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Versatile Multidimensional Histograms for Different Data Distributions

CAO Wei WANG Shan QIN Xiong-Pai WANG Qiu-Yue

(Key Laboratory of Data Engineering and Knowledge Engineering » Renmin University of China, Beijing 100872)

Abstract  Traditional multidimensional histograms, which are widely used in cardinality estima-
tion for conjunctive range query predicates in RDBMS's query optimizers, take the assumption of
the existence of correlations among attributes instead of the plausible AVI assumption. But they
do not further discriminate between different degrees of correlations among attributes. Based
on accurate measurements of data distributions, data correlated coefficients and value domain
density, the authors propose different optimal multidimensional histograms for different data dis-
tributions, COCA-Hist. Also they analyze the worst cases for traditional MHist-2 histograms
and find effective ways to alleviate the situation. The authors conduct experiments to compare the
accuracy and performance between COCA-Hist, and MHist-2, GENHist and STHoles. The re-
sults demonstrate that COCA-Hist histograms are superior in accuracy and performance than
MHist-2 either in average case or in worst case. In the soft functional dependence situation, CO-
CA-Hist is much better in either accuracy or building-up time by orders of magnitudes than GEN-
Hist. Under limited space budgets, COCA-Hist is one order of magnitude efficient than STHoles
in building-up time. While STHoles exhibits good accuracy under sufficient space budget, in av-
erage COCA-Hist can achieve relatively better accuracy than STHoles.

Keywords multidimensional histograms; data correlated coefficients; value domain density; val-
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T FRZ 2R R 40 B IR 7 s A e RN AR 2 25/ e K
LB 18/32=0. 56 1E 20 A2 J5 ke 1 3 % 18.

FATIEF R L B et J5 1 5 F MaxDif f (V. F)
M MaxDif f(V,A) K MHist-2 1 J7 BI85 1% 4 0 &
fk# 75 4 MHist_VF, MHist_VA, MHist_RF®,
MHist_RA®D . ] ¥ 78 1k (1 #1418 A 328 £ 15 %1 49 X
Sl R 43 8 AT LA SRE G o R — 2 B 1) i G SE B UE
W3 o 5 1 A 55 R BCHCOME 9 1 T L R S
MHist_VF, MHist_VA B 77 [& Jfi & 5. 3 fl 5 st
A RARR by B

(2) 3k S A1) 3 AR 43 A1 DX 7 A= 4358y 0
(1425 Al

A S0 FRATT S I AE B o A R R 4
BT 25 Fh 2 4 7 B B B AR 45 5 7 A K a2 X
Bl G2 DX B AT Al 20 5 (B VR AL X 28 58 X BE
AN SRR — 25 R0 5y OB AE BRI 1) B 7 Al (B A
R 1 L P 4 () s %o 07 4 8 DX 35 17 A G B S 42 1%
FEfTGETHE B Lk &7 23 8D . ik i 53 ok 6 s
B 1o i b 7 7 A s O R P A s X )
HE ¢ B 23 W) 4 e 45 38 B e it 2 S H e X
XA AT RR O 0 k7.

(3) 78— B0 A A7 DX sl P 0 ke &) 43 T i3

FERICHE 53 A0 0 R A0 i 1 D0 — A~ X R fife
AN A4S DX, TR TR L Y BB A A T A 2 R =
X k. anfEl 5 proR.

2 I R Ay e A BARAE A s KO R =
AP R TR A SR MR AE AR 0 1 25 IXI, 3X R 1 28
DX a0 T 25 960 3 L T i i A L B A A A8 i B
A PRIE I k LR K.

AT AR Bk 3 AT LK X R A 2 X IR

O R 7EX B R R M) (Relative).



6 14 o

BAE - T ) A [A) B 20 A B9 2 4 HO7 LB COCA-Hist 1019

=
=
=

R

i
o oflu|olol|E
olo o o ol

0
9
0
0
0

=4 < [l f=) f=) [l -
=4 f=) [l < f=) [l

<
(=} (=) (=) (=) (=) (=} o

0
0
0
0
0
0

9 0‘3 17

[Tl

Bl 5 Bk RO 43 A DX P B R 43 T

ol EE R I 55 Rl o A B O B R s X
R A B RIS AR A AR B 6 S R TR X
P T5 % 3 o Al FR O “ BE ML (squeezing) .

