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Abstract  Join aggregate is a commonly used but time-consuming operation in database. Compa-
ring to exact queries, approximate results satisfying user-specified confidence intervals are more
attractive for their much faster responses. None of the previous work can process approximate
join aggregate with both high efficiency and an arbitrarily specified confidence interval. This pa-
per proposes a novel algorithm, (p,e)-Approximate Join Aggregate (pe-AJA), which is able to
return approximate results for arbitrary confidence interval efficiently, Two data structures, join
random sample (JRS) and join positional index pair table (JPIPT), are presented and pre-compu-
ted in pe-AJA. pe-AJA first makes use of JRS to make a quick response of approximate results to
users. If the approximate results from JRS do not satisfy the given confidence interval, JPIPT is
exploited to obtain more random join tuples. A sampling algorithm is provided to sample JPIPT
tuples of specified size. Algorithms are also presented to retrieve join tuples by sampled JPIPT
tuples in one-pass sequential scan. The construction and maintenance of JPIPT and JRS are pro-

vided in this paper. The experimental results show that pe-AJA obtains approximate results for

Wi B 1 :2010-08-22. A PR BIAS 3 B 5 Ju-b =7 5 A5 5L il B 5% & J B R 30 B 3 43 (2006CB303005) [ 5 H 4R B} 2% 5 42 (60903016,
60533110.60773063) i th 2L 75 A A 32 #3t % (NCET-05-0333) BR Jp i1 8 2 )T R 8 R BF 95 391 H (11531276) 55 NSFC-RGC of China
(60831160525) ¥F Bl #6458 . 95 . 1981 4R A WL T A, FEZEWFFE )y ] O 1 4 530 4 RN 500 2% A B3 45, E-mail . xxhan1981@163. com.
R, 1976 4R AL PRI =B 1) i RO A AT S R R GAGEE) . 1950 4R 4R Bl LA
T . 3 BB 5 ST B A A% R ) 46 4% . E-mail : 1ijzh@hit. edu. cn.



1920 it "

Bl

e 2010 4E

L
&

arbitrary confidence intervals with a speedup by 1 to 5 orders of magnitude compared to exact

queries and the update operations for JPIPT and JRS are efficient.
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//N=|JPIPT| . the number of join results

//random-generator; return random value in (0, 1)

1. set t=0 and ' =0

2. JPIPT-tuple JPIPT-sample [ k]

3. p=random-generator (0,1)

4.H(p<i%%§%)then
5. read current JPIPT tuple to JPIPT-sample[ k]
6. K +=1and+=1
7. if (K’ <<k) then
8
9

goto 2

else
10. return JPIPT-sample
11.  end if
12. else
13.  skip current JPIPT tuple
4. +=1
15.  if (N—t==k—F") then
16. read left JPIPT tuples to

JPIPT-sample[ k' s+ k]

17. return JPIPT-sample
18. else
19. goto 2
20. end if
21. end if
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(PL,=N+D.CHFHEL 2 2G®RFEMERIIMME
ot IR p
N— (—1)—k+k

N——1 ’

k—F
N—Gg—1"

PI, <t < Pl,.,
b =
t = Pl, .,

(5
R PI,<t<<Ply .\, KA EERGI 8 Woodik
AR 2 SRR CAELAEZ T Z . Bk &
WHE AN JCAL, BT DL R o B i oo 41 R
1—(k—k)/(N—G—1)=(N—G—1)—k+k)/
(N—G—1)). % =PI, 0. i FZHC Lk L
AT BT LA B B G A IR N (k— &) /(N —
(=1 MRAg Py L FRATHESE 2 2 315 £ Dot
HAMEES p=p1 X o X oo X pn ARBIR . p 0950 BN
NP gk BRI L T4, p, 195y TR &I N
—k N—k—1,-, 1, B3k By & DICHX IR p, 17

—k) I Xk
I TFALEIR byk—1, -, 1. T LA p:W:
L NN A -
cov o CONS R N ATEAL L kA e 4L

MULH 5% Ik 2 AR5 1Y & Ao dl e JPTPT fY
k A BEHLREA A HEEE.

