>I-9&6 29&
03-@@010-3/&23; &03@I-P0>I- (&H&9-153; &I-99- .&.-2953&6 29&/C2/&
gE<* h UY<& C2; & 35& >A0I/Z03& 9ABB5./& @5.& = - /2Z; 2/2&
= 232?-= -3/(&<23/2&42.>2.2&910-3/09/9&.-_A0.- ; &03@5.= 2/053&
53&/C-&B.51-9903?&9/-B9&/C2/&C2; &>--3&2BBI0- ; &/5&-21C&5@&
/C-0.&; 2/2&9- /9j&= 59/I: &/C-&; 2/2&1I-23903?&23; &; 2/2&.- ; A1/053&
2I?5.0/C=9&6C01C&D155Q-;L&.26&92/-II0/-&0=2?-.:& 03/5&
A92>I-&03@5.= 2/053(&)3&2; ; 0/053+&-99-3/02II: &2II&910-3/0@01&
; 2/2& /C2/& .-9AI/9& @.5= & .-2I& 6 5.I; & 5>9- .82/0539& 09&
@A3; 2= -3/2II: &A31- ./203+&23; &- ..5.&= - /.019&2.-&.-_A0.- ; &@5.&

178



9A1C&; 2/2&9- /9(&gE<* h UY<&C2; &35&12B2>0I0/0-9&/5&9/5.-&23; &
AB; 2/-&-0/C- .&; 2/2&A31- ./203/: &5.&I03-2?-(&&&

U-8090/03?&/C09&B.5>I-=&2.-2&2&;-12;-& I2/-.&9/.53?I:&
9A??-9/9&/C-&3-- ; &@5.&2&; 0@@-.-3/&2BB.521C&/C23&E>S-1/Z
U-I2/0532I&T4' <9(&* 5&92/09@: &/C-&3-- ; 9&5@&/C09&15= = A30/: +&
6 -&2.-&>A0I; 03?&2&3-6 &T4' <+&12II- ; &H<Hg+&6 C01C&A9-9&
= AI/0Z; 0= -390532I& 2..2: 9& 29& /C-& >2901& 9/5.2?-& 23; &
B.51-9903?&5>S-1/(&d -&C28-&-35A?C&5@&H<Hg&.A3303?&/5&
B-.@5.= &/C-&@5II56 03?&/6 5&>-31C= 2.Q9(&HI/C5A?C&2./0@0102I+&
/C- : &2BB-2.&/5&12B/A.-&95= -&5@&6 C2/&910-3/0@01&A9-.9&6 23/&
/5&; 5(&

\P2 +110Q$4#"567018*$

5.2.1 Dot Product 
)3&/6 5&; 0= -390539+&; 5/&B.5; A1/&09&; -@03- ; &29&@5II56 9(&
h 08-3&/6 5&2..2: 9+&HM)+&cO&23; &4M)+&cO+&6 -&15= BA/-&/C-&; 5/&
B.5; A1/&58- .&/C-&9C2.- ; &; 0= -39053&c&29[&

` &M)O+&&6 C-.- &̀ M0O&&m&9A= &58- .&S&5@&HM0+&SO&o&4&M0+&SO&

k 5/01-&/C2/&/C09&09&2&9/.20?C/@5.6 2.; &?-3- .2I0F2/053&5@&/C-&
9/23; 2.; &8-1/5.&; 5/&B.5; A1/&@5.&2..2: 9[&6 -&15= BA/-&/C-&; 5/&
B.5; A1/9&5@&2II&8-1/5.&B20.9&/C2/&6 -&; - .08-&>: &0/- .2/03?&
/C.5A?C&2II&/C-&82IA-9&5@&/C-&.-= 20303?&; 0= -390539(&&

* C-&>-31C= 2.Q&09&/5&15= BA/-&/C-&; 5/&B.5; A1/&5@&/6 5&
03/-?- .&2..2: 9+&H&23; &4+&6 0/C&2&3A= >- .&5@&; 0= -390539&
82.: 03?&>- /6 - -3&#&23; &W(&* C-&>-31C= 2.Q&6 29&@0.9/&.A3&53&
H<Hg&23; &' 2/I2>+&>5/C&5@&6 C01C&9ABB5./&2..2: 9&29&2&32/08-&
; 2/2&/: B-(&)3&/C09&-PB-.0=-3/+&-21C&2..2:& C29&"%N'&
- I-= -3/9&J" h 4&; 5A>I-&B.-109053&.26 &; 2/2K+&6 C01C&6 - .-&
; 09/.0>A/- ; &A30@5.= I: &21.599&2II&; 0= -390539(&d -&15= BA/-&
/C-&; 5/&B.5; A1/&@5.&-21C&B5990>I-&9C2.- ; &; 0= -39053&23; &
15= BA/-&/C-&28- .2?-&.A3303?&/0= -&5@&/C09&15II-1/053&5@&
= 2/.0P&15= BA/2/0539(&&* C-&.-9AI/9&2.-&5>/203- ; &53&2&" &h RF+&
W$Z>0/&H/CI53&= 21C03-&6 0/C&! h 4&UH' (&

* C-&92= -&5B-.2/053&6 29&2I95&.A3&53&H<Hg&23; &2&B5BAI2.&
15== - .102I&UT4'<+&03&6C01C&-21C&2..2:&09&.-B.-9-3/-;&29&
2&/2>I-&6 0/C&2//.0>A/-9[&; 0= -39053Z! +&p +&; 0= -39053Z3+&23; &
82IA-(&)3&/C09&129-+&-21C&2..2:&153909/9&5@&"%'& -I-= -3/9&
J! NN' 4&903?I-&B.-109053&.26 &; 2/2K&23; &2&#(" &h RF&g-3/0A= &
= 21C03-&6 0/C&! h 4&UH' &&6 29&A9-; (&G5.&/C09&; 2/29- /+&/C-&
UT4' <&A9-9&%N" ' 4ZWf N' 4&B-.&2..2: +&; -B-3; 03?&53&/C-&
3A= >- .&5@&; 0= -390539+&29&0/&C29&/5&9/5.-&/C-&; 0= -390539&29&
6-II(&&

G032II:+&6-& -P2=03-&/65&91-32.059[&J0K&2&DI56&9/.0;-L&
91-32.05+&6C-.-&2II&-I-= -3/9&5@&2&8-1/5.&/C2/&09&5B-.2/- ; &53&
2.-&9/5.- ; &153/0?A5A9I: &J29&= A1C&29&B5990>I-Kj&23; &J00K&2&

DC0?C&9/.0; -L&91-32.05&6 C-.-&/C-&- I-= -3/9&5@&23&5B-.23; &
8-1/5.&2.-&.2/C- .&; 09B- .9- ; &/C.5A?C5A/&/C-&2..2: (&* C-&
@5.=-.&91-32.05&= 5;-I9&2&90=BI-+&2I=59/&9-.02I&2..2:&211-99&
B2//-.3+&6C-.-29&/C-&I2//-.&= 5;-I9&2&= 5.-&15=BI012/-;&53-(&