LA R A R B AS ISR A 3 2 o0 A B
SR AR EAE D G A A A — LR 0,0
A AT LUAE A7 A A8 DO 2 300 IO 7 2
AR BT R o (2 25 XA T k43 A 1 b Ja) i oA
EE RN AR .

J7ik: 3 AT LA MHist_VF. MHist_VA, MHist_
RE, MHist_RA J7 2 1 (4] — F J7 22 45 5 2k
TEAN TR J5 v A5 3 /Y DX S8 R 42 0 0 1Y 3% 2 X I8
2 Bk £ R A IMP_VFE, IMP_VA., IMP_RF,
IMP_RA.

X A S T R — A ) U 2 Bk AT B i
Jai o W B g — AT R0 43 DX AN 1 ) 43 B A AT RE S 43
HH R Y DI R B0 3 T 45 2 &5 (8] BE 2 A Y A Y D
o L R, K2 00T . sk ik g5 vk 1 B 5 Al
M FVFR BT EC=5. Xf PC LIy VC Fi %
BN AT 150 A

T DA I R S S i G A b i
R0 I BE R A B X A X UE M B
NG, REYEZN“0O"RMKE=[B| X
Empty_ factor W, A ¥ 25 X B JF & 38, 0
Empty_ factor /N CHLAN 0. 01+ .77 Al 19 /1> ik
A Ty B B R ) B R A EO™ A A AT
FEVFIE N AT AR | XL B Y | B RN Empry
factor TEE M 0.1 8 0. 15. B EH SR E ik
ATE45 J5 #E— L TRABEE.

77 O R o U €A TIE | S S S e ]
& ge i) MHist_VA J5 ¥ BCA DX 31 % 135 7 i 5088 2
A A O xF T 18 5 F s B $0CH o3 A AR 1 TR 45 08
buckets N4CH 3 HITHE T E S B MHist_VA Jy
AR AT RE AR X FE Y & A 3 A bucket 1Y H 5 &
{((xl,y1) s (25.35), 5), ((x1,y6),(x25,y6),9),
(Cal,y7), (25,58),3) ). FATKR I, X 3 4~ bucket
LR A R A A — A HE 0 BT, bucket B 35 HY

Kb EHRZL 0 FoUH. 78X a5 H F Ak 58
i) P:al<<X<<x4 AND y1<<Y<{y3 Bk #:45 K/»h
K 2. ACH AR BEAS [AME AE bucket B {8 5038 H 4 )
O3 AR AR o My R S ST R S R AR
INRE R 5 X (3X4)/25=2.4) ,1fi SZ b5 I 3 A4~ 15 7 1Y
SRR NIZ N 0.

WACR B EIL 7 2 4 3 MM Y bucket
{((x3,y4), (23, y4),5), (22,36), (x2,v6),9),
(x5,y8), (25,38 ,3) }. FEX A By KISk I, 18 1)
P.x1<<X=<x4 AND yl<<Y<"y3 Wy E#4E K/ K
0, RS 1 45 R4 KD

“E O I B MR H AT LAV S “Empty region
aware” [ 75 15, B 7E I8 /D 25 BT S X B IR f
F18) 70 TET 5 1) i 1 559 R BSOS N 1 L PRI R L
e TR A B0 422 30 55 R B B L A
R0 T T TR AT 52 56 43 00 U WA et 1 22 4t T TR Y
ROR.

TEHAT S 90w, FAT A — 41 S 5w b B R
CEE O BRTRIUR SR 0 BT A R SR B I
A AR O A I AN B0 L gL TR R 45 R s TR Y
EL7 B3 45 7 A — e B0 H I 25 A 6 BT AT 28 B Y B
Jr ERRATTES R T 0 37k f k.

T 3 S TR AT R A B B A 55 eR B ) 1
#F MHist_RF Hil MHist_RA %50 3 52 47 3 1% %
) MHist_VF Fl MHist_VA Jy AR Z , i Fe A 13
— U IMP_RA JH7E 55 26 UK # 11 COCA-Hist
H7 B g R .

