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SELECT account.account number,
sum (usage.toll airtime),
sum (usage.toll price)
usage, toll, source, account
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
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h>: /- 9823; &1A2II: &-2; &>5A& & >: /- A &@L/5. S @FNN\&
|- 0 E DA, 23/- - ; A5&-3-.2/-&& .2=2/0&8B- . @.= 231- &
G=B58-=-3/1&

HI/CoA?CRICS1AY5= - . &C2; &288- . &@I&@/&I2>1- €6 QUG
5>58(5A0: 890 6 -; &G &5 . @.= 231- &15= B2. B63€90- 02. &
ICEAPCAAR | & 998 . 2= 2/(1-8- QN/B8- &- - 35>9-.8-; &BL&
82.0/: &@IG . &IA O AEA &- PI&P2= Bi- 80 9R&BUB3: L&
@21&l-¢ &

YP29&Z | ,&8NVBC @GS

* G &6 - 118856 38> 31C= 2.Q8* g° RCIBAG ; &> 8&=23: &
8-3;5.9% /5& 1120-& 9B-.(5.0: & B& ; 22& 62.-C5A0-&
B @.= 231- (& QB8>-31C= 2. QRBRAI- 8- .I: 81539 AU-; &/5&
2850 &AB?2LB56 @Q SIG = 223; §5&-3; -.& 2- . RI~; &
80 6 BA3B, 5; AUG- (8)3&CB/- .80 6 (B2&2>5A&/6 5&; 5 3&
* EQEG QAC5. 9828 - 8-. & - 38% 2.- (5A%- 8C2/& ) &5/&
A9-28356@12QEC-2R-31-+§2/&ik-01290-B0@0/B-&
* g REUGC = 2958 L8656 @Q &3 & - @- ; &2 R3/IS@
1"& g R&A .0 95380RDVNG = 28 3- N(E G SI1G = 2988
9056 3EBEAPA - S&3; 886 S@GC & " & A- .0 WBEPA - 848
] 291: 8/G & A33(BR&IC: - 85@IG & " & A .0 B538286" DN&:
EB/-.53815= BA- . & JC&15. - 990856 3&BEPA - Q8B &
/6 58 328- 9€G & - /0128151 A= 380/5. - &3; &28B5BAI2. &56 &
95.- (&



Part
partkey (pk) < Lineorder Date
name orderkey (pk) atekey (oK)
mfgr Customer linenumber (pk) e
category custkey (pk) ¢ custkey (fk) dayofweek
brand1 name L__| partkey (fk) month
color address — suppkey (fk) year
t!./Pe city orderdate (fk) 7 yearmonth
size ) nation orderpriority daynuminmonth
container region shippriority daynuminyear
phone quantity monthnuminyear
mktsegment extendedprice weeknuminyear
Supplier ordtotalprloe sellingseason
suppkey (pk) < ::/Z:::t lastdayinweekfl
name lastdayinmonthfl
address :;pplycost holidayfl
city ; | weekdayfl
commitdate (fk)
nation .
) shipmode
region
phone
$
&

QPA-HE C&IC=288.4C¢-B0@; &g R&

45/C8 99-=9% A9;& 15=B-WB3& 23;& C5.053/2&
B2./0/08B2(&5 .-58-.+8G&56 &/5-86 2908R/0=0F-&: &&
B892, 86 (2. ; L&T 4 H&6 Co&A3- 9/OB88- 3; 5.1 98B 5; AL/
QB8B, 5@0053(8) 38CPA - W6 - & - B5. /853816 58BC. A21&
91C-=29(&C-8@0. 9B HIR2II-;8D156@B21-1K3;8A9-98: .:&
=5; -9&.-; A3; 231: &6 Q0-&/G &9 153; €12lI-; &D= -; 0= &
9B21-L&-2/-94C.—-& 2/-.02IB-; 836 6 B&5& A2 &--: &
B-.@5.28&5=B-/-89123]9/I:+4C-&-31C=2.QA9-9812I-&
| NS 9208, - @- ; &B& g R-&3; 8G &26 & 2/2&11A80 %
2BB, 5PC= 2/- I: 8K >: /- Y&

)3&GPA - &WB53- 8123815= B2.- &/G &/6 589, 9- = BAXB?&
0;-3/012IBC:901 204 C-=29(&5/- &C2/8&C-& 51A=380/5.-89&
2.5A3; & V& /0=9&@H-.& 0F. |- 998/C23& QA @& & IB1- (&

HI/-.32/-1: 853- &15Al; &15= B2.- &G &/6 589 9-= R2BB?&
-21C&8PB21-8A;?-/(§3&COIR2I+JC-& 51A=389/5.-809&&
= ALCRI2.?- . &@1/5. &@9- . &IC23&/C & .56 &95. - (&HI/CEA?C&
/G 9 &-A/RK2. - &- B . 2= /AL 238G &- A/ Bb@<- 1/B3&
#(! 9G : &.- &G 02.858G & W/9%-Bb. /- ; &B&A/SNVe @&

ZPA1HO7 $/1=5#*& 9$.$+' =)6#1$(05)=1$+ &

U-1-3/1:4& /C-.-& C29&>--3& 15390;-.2>-&03/-.-9/& 03&
B-.®.= (B?&I56 &12/- 31: &B,51- WB?E5@= - 907?- 8&9.- 2= %
AABREIPCA-8- 185518W(& G .- &.- &5= = -. 10I&B. 5; AUR.
6 QLGRS Q8AI- 835/2/(B3& (?(48 B2= 28 BONVIXE9% - 1298,
53- 985 QULCRAS- &28<\ | &35/2/(B38} (2(Hc/. - 2= 429 &Mt/ NV,
23; & 5.2If &1 5. NABEH /SR .- 8885 - & - >2/- &8~ .&

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/branaof part, from
a supplier in a certain geographical area.

Q8: Measurethe revenuefrom customersn
the same geographical region as their
suppliers,further brokendownby geography
and year.