{8 JPIP T-sample J&—~ 5% oft X, IR AT fff
SLVE 2 R1F M kA JPIPT BEML AL MR 4 L IRAT]
HIE, JPIPT-sample " E T X N T, F1 T, J0
HXJE Tooa To Y & AN JEHFEHLOTA. # TR AT
AR JPIPT-sample K443 T, o< T, i HEHL
JCA.

AR PR A By B 23K 30 expression(t;) , pe-
AJA WA PRFFBE 2 B 3 P I0 . (1) expression (t;)
Hy N Ty g (2) expression(t,) R o F£ T,
B JE M 5 (3) expression () ¥ 3% T F1 T, 19 )@ 1.
PATRXE 3 Bl B0 23 5 AT



1924 it "

Bl

e 2010 4E

L
&

BR A, expression(t;) A K3 T, 808 14,

E %1 JPIPT Ry u AR I8 & v P 1, # e CHLUE W]
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SRV S AR THBL AR pe- ATA B 2 B B it
AL B R X R T AT R R B 3 H
Bk ok AN i A P TG, DT bR T Ak P

B B, expression(t,) Rk N T, g IE.
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f89 P 1o Ja 1k ) Bk AR A% AR W i) T, T4 & 2, A
PLJgYEAE , PL J& 2 i (8 A /2 508 /Y CRE 20 1 DL
W41 950, pe- AJA L HEF M PLIHEX R T,
PIAT — 30 T 41 4 7 0 75 25 2R SR R A Al R 1
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10 28 Bt AL 5 JBCHR A o DTG ™ B 5 Wi % 3 R Fir D
&L B B YE PLIE X JPIPT-sample $A4T—
WHEFHAE. HEF 5 16 00 B iR TR 00 AL

&% 3. pe-AJA-stage2-A(int N,int m,int &,

double Y,).

//k: the sample size in stage 2
//&: nif op=sum; 1 if op=avg
// flag: true if op=sum; false if op=avg
1. JPIPTSample=sample-] PIPT (N ,k)
2. int currpi=0, value=0
3. T1_tuple tup
4. for i=1 to | JPIPTsample|
skiptuple(JPIPTSample[i].Pl,—currpi—1)
read current tuple to tup
value+ =ex pression(tup) X ¢
currpi=JPIPTsample[i].PI, +1

. end for

© o0 NN o Ol

10. Y, _ value
n
11. if (flag) then

(Y, +Y) XN

m

12.

return

13. else
14. return Y”/X”+7Yk><k

m m

15. end if
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A BUF_T,. & &l B s, | FHE 3RS BUF _T,
Hi»JPIPT-sample 75 B AR 4 PI, J& M A7 — I HE
Fe A I LA 24 HG BUF T, f1 BUF _T, (¥ 4 [F] i J3
MEMITCH A Z Toa T, B TC AL pe- ATA TF B4}
BUF_T2 t4& PI, i H A7 — W HE 7 2 1E 15 3
SBUF_T, , i} BUF_T, 1 SBUF _T, &4 [a] Jift ¢
fLE W T AR R — S BENLE o dl. Bk 4 N A
THEOL CF pe-AJA S5 2 By By SE A Ak 3 2. 5
3R] TR 4 W IERRE.

Bk 4. pe-AJA-stage2-C(int N,int m,int &,

double Y,).