G5 A2 A3 TN A FRATT AR A 2 T
AN TR) 1 B804 4 A 1 e E B 7 B (COCA-Hist) 1]
FRAEZR I 6 TR,

#i%.  COCA-Hist.
BN : RRRJBYE X MM Y B A B0 43 A 5 L 25
) R Al S A0¥ B2 7] K/ A (A= 200B)
s Bk AR AR R 4k H 7 COCA-Hist
A
if max(oy_.xs Oyoy)<<Thresholds then
SrAEIRE X MR M Y W %A Ly — 4 H T A,
— M H TR BEE X ¢ Y[ B4
else if (VParam—1) <e
i B IMP_RA 53k R % 1~ 3, Q1@ fh e i B 7 &
else

FRPEAL T % 2. @ MHist_VA RELKH 5 K

B 6 COCA-Hist 7 K& %

5 MEIMBEREME

ek (11 #E W, 3 F MaxDiff(V, A)



1020 it =N Bl ¥ £l 2008 4
MHist-2 B J7 EE B R 0 F & — B0 25 I — A 4
PR 43 B A A R . SRR IR RS R 6 S IR

A3 AT A BT XA 007 A2 i JEL L S T
HE B IR OO A D T7 3% L O T S2 86 B0 IE 1 7 B IR 1
OLF FATT 2 H 1Y 07 125 1 A Rk

FATT A B 2 A Ja P 0 Je M (BT X 05 R AR 22
RCEAK T 100 F5), 2 F MaxDif f(V, A) Ky
MHist-2 F J5 B 1 e 815 SLAR 25 5y & A= e ¢
FIAE % 3 79 A Ja M AF I 1) {300 L& 20~ 60, 3
ARAR J VY 25 B AN 2l g 55 (H 2 LW - B dn 2R
J2 LA 500 TG — A DU AR <8 J (8 1) B A D
M 500.

Z i LARAR 25 By ¢ A i AR B i R iR R B
PRE BRI A B FATTFIIE  MaxDif f(V, A)
AR A, =S, X fi.. SIEVESEE, £ il g X
TE B AR DG BE AR R BI 55 ok RIOH A B Je P i
F18) 22 D31 A 0 2 1 5% I R Ok

) T M A P 22 0l ) 5 YA A AR 22 AT AT LA
P BT SR 56 1 B S (R X B R T 1 A B
B0 22 ). E U s P Y 3 B B A B vk W) R Oy L A

[X[—1 [Y|—1
max(1x =1 D8 1y /
[X|—1 [Y|—1
min(ﬁ ; S¥, \Y\lifl; SY )2100,
WA & PE A 2 0 05 B 2

FRATTET X 55 B BSOS 1) 175 0 T 0 A 1 B o 2
S FLARGEOE J2 0k w8 V(R P 2 85 R DRy T M L R X
NIEPEY e — > ol b 1 ek K SRR B R
— A B S ey ST = f(S) MR S
SRR VETERUR M X [0 - 285 BE A S AR 24 (35 [ 7.
eI 2 4 17 B ik B il MaaxDif f(V,A)
A7 AT R oy i R MR Y R 4R b 5 T
B FRATTR A S A EOR 1 SY 5 1 B O 4 1k i
PELR R 3 DI AN ) 73

KT X B0 5 A ) COCA-Hist Z 48 B 5
P AT LA sl f e A HAE —4E b3 0 B804 4 A R [ 1) 15
O A5 1 7 P ) 3 R AE PR A J P 2 ) S A

WAL B & 0<(VParam —1)<<1 I}, 2k 9k
o (L5 B B e A Y o T LA A T 1 S
ZJEH) IMP_VA B B A S df iR s 24 1<
(VParam —1)<2 B}, ek J& VEAE 55 B 50k 2 A %K
i, (H 2 I MHist_VEF 5532 i 4 H A fe 0 19 1 1
JE s FUE R O T SOt R R S R ok a4k L O HL
g i MHist_VA B J5 B B AT B0 1 e 2

FATR S5 AR B T K iR T AR 43 A 15 O 1 £
P Bk 4.2 5, 4.3 R 5 W AL NA
.
6.1 HEMMZIHE
FAT 2 1A [ 19 R SR/ R85 ] o 22 | X
Y |2 800/500; i & (H B K : [ X|FIY [ Ry
4000/2000 B, 6000/4000 55) , il i & % A [F ) =
B R TR 1 i AR B AN TR B B R A B
AT RE. S AN ERAT L 220K T S A JE P Y 8 PR
5 R T FRE 2 L A8 K O A J M 1) i M B 1 5
JERAZE 100 55 F1 10000 £5 A5 55) B A [A] 155 20
6.2 FMHEIR R