SELECT SUM
(lo_extendedprice*lo_discount)

AS revenue FROM lineorder,

SELECT SUM (lo_revenue),
d year, p brandl

dwdate,

SELECT c city, s _city, d_year,

sum(lo_revenue) as revenue

GROUP BY d year, p brandl
ORDER BY d year, p brandl;

&

FROM customer, lineorder,
FROM lineorder, dwdate part, supplier supplier, dwdate
4
WHERE lo orderdate = d_datekey WHERE 1lo orderdate = d datekey WHERE 1o custkey = c custkey
AND d year = 1993 AND 1o partkey = p partkey AND 1o suppkey = s suppkey
AND lo discount between AND lo suppkey = s_suppkey AND loiorderdate :7d datekey
1 and 3 AND p _brandl between AND c nation = 'UNITED STATES'
AND lo quantity < 25; 'MFGR#2221" and B
-4 Y 4 "MFGR#2228" AND s nation = 'UNITED STATES'
& AND s region = 'ASIA' AND d_year between

1992 and 1997
GROUP BY c city, s city, d year
ORDER BY d year asc, revenue desc;

&

&

QPA-8&2=-B-BBD=-C & A .. &-/1&@" &
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Row Store Column Sore Row Store Column Store

Low Space Low Space High Space High Space
Query 1 #' (N8 #$& #HO® (&
Query 2 # (V& $( & (V& N#H&
Query 3 #NIF & "(f& NX& N &
Query 4 " X#H& #$& V'& NV&
Query 5 W& #' & "(1& N' &
Query 6 "& H(N& NV& N! &
Query 7 VINX& (V& ! %% " ($&
Query 8 $( & #H'& " (0& NH#H&
Query 9 HV& HNB. " (N8 N &
Query 10 "$( & (& 1 ($& 1f&
Query 11 % & N'& VHE NH#&
Query 12 NV& N'& 1 (N& N'&
Weighted 1 #(V& (& " (X8 NS$&
Average

Space VINH& HWHE W& SN &
Required
&

QPA - 8N8JA33B?& G- - &9 153; IR 3;&B21-8-_A0.-=3/98h4:/-9K&

6 QULCER2. 2; 0= &6 0186 (B-RI&2BB- 2. W C&8<\ | &35/2/(53&
C20%53- &-(P&; 823/27-€32= - |: §C& 59&- 2120 - &.- 2= &
B.51- GUB?&B 5>1- = (8- 8238 = >; ; -; &~ AD-=-3/&/5&
9/5.-23:211-9BA>9/23/02H5 A3/ BADE/-(&031-€\]& 09&
/G &3B- . RIER. 2, (P= 8B.&I5. - ; & 2/2GIEBBUA 218580 &
23&P-3; -; & .953S@\ | 88.4G & A0-; & FB?&@-21&
IC= - &3; &XY/5.021& 2/2(&

*C-& 1A..-3/&15==-.1021&:9/-= 9&2.-& ;-91-3:-3/9& 5@&
212; -= (& B5/5/: B- O& 9ALCR 20& HA 5.28 MH>2NHQ. 23; &
<*UYH' &N 5/NHQ&H/&/OBEBE®/8/G .- &BEA-I23/RI&
=2.Q-/BI21-#B-.0-31-80/CBA1C&== - .102KR9/-= 9423:&
IG0& . @.= 231- & 12/(B- 858G &I/ . 32/(B- 9632= - |; SAB?&
1A95= &15; - &. Q8- 12/B32AT 4' <(§38009 VB35 - 21BE&

- (BLAGOR/6 58> 31C= 2. QB815= B2 (8282808 10 ; & 37(B-&
6 0C828.- 12B321&T 4" <(@HI/IC5ACS (B-2.&US2; &\ . 2NB@.
6 5A; & 82832/A 2181C50L- 66 - 81059 &BI- 2; &I58A0- 816 5&
91-32.05082/82=-8@.5& 218 A9/5=.9(&

ZPO% ,§$HVD;*)#VB/ 1&%HS

* OBROR2&12I 1A 2/B3&I C2/ &BES@@ 3&; 53- &B&d 211&</.--/&
2BBIA2/B39&: G .- 8R3&B15= B?8a) ; @R 2/2[&

C&B*&19:=>518dqNV+&
B0F - &k S5A>1- &
B5| A= - &kB/- ?- . &
R, (- 88 5A1- K.

6 QUCRI5AI; &15= - &ab= &3- S@GC BORAI2. & 2/28.580 - . 9%
5. 8@= 828; 0- 1/81533- 1/B38/58238 P1C237- (8382, ; 0B3&
IG .- 828 153; 88 ; [&

%I,&)&19:=>5|83NV+&
- &% 5AC- &
DBO/M@21/8n& BK&

* G &0-153; 8@ ; &- 15.; WG &0=-982/8&C01CE51QEBI0/9&
12Q 8121- +20DREC HBO/@5.j80({+2% DB OBO/&SA; &
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8- 28B0/@2US@ &3 L& 808! 8.-8-.9-K8BO/&S Al; &
28 28B0/€)2 /5@ &

* G &52 @G &15= BA2/(B38858.5; Al- 4G &BI0&; 39-; &
B.0- 8®. &G &£&H3*E&@ ; (& (B1- 8282(B- 388 = >51& 2 &BII&
=5.-&/C238531- RO&ME3- 1- 9. : &/5&8= 2B/2AB&2& A33B?&
15= B590- S6@ G &/5/2180BI0&@1/5. 89- - 38AB&I5&356 (& OB&
92/- 888 2(B/2(B- ; &BLYY=109#82>1- &
N=1094&19:=>5|&n N +&
25/21r0BO/B &) BK&

*C-8@511560396&:2= <\|& 9/2/-=-3/983;012/1€-& A0.-;&
B.51- 0B?&38GC &5, - | 82>1- ®N)=100#%3; G &6 588 ; R
C&S*&3; &l &)@