//k: the sample size in stage 2

Ak
// flag: true if op=sum; false if op=avg
1. JPIPTSample=sample-] PIPT (N .,k)

nif op=sum; 1 if op=avg

2. set value=0
3. BUF T, is obtained as in case A
4. BUF _T, is obtained as in case B
5. sort(BUF_Ty) on PI, to obtain SBUF_T,
6. for i=1 to k do
7 value+ =ex pression(BUF_T, [i],
SBUF_T,[i]) X¢
8. end for
9, v, = Lalue
n
10. if(flag) then
11.  return w
m
12. else
13. return Y“nanr%
14. end if
EE 3. BUF_T, fl SBUF_T. K H R &%

IR TCIE T e T JTAL.

SES. OV JPIPT-sample 447 % k 4 JPIPT
BEPLICLH . BUF_T, fRAF KB TIF 00 A #RAE RIS /Y
T\ oo, BUF_TRAF R TG B0 B #:4E 3R 13 1 3%
A& 2 WHEP W T, o4l JPIPT /9 P13 5L
W LABEAEIT S Sy = (i1 siz s vip ) » PL S B0 AT
PLBEERFS] S, = {j1sjosje ). BT JPIPT 4R35
PLAHER FFLL i <i, < -+ <i, . BUF_T {#£1£ 1Y 0
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HEABHWALE RS Pr={(1.2,-,k}(BUF_T,
M5 AOCH BB E RS DL IR H P T E
MSIICEEA 1-1 MR LR (BIR S, TR 72
HEAE . R L T (R R A R Y T, oo, fir D
FOWT T AS £ 5w 45 R i IEw . AT S M P4k
BTARAG— DB FH] SPy = {1 1) . (s s 2) s e,
Gusk) b BBy, FATHRS T SP, = {1, (iy s
)0 Giyn2)) s eeey G Gin kD b Hid Gy Giy s
a))FR T, (G4 JPIPT (a) % 0 Y 7 B2 45 B iy —
. N SP, A AR 5. HEF 09, 5 X T, /Y
JE e R AR AT A5 R B B0 B AR BT SP, AR .
HEFF A SPL=1{ (1G5 s Gloa Gy asy)) e
s Gy w5} ajl=2ji e i {51 sy ssi Py
() —AHEF. R %, BUF_T, 1 BUF_T, ¥ HA5
[ BT A B R 5| 1 T AN S 8 S B AR 45 R oo 4l
R 3l 5 s, 7 a. BARUESS R IE 8 M BUF_T.
BEAT I3 — AR s P 1 48AF. T So R Pt
FH 11 MR K FR, Bk BUF_T, th o] LR ¥ 7,
HeFy o BUAR S X0 PLAHEY 3845 SBUF_T,. LS.
pe- ATA TS 2 BY B oe 5 iy & &R 15 1 W 2 48
EBEXEN m= (2, Xo/e)* NHEMLE R TH.
Zen] DLIR [ PR T LSS R A5 1 By
BEFNGE 2 B Be Ay 285 S 0T DAAS B0 L 25 SR Ry aia s 31

BAXWMT .
(Y, +Y) X| JPIPT N

m

op = sum

Y,,><n_’_Y;c ><(mfn)’ op = avg
m m

Rpe—AJA = 1

(6)
HorpL Y 2 BE 2 45 80 A9 T F 8 g 0 = B 2CR
Y, KL . pe- ATA B9 AT R 45 R T, 4 45 R
R, an iR 125 .

Wi, X HELIRATE S pe- ATA i faf b
KR &M A SN TR R BN R I A Y. pe-
AJA FTLLFI 2 48 22 5] Rk 4140 JPIPT, Hovp, %
S5 TCL M JE PSR (B 1R S R 51 5 2R 45 8 % %
JCLH 1 Ja M 7% AR 51 8 Pk Sk CfED X 1
JPIPT JudIAF N X I 2R 51 48 1 R 5 1E. 45 & A5 ) 11
K& S Atk pe- ATA (1 ib 35 1 TG K 22 5% 1015 00 14 Ab
AL H 2 i B3 2 X JPIPT A7 SR A 1) i) fi
HUHF B R A R AT R,

X — T IRATE N pe-AJA i #] JH JRS F
JPIPT fe b B bl % He SR AR A ). e PR WY, K
1140 B g an o) 4 2 A 4 41 JPIPT Fl JRS.