FRATTAE I T A [ 1) £ 160 67 2808 3o A ] 5 BT 1Y
TERA I < A2 BB A — o FLAR 9 I 5 30 T 2 i 1Y) 9 2%
LE WX W by — B p 2y <X =z, and
yi =Y <y, B A9 529 0] LB A 2 V0 2
FEBIY 2= H oy =y B0 & R R A9 B B
Hist AT SRR 45 R KN est (p)  FEARTE p I E
SEEE IR RN act (p) S V1A H 4 % 152 2%

Err_abs(W,Hisz‘,):E lest(p) —act(p)|.

pew

h T AE T LR 2 B 5 R XS AN [R] Y A i 4
B A TR 3 L FRAT R AR X 8 2%
Err_rel(W ,Hist;)=Err_abs(W,Hist, )/Zact (p.

TS A R AT BE L, FRATTAE B A i)
R A R 25 K (2000, 3000, 20000 4~ 2 ).
I HAE— DA 2 My HSAE (B SR8 A Bl AL
A TR 4 BE b A v A S R 2, — o y— il
B AL AR G . 3 R AR H I S 1 A 80 £ A f
AT AT BEAL 0045 b AN [R] 1 B0 1 B 4 3 (ad-hoc
queries).
6.3 LWFAH

S50 B & PC #l, Intel Pentium 4 CPU,
2.8GHz,1GB W ff, Windows 2000 #:/E & 4 , 4 15
#% Microsoft VC+-+ 2005.
6.4 LIWER

(1) B ARl K 4 Ak 7 1) S 5

Beis s MHist . VA B A7 8 19 i o 5 5 ok — 20
FEAT A T AR EL S AN R AR BE R R AV
J7 1y COCA-Hist Ml MHist_VA J7 ¥ ) 46 X % 22
Y LLAEL B 7 R 45 7€ 8OKB 4% [ I 1 77 8] i o 4
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BAE - T ) A [A) B 20 A B9 2 4 HO7 LB COCA-Hist 1021

Y LA L (ELUR Bl 45 % 25 ) 3 R CEE A 120KB)
X A 2 ik — 2B 4/ B2 U COCA-Hist J5 2
4 R 2 23 He MIHist_V A B2 i 5 2 9 15 4.

1

0.8

0.6

0.4 —

0.2 —
O ’_‘ Il Il Il Il Il Il

0.0001 0.1024 0.1611 0.1642 0.2148 0.2880 0.3423

LIESES
P 7 B0 AT R AR LM S I Y G B L

K7 gl At br R AV 7 5545 3 i) 75 3R] 1R 22
5 MHist_VA J5 %45 2| B 2518012 22 19 Lt Al XA~ 1
BT 1L BEWY AV J5 ik 5 Al S B2 5 T MHist_
VA J5 .
X SR AT W Threshold, HEH T A
0. 35 MK A FATHA BNAE A OC R %<<0. 35 1y 7 %K
P AVI R B A AR & & B, B Y e B
MHist_VA #5153 %, 1 B A — 4 5 5 & L) &
BRI ENME 2 (LR 2).
DIEcds g o X Y BN [RIE S £l 4000 F
2000 [ LA Ry 9] 76 A7 A T LR 2 S Ve R 1 0T
AN TR AL B 7 1 i A A ) ) L3R 2 (R i ms).
*2 BHEBAMEEMIERTEF E G ZEE R

AVI5MHist_VA 2% Al

B4

EnHE 0.000024
MHist_VF 13531
MHist_VA 14969
MHist_RF 10828
MHist_RA 8859
MHist_Imp 156

L BB BE 1 B0 . N ) B L o e ]
() LR SR AT LU M S A0 SR AT 78 40 0 E 40 158
Bt 2 6] 2 AR B S R AVT R A AL AT LA
ARAFILAF (Al T o B 2 T LA 23 ok Ao 0 A
Jr E AR A

(2) 55 BR B 114 52 50

WRIE M (VParam —1) <<e, Wi {11k e=1,
FLABR I A P 22 B) ) S 1 O 2 38 R R A 2.
XL S B AIE 4. 3 1 G s IMP_RA Al
MHist_VA )4 %F 5% 22 (1 FL A . i 8 fis.