G0?A.-&V&9C56 9&/C-&9B-- ; AB&/C2/&H<Hg&21C0-8-9&58- .&
'2/I2> &23; &/C-&UT4'<& @5.&/C-9-&-PB-.0=-3/9&@5.&/C-&I56&
9/.0;-&129-(&H<Hg&09&2I62:9&2; 823/2?-5A9&23; &21C0-8-9&2&
9B-- ; AB&5@&AB&/5&f #&58- .&' 2/I2>(&d 0/C&031.-2903?&3A= >- .&
5@&; 0= -390539+&/C-&5B-.23; &8-1/5.&90F-9&; -1.-29-+&6 C01C&
I-2;9&/5&2&;-1.-29-&03&/C-&9B--;AB&82IA-9&29&'2/I2>&A/0I0F-9&
/C-&= -= 5.: &>- //- .&6 0/C&9= 2II- .&5B- .23; 9(&)3&/C-&C0?C&9/.0; -&
129-9&J35/&9C563K&29&6-II&29&60/C&;2/29-/9&/C2/&2.-&= A1C&
I2.?- .&/C23&= 203&= -= 5.: +&' 2/I2>&C-280I: &.- I0-9&53&/C-&
80./A2I&= -= 5.: &23; &>29012II: &15= -9&/5&2&C2I/(&

* C-&15= B2.0953&6 0/C&/C-&UT4' <&153909/-3/I: &: 0- I; 9&2&
9B-- ; AB&5@&! NN&5.&= 5.-&J90= 0I2.&.-9AI/9&2.-&5>/203- ; &@5.&/C-&
C0?CZ9/.0; -&129-9K(&&

*C09&;5/&B.5;A1/&15=BA/2/053&629&030/02II:&1C59-3&>-12A9-&
0/&09&2&= 5; -9/&15= BA/2/053+&23; &53-&123&1.2@/&2&903?I-&B299&
2I?5.0/C= &/5&B-.@5.= &/C09&@A31/053(&R-31-+&0/&09&.- I2/08- I: &
= 5; -9/&03&>5/C&)aE&23; &` g7 &.-_A0.-= -3/9(&* C-&3-P/&
9-1/053&-P/-3; 9&/C-&>-31C= 2.Q&/5&2&= 5.-&15= BI-P&2..2: &
5B- .2/053(&

5.2.2 Matrix Multiplication 
)3&/6 5&; 0= -390539+&/C-&= 2/.0P&= AI/0BI012/053&5@&/6 5&2..2: 9+&
HM)+&cO&23; &4Mc+&] O+&09&; -@03- ; &29[&

` &M)+&] O+&6 C-.- &̀ M0+&IO&&m&9A= &58- .&S&5@&HM0+&SO&o&4&MS+&IO(&

* C-&>-31C= 2.Q&09&/5&15= BA/-&/C-&B.5; A1/&5@&/6 5&03/-?- .&
2..2: 9+&H&23; &4+&6 0/C&2&3A= >- .&5@&; 0= -390539&82.: 03?&
>- /6 - -3&#&23; &W(&G5.&2&?08-3&9- /&5@&/6 5&9C2.- ; &; 0= -390539+&
6 -&15= BA/-&/C-&= AI/0BI012/0539&5@&2II&= 2/.0P&B20.9&/C2/&6 -&
; - .08-&>: &0/- .2/03?&/C.5A?C&2II&/C-&82IA-9&5@&/C-&.-= 20303?&
9- /&5@&; 0= -390539(&k 5/-&/C2/&/C09&5B-.2/053&09&N&/0= -9&= 5.-&
03/-3908-&/C23&/C-&; 5/&B.5; A1/+&6 C-.-&N&09&/C-&28-.2?-&90F-&
5@&2&; 0= -39053(&

* C09&12I1AI2/053&6 29&B-.@5.= - ; &A903?&H<Hg&29&6 - II&29&
' 2/I2>&23; &/C-&92= -&UT4' <(&G0?A.-&f &/2>AI2/-9&/C-&
9B-- ; AB& .-9AI/9& @5.& /C-& I56 & 9/.0; -& 129-& 53& /C-&
153@0?A.2/0539&; -91.0>- ; &-2.I0- .&@5.&/C-&; 5/&B.5; A1/(&

d -& 123& 5>9- .8-& -8-3& = 5.-& ; .2= 2/01& 0= B.58-= -3/9&
JqfNNPK&58-.&/C-&UT4'<& 29&= 2/.0P&= AI/0BI012/053&09&35/&
2= -32>I-&/5&2&903?I-&B299&2I?5.0/C= (&E3&/C-&5/C- .&C23; +&
' 2/I2>& ; 5-9& 2& = A1C& >-//- .& S5>& C-.-+& 29& = 2/.0P&
= AI/0BI012/053&09&2&>A0I/Z03+&C0?CI: &5B/0= 0F-; &5B-.2/053(&

& Number of Dimensions 
& 3 4 5 6 
Speedup over Matlab f " (X& ! W($$& X(W& ! N(! &
Speedup over RDBMS !N"(%& !!X(!& !!$& !!X&

&
G0?A.-&V(&H<Hg&<B-- ; AB&3A= >- .9&@5.&&

T5/&g.5; A1/&J] 56 &</.0; -&129-K&

& Number of Dimensions 
& 3 4 5 6 
Speedup over Matlab " (! & #(! W& X(W" & X(V&
Speedup over RDBMS "VN(X& VV%(!& VXf& V#f&

&
G0?A.-&f (&H<Hg&<B-- ; AB&3A= >- .9&@5.&

' 2/.0P&' AI/0BI012/053&J] 56 &</.0; -&129-K&
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Y8-3&95+&H<Hg&>-2/9&' 2/I2>&@5.&2II&; 0= -390539(&)3&/C-&
C0?CZ9/.0; -&129-&23; &6 0/C&I2.?- .&; 2/29- /9+&C56 -8- .+&/C-&
B-.@5.= 231-&5@&' 2/I2>&; - /- .05.2/-9&8- .: &@29/&; A-&/5&C-28: &
96 2BB03?(&

5.2.3 A Note on the RDBMS Implementation 
45/C& 2..2: & >-31C= 2.Q9& 2.-& 0= BI-= -3/- ; & 0390; -& /C-&
UT4' <&29&2&903?I-&<\ ] &_A- .: &/C2/&A9-9&2&?.5ABZ>: &
2??.-?2/053& /5& 15= BA/-& /C-& 9A= & 5@& /C-& 03; 080; A2I&
= AI/0BI012/0539(& ] - //03?& /C-& UT4' <& C23; I-& 2II&
= AI/0BI012/0539&031A.9&2&1-./203&58- .C-2; &03&/C2/&2II&5@&/C-&
; 0= -39053&03@5.= 2/053&3-- ; 9&/5&>-&15B0- ; &58- .&/C.5A?C5A/&
/C-&?.5ABZ>: &15= BA/2/0539(&

g- .C2B9&2&>- //- .&2BB.521C&6 5AI; &>-&/5&A9-&/C-&UT4' <&/5&
@0.9/&15..-1/I: &95./&2II&B20.9&5@&8-1/5.9&J5.&= 2/.01-9K&23;&
/C-3&0=BI-= -3/&>5/C&/:B-9&5@&15= BA/2/0539&03&A9-.&9B21-(&
</0II+&6 -&-PB-1/&9A1C&23&2BB.521C&/5&>-&90?30@0123/I: &9I56 - .&
/C23&H<Hg&9031-&H<Hg&; 5-9&35/&/5&B-.@5.= &23: &/: B-&5@&
95./03?(&GA./C- .= 5.-+&29&6 -&; 091A99&3-P/+&H<Hg&C29&/5&.-2; &
53I: &2&@.21/053&5@&/C-&>: /-9&.-2; &>: &/C-&UT4' <(&