4 #¥JE JPIPT #1 JRS

TE A1 1o AR SR Y — s i G2 A U
AR Sk s Ay i JPIPT. A 14K 15% 1 JPIPT, 4. 2
AT ey g AL i JRS.

4.1 #3 JPIPT

TE ML TR (1 3 8 B0 A BT L 401 Bl - P LR
THEAEE V5 S 3 A1 o - B Y i 4 AR AR R R
TPC-H A 1 19 > i e PR VR #R 2 A i - 32 3 3%
. BEA s NATT— AR 0 38 fe 28 H 3 1 o B2 s
JPIPT W] LLAG %80l S 4 6 S 381 3% 42 3R 4 1 AN [) ) 12k
MGE T 48 A Rt B3 53 0% H 4k 4 JPIPT J2 {H 4%
(), HAR1G Y JPIPT v DL Z i B 3] F — kK
BERAE. AR ECHE SCORAE B TPIPT LB/, 7EFRAT
M 5 . 268GB B B A A R S 4E B 11GB 1)
JPIPT %4, Fir LA, a0 2 vl LA i 22 A 3 2 Jm 1k
XF 4 JPIPT 15 B R A WO ZE S B by i
RAEBRAE.

TEARSCH FRATT AT LAFE JPIPT B AR R A W A8
PRI, pe- AJTAHE T T, 19 3% 45 J8 VA7 it o W 1>
M F) S Cofl Gy A SO & — R
JEYE: P1.C, 1 C, BT L 23 i B AE C) Ckey,
PIDFIC, Ckey, s PI,). WA bR 6. JPIPT (1444
AR LR AT T A 3% B AR : “select PI L, PI,
from C,, C, where C, .key, =C, .key,”.

e 5i ) Hash % 42 5005 00 A % 18 m B Z2 17
TR BCT BAR A = 3 22 A7 CPU F R A
CHEH C3-JPIPT & #: (Cache-Conscious Construc-
tion of JPIPT) . %55 ¥k 5t 43 FI| FH iy 3 28 A7 o 5 R by
# g JPIPT, C3-JPIPT Ry LA RS G ik 5 s,

C3-JPIPT iy kAT B3 4& W4 4> 25 B - Rl 73 1 i 42

2X(S¢ +Se)

Rl o A BRI 7 N, :Wﬁ\?%@.
Horpr, Se, B Se, 43 R R 5 3CHE Cof Co iR/, M
o C3-JPIPT R N A7 48 . C3-JPIPT 7R T
58 Hash S BAE T 200 70 B 8t . X%
A Y 3% 9 B B R[] B4 N 06 R AN OC &R Y R
I3 B XA NAE BT SR B4R, 728 43 i, C3-
JPIPT Sk A e iy o B R 5 ME. 782 - AR
SRCFRA LG N E R AEH /N IR 4 JPIPT fy 44
R CR I AZ G2 1) Hash S50 A& C3-JPIPT.

24 C3-JPIPT ik A & 8 AE I . B —XF 13k Gy,
HCo (I==i==N, MKRKFEANFFFHRI R N, =
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Se, ) A,
TN F A Cu B 5 T LKA 3 2R

F. FP,Se R AW AEIY Co /N C 477 i
GEAF IR/, IR N, =64, %R 40 B4 2R £ 48
X153 7 ok pd /b TLB miss(TLB: BlPEJG & 22 e
Afith o A AL B B 64 A R 4P D0 - B O b ik A
T S YR SR A R 0T M hE % 0 A A #E TLB,
M & A= — 3 TLB miss #4534 — 8 % 70 19
o3 e BUR /DT 64, 3F BT — 584045 1 3 v i — 25 &)
GIIEA T R R AR S BT B R R R 4 R
BB E) N, C3-JPIPT R Y £ 48 R 43 75 12: 95
F Radix-cluster 23017,