FRATTIN A B 52 55 B3 Ml v B 8 21 KA 0 W] 55 v
B ) Ol AT ) COCA-Hist B Jy K s i
ST AR h 3 A% e MHist_ VA 5k

0.7
0.6
0.5

24
W 0.3

o9

0.1

L L L L L L L
0 0.0205 0.1107 0.2212 0.2238 0.2410 0.4475 0.7225 1.0000
(VParam—1)

P& 8 555 bR KA A I TR A AL A B AL
L, HER RO YR 2.5 5 DL b e B ek T
3.5 fi5.
PIEHE sk X R Y (A FEAS % 4000 Al
2000 Y KRR 1]+ 6 A7 A5 55 bR B R Y 155 &0 T A [+
A Ty B B A ) WL 3R 3 (L7 s ms).

x3 BFEHKBBATESECEREEE
B 1 H] /ms

VParam
MHist_VF MHist_VA MHist_RF MHist_RA IMP_VA
0.1 5438 10781 3734 4235 2031
0.5 4781 11563 3734 4250 2360
0.75 4469 10828 3562 3781 2594

A S T AT K I LA [R] ) B AR ) 15 B0
T YR Y S A 5 308 BR BN L 38 B AR [ Y
EH——IMP_RA J5 1B 2 4t 1 J7 1] 9 B[R] 5

(3) Wik B SR DL Y 2 56

2T VA 25 E AR 22 BRI, FRATT 0 gtk Bk X
T 5555 bR RO B I O AT BOR kgt T T AT 4
(VParam —1)<1 1§ &L T ook 550k 09 S8 30 45 2% . a0
K9 Fros.

9 bl LA M. A 55 o8 BB DT
COCA-Hist & & IE & YA 5 B2 iy IMP_VA 5
20 B BE LU A% 48 MHist_VA J7 P ¥R &
6. 76 1%, AR SR M T 11 A5 2.

7 od

X .

s NI 0.3

5% 0.2

<o

” < 0.1

L > 0 1 1 1 1 Ij
E 0.125 0.25 0.375 .5 0.75

(VParam—1)

K9 COCA-Hist X B3R 4 B0 i itk

EIE T s PR {EES B 19 22 5+t 5 » COCA-Hist 5k ]
Bt X 55 B RO Y B M L A B T S UME R 09 Al 7
. [y COCA-Hist J5 2 i i [ A 5 1 & 7 &
B R R R SRR, IEUE H E A X ALY AT
{EN % 4000 F1 2000 YRR Ay ] FL A L3 4 CHL
{37 e ms) o BRI B B0 LA TR AR 1 3
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| s e ey 1000000
R4 EEMEEEZRBRERLT 100 [ECOCA-Hist BGENHist OSTHoles|

£ 7 E 77 822 B 1) A0 LE 2R 2 100099

_ £ 10000
B #E 5 [H] /ms =

VParam - - - - +— 1000
MHist_VF MHist_VA MHist_RF MHist_RA IMP_VA %":ﬁ

0.125 6578 5218 3860 4094 1765 = 100

0.5 4703 4828 3500 3985 2000 10

0.75 1547 4875 3500 4219 2203 1

ELA5- 45 9 02« 5250 I8 7 6 R M R 3R 25 B A
ZERERNAG DL T+ AH OG22 B0 75 J& 1 18] 3 ARl 1k ST 7Y
TEOLEE, R AV ik IF AN e MHist_VA kA
WY m P . R B AE T P R) B R A 22 AR K B
MHist_VA 0] DU i Hby 32 45 45 Fl 414 7 BB A5 060 -
AR M A4 AR R/ A 0 B 38 F MHist_VA Jj
Pen] DL VE §f b A% 11, BD gk BF MHist_ VA fY false
positive B K. L& B8 M AH & R EMR T
0. 35) B AVI J5 1 [t MHist_VA 525 2% H & i JL
AN G R T R T B 5K 3 43 S 0 4 SR m A

(1) 5245 )7 B’ GENHist #1 STHoles 1 b4

T FRATT FL 88 1 A 3 AL ES 4R A L ST RN 55 R A
IR 4 A 1B 00 F COCA-Hist 51548 ) MHist-2
24 H 7 BB R IF e T AN A B G o A
B IR AR B IR O etk 745 H COCA-Hist J&
HRRE AR 2 4 BT BB e Z o, I—ATE A
JLAL A 52 3 e 8 COCA-Hist f12 4 ) GENHist
S STHoles #1744 %01 A M BE J7 10 1Y HL 4L

GENHist"" ity $2 H 2 &1 %F 52 580 B i Bk &
O3 A X TR AR SRR ER A ERE X
Tl o A 185 0% R T HAT bR R 52 55 oK BRI 1Y
BB B0 4 A A . UL FRATT EL B T 7R oA B 5
55 B B # 15 B F COCA-Hist 5 GENHist fl
STHoles HJ7 B4 (B 100 5HERE (B 11).