\PY : #0*=" *$L=1$0$K019#$/#1L=17 0" 5#$
T&LL#1#" 5#$
d -&356 &-PBI5.-&/C-&.-29539&@5.&/C-&B-.@5.= 231-&; 0@@-.-31-&
53&/C-&/6 5&>-31C= 2.Q9(&)3&2; ; 0/053+&6 -&9B-1AI2/-&2>5A/&/C-&
B5990>I-&B- .@5.= 231-&; 0@@-.-3/02I&53&2&/C0.; &>-31C= 2.Q&/C2/&
C29&>--3&5= 0//- ; &>-12A9-&5@&I21Q&5@&/0=-(&*C09&/C0.;&
>-31C= 2.Q&09&/5&B.51-99&2&9-_A-31-&5@&2..2: 9+&6 C01C&= 0?C/&
15= -&@.5= &2&9A.8-0II231-&9:9/-= &9A1C&29&2&80; -5&12=-.2+&2&
.2;2.&9:9/-= +&5.&92/-II0/-&5>9- .82/053&9: 9/-= +&I55Q03?&@5.&2&
9B-10@01&B.- ; -@03- ; &B2//- .3+&g&M)+&cO(&g&6 5AI; &>-&23&0= 2?-&5@&
03/-.-9/+&9A1C&29&2&B2./01AI2.&Q03; &5@&8-C01I- (&d C-3-8- .+&2&
DC0/L&09&; - /-1/- ; +&0/&9C5AI; &>-&.-B5./- ; (&

5.3.1 ChunkyStore 
*C-&@A3;2=-3/2I&5>S-1/&03&H<Hg&09&2&= AI/0Z;0=-390532I&
2..2: +&HJI+&J+&p +&KK(&&I+&J+&p +&K&2.-&12II-;&indexes&5.&
dimensions+&23; &/C- .-&123&>-&23&2.>0/.2.: &J@030/-K&3A= >- .&5@&
/C-=(&H<Hg&9ABB5./9&2&15II-1/053&5@&B.0=0/08-&;2/2&/:B-9&
J-(?(+&03/-?- .+&@I52/+&23; &9/.03?K&23; &6 0II&I0Q-I: &>-&-P/-3; - ; &
6 0/C&2&gE<* h UY<Z9/: I-&2>9/.21/&; 2/2&/: B-&@210I0/: (&&R-31-+&
23: &; 0= -39053&123&>-&5@&23: &; 2/2&/: B-&9ABB5./- ; &>: &/C-&
9:9/-= (&&)3&2;;0/053+&H<Hg&299A=-9&/C2/&-8-.:& ;2/2&/:B-&
C29&2&gE<* h UY<Z9/: I-&I03-2.&5.; - .03?&M! $O(&R-31-+&/C-&
3-P/&82IA-&5@&2&; 0= -39053&09&2I6 2: 9&6 - II&; -@03- ; (&H&
; 0= -39053&= 2: &C28-&2&regular stride&J-(?(+&! +&" +&#p K&5.&23&
irregular stride&J-(?(+&! (" +&" (VW+&$(#+&p K(&* C-&82IA-&5@&23&
2..2: &2/&23: &15II-1/053&5@&; 0= -39053&82IA-9&09&2&tuple&5@&
attribute valuesP$Y21C&2//.0>A/-&09&32= - ; &23; &C29&82IA-9&
@.5= &2&903?I-&B.0= 0/08-&/: B-&23; &= 2: &>-&k 7 ] ] (&R-31-+&23&
2..2: &82IA-&09&>29012II: &2&.- I2/0532I&/ABI- (&

H<Hg&153/2039&2&9/5.2?-&9:9/-= +&ChunkyStore+&6 0/C&/C-&
@5II56 03?&.-B.-9-3/2/0539&@5.&2..2: 9[&

!  T#"*#$ 0110Q*$[&)6$ 1#9;,01$ *)1&M#*[& R-.-+& /C-&
; 0= -390539&2.-&35/&9/5.- ; +&23; &; 2/2&- I-= -3/9&2.-&
B21Q-; &03/5&9/5.2?-&03&2&9/.20?C/@5.6 2.; &6 2: (&<A1C&
2..2: 9&2.-&/C-3&; -15= B59- ; &03/5&D1CA3Q9L&6 C01C&
153/203&2II&82IA-9&@5.&2&D9AB-.Z9/.0;-L&03&-21C&5@&/C-&
; 0= -390539(&*C09&09&90=0I2.&/5&/C-&65.Q&5@&<2.262?0&
M<2.X$O&03&1CA3Q03?&I2.?-&2..2: 9(&̀ CA3Q9&2.-&2II512/- ; &
/5&I2.?-&; 09Q&>I51Q9&J-(?(+&W$r &/5&! &' >: /-9K+&9A1C&/C2/&
2..2:&-I-= -3/9&2.-&-290I:&2;;.-99-;(&

!  T#"*#$0110Q*$[&)6$&11#9;,01$*)1&M#*[&&)3&/C09&129-+&
/C- .-&09&2&; 0= -39053&03; -P&@5.&-21C&; 0= -39053&/C2/&
5.; - .9&/C-&; 0= -39053&82IA-9(&* C09&03; -P&09&/C-3&9/5.- ; &
03&2; ; 0/053&/5&/C-&1CA3Q-; &2..2: 9(&

!  %I01*#$0110Q*$[6&56$01#$1#9;,01$=1$&11#9;,01[&E3I: &
/C-&353Z3AII&82IA-9&2.-&9/5.- ; +&/5?- /C- .&6 0/C&/C-0.&
; 0= -39053&82IA-9(&H?203+&/C-&; 2/2&6 0II&>-&1CA3Q-; &03/5&
; 09Q&>I51Q9(&R56 -8- .+&/C- .-&= A9/&>-&2&>I51Q&I-8- I&
03; -P&; -@0303?&/C-&>5A3; 03?&>5P+&6 C01C&; -@03-9&/C-&
9A>2..2: &03&-21C&1CA3Q(&

!  GQ>1&M$*56#7#3&&)@&/C-&3AII9&03&23&2..2:&2.-&C0?CI:&
9Q-6-;+&0/&= 2:&= 2Q-&9-39-&/5&9/5.-&/C-&2..2:&29&2&
15II-1/053& 5@&9A>2..2: 9+&-21C& 6 0/C& 2& 9/5.2?-&
.-B.-9-3/2/053&2BB.5B.02/-&/5&/C-&153/-3/9&5@&/C-&
9A>2..2: (&