&£ 5 C3-JPIPT(C, ,C,).
' 2X(S,, +S.,)
1. int N, Y S

2. split C, and C, into N, partitions
3. fori=1 to N, do

4. read C; and C,, into memory
. S(‘zl
5. int Ny, =T
6. split Cy; and C,; into N, sub-tablet pairs
7. for j=1to N,, do
8. JPIPT,=hash-join (j* sub-tablet of C,; and C,,)
9. end for
10. JPIPT;;=MergeSort(JPIPT;;) (1<j<<N,,)
11. end for

12. JPIPT=MergeSort(JPIPT;) (1=<i<<N,)

Ze3d 5 ORI R 43 . G Co, 43 5150 43 S P AN
T N NS, Hash B BRETE C, M1 Cy,
(R EEAS23 o $RAT . R i Co a3 vl RUICA 5
AT T LAY i AR Hash 22 09 45 VE &6 AT LLAE
BB AF AT Cu il Co 5 53 X B H 45 2R
JEXTNLSS oy A XA B R IR JPIPT, . 3
MIFENTE R 4Ed JPIPT,, LIy 3 F Sk i e 1E.

EE 4. AWM JPIPT, R PI Y.

. Yk ko (By<<ky) (P imy « PLing ) €
JPIPT, .(PI,:mu ., Pl,:n.,) € JPIPT,. 8% 1
JPIPT, v, (PI,:mu, PL:n,) LM 5 BT
(PI,:mu s PLyimyy) . X E I T, (myy) BY B
[ AN BEHE T 32 B T G ) (R BSF TR]. B 60 7 3% 42 38 1
L TR RO R I H T 14 70 4043 0 132 BOR #8
I Hash 32, BT Lh mys "mys. JEEE,

Coi 1 Cos Y FEHARAE TR N o DAL R T
XRG4 JPIPT, #84E PI s HEF.
TATH A — Ik 2 ¥ & I 3845k & JF JPIPT,
(1<<j<{N,,)$k18 JPIPT,,] PIPT % 1 3 @4 &% 2%

PRI HERAELE A C) f1 Cy (1<<i<<N,) F#d7. 3515
N, A JPIPT, SCHF. BUB, P — R AT 2 8% & IF HE
FHRAGH JPIPT,(1=<i<N,,) RS HRLN JPIPT.
4.2 M IRS

WA JPIPT Jg . M JRS By #/Ewk tb & i &
T BRI T 3.3 SN C L AT
PATREI . R IRS W » Novdl, 55k 2 7]
L= A n A~ JPIPT RALoTAl. R H KR JPIPT-
sample ,BUF T, 1 SBUF T, 7] A& FH 2L T 15 i
Cryr k. Rk T A m NEE. T8 . &
PELIRS R4 N ny 4 mo A 1) L B AN ) X B T
BUF T, 8 SBUF T, #t—"/J& .

5 437 JPIPT 0 JRS

AR JE FN read/append-only J2& i 5 £ 45 19 —
AT T BRI B A A A BRI R R, A
SCHIFH % R 2 A S0 #0047 JPIPT A JRS 19 B8 58
EAE.
5.1 430 JPIPT
B RAEIE AT A S] TR BERT,
AT A6\ AF] T, (AR REFE] T.. JPIPT F5Z AT H
SR A S S W BT B T o TR 45 5.t & 2 B
TioaTy= (T, »aT,) U (T, »<AT,) U (AT, »<«T>) U
(AT, »a AT,). T yoa T/, 3% 32 07 B R 51 X £
JPIPT = JPIPT, U JPIPT, U JPIPT, U
JPIPT,.JPIPT, .JPIPT, .JPIPT,f1 JPIPT 4%
MR TyoaT, Ty oa AT, AT, s« T, Fl AT, 5« AT, [
HAEAE RGN R BT AT AR T,/ 5w, 35
BEEARZ I A TH B RS B JPIPT, =
JPIPT. JPIPT, (2<<i<<4) it & W F.JPIPT, =
C3-JPIPT(T,,AT,), JPIPT, = C3-JPIPT (AT,
T,),JPIPT,=C3-JPIPT(AT,,AT,).