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
&
* G &>58-&5; - & 280A3%3&/.- 2= 429 H32&! N\N® 9-=&
J FhRRY-3/A=& &"N&h4&8JH' &3; &P"NNh&H*H))&
;.08-9K&3; & B ; - ; &&C 5A?CBA S @HHHNNNEE - 927- 9B- . &
9-153;(&C-8UT4'<& 15?015&115-BI09C&-&2=&29QD&
280&.0Q (& 3- HB/BIEDISEL .-2/-&8/5.-;8(2>1-&/5.27-&
23; 8IG 38B- . B.= &8/C & - Y8b@ G 82BBIA2/(B3&(BE28I5. - ; &
B.51-; A-(& OB8&2BB 521C& G ; -; & " NWEN&= - 9R?- RB- . &



9 153; (&1 & 153; &BB.521CIBY5&BY- ./&5/C8R- ; BB/S58C &
T4' <&23; &G 3&AS-&/.(@?- . 98/58B . @.= &G &.-_AD-; &
B.51- 9B?(& AB&2BB. 521C8C298C-&.C2.21/-.09/BIE=Lb5.-&
@l1: SNORB?& 4" <&@31/B320: €eASI56 B-.@.= 231-&
;2= 2/01211: &

* 5856 4G &JT4' <&BHRe- Y8PO% - RB&Bl-=-3/-; &
28Q0; &/-.32/(B-832= - 1: &I1512/B?8&C &BlIR2>1- R23&
2..2: 8B -G &5.-; B.51-; A - (& 58809 &BB.5P3- 2/(h3&
1CRER2806| A/ (G386 AUCELS; - RIG & 3/0- &2BBI A2/ (h382982&
95.-; &B.51-; A-RAIB?&35&T 4" <&@1000 IEE>8BAI: &
53-& 5Al; &B.- @ &5& 5&C &BBI12/(b3& UCAY5= &5?70&
I5/21: &P/-.32858C & 4" <EB&B.- @ - 31- 8580PHB/B3(&
R56 - 8- .46 - &- Bb./& 0B - QA/&BEGC &12/- 75. : S@H& 5A&
923; 863& 5A &G 2; 8/ ABRME298?55; 82R0E&?- /9.823; 8IG &
.- O/ & 208 NNN&s - 92?- 9B- 153; (&

ZP2( =1] OIMB(&*)$+11&+1%

)/&B8I5= = 5388.81 211&.- - /8= W51 0> 858 Al/Bl-&
951QHAQ . 88 ; HBAICR8- Al-. 9& 5= 9510%.83@, : 3- (&
H3& A2l &15= = 538288012/ BG3&ME/5E®. 6 2.; &IG &@I&
2. BB2EUEBD= & QUG 8-.5@C 8@ ; W298-2982- 31 &
2/8C2/85= - 3/(82/-&;ABI012/-9820/&-§0912. ;- +&C-.->:&
1.- 2/(B?8280B71- 880/A21&@ ; 86 UGG @I 82. . BB?&/AR.
B®.= 2G3I(E&

E>80GA]: €53-8= AJ&®.6 2.; &/G &@98&2..(B-.&6 ICGA&
620/038@8./G&12/-&; ABI012/-9(&B/C-.609-+8&G & 6C5I-&
BA B59- 8&5@/G 82BBI012/(B3€12/- 31: &.-; AL/GB386 5A; &>-&
159/(§3&/G&03-.-9/&5@>.-80/:+8G &</.-2= <\ | &@B/M9&
2BRI02/B3& @8 5=0/-; (& R56-8-.8& /IG& </.-2=429-&
G- B-=-3/2/®53& 538 /G & e! N\\& g-3/0%=& g" &:0I;-; &
B.@=231-&@f ! N\N\&= - 92?- 9B-. & 153; (§3&153/.29&
IG&UT4' <&I5?70&.- AD-B53-&/5&1539. Al/&2&I2>|- 5@
-1-3/&/01QIKB;&/C-3&5&1 C-1@/COIR>1-&589--80 @RS
(B15= B?&/ARME2812/- & ABIAL2/- (&) @B-ROKD; B12.; -; j&
5/G .6 ® 08D8@.6 2.; -; &3; &BY-./-; &B/5LGC &2>1- (& G &
> 9B .@.= 231- A SN2 L% F2.; A5A; A52PSAS@C &
UT4' <& 208! MXN& - 92?- 9B . & 153; SOB?R82>I- 88.&
/G &-1- 3/&8I01CR823; 8 MNNB= - 902?- 9D- 18A0B?82382..2: &
BN -G &5.-; B51-; A-(&

)3& M/SNVRGS. 6 -& ; WIAD-; & /G & .-2639% 6 C &9.-2=&
B.51-9B?& -37(B-9% 5AB.@.=& UT4' <® B /A
2BBIA2/B3(&R- .- 6 - &.0 @ & 80 6 4G & 29639 &

I </.-2=<\ ] &320B- 98 5835/&A3EB&LIG 3D .8-.& 5; - (&
R-31-&/G .- 82.- &35&B.51- 0896 01G 9&)38153/. 298
UT4' <&3?20-9%.- &AN/&5/&58. AdEGC &BRI2IG34.
23; & AO/8A38DIQERED-B2.2/-&; ; .- 998R1- 8@ 5 &G &
2BB02/B3(&

| ' 59&/.-2=<\ ] &37(B- % 58 51- WB?& PLAIB- | &B&
80/A21& -=5.: (& G .- 8B58531- B&@- |2>1: &5.(8?&
IG &; 2/2853&; BQ&6 CUCRMEFYEIEBA 1- 85@- P. 2&
58-.G2 (&
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I </.-2=<\ ] & 37(B- 9R0ABE5. /&(C= - &6 (B; 56 B32(B- I &
23; & 535/83- - ; 85800 A2/ &G = &AAB2E&1538- 3/B321&
<\ | &5/G3A&

I )/&B2 98/5815= BO-&B.-; (12/- 9858= 21003 &15; - 4@ 8.
= OPC= A= & B @.= 231- €. (88 153/.29& /5& UT 4' <9&.
6 QUGS BU2II: &15= BO- &B- . 2/(5309583&8)- .= - @/- &
@.= 88.82% .& 2B/-3231- (&