&

k5 /01-&/C2/&/C-&9AB-.Z9/.0;-&60II&>-&2&82.02>I-&@5.&9B2.9-&
2..2: 9(&HI95&35/-&/C2/&/C- .-&09&2A/5= 2/01&03; -P03?&@5.&2II&
; 0= -390539+&>A/&35&03; -P03?&@5.&2..2: &82IA-9(&)@&H<Hg&
A9-.9&@0I/- .&@.-_A-3/I: &53&2..2: &82IA-9+&/C-3&6 -&6 0II&.-8090/&
/C09&1C501-&03&/C-&@A/A.- (&

k 5/01-&/C2/&̀ CA3Q: </5.-&09&C0?CI: &2; 823/2?-5A9&03&>5/C&
>-31C= 2.Q9(&G0.9/+&/C-&2..2: &; 0= -390539&@5.&H&23; &4&2.-&
35/&9/5.- ; (&H9&9A1C+&/C-&9B21-&1539A= - ; &>: &H<Hg&09&2&
9= 2II&@.21/053&5@&/C2/&1539A= - ; &>: &/C-&UT4' <(&Y8-3&0@&
/C-&211-99&B2//-.39&5@&/C-&/65&9:9/-= 9&6-.-& /C-&92=-+&
H<Hg&6 5AI; &.-2; &/C09&9= 2II&@.21/053&5@&/C-&>: /-9&.-2; &>: &
/C-&UT4' <(&<-153; +&/C-&1CA3Q03?&; .2= 2/012II: &1A/9&; 56 3&
53&)aE&@5.&>5/C&>-31C= 2.Q9(&)3&-21C&129-+&2&I03-2.&
2I?5.0/C= &123&>-&A9- ; &/C2/&6 0II&.-2; &-21C&1CA3Q&SA9/&531-(&
)3&153/.29/+&/C-&UT4' <&; 5-9&35/&9ABB5./&9A1C&1CA3Q03?&
23; +&03&/C-&>-9/&5@&10.1A= 9/231-9+&6 0II&.-_A0.-&2/&I-29/&23&N&
o&] 5?&N&2I?5.0/C= (&

5.3.2 Operators 
4-90;-9&/C-&5>805A9&.-I2/0532IZ9/:I-&5B-.2/5.9&J-(?(+&@0I/-.+&
2??.-?2/-K+&H<Hg&153/2039&2&15II-1/053&5@&B.0= 0/08-&
5B- .2/0539&5.0-3/- ; &/56 2.; &910-3/0@01&15= BA/03?(&&* C-9-&
031IA; -&/C-&@5II56 03?[&

!  @=" H#" )&=" 0,$ 0110Q$ =I #10)&=" *[&&*C-9-& 031IA;-&
= AI/0BI012/053+& 2; ; 0/053+& Y0?-382IA-& 15= BA/2/0539+&
G5A.0- .&/.239@5.= 9+&-/1(&

!  / &H=)3$$* C09&15= = 23; &1C23?-9&/C-&; 0= -390539&5@&23&
2..2: +&>: &= 5803?&F- .5&5.&= 5.-&; 0= -390539&/5&35.= 2I&
82IA-9&23; &F- .5&5.&= 5.-&35.= 2I&82IA-9&/5&; 0= -390539(&
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E@&15A.9-+&/C09&= 2: &1538- ./&2&.-?AI2.&2..2: &/5&23&
0..-?AI2.&53-&5.&801-Z8- .92(&&HI95+&0@&/C-&53-&5@&/C-&3-6 &
; 0= -390539&09&35/&2&Q-: &J0(- (&0/9&82IA-9&2.-&35/&A30_A-K+&
/C-3&/C-&.-9AI/&5@&/C-&B085/&5B- .2/0539&09&35/&23&2..2: &
23; &= A9/&>-&; 092II56 - ; ($

!  : #91&M3$$H..2: 9&= 2: &5B/0532II: &C28-&2&coordinate 
system(& H<Hg& 9ABB5./9& 23: & 3A= >- .& 5@& 32= -; &
155.;032/-&9:9/-= 9(&H995102/-;&60/C&-21C&15Z5.; 032/-&
9: 9/-= &09&2&15II-1/053&5@&@A31/0539&/C2/&= 2B&15Z
5.; 032/-&B503/9&/5&5/C- .&155.; 032/-&9: 9/-= 9(&* 5&1538- ./&
23&2..2: &@.5= &53-&155.; 032/-&9: 9/-= &/5&235/C- .+&0/&
= A9/&>-&.-?.0; ; - ; +&.-_A0.03?&2&@A31/053&/5&= 2B&23: &
B503/&03&/C-&95A.1-&15Z5.; 032/-&9: 9/-= &/5&/C-&/2.?- /&
155.; 032/-&9:9/-= (&)3&/C09&6 2:+&/C-&I56 -.&I-@/&C23; &
15.3- .&23; &2II&9/.0;-9&123&>-&= 2BB-; &/5&/C-&/2.?- /&
9B21-(&R56-8-.+&2&1-II&03&/C-&95A.1-&155.;032/-&9:9/-= &
.2.- I: &= 2/1C-9&2&1-II&03&/C-&/2.?- /&155.; 032/-&9: 9/-= (&
R-31-+&03/- .B5I2/053&= A9/&>-&B-.@5.= - ; (&* C09&.-_A0.-9&
2&9ABB5./&@A31/053?$Intersect&J95A.1-n1-II+&/2.?-/n1-IIK&
/C2/&6 0II&.- /A.3&/C-&; -?.- -&5@&58-.I2B&>-/6 - -3&/C-&1- II9(&
H3&03/- .B5I2/053&@A31/053&123&/C-3&; -10; -&/C-&82IA-&/5&
BI21-&03&-21C&/2.?-/& 1-II& >:& B-.@5.=03?&95=-&
15= BA/2/053&53&/C-&03/- .9-1/03?&95A.1-&1- II9($

!  @=" 50)#" 0)#[&&*65&2..2:9&2.-&compatible&0@&/C-: &C28-&
/C-&92= -&3A= >- .&5@&; 0= -390539&5@&/C-&92= -&/: B-9(&
` 5II-1/0539&5@&15= B2/0>I-&2..2: 9&123&>-&@5.= - ; &03/5&
?.5AB9+&>: &2; ; 03?&23&-P/.2&; 0= -39053+&153/20303?&/C-&
2..2: &32= -&A903?&/C-&Concatenate&15= = 23; (&d -&35/-&
/C2/&/C- .-&09&35&35/053&5@&9-/9&5@&2..2: 9j&.2/C- .&2&9- /&09&
= 5; - I- ; &29&23&2..2: &03&53-&C0?C-.&; 0= -39053(&