X4 S B SR AE FAEL R 4000 X 2000 [ BE A B
35 B 8 B L O L 25 8 1 B B T 2 (R 2
80KB,GENHist f1 47 4 4 43 2 %k € & 8, STHoles
KT 1000 A~ Bl AL A 1 Y R A i), Zead U 25, 7
9y A WA R A2 i STHoles B 7.

1.4

1.2 OCOCA-Hist[] 7

1 O GENHist
< 91 O sTHoles
:‘\0.87
5 0.6

0.4}

0.2

0 L —— 1. L
1 1.0025 1.00375 1.025 3.5
V Param

K 10 COCA-Hist, GENHist 5 STHoles 1 #ifi % b %

1 1.0025 1.00375 1.025
V Param

B 11 COCA-Hist,GENHist 5 STHoles % i [a] kb %5

=R E 5 B Y E 10000 A BE LAY A 100 6 50 7
] P A A 12

MHER K 75 55 bR B 9 1% B0 T, COCA-
Hist R FI B 0 1k R 8 A i HE B 1 80 43 i 48
e 07 BT As i TP A 8 & T 2 4k 1 R Y e
T EE, JF HOME 3 SR L& T STHoles, K K& F
GENHist.

HEERERF . COCA-Hist J& JC it B [A] Z%
b S22 (A ROCR AR Al W = 4% GENHist f 75 5 2K
i I3 30K A5 43 AT R B () 3508 L COCA-Hist ZEAIR—
ANECE 9 1 STHoles 553 77 22 8l 245 Hh 4 37 B 45
¥ 9 HoA T ARIE B 7 G o P R AT RE R T 42
IR ek B g 1 7 B, A S H o W B
A A BOHE o 4 () TR )L I8 T E AT BB A I
(merge) #EAE X AALAE SR 0F 8] L 10 H. o 7 A R it
BACA (penalty) 75 L4t 9 5 H 7 B [6] 14 B — 4>
B R It STHoles 8 3% 1 B 8] 8 R H COCA- Hist
TR B 2.

B ALY 58 SR K B . STHoles B — A5 i wl
SRR AN A 38 2 A ) R AR e . i )
AR AR K. ATA — A L5 A 80KB
F1 100KB f A 715 3 F » STHoles Y AH X 15 25 275
AR /N, 435024 0. 061 A1 0. 064, {H J& A1) g i ] 41 &
AT EEI AL N 112953ms T R E] 828ms. X
2 R Oy 28 (8] 38 34 i )& » ST Holes 1 LA sk 4R 2 #E
B9 merge £ AE. T [A] A A9 25 [A) 9550 ok AR, A1
COCA_Hist [ AHXF 2 22 % M 0. 139 R FEF] 0. 057,
R A B (] AN 1359 ms 2 15 2] 2109ms . X A& A
W2 H 7 S E 2 0 B Rk A R A 12
iR,

X H T A O A FHE 4 A AT 43 A T S
3. 75 Bl ek B A LB B O T L FRATEAR 2] T2
Iy 2538 . COCA-Hist REMS 78 1R &1 19 B ] P4 A1) 4
WER R BARL T STHoles Y2 4 5 5 &, i i 7
s J¥1) 2550 2% 30 2 7E ME A %6 07 1T COCA-Hist #m  T
GENHist. fF 5 05, e 5000 45 R nk 2.

3.5
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1000000 0.16
—O— STHoles ) Z It} 7]
1000001 —O— COCA-Hist @l 4 i ] 014
—A— STHoles i % % Ho.12
é 10000k —/\— COCA-Histi% %
£ Jo.10 ,,
= 5
= 1000t 70084
= B o
B o0 o0
= H0.04
10 10.02