I UT4' <982.-8&B/C: O ; &@. &SBB2&28= 0153& - 15.; &
O5A 1-&/234-& /58 28&= 01108&..-15.; &/2.7-/& [234-(&)3&
153/.29/+&/.-2= <\|& -3?03-982.-& 5B/0HF-:8& @5.&
B.51- 9B?& 2& AB?I-& = - 92?- & JAB- K& /C.5A2C8. 28
1511- UG3&@B- . 2/539% 0CE BC= A= &2/- 31 (R-31-&
2850 (B?& A A 98>-/6 - - 385B- . 2/(5308ME28255; &0 - 24
6G.-208B&JT4' <QQAICRA A 92 - &= 30B.- 9 3/(&

)389A= = 2.: 823&BMB, 51- 98- 372(B- &AUAB?8= 2B&= -=5.: &

95.27- 823; &B/C= ~ ; 8®. 8B?I- & - 927- &B- . /53986 01&

26 2 982.- 2/I: &BAIB- . @.= 828; T2 ; & 370B- 8IC2/8AS %R,

SAB@B 51- 08 95.27- & 23; &/C2/& B8.5B/6 (F: & @ &9 /&

B.51- 9B2(&

\P 968" &G0 MB] )#, &' 5HSH |, &0)&" *$.$
+'2)6#1$(05)=1$=L$OX$

<10-3/0@7R;803/-1107-31-89- 9&28- &09/DPII: &@33-; &
15==-.1QR& ; 2/2& >29-& B.5; A/9& B.- @.(B?& /5& AS-&
1A95= 0~ ; &BIABGIFHIANICR2RRT GABNR; VB 2] 2>&
M 2/INNB823; &k -I° T G&M -INNI* G .- 82.- &28=: . (@; &5@
-295398@.8/9(F&/A9&Q-1/083€6-& >.0-@1:8306& /G&
[-99H398%- 2. 3- ; &@= &9.5S V&<~ _AE@E&BEIG &= Q & XX\B&
M-_XHQEH@ . &C2/86 - 8B.- 9 3/&- A/ K@= &15= B2. B?&2&
9B-102I0F-ER5/5/:B-+&<Hg&IHO. 2: &M Q.- 2= B?W; &
N O51- VB?K%B ICREBOBAI2. 85==-. 1RI&JT4" <&

\PO/1=D#5)$%#";=&0$

*G&Y ZB53%.-; &-_AS@B5SVA-_ XH@2/-=B-; 85&
9ABBG./&910 3/Q@&T 4" <&AS.9%JB-10@21: &/G &Y2./C&
<10 31-&-9-2.1C8?.5MB82/&T ~ 8<23/2842.52.28A3; - . &G &
; 0- UB3S@- @ 5F0 . &3; &G &G 2/- & 5; - (B?&. 5AB&/I&
7" 1 H&A3; - . &/G &; 0- VB3&5@US>-./5&"' - 1GRK>: &
2BBl: B?8gE<* h UY<&5&8/G 0&B.5>1-= 9& G & - /86 2%
A39A1- P@A (& C & 2F.&-2B3H6 2RCY/GE<* h UY<&2; &
358ABE0. /88.82.7- & A/, G - 39B321&. . 2 923; 8C 829&
B.- B53; -.231- @>S 1/8@= &5/C8.5AB0% 292..2: & 2/2(&
<G A2/B?&2..2: 9%53&/5B&5@gE <* h UY<&/2>1- 9% 6 2%
(B- @O 3/&3; &B@ PCI- (H&- 153; & 9. &- 29638 2RC2/&
gE<* hUY<& 2, & 35& >A0/ZB& PBB5./& @.& =-12Z 2/12&
=2327-=-3/(&23/284 2.>2. 2810 3/ R-_A0-; &B®.= 2/(B3&
538G &B.51- 9B?&Y - BRIC/&2, &>--382BBIG ; &5& 21CSH@
/G 0& 228 19& 591: 8G & 2/2811- 239B?&3; & 2/2&-; AUB3&
2175.0/C8&6C01CR155Q-;L&6& 92/-110/-8=27-.:& 03/5&
AP>|- &B®@.= 2/(B3(&) 382, ; IB3& B9 3/(I: 2118910 3/0@&
; 228 QY& .-A/% @=& .-2& 65.1; & 5>9-.82/(B3K. B&
@3; 2=-3/2ll: 8A31-./2B€3; &..5.& -/.AR.- & _AD-; 88.&



& Numberof Dimensions

& 3 4 5 6

Speedup over Matlab F & | TVWBB& | XV& | !Nl &

Speedup over RDBMS | IN"(%&] IX(1& | 1$& | !IX&
&

QPA - 8A&I<HQ&B: - ; ABBA= >-. 08B, &
T5/8.5; AU 56 &/.Q - 829 K.

K 2/28- [AYE <* h UY<E&2; &85&2B2>000 B5&5.- &3; &
AB 2/-&0G . & 2/128\31- ./2(B/: &.&3B- 2?- (&

U-8090/037R09&.5>1-=&2.-2&2&;-12;-& 12/-.&9/.53?I:&
0?- YRIG &3- - ; &@.&28; 0@ - 3/82BB 521C/UIC238E>S 1/Z
U- 1216328 4' <9& S&IB@EG &- - ; 95 @ADE5= = A30: &
6-8&.-&A0; (BPR8B-6 8T 4" <&12II-: &H<Hg+86 QLCRAG &
= Al/@ G=-395321& 2.2 9 298, /G & >290& 95.27-& 23; &
B.51- 99B285>S 1/(&d - &28- & 35A?C86@H<HQ& AB3(B&/5&
B-.@.= 4G 881156 (8286 58- 31C= 2. QY& I/ CA?CR. /QBLERI-&
/G : &BB- 2. 85828/ - &5= - &@ C2&10 3/0@LEAS- . 9% 23/&
/5&5(&

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

5.2.1 Dot Product
)3&/6 5&; (= - 39B39,; 5/&B.5; AU&®L; - @- ; &2R@I156 A&
h (8- 386 5&. . 2: 981 NHE@23; & NHEOSH - &5= BA- &G & 5/&
B5; AU&S-.8C 8. -; &G - 39B3&&9 &