!  K=50)#[&* C09&15= = 23; &?-3- .2I0F-9&S503&/5&; -2I&6 0/C&
@AFF: &= 2/1C03?&23; &6 0/C&?.5AB9&5@&-I-= -3/9(&] 512/-&
9-2.1C-9&2&I2.?-&2..2: n! &@5.&2.-29&/C2/&D@AFF:Z=2/1CL&2&
9= 2II- .&2..2: n" +&6 0/C&/C-&= 2/1C03?&1.0/- .02&; -91.0>- ; &
>: &/C-&?08-3&@A31/053j&0(- (+&/C-&@A31/053&= A9/&.- /A.3&
D/.A-L&@5.&/C-&2.- 2&5@&2..2: n! &/C2/&= 2/1C-9&2..2: n" (&
* C09&15= = 23; &09&A9-@AI&@5.&@-2/A.-&-P/.21/053+&6 C-.-&
2..2:n"&09&/C-&@-2/A.-&>-03?&9-2.1C-;&03&2&;2/2&2..2:&
2..2: n! (&)3&2; ; 0/053+&] 512/-&= A9/&B- .@5.= &2&C-A.09/01&
9-2.1C&5@&/C-&I2.?-&2..2:&@5.&039/231-9&5@&/C-&9=2II&
2..2: (&&* C-.-&2.-&23: &3A= >- .&5@&9-2.1C&/-1C30_A-9&/C2/&
123&>-&A9-;+&2&I29/&B2.2=- /-.&/5&/C-&]512/-&15== 23;&09&
/C-&9-2.1C&/-1C30_A-&/C2/&9C5AI; &>-&-= BI5: - ; (&H<Hg&
0= BI-= -3/9&/C-&15= = 53&53-9+&23; &/C09&9- /&123&>-&
-P/-3; - ; &>: &23&03/- .-9/&A9- .(&

&

)3&>5/C&>-31C= 2.Q9+&H<Hg&/2Q-9&2; 823/2?-&5@&/C-&= 2/.0P&
= AI/0BI012/053& B.0= 0/08-+& 6 C01C& 09& 5B/0= 0F-; & @5.&
` CA3Q: </5.- (&)3&2; ; 0/053+&03&/C-&/C0.; &>-31C= 2.Q+&] 512/-&
123&>-&A9-; &6 0/C&2&C-A.09/01&9-2.1C&I0= 0/&/C-&3A= >-.&5@&
15=B2.09539(&<A1C&5B/0=0F2/0539&2.-&0=B5990>I-&03&23&
UT4' <+&6 C01C&= A9/&90= AI2/-&2..2: &5B- .2/0539&53&/5B&5@&
/C-&1538-3/0532I&.- I2/0532I&53-9(&

5.3.3 Compression 
E>805A9I: +&; -39-&2..2: 9&123&>-&9/5.- ; &6 0/C5A/&-PBI010/&
; 0= -390539(& & )3& 2; ; 0/053+& 0/& = 2Q-9& 9-39-& 03& 95= -&
-380.53= -3/9&/5&; 5&@A./C- .&15= B.-99053(&&G5.&-P2= BI-+&53-&
123&; - I/2Z-315; -&2..2: &82IA-9&03&2&1CA3Q+&.- I2/08-&/5&2&>29-&
82IA-+&/C- .->: &9/5.03?&/C-= &03&2&I-99- .&3A= >- .&5@&>0/9(&
HI/- .32/08- I: +&53-&123&; - I/2&-315; -&2..2: 9&82IA-9+&.- I2/08-&
/5&/C-0.&B.- ; -1-995.&03&95= -&; 0= -39053(&' gYh &; 5-9&
-P21/I: &/C09&@5.&80; -5&03&/C-&/0= -&; 0= -39053+&23; &H<Hg&
6 0II&; 5&/C09&03&2&= 5.-&?-3-.2I&6 2:(&&&

HI/C5A?C&9A1C&15= B.-99053&09&35/&A9-@AI&03&/C-&/6 5&
9B-10@01&>-31C= 2.Q9+&0/&123&>-&B.5@0/2>I: &A9- ; &03&/C-&/C0.; &
91-32.05(&)@&/C-&9:9/-= &;-I/2&-315;-9&9A11-9908-&0=2?-9&03&
/C-&/0= -&; 0= -39053+&/C-3&] 512/-&123&0?35.-&2II&B2./9&5@&/C-&
0=2?-&6C01C&2.-&0;-3/012I&/5&/C-&B.-805A9&53-&J2&15= = 53&
511A..-3 1-&@5.&9/2/0532.:&9A.8-0II231-&BI2/@5.= 9K+&/C-.-> :&
I56 - .03?&B.51-9903?&159/9&; .2= 2/012II: (&<A1C&15= B.-99053&
09&-P1-B/0532II: &; 0@@01AI/&/5&5>/203&A903?&23&UT4' <&
95IA/053+&>-12A9-&/C-&82IA-&/5&>-&; - I/2&-315; - ; &= 2: &35/&>-&
03&23&2; S21-3/&/ABI-+&5.&-8-3&53&/C-&92= -&; 09Q&>I51Q(&

5.3.4 Seamless Integration of Real-time Cooking and 
Storage 
' 59/&910-3/09/9&15II-1/&.26 &; 2/2&@.5= &039/.A= -3/9&23; &/C-3&
-P-1A/-&2&6 5.Q@I56 &5@&B.51-9903?&9/-B9&/5&D155QL&/C-&; 2/2+&
6 C01C&031IA; -9&5B-.2/0539&/5&B-.@5.= &9A1C&/29Q9&29&
155.; 032/-&9: 9/-= &/.239@5.= 2/0539&23; &; 2/2&1I-2303?(&E3-&
5@&/C-&= 59/&0=B5./23/&B0-1-9&5@&;2/2&I03-2?-&09&/C-&155Q03?&
D.-10B-L+&6 C01C&= A9/&>-&15..-1/I: &12B/A.- ; &03&23: &9: 9/-= (&&

' 5.-58- .+&0/&09&0= B5./23/&/C2/&/C-&155Q03?&9: 9/-= &C28-&/C-&
92=-&;2/2&= 5;-I&29&/C-&9/5.2?-&9:9/-= (&E/C-.609-+&;2/2&
/.239@5.= 2/0539&= A9/&>-&B.-9-3/&/5&1538- ./&>21Q&23; &@5./C(&
GA./C- .= 5.-+&0@&/C-&155Q03?&9: 9/-= &>-15= -9&58- .I52; - ; +&
/C-3&B2./02II: &155Q-; &; 2/2&= A9/&>-&928- ; &@5.&I2/- .&
B.51-9903?+&6 C01C&2I95&2.?A-9&@5.&/C-&92= -&; 2/2&= 5; - I&03&
>5/C&15= B53-3/9(&H<Hg&153/2039&2&.-2IZ/0= -&155Q03?&
15= B53-3/+&6 C01C&09&2&.- /2.?- /03?&5@&/C-&HA.5.2a45.-2I09&
15; -&I03-&/5&9ABB5./&2..2: 9(&&&

* C09&03/-?.2/053&5@&.-2IZ/0= -&155Q03?&23; &9/5.2?-&09&35/&
A9-@AI&03&/C-&/6 5&>-31C= 2.Q9&-P-1A/- ; (&&R56 -8- .+&03&/C-&
/C0.; &53-+&6 -&15AI; &B- .@5.= &2II&5@&/C-&B.51-9903?&.-_A0.- ; &
6 0/C5A/&-8- .&9/5.03?&/C-&; 2/2&5.&B- .@5.= 03?&23: &/29Q&
96 0/1C-9(&&)3&153/.29/+&23&UT4' <&= A9/&9/5.-&23; &/C-3&
.- /.0-8-&/C-&; 2/2+&.-9AI/03?&03&9A>9/23/02I&-P/.2&58- .C-2; (&