T AT,

AT,

Bl 2 TieTREHE

T AT B W AT A sk L B JPIPT =
JPIPT, U JPIPT, U JPIPT, U JPIPT,, 3 H A}
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IHf 5 JPIPT 16 PI, EW A F k. h & 2 o] %,
JPIPT, Ml JPIPT,f% PI,€[1,|T,|].JPIPT,
JPIPT, /)y PL € [| T\ + 11, T[] R &, 1
JPIPT v, JPIPT, #1 JPIPT, )i &1E JPIPT,
JPIPT, Wy i m. #4717 A4 53t 5 JPIPT, U
JPIPT,# JPIPT, U JPIPT, %X J5# JPIPT, U
JPIPTJiF % ms] JPIPT, U JPIPT, ¥ )5 Ifi it
55T JPIPT'.

JPIPT,; U JPIPT, ¥y &b ¥ [t %5 faj #.
JPIPT #1 JPIPT, )84 & #R8/. JPIPT () 4
PIAEEAETIPIPT, UJPIPT, BT, % FMY
A I HE P 2 200 R BT A A JPIPT, JT 4l #
JPIPT, UL K AT LB B AR | T Dy sk s i AR
KT I B J PIPT, i %4 i b A K (7 55 5
H1,268GB 1 # 4% SCF 77 4k 11GB 19 JPIPT, %%
o SRR 0 G IR HE R kb B JPIPT, U
JPIPT, # Bk 4 Z Wyt e, JPIPT, #1 JPIPT,
(9P A Je Pk AT DL B P g 58 ) JPIPT, U
JPIPT, ()& 3 #1E. (1) JPIPT, #1 JPIPT, #\1¢
PLIJEY FHEF: (2) M JPIPT, M th, JPIPT, ¥y
PISAR8 #6 g, 48 SCH 30 40 8 A 00 65 01 HE ) 5
#: MSPR (Merge Sort with Partial Resolution) , iX
L R BIT A AR U SO B U A T A% XY
CPU #4F . iZH %50 FIH JPIPT, 1 JPIPT, 1y
P 1 ok i k5 JT 48 i 1R R

MSPR &%

MSPR 85| A—A0E XA JPIPT, b 1) %4
gty . 7 B R 578 Bl A PIRB (Positional Index
Range Bucket) , HEAJCH (bid | minVal | maxVal
| minOffset | maxOffset ) 32 7~ B A8 ) P13 1)
JIME I KA FIXE R (9 J PTP T, SO F% . 18 1
IR ST — AN B LA B AR R B Y JPTPT
JCH. bid FRoR M ETARY 1D 5 A0 A 7 252 4k
AR $E PIRB & A9 07 B R 513075

MSPR YR JPIPT, 5G4 jpip F12Y4 i
1) PIRB JCH pirb. 42k jpip PILLAN KT pirb.min-
Val W jpip. P15 A KT pirb Frdg 124 /1A 18
BT JPIPT, sty PIAH . jpip W LAE 4
Hus B B RS il pip PILLAR/NT pirb.max-
Val W jpip P15 EA/NT pirb 48 19 25 1 A 11
Wi A JPIPT, JCALW PIAA ., pirb BT 46 1 24§
WYE I R e A JPIPT, JU4Lal LL4 4 b b 2 H
(R SCAF 1T HLR AN 5 BEAT AT BT 4. a0 2R jpip P1,
B AE L Cpirb.minVal, pirb.maxVal) , W iE &