T OB G .- & NEr@A= &8- . &5 @1 NIEDE HDEES.

k 5/0- JC/ADEPELY . 20 B.6 2.; &- 3- . 2AF2/B3H@ G &
923; 2.; 8-1/5.&5/8.5; AUED.&..2: Y& - 85= BA- &G & 5/&
B.5; Al/985@211&8- 1/5.8B20KIC2I&6 - &; -.(B-&>: &0-.2/(B?&
IC5APCRIIEGC B2 A 9B@C & = 2BB?& G- - 39B3A&

* G &> 31C= 2. (R®./5815= BA- &/G &; 5/&B.5; AL/&S@/6 5&
B/-?7-.82..2: H8HE&23; &84 86 IC8283A= >- . 86@; G- - 39B3K
82.: (B?&-/6 - - 3&1&3; &N& G &- 31C= 2. Qb 2980V &A3H3&
H<HQ&3; & 2/12>8:5/CHh@ CUCRABBS./&. . 2. RARL&B2/(B- &
; 212&/1: B-(&)3&/0B&- PB-.0=-3/+&21C&..2:& C29&%N'&
-1-=-3/RJ'h4 & 5A>1-8B.- 1BH38. 26 &; 2/2K&6 AACE6 -.- &
; .CA-; 8A30®.= |: 821.5998211& G- - 395B39&d - &15=BA-&
1G & 5/8B.5; AL/&®. & 21C8B590-1- 8AC2. - ; & G- - 39(B38&23; &
15= BAl- &/G &28- . 2?- & A33(B?&/G- - 85@/AB&15I1- 1/B3&5@
= 2/.(P&I5= BA2/(B39& G & W/ - &>/2B-; &3&& & RF&
V$2081/A53& 210B-& 0R&h 4 8JH' (&

* G &0= - &B- . 2/(538 2921 B8 A3E3&H<Hy&3; L&BHBRA2.&
15==-.102M4T4'<+& 038C01GR1CR..2:8098B.-9-3/-;&29&
2812>1- 8 UG/ C-A- 4& C= - 39532 € & G - 39B3BE3; &
82IA-(33&COARI-+1C&..2:8153909/9ED8% & -1-= -3/9&
INN 483B?I- & - 1003826 & 2/2K23; &&(" & RFG- 3/0% &
= 2100B-8 0C8 h 48UH' &85 2980 ; (855. 80D, 2/29-/-€G &
UT4' <80 98N' 42N 48 .&..2 &-B 3; B2&38GC &
3A= > . &@ O - 39539€0WE 208585, - §G & B - 3ABINRRR.
6-11(&&

G032I1: & & -P2=03-&65&91-3.059[80KZ8D156&9/.0;-L&
91-32.056@-.-82181-= -3/9& @8- 1/5.8C2/8P%B- . 2/-; $3&
2.-895.-; &153/(PAAA: 8128= ALCR2RBE1- K&23; 8JIR2&
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& Numberof Dimensions

& 3 4 5 6

Soeedup over Matlab "l& #IV& | XW&| XV&

Speedup over RDBMS | "VN(X& VV%(1& VXf&| V#f&
&

QPA - & (&d<Hg&B- - ; ABBA=>-.98.&
' 2.(P& A/BIA2/GB3&) 56 &/.Q -&29- K

DOPCRY.Q -L&AN-32.B&6 G .- &G & |- = - 3/¥b@238&B- . 23; &
8-15.&2.-&.2/G .&; BB-.9; &/C5APGA&IG &2..2: (&* G &
@5.=.801-32.0585;-19&&0-B-+&21=59/8-.021&.2:£211-99&
B2//-.34@&C-.-298C-&//-.& 5;-19&& 5.-&5=Bl012/-;83-(&

QPA - B\VBICH6 98/G &9B- - ; AB&/C2I&H<HQ 82100 8- 9858-.&
/12> &3 8GUTA<& @BGI-&PB-.0=-3/9@RC&56&
9/.0;-&29-(BI<Hg&9RI62:9&; 823/2?- 5/0%3; &100 8- A2&
B -; ABH@BISE #58-.& 2/12>(& UCEBL - 29B2&BA=>.&
5@, C= - 39539€/G &6B- . 23; 88- 1/5. 8AF- 98; - 1.- 2086 QUG
-2;98588&1.-29-803K-8B-; AB&B2IA-9202/12>&A/0I0F-9&
/G & -=5.: &-/I-.& 0C%= 2II-.&B- . 23; 4§34C &IPCY.Q - &
129-9835/C563KXD&-118:29&0/C&/29-/98C2/&.-8& ALC&
12.2-.8/C238= AB&=-=5.: & 2/12>8G 280: &- 10 BE3&/G &
80/A21& -=5.: &3; &29012II: &5= - WERE2!/(&

* G &15= B2. (5386 0C//G &UT 4" <&15390-3/1: & G ; 9828
B -; ABH@N\G. & 5.- S0 02.& N/, - &>/ 2B~ ; 88.8G &
QPCA.Q - 829 K&

*C09&/8B.5;A1/&5=BA/2/05889830/02|1&59-38&12A9-&
08BRE: 5; - Y&5= BA2/(B3€23; &3- 812381 2@REIB7- 0908,
275.0C= 8583 . @.= JOB@BY B3(ER- 31- CIEDE- 12CB- |: &
= 5; - J&BE&>5/CR)E&23; & g7 &.-_AD-=-3/9&* G &3- P&
9 1/(B3& PI-3; WG & 31C= 2. QRI5828= 5.- &15= BI- P&2..2: &
5B-. 2/B3(&