)3&2??.- ?2/-+&/C09&2.1C0/-1/A.-&1C23?-9&.-9AI/&03&/C-&@21/5.&
5@&! N&/0= -9&5.&= 5.-&B- .@5.= 231-&0= B.58-= -3/+&29&
5>9- .8- ; &53&/C-&; 5/&B.5; A1/&23; &= 2/.0P&= AI/0BI012/053&
>-31C= 2.Q9(& d -& 6 5AI; & -PB-1/& -8-3& = 5.-& ; .2= 2/01&
0= B.58-= -3/&0@&6 -&C2; &/0= -&/5&.A3&/C-&0= 2?-&232I: 909&
>-31C= 2.Q(&
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_P !)6#1$+%+/$(#0);1#*$0"M$/=)#")&0,$
/ #1L=17 0" 5#$/&)L0,,*$

H9&= -3/053- ; &-2.I0- .+&53-&5@&/C-&I-99539&@.5= &/C-&<-_A502&
B.5S-1/&6 29&/C-&3-- ; &/5&32/08- I: &9ABB5./&; 2/2&A31- ./203/: &
23; &I03-2?-&03&/C-&; 2/2>29-(&* C-&B.51-9903?&9:9/-= &3-- ; 9&
/5&12B/A.-& /C-9-& ; 2/2&23; &2A/5= 2/012II: &12..: & /C-= &
/C.5A?C5A/&/C-&-3/0.-&B.51-9903?&B0B-I03-+&6 C01C&123&>-&
B.5C0>0/08- I: &-PB-3908-&0@&; 53-&3208-I:(&)3&B2./01AI2.+&
; -2I03?&6 0/C&A31-./203+&B.5>2>0I09/01&; 2/2&123&-290I: &1.-2/-&
2&B-.@5.= 231-&>5//I-3-1Q&J>5/C&̀ g7& 23; &= -= 5.:K+&23; &
/CA9&3--;9&9B-102I&/.-2/= -3/&/5&>-&B.21/012I+&-9B-102II:&@5.&
/C-&.-2IZ/0= -&155Q03?&15= B53-3/(&

* C09&9-1/053&; -91.0>-9&/C-&/A32>I-&2BB.521C-9&/C2/&H<Hg&
6 0II&A9-&/5&; -2I&6 0/C&A31-./203/: &23; &I03-2?-&; 2/2(&* C-&?52I&
09&/5&21C0-8-&C0?C-.&-@@010-31:&2/&/C-&-PB-39-&5@&95=-&
J>5A3; - ; K&211A.21: +&6 C0I-&= -- /03?&/C-&3-- ; 9&5@&2&I2.?-&
@.21/053&5@&910-3/0@01&2BBI012/0539(&&

_PO / 1=>0>&,&*)&5$C1#0)7 #" )$=L$T0)0$
Y99-3/02II: &2II&910-3/0@01&; 2/2&/C2/&.-9AI/9&@.5= &.-2IZ6 5.I; &
5>9- .82/0539&09&@A3; 2= -3/2II: &A31- ./203(&g.-805A9&6 5.Q&
J-(?(+& M42.X" O+& Md 0; N%OK& 2; ; .-99- ; & 03211A.2/-& 5.&
B.5>2>0I09/01&; 2/2&03&/.2; 0/0532I&; 2/2>29-9(&H<Hg&@51A9-9&
53&A31- ./203/: &03&= AI/0; 0= -390532I&2..2: &B.51-9903?(&)3&/C09&
153/-P/+&A31- ./203/: &123&2.09-&03&9-8- .2I&6 2: 9[&

!  ` 0,; #$; " 5#1)0&")Q[&H3&2..2: &82IA-&0382.02>I: &C29&
= -29A.-= -3/&- ..5.+&6 C01C&.-9AI/9&03&/C-&21/A2I&82IA-&
>-03?&A31-./203(&* C09&09&/C-&/: B012I&B.5>2>0I09/01&; 2/2&
9ABB5./&03&; 2/2>29-9(&

!  / =*&)&=" $aM&7#" *&=" $H0,; #b$; " 5#1)0&")Q[&)3&1- ./203&
129-9+&/C-&8-.:& B590/053&5@&/C-&= -29A.-=-3/& 09&
0= B.-109-+&29&5BB59- ; &/5&/C-&5>/203- ; &; 2/2&82IA-(&
H115.; 03?I: +&/C-&; 0= -39053&82IA-9&03&/C-&2..2:&2.-&
A31-./203(&

!  : #*; ,)$; " 5#1)0&" )Q$=L$L; " 5)&=" *$=1$I 1#M&50)#*[&<5= -&
@A31/0539& 5.& B.- ; 012/-9+& -8-3& 6 C-3& 2BBI0- ; & /5&
; -/-.= 0309/01&; 2/2+&B.5; A1-&A31-./203&.-9AI/9(&G5.&
-P2= BI-+&/C-&] E` H* Y&5B-.2/5.+&6 C01C&; 5-9&B2//- .3&
= 2/1C03?+&= 2: &03/.5; A1-&A31- ./203/: &03&/C-&.-9AI/9+&; A-&
/5&/C-&-P21/&32/A.-&5@&/C-&; 2/2&23; &/C-&= 2/1C03?&
2I?5.0/C= 9(&

&

R56 &/5&9A11031/I: &.- B.- 9-3/&A31-./203&;2/2&23;&-@@010-3/I:&
B.51-99&0/&03&; 2/2>29-9&C29&>--3&23&5B-3&B.5>I-= &@5.&2&I53?&
/0= -(&* C09&09&5A.&= 203&@51A9&03&; -2I03?&6 0/C&82IA-&
A31- ./203/: (&d -&C28-&/C.- -&6 2: 9&5@&.-B.-9-3/03?&A31- ./203&
; 2/2&82IA-9[&

!  : O[&`0 ,;#RI1=>0>&,&)Q$ I0 &1*(&H3&2..2:& 82IA-& 09&
.-B.-9-3/- ; &29&Jv1+&p1K+&Jv2+&p2K+p +&Jvn+&pnK+&6 C-.-&Jvi+&
piK&03; 012/-9&/C2/&/C-&B.5>2>0I0/: &5@&/C-&82IA-&>-03?&80&09&
B0(&)@&/C-&9A= &5@&/C-&pi 82IA-9+&psum+&09&I-99&/C23&53-+&

J1-psumK&09&/C-&B.5>2>0I0/: &/C2/&/C-&82IA-&; 5-9&35/&-P09/&
03&/C-&2..2: (&

!  : 2[&+ " $#WI #5)0)&=" $0" M$H01&0" 5#$I 0&1(&H3&2..2: &
82IA-+&6 C01C&123&03&?-3- .2I&>-&/C-&.-9AI/&5@&23&
5B-.2/5.+&09&.-B.-9-3/- ; &29&JY+&, 2.K+&03; 012/03?&/C-&
9/2/09/012I&03@5.= 2/053&5@&/C-&82IA-(&̀ 5= B2.- ; &/5&U! +&
2I/C5A?C&/C09&09&I-99&03@5.= 2/08-+&U" &09&= A1C&= 5.-&
9A11031/&23; &2II56 9&-@@010-3/&B.51-9903?&5@&_A-.: &
5B- .2/5.9(&E3-&123&2.?A-&/C2/&/C-&2= 5A3/&5@&A31- ./203&
03@5.= 2/053&5@&U"&09&9A@@010-3/&@5.&= 59/&2BBI012/0539&5@&
H<Hg(&G5.&-P2= BI-+&<7 ' &5.&H, h &53&2&CA?-&3A= >- .&
5@& 82IA-9& = 2Q-9& individual& B5990>I-& 82IA-9&
A30= B5./23/j& 53-& 6 5AI; & >-& 1531- .3- ; & 6 0/C& /C-&
-PB-1/- ; &82IA-&23; &/C-&82.0231-(&