80KB o 100KB
2 0] T

12 R ) B 7 T T 22 5 ) B ) B

i I S H . AT AT 4518 . STHoles 194
FAE T L H A A ) B 45 2R L AT LLUJC R 55 B AT
A & T B0tk o3 A B 45 8, B o v AR B LT 1 L AEL:
Y G5 A 360 £ B (] AC i 20 A5 1] 200 s COCA-Hist 2%
Y 98 2l 1 2 4k B 5 B R T 1 ol 0 E R SR
KA IR AN TR HC 4R o3 A 5 E D0 A MR T A ) A 61 2
ZHEH 7 IR SE - T AR AR 2 A I 1) P B e iy
HiRTNPEAZ AW

7 BESKRFEIE

A SCHE T B X AL g MHist-2 B 5 B 3517
M B COCA-Hist. % 4% MHist-2 #J7 & ¥ 17
WO B T DR AE T8 L R T B 40 A A B e 2
B AT R B ST B A o6 R B 38
R AR AR H AR 2 G R 7 A (R B 40 A 1 L T
FHERR L 55— J7 T MaxDiff Ji% (%) B J7 Bl #£ — s 2%
2 B DBMSCH A SQL Server) )32 4 .

AR ST X B T AR A L ST N 55 bR BRI 8 ) 15
BOF 2 T B Y B 5 I’ COCA-Hist B3, 525 i
v COCA-Hist HJy B8 2% A& 52 i) MHist-2 2 4
BT BT 4K 8 2 T Y A R O AR OR el
M T MHist-2 Z4E 5o BRI 0. SRR 2
4k ¥ 77 ¥l GENHist #1l STHoles # k. » COCA-Hist
R B () 2% 5 E B %6 KK 8 T GENHist, I H g4k
HEH R % 47 F STHoles. GENHist 7E 44 %) /> 5 %4
&4y 8 WA [ %3 % T ST Holes fHJ& 24 & 3§ K}
8 S T YK O S A R B S B ) 28R S IR
F STHoles.

KRB — LB TAER B — 5w E, b
N A Bl b 18 5 5 U 3 1Y R S 1 e 4 S 1Y JE R (E
s i 22 B R ] BB /. 55 AR AT L) 45 4 Compressed H
J5 B 7 ok COCA-Hist #4720  F) FH FR(E AR 28
RIp3 COCA-Hist {23 [A1 R F. 1 W7 4. 3 15 (14 41
T BRI B A4 TR B 43 A R ST ik
Ja B B 7 B FATT S B AE AR 43 A1 I AR 4 15 10

T LW WA — A (bucket) ) — N TE X 38 45 A%
T CHAEARD 3K R A7 1 A5 B 2 i ik &5 i >
—2, QR B A B A K MBI T 4 R R B ARG S
[B) [T, AT LA FE 25 78 19 2 [R] 30450 A At o & 1Y A
(bucket) , DT £ 5 et J5 22 4k 15 J7 161 %) o 1

2 % x W
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Multidimensional histograms are most influential and
important for relational database query optimizers to accu-
rately estimate the cardinality of the results of query predi-
cates. In self-managing and self-tuning databases. many ef-
forts have been put into improving the quality of query execu-
tion plans produced by query optimizers. So the statistics
which are heavily relied on by query optimizers are key tech-
niques of self-managing databases.

In the database research community, many excellent
kinds of histograms have been proposed to replace the fallible
uniform distribution and attribute value independent assump-
tions. They start from what histograms should be like, rec-
tangular shape, frequency approximation, value approxima-
tion, partitioning constraints or even more simply, just the
queries, etc. to build the histograms.

On the other hand, self-managing databases gather and
analysis useful statistical information to reveal the hidden
characteristics behind the data, so that they could adjust
themselves to automatically reacting to the changing context.

The authors found the famous histograms seldom take
statistical characteristics of the underlying data into account
when building up their own histograms. And they tried to
combine both the above two sides of efforts to produce more

accurate multidimensional histograms with less cost.

As the authors showed in the paper, COCA-Hist, as the
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first to use such statistical information as correlation coeffi-
cients and value densities to describe multidimensional data
distributions, exhibits superior quality and performance to
those traditional multidimensional histograms. It is a data-
driven method, and computing the statistical information can
be done on the fly when the multidimensional data distribu-
tion matrix is being built thus inducing negligible burden.
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Their team has made much progress and achievements in
the research direction. They set up a platform to test the
quality of different multidimensional histograms. Also they
have published some papers to share the ideas of using corre-
lation coefficients to accurately and easily describe the differ-
ent degrees of correlations.

The research in this paper is the important part to im-
prove the quality of relation query optimizers which, in turn,

improve the performance of the whole database systems.