5.2.2 Matrix Multiplication
)386 5& G - 39B3%EG & 2. (P& A/BIA2/(B3&S@6 5&..2: 9&
HNHe@23; & M 0% - @-; &9&

T QMG A% G .- & NIEERA= &8- . &5@HNISED Y ABIQR

* G &- 31C= 2. ROR/5815= BA- &G &8 5; AU @6 5&B/-2-.&
2..2: 98H&23; 84 €6 C8283A= >- . 85@; G- - 3A053%R82.: (B&
>- 16 - - 3823, 8. QL B- 38 |S@6 5&C2.-; & - - 39BN
6 - &15= BA- &G & /BIB9S @18 2. PR BICY& - &
- .(B- &: 8- . 2/B&IC. 5A?CRII&G 882 A 9B @G &- = ABBE
9 /&@ O - 39539 5/- 8C2/ SODGB- . 2/B3GDNEC= - 98 5.- &
B/- 39B- 8C238GC & 5/& 5, Al/&% G .- NDIE-8-.27-0F-&
5@& G- - 39B3(&

* ABEA211A2/(B386 2KB- . @. = - ; RAAB?8H<HY&2K6 - 11829
' 2U12>823; &IG &P=-&UT 4" <(&CPA -&f &2>A2/-R8/G &
B--; AB& .-A/R @&IG&I56& 9.0-& 129-& 53& /G &
153@A 2/(639%-91.0>-; &2.10..88.8G &5/8.5; AU(&

d -&1238&5>9.8-&-8-3&=5.-&; .2= 2/0& G- B.58-= - 3/R
JOfNNPIS&-.8/C-8JT4'<& 29& 2/.0P&A/0BI012/00BR5/&
2= - 32>1- &58280(B?1- 8B299R2| 75.0C= (8E 38/C &/G . &23; &
" 2UI2>& ;5-%K 2& = AIC& >-//-.& $>& G .- & 298 =2/.(P&
= A/BIA2/B3&E2&>A/AB-E&AXA: &5B/06- (- ; &5B-.2/(B3(&



Y8- 385-8H<Hg&> 2K 2/12>8@. &211&; C= - 3AB3Y&)3E&/C &
QPCA.Q - &129- 823; &6 UC&I2.7- .&; 2/29 /9856 - 8- . €/G &
B.G.=231-5@ 212>&-/-.(5.2-98-.: 8BY& A 8585 28: &
% 2BBB?(&

5.2.3 A Note on the RDBMS Implementation

45/C& 2.2 &>31C2P&x2-&EFB-=-3/-; &BN-&/C &
UT4' <&29828AB?I-&<\ | & A-.: &ICY&AS R28?.5AB%: &
22?.-?72/63& /5& 15=BA-& /G & A= & 5@ /G & (B; BQ A21&
= AN/BA2/®G39& |-//B?& IG& UT4' <& C3:1-& 21&
= Al/BI012/(B398BIA 9&&1- ./2B&8- . G 2; ABIC/ I &S@C &
; E - 39538B®. = 2/(b38&- - ; W85&- &A5B0 ; &8-.8C 5A?CA&
/G &.5ABZ: &5= BA2/(639&

g- . CoBORR&>- /- . &BB. 521G 5AI; &- 85800 8G &JT 4" <85&
@0.9/8. -1/1: 895./&118820. TBAK1/5.9815.& 2/.01-9KX3:&
/C-38=BI-=-3/&5/CRB-9& @I8= BA/2/(5308B&9- . SRR (&
</014% - & PB- @ CRILBB, 521C58- &P30@23/1: 856 -.&
/C238H<Hg&B1- 8H<Hg& 5 9B5/&588 . @.= &3: & B-S@
%6./BEA /G .= 5.- Q9% - & BLANSB- Pl-&I<Hg&2958- 2 &
531: 28RV GIB@C &: /- K- 2; &: 4G &IT4' <(&

\PY : #0*="*$L$$GKAHS/#1L A7 0" 54

T &L#1#" SHS

d -&56 &PBI5. - &G & 2%63%B.4C & . @.= 231- & (@ - 31- &
538G 86 5&- 31G= 2. (P&3&; ; IB3% - &B- 1A2/- &>5M8G &
BoO- 8- . @. = 231- & 0@ - 3/RIH3RIA; &-31C=2. B2/&
QRK>- - 385=0/-; &> 12A9- &5@121Q&@R=(&*C09&CO0.;&
>-31C= 2. (BRI58.51- PO _A-31-H@.. 2 H% AUCE C&
15=-&@ 5 Q&A8-01123-8:9/-= DA RRE(Q -58 2=-.2+2&
.2;2.80:9/-= +B.&2/-110/-8>9 .82/(B3&: 9- = 4550B?EB. &&
B 1008 -; - @-; &2//-. 3 YYD SA; &-&3% 2?- 5@
03/-.-9/12A1C2028B2./01AI&IB; &H@3-Al- (& G 3-8-.&&
DOILEBS - /- 1/-; GI&CHA!; &-&-B5./-; (&

5.3.1 ChunkyStore

*C-&@A3;2=3/21&>S-1/83&I<Hg&09&&= Al/0Z;0=3905321&
2.2 GHIBIp BKKE’IBIp BK82.-&12I1-;8indexesb.&
dimensions@3; &G .- 823&- &£38.>0.2.: &@B0- KBA=>-.6@
/C-=(&I<Hg&®ABBS5./2&5I1-1/053R@R0-0/08-2/2&:B-9&
J (?(8B/- ?- . G523, &.B?KL3; H 0lI&W |: &-&P-3; -; &
6 ICRYE<* h UY<A': |- &>9.21/& 2/2&: B- &&100: (&R-31- &
23: & O- - 39381238 &6@23: & 2/2&.: B- &PBRG. /- ; & &G &
9:9/-= (&)3&;;0/053H8<Hg&99A=94C2/&8-.:& ;2/2&:B-&
C0828gE<* h UY<ZAY: |- 8I(B-2.85.; - . B?&NSQER- 31- &G &
3-P&B2AA 85@2&; G - 39B3&M@E2I6 22 K6 -11&; - @-; (’&H&
: O - 39B3& 2 &28- &egular strided) (2(+4& & &p Kb.&3&
irregular stride$ (?(& (" & WHBHES K& G &82A H@23&
2.2 82/823: &15I1- 1/B3&B@ 0= - 390538821 A- 9B2& upleS6@
attribute valuesibY21C82//. G-A- 8B832= - ; &23; 298821 A- 9&
@=28B?-BF0B-& B &3; &2 & &7]] (R-31-8&3&
2.2 B2AA 8820 21: &&-12/(B3218AB- (&