!  : Y[&AII#1$ 0"M$,=[#1$>=;"M*(&<0= 0I2.&/5&U" +&/C-&
9/2/09/012I&03@5.= 2/053&09&03&/C-&@5.= &5@&>5A3; 9[&JMYO+&
7 4+&B! +&] 4+&B"K+&6 C-.-&Y&J-PB-1/- ; &82IA-K&09&5B/0532I+&
23; &7 4+&] 4&2.-&ABB-.&23; &I56 - .&>5A3; 9+&.-9B-1/08- I: (&
)/&C5I; 9&/C2/&g.M8&s&7 4O&t &B! +&23;&g.M8&t&]4O&t&B"(&H9&
6 0/C&U" +&/C-&?52I&C-.-&09&2I95&-@@010-3/&B.51-9903?&5@&
_A-.: & 5B- .2/5.9& 6 0/C& 23& 211-B/2>I-& 2= 5A3/& 5@&
A31-./203/:&03@5.= 2/053&.-/A.3-; &/5&/C-&-3; &A9-.9(&

&

U! &09&90= 0I2.&/5&6 C2/&C29&>--3&B.5B59- ; &>-@5.-&03&/C-&
I0/-.2/A.-&M42.X" Oj&C56 -8-.+&0/&; 5-9&35/&912I-&6 -II&@5.&= 59/&
_A- .: &5B- .2/0539(&* C-&_A-.: &B.51-9903?&159/&@5.&?-3- .2/03?&
2& I2.?-& 3A= >-.& 5@& 82IA-ZB.5>2>0I0/: & B20.9& 123& >-&
B.5C0>0/08-(&G5.&-P2= BI-+&<7 ' &5.&H, h &123&12A9-&/C-&
3A= >- .&5@&; 091.- /-&82IA-9&03&2&; 09/.0>A/053&/5&?.56 &
-PB53-3/02II: &J2II&B5990>I-&B20.9K+&= 2Q03?&0/&03/.21/2>I- (&
E3-&2I/- .32/08-&09&/5&I56 - .&/C-&?.23AI2.0/: &5@&/C-&; 091.- /-&
B.5>2>0I0/: &B503/9&29&_A-.: &5B-.2/5.9&2.-&2BBI0- ; (&* C09+&
C56 -8- .+&09&9/0II&; 0@@01AI/&0@&53-&6 09C-9&/5&5>/203&/C-&92= -&
.-9AI/&82IA-&; 09/.0>A/053(&

H<Hgi9&A31- ./203/: &= 5; - I&9ABB5./9&= 23: &5B/0539&@5.&C56 &
/5&.- B.- 9-3/&82IA-9(&* C-&1C501-&5@&.- B.- 9-3/2/053&C29&2&8- .: &
I2.?-&0= B21/&53&9: 9/-= &B-.@5.= 231-(&* C-&= 203&358- I/: &5@&
/C-&H<Hg&2BB.521C&09&/5&/.2; -&211A.21:&03&/C-&A31-./203/:&
= -29A.- &@5.&-29-&5@&B.51-9903?&>: &2II56 03?&/C-&9:9/-= &/5&
1C559-& 2= 53?& 23; & 1538- ./& >- /6 - -3& /C-9-& 82.05A9&
.-B.-9-3/2/0539(&&

E3-&6 2: &/5&2I/- .&.-B.-9-3/2/0539&09&/5&1C559-&2= 53?&U! +&
U" +&5.&U#(&&G5.&-P2= BI-+&2&_A-.: &53&/6 5&2..2: 9+&-21C&A903?&
U! +&15AI; &= 5.-&-@@010-3/I: &B.5; A1-&2&.-9AI/&A903?&U" &5.&U#(&
<A1C&1538- .90539&>- /6 - -3&.-B.-9-3/2/0539&123&>-&; 53-&29&
-21C&_A-.:&5B-.2/5.&09&2BBI0-;(&k5/&53I:&/C-9-&I-99Z;-/20I-;&
.-B.-9-3/2/0539&9--= &/5&>-&9A@@010-3/&23; &B-.C2B9&-8-3&
= 5.-&2BB.5B.02/-&@5.&= 59/&5@&5A.&/2.?- /&2BBI012/0539+&>A/&
2I95&/C-: &= 2Q-&_A-.: &B.51-9903?&53&B.5>2>0I09/01&; 2/2&
/.21/2>I-&J0(- (+&/C-&159/&09&I03-2.&03&/C-&3A= >- .&5@&B.51-99- ; &
/ABI-9K(&&

H35/C- .&9/.2/-?: &H<Hg&6 0II&A9-&0385I8-9&1C55903?&/C-&
?.23AI2.0/: &2/&6 C01C&/5&2990?3&A31- ./203/: &82IA-9(&G5.&
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-P2=BI-+&6-&123&2990?3&A31-./203/: &/5&-21C&1-II&03&/C-&2..2: &
5.&/5&/C-&2..2:&29&2&6C5I-(&&)3&>- /6 - -3&/C-9-&-P/.- = -9+&6 -&
123&12.8-&/C-&2..2: &AB&03/5&.-1/23?I-9&23; &2990?3&23&
A31-./203/:&= -29A.-&/5&-21C&9A1C&.-?053(&&G5.&-P2= BI-+&6 -&
123&;080;-&2&9_A2.-&2..2:&03/5&$&-_A2IZ90F- ; &_A2; .23/9+&-21C&
6 0/C&0/9&56 3&; 09/.0>A/053(&Y21C&1- II&03&2&_A2; .23/&09&/CA9&
299A= -; &/5&C28-&/C-&92= -&; 09/.0>A/053&D9C2B-L+&53I: &
; 0@@-.03?&>: &/C-0.&-PB-1/- ; &82IA-9(&