H<Hg&153/2032%9/5.27-&:9/-= +&hunkyStore86 0C&/G &
@156 B?&-B.-9 3/2/(B3¥D. &..2: J&
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I T#™#3$ 0110Q*$&)6$ 1#9;,01$*)1&M{& R-.-+&/C&
; O -39B3%2. - &35/&95.- ; &23; &; 2/2&-1-=-3/K82.- &
B21Q ; 803589/527- 80F289. 220 ®.6 2.; &6 2. (8<ALCK
2..2: 982.-&/G 3&; - 15= B59- ; &(B/5& D1 CA3CAL&6 QUC&
153/20381821A-9&58D9IAB-.29/.0;-083RL1CET&-&
; B=-390839(&C098980-012. &G E&65 .QRE@<2.262 7%
M2 X$@BACAZQAB?82. ?- &..2: A& CA3QPR.- &I1512/-; &
1582.7- & BERA51P8) (P(Q/br 858 & >: /- ROAICECY&
2..2:&l-= -3/98.-&2901:&;;.-99-;(&

I T#"#30110Q%R)6$&11#9;,0P$1&MEER) 38/ABLI29 &
/G .- &B828&; G- - 3AB3&B; - P&®. & 21C8; G- - 39B3&/C2/&
5.;-.99C & G - 3953821 A- (& OBEB; - PERIG 3&5.-; &
B&; ; 0B3854C AC3Q; &..2 9&

I %I01*#8110Qf6&56 P 1#3#9;,01$1811#9;,0(KE3l: &
/G &353ZBA1&821A- 982.- &95.-; &/5?-/G .&6 0C&/G Q&
; O - 39B3B2IA A& ?72BEC & 2/2% 01&- ACA3Q ; &B/5&
; ABI51PER56 - 8- . &G . - &= AY &> 828>151(RI- 8- 1&
(B; - P& - @®®B?&G &5A3; B?8&5P86 AUCE; - @- VG &
>, 2: EB&21CAICA3Q&

I GQ>1&NBB#7#RE) Q&-BAIIOR3R3L..2:82.-8&C0?Cl:&
9Q-6-;+&/& 2.&=2Q-&8-39-8589/5.-8/C-&..2:829&8&
1511-1/0B& 5@&42..2: 9+& 21C8 6 0/@& 2& 9/52?7-&
.-B.-93/2/(63& 2BB.5B /- & /5& /G & 153/- 3/R.5@ /G &
W22 (&

&

K5 /01-8C2/8G 89/B-.Z9/.0:860118-82882.02+ 8@ BIR.9-&
2..2: (8HI%835/- 4 C2/&G .- &B82A5= 2/(L&B; - PB2E®. &211&
: 6= - 3UB39E>AIR358(B; - PB&@. &2. . 2: 8821 98 @H<Hg&
AO- .80~ .83 A 3I: &H3&..2: B2A 989G 38 - & 01&- 8EI&
/OBRCSA- &BEC SBAIA - (&

k 5/0- &C2/& CA3Q </5.- &®EAPA: &2; 823/2?- SARBE>5/C&
> 31G 2. QENIEGC &..2 & G -390B38B. 818&23; 84 &.- &
35/895. - ; (SHROAICRIG 89B21- &1539%= - ; &: BH<HQ&ME2&
o= 21 8@/ B38&b@CY&I539%= -; & G UT4' <(&/8-38@&
/C-811-99R2//-.39&% @&-86589:9/-= 9&-.-& /C-802=+&
H<HQg& 5A!; &-2; 80BD= 211 &@R1/B3SH@C & /-%-2; &: &
/G &8JT4" <(&-153; G JCA3QB?& .2= 2/A2: AR 56 3&
53&)E&®. &>5/C&>- 31C= 2. (P&)3&-21C& 129 & 2&I(B-2.&
2175.0C= 81238 &9 ; 8/ 01&- 2; & 21CACASERI&H31- (&
)3&153/. 298G &UT 4" <& 5- 9R35/80ABB5. /8A1CRICA3(IB?&
23; ¥BAGC &- YS@0 1A= 9231- 9% Q1&-_A0- &/&-2923N\&
0& 5?7 &175.0C= (&

5.3.2 Operators

4-90;-98C-&>805A982/0532129/& 5B-.2/5.98-(?(+@01/-.+&
2272.-22/- K& H<Hg& 153/2(898. 2& 1511- 1/ 53& 5@ B. G= 0G- &
5B-.2/(539%85.0 3/-; &/56 2.; 8910 3/0@L&15= BAB?(&&* G 9 &
BUA - 8C 881156 B?[&

I @' H )& 0,$ 010G =I #10)&" *[& & *C-9-& 031IA;-&
= A/BIA2/(B3& 2, ; 0B3& Y- 382A & 15= BA2/(B39&
GBA0.8.239@.= H&/1(&

I/ &F)3B AB&15= = 23; 81C237- VG & G - 39B3%b@3&
2.2 € & 58B?& .58.& 5.- & (- - 39B3KI5&35. = 2&
821A 93; & .5&.& 5.- &85.= 282 A B854 G - 39B39&



E@15A 9 &/QB8= 2: &1538-./82&.- ?A2.82..2: &/5823&
0.-?A2.%3- &. 80- B- . (&1 15-0EC &3- S@AC &B-6 &
; G - 395638BRB5/ L&) : &I (FIB2AA- 9. - B5/830 A K&
/G 38G &- N /&S@C BB5/&B- . 2/(6399BEB5/&3&2. . 2: &
23; & AY&-&@RII56 -; ($

I #O18/BBSH. . 2 8= 2 85B/(B32l1: &(28- &2&coordinate
system(& H<HQ& 9ABBG. /K. 23: & 3A=>- .& 5@ 32=-; &
155.;032/-:9/-= 9(&99518)-;&60/C& 1RI5A. ; B2/- &
9 9-= &®&2&1511- 1/B3&5@ @31/ B3R/ 2/ &= 2B&15Z
5.; B2/-85B/B5&H/C .&55.; B2-& 9-= & 5&8538-./&
2382..2: &@b= 853- &155.; B2/- &Y 9-= &/58235/C . €&
= A& &-?.0; -; &-_ADB?82&@31/B3&/58= 2B823: &
B5(B/&BE&IC &BA 1- 8155. ; B2/- 88 9-= &58/C &2.?-/&
1%.; B2/-89:9/-=(§38/QV9& 2: +8G&I56 -.&I- @ /&3 &
15.3-.823; &21189/.0- 98123&>- &= 2BB-; &/58&/G &/2.?- /&
9B21-@56-8-.+2&-|D3K-Q5A.1-855.;032/-8:9/-= &
2.-1: & 2/1G 9R&1- 1| &BRG &2.?7-/8155. ; B2/- & 9-= (&
R-31- &B/- .B5I2/(B3& AA&- & .@.=-; (& OB&-_AD-RK
280ABRD. |8&@31/®3Wntersec&I95A. 1-n1-11#R?-/n1-11IK&
1Q2I& 01&- /A 38G &-?.- - &@8- .12B&- /6 - - 384G &- 119&
H3&B/- . BoI2/(B38@BL/ B3/ 238G 3& - 10 - &G &21A- 85&
BI121-&03&21C&/2.?-/1& 1-11& >:& B-.@5.83?895=-&
15= BA2/(B3%38C &B/- .9 1/(B?&BA 1- &- 119$

I @' 50 0)H&65&2..2:98.-&ompatible@G : &28-&
/G 8= - 83A= > .86@; O - 3AB3VE@IC &P=-&/: B- A&
* 5l1- Y/(B3X¥6@15= B2/0>l- &..2: 981238 &@. = - ; &B/5&
?2.5AB0€>: &, ; B?8&3& PI. 2& - - 39Bb3€153/2BB?&GC &
2.2 82= - 8AB?8GC &Concatenate&l5= = 23; (&l - &5/-&
118G .- 8BB5B5/ B35 @D /@ . 2. 9&2IC .28 1898
=5; -1-; 9238..2: B&3- PG . & G - 39B3(&

I K=50#& QB815= = 23; &- 3-. 210~ BSBESE; - 2186 IC
@F= & 2/10B?8&23; 8 0C82.5AB6@ I-=-3/9§ 512/-&
921G RE2.?7-&..2: n! 88.&.-292/IR@AFFZIACL&
E2I-.8..2 n" 6 0CRGC & 2/10B?&L.0-. @& -9L.O>-; &
> 8lG &2(B- 3&@B1/B3j &0 (8IC &@31/B38& AY& - /A 3&
D.ALR@BIC &.- 286@&.2: n! 8IC2/8= 2/1G K2..2: n" (&
* 5==23; &R0 @I&B.&@R/A-&P.21/B38&6 G .- &
2..2:n"&09KC-8@-2/A.30378-2.1C-,&3882/2&..2:&
2..2n! (838&; ; 0B3E 512/-& AAB-. @.= &8C A B A&
9-2.1CR@&-82.7-82..2:8@5@39/231- B &-HO=2I1&
2.2 &GC.-R2-823 8A>.5@ 2.1C8- 1C30 A BV/&
1238-8A9-;+R&29/R2.2=/-.&58C-812/-&15== 23;809&
/G & 2. 1C8-1C30 A 8C2I8BA; &-&=BI5: -; (8H<Hg&
(= Bl-= - 3/98/G &15= = 53853- 9€23; &/ABLY /&1238>- &
-P-3; -; &: &3&B/-.-9&G . (&

&

)385/C8>- 31C= 2. (PEH<HQ&2Q 92; 823/2?- S @G & 2/. (P&

=A/BIA2/®G3& BEFIB-€& 6IC: & 5B0-0~;& @&

T CA3Q </5.- (838 ; IB3EBLGC &A; &-31C=2.Q¢ 512/-&

1238>- &A9- ; &6 C828C A B/(AL8B- 2. 1CAIG- 0&IG &3A=>- . &b6@

15=B2.09539&A1C&B/0HF2BB9&.-&0=B5990>|-83&3&

UT4' <46 QUCs= A9 A2/-&..2: &B-.2/(b39%%6385BS@

/G &538- 3/(b321&- 12/(b32&H3- A&
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5.3.3 Compression

E>80A9: & -39 &2..2: 98123&>- 895. - ; &6 UCSAI&- PBIALO&
; B -39B39& &)3& 2 ; B34 0&=2Q % 9339 & B& HB=-&
-38053= - 3/985& 58A. /G . &5= B.- VB3(&DH. & P2= B- %B3-&
123& - 1/22 315; - &.. 2: B2 A- BBLEECA3Q- 12/(8B- 858829 &
82AA &IG .->: 895.B?&IC = &B&2&I- B . &3A= >- . 85@U9&
HI/-.32/(8- I: €b3- &123§&; - 1/2& 315; - &..2: BB2AA H&-12/(B- &
/5&IGQ&B.-; - 1-96.&B&B= - &; --39B3@&" gYh&; 5-%
- P21/1: &8lOB8@®.&80Q - 58B&IG &l0- - & G- - 39B3823; 8H<Hg&
6 OlIZEEDIBR & 5.-&2-3-.21& 2: (&

HI/CoAPCRIA1ICR 15= B. - WB3&B&35/& A% @I &B&/C &/6 5&
B- 10@ &> 31C= 2. PEI&I238- B.5@2>1: &9 ; 8BRG &; &
91-32.05)&I&-&:9/-= &-1/2&-315;-98A11-990E?-9R3&
/G 86 - & G - 393K 3§ 512/- &238»35. - &I &2. /9% @C &
0=2?-&C01&-8D;-3/01 218 &G &B. - 8(AXD3- &P&15= = 53&
511A.-3 1-8@89/2/082.:&9A8-01123-8B12/@5 IK+&.-> :&
156 -.(B?8.51- VB?&5Y9% . 2= 2/A2I: (&ALC85= B.- VB3&
(&-P1-B®32: &; (@A/&/5&5>2B&AAB?&23&UT 4" <&
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