_P2 K&"#09#$C1058&"9$
H<Hg&2I95&153/2039&2&9B-102I0F-;&I03-2?-& 2..2:&/C2/&
-315; -9&/C-&_A-.0-9&/C2/&C28-&>--3&-3/- .- ; &/5&B.5; A1-&2II&
/2.?- /&2..2: 9+&2I53?&6 0/C&/C-&95A.1-&2..2: 9&/C- : &2.-&; - .08- ; &
@.5= (&)3&-@@-1/+&/C09&123&>-&/C5A?C/&5@&29&/C-&; - .082/053&
C09/5.: &5@&2II&= 2/- .02I0F- ; &80-6 9(&)@&; 53-&2/&/C-&03; 080; A2I&
/ABI-&I-8- I+&/.21Q03?&I03-2?-&123&>-15= -&8- .: &-PB-3908-&
23; &-8-3&k gZR2.; &@5.&95= -&5B- .2/0539&Md 0; N%O(&* CA9+&
H<Hg&1C559-9&/5&.-15.; &53I: &/C-&B.51-9903?&J155Q03?&
.-10B-K&/C2/&?-3- .2/- ; &23: &?08-3&2..2: (&* C09&12B2>0I0/: &2I95&
/2Q-9&= A1C&I-99&9B21-&23;&2/&B.-9-3/&9--= 9&/5&>-&9A@@010-3/&
/5&= -- /&/C-&3-- ; 9&5@&= 23: &910-3/0@01&2BBI012/0539&/C2/&6 -&
2.-&@2=0I02.&60/C(&

cP F=[ $U60)-$

* C-&B.-805A9&9-1/053&03; 012/-;& 2&15II-1/053&5@&= 2.Q-/9&
6 C-.- &2&8- .: &35/01-2>I-&B- .@5.= 231-&;0@@-.-3/02I&123&>-&
.-2I0F- ; &6 0/C&2&1A9/5= &2.1C0/-1/A.- (&)/&09&5>805A9&/C2/&/C-&
@5A.&= 2.Q- /9&C28-&153@I01/03?&2.1C0/-1/A.2I&.-_A0.-= -3/9(&
R-31-+&/C- : &12335/&>-&2; ; .-99- ; &6 0/C&23&E<GH&T4' <(&&

H9&2&.-9AI/+&/C-.-&2.-&9-8-.2I&B5990>I-&62:9&/C2/&T4'<&
2.1C0/-1/A.-9&15AI; &-85I8-&5@@&03&/5&/C-&@A/A.- [&

!  d 0[ " $J" =$560" 9#K(&E3-&15AI; &2.?A-&/C2/&UT4' <9&
2.-&@29/&-35A?C&/5&= -- /&/C-&3-- ; 9&5@&= 59/&5@&/C-&
1A9/5= -.9&03&/C-9-&@5A.&2.-29(&R-31-+&/C-.-&6 0II&>-&2&
@-6 &301C-&95IA/0539&/5&2; ; .-99&/C-&C0?C&-3; &5@&23: &
= 2.Q-/+&6 0/C&UT4'< &12B/A.03?&/C-&.-= 203; -.&5@&/C-&
1A9/5= - .9(&

HI/C5A?C&53-&= 0?C/&2.?A-&/C09&B503/&5@&80-6 &03&
= 2.Q- /9&#&23; &$+&0/&09&2&>0/&; 0@@01AI/&/5&= 2Q-&2&9- .05A9&
129-&@5.&/C09&03&= 2.Q-/9&! &23; &" (&Y9B-102II: &03&
6 2.-C5A9-&2BBI012/0539+&6 C-.-&/C-&; 2/2&85IA= -9&23; &
_A- .: &15= BI-P0/: &2.-&?503?&/C.5A?C&/C-&.55@+&/C09&09&2&
; 0@@01AI/&B590/053&/5&; -@-3; (&

!  e $%Q*)#7 *$; " &)#M$>Q$0$5=7 7 =" $I 01*#1P$E3-&15AI; &
2.?A-&/C2/&/C-.-&60II&>-&95= -&3A= >-.+&r+&5@&-3?03-9+&
6 C-.-&r &09&; - /- .= 03- ; &>: &/C-&3A= >- .&5@&353Z/.0802I&
= 2.Q-/9&60/C&9B-102I0F-;&.- _A0.-= -3/9(&R56 -8- .+&/C-9-&
123&2II&>-&C0; ; -3&A3; - .&2&15= = 53&B2.9- .+&6 0/C&/C-&
21/A2I&A9- .&15= = 23; &; 0.-1/- ; &/5&/C-&15..-1/&-3?03-(&&&

* C-& -@@5./& /5& 1539/.A1/& 2& 15= = 53& 8- .9053& 5@&
</.-2= <\ ] +&6 C01C&A30/-9&C09/5.012I&23; &9/.-2= 03?&
; 2/2+&09&2&9/-B&03&/C09&; 0.-1/053(&d C-/C- .&/C09&/21/01&123&
15= -&/5&@.A0/053&03&9/.-2= &B.51-9903?+&I- /&2I53-&/C-&

5/C- .&= 2.Q- /9&03; 012/- ; &03&/C09&B2B-.+&09&23: >5; : i9&
?A-99(&

!  e $ %Q*)#7 *$ ; *&" 9$ 0>*)105)$ M0)0$ )QI #*($ H35/C- .&
B5990>0I0/:&09&/5&>A0I;&6C2/&2=5A3/9&/5&2&15=BI-/-&
-3?03-&6 0/C03&/C-&-P/-39053&9: 9/-= 9&B.-9-3/&03&1A..-3/&
T4'<9(& G5.&-P2=BI-+&2&15=BI-/-&15IA=3&9/5.-&15AI;&
>-&>A0I/&29&23&-P/-39053(&* C-&3- /&.-9AI/&09&2&; 0@@-.-3/+&
I-99&BI-2923/&9:3/2P+&@5.&95= - /C03?&I0Q-&/C-&B.-805A9&
95IA/053(&

!  T0)0$( #M#10)&=" (&E3-&15AI; &90= BI: &15= -&/5&?.0B9&
6 0/C&/C-&@21/&/C2/&/C- .-&6 0II&>-&2&3A= >-.&5@+&>29012II: &
0315= B2/0>I-+&9: 9/-= 9+&23; &D2; 2B/5.9L&2.-&.-_A0.- ; &/5&
= 2B&>-/6 - -3&/C-= (&* C09&6 0II&>-&/C-&D@AII&-= BI5: = -3/&
21/L&@5.&15= BA/- .&910-3/09/9&@5.&2&I53?&/0= -&/5&15= -+&
>-12A9-& = 2BB03?& >- /6 - -3& ;0@@-.-3/&9:9/-= 9&C29&
B.58- ; &9-= 23/012II: &/.5A>I-95= -&@5.&/C-&I29/&#N&5.&95&
: -2.9+&23; &9C56 9&35&90?39&5@&?-//03?&-290- .&23: /0= -&
9553(&

!  (1=7$%510)56$:#[1&)# (&)/&09&1531-082>I-&/C2/&2&903?I-&
15; -& I03-& 15AI; & >-& 2.1C0/-1/-;& 60/C&9A@@010-3/&
?-3- .2I0/: &/5&-315= B299&2II&5@&/C-&.-_A0.-= -3/9&35/- ; &
03&/C09&B2B-.(&G5.&-P2= BI-+&53-&15AI; &; -90?3&2&
D= 5.BC03?L&̀ CA3Q: </5.-&/C2/&15AI; &= 58-&>- /6 - -3&2&
.56 & 9/5.-& 23; & 2& 15IA= 3& 9/5.-+& 6 0/C& 82.05A9&
` CA3Q: </5.-&2I/- .32/08-9&03&>- /6 - -3(&<A1C&2&9/5.2?-&
9:9/-= &.-_A0.-9&23&5B/0=0F-.&23;& -P-1A/5.&60/C&
; .2= 2/012II: &= 5.-&?-3- .2I0/: &/C23&1A..-3/&9: 9/-= 9(&)/&09&
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