B G HBAE R AR 1) JPIPT, JTHF pird
T4 (0 24 BT YE Bl P g J PIPT, JU4. X k. MSPR
NHEMBHT A JPIPT, so 4, it 7 4
PEAE R PRAT. 401 3 T s - MSPR 1545 T #f 2 i br
.

jpipt
PI, PI,
1
jpipt, : <
PIRB -
PI, P, L
'O] > |Mcrge[ bid minvztlmaxval()ffsm/
[ 5] sort 1 1 100 b 101
% @Es 2 | 101 | 200 :
5 N3 | 201 300 ™ 200
N 290
Oa 201
5 :
300 }

3 MSPR/REHA

WE R B K

PIRB 4 K /v BS /R & A~ 4 10 B A 46 19
JPIPT [oedl A~ %k 7€ MSPR [ $447 i #2 v, BS
HHE 4y EE M. R BS HE N, WAL B
JPIPT, ¥ 2% FHH /N AR JE 40 R AL 38 PIRB 11 2%
U a2k BS WA, WAL HE JPIPT, 1) 2% A1 4%
L AH ZFg i Ab B PIRB fi4 2% st 4 /. Rl 3
1A 48 anfal o 2 DA 9 BS Sk se/Mb MSPR B $UA 7
.

FATH cost, (D) >k FRom X 8 dls i D £ 4l
ROALFRER F , Sipier 2 78 JPIPT JUZH B9 K/ 5 Seirs 2
7~ PIRB st i K /h. R Ny = | JPIPT, | ,N,=
\JPIPT,|. 2 J5 f v} i&. e & JPIPT,: PI, i
JPIPT, . PI {71, N, |45 4 #i. PIRB 3
BELEYT N, /BS AL % » 78 B 0 90 N LA Y
JPIPT, WG 80 (N, X BS)/N,. il % . BS<<
N, /N, (F R BS=N, /N, & W25 B HAx a0 o
BALFE) U (N, X BS)/N,<<1,(N, X BS)/N, %R
MSPR H 75 2 4h B3 A 14 L 31 4 25 220w AN 75 22 1
By JPIPT, (kb3 2% F . W) MSPR #4047 %% F 4n
THIR
costyspr =cost, (JPIPT,)+

cost, (JPIPT,)+cost, (PIRB)

N, XBS_ N
N X pe X BSX sjpm)+

=cost, (

N
C()Sl‘p ( NZ X S_]p[p'[ ) + 3 X C'()Stp (Fé X SPIRB )

=cost, (2X/3X Sippr X Spirs X N} X N, +
NZ >< S]P]PT>
% Ng X BS X S_]PIPT = 3 X (N1 /BS) X SPIRB Hrj‘ s COSLNSPR
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3 cost, (T4 S ) @ H PIRB fH £ 98 I (K

BS
S PR AE) FAC T 2 ] (— kD).
5.2 #3P JRS

2 B R AR 52 IR L TRS 75 B AT B AR
AR 0 JRS J& T »a T2 B 3E BEREHLAEAS. W0 2 fF
TR T1oa Ty =(T, »a THUCT, < AT,) UAT, »« T U
(AT, »<AT:). TATH JRS' He /R T »a T 1 3% 42 bt
BLEEA. A PR TEBE A B BE WL . TRST M T o TH 1Y
A AR A% I BB L oG 41, JRS = JRS, U
JRS, U JRS, U JRS,, H 1, JRS, (1<<i<<4) {0 If
o BB B
TRS HEF (n—nx U ) e 4
T1 e« TR E 3 3843 v 06 28 I 38 0 AR B #)  3E 2
JCA. EBE 5 EM T JRS R H G 1) Tea THH K
INR o I BEBLRE AR

S, JRS'Z T e« TR/ N n (3% 12 B
BLEEAR.

SEO. AR T e To=(T, o< T,) U (T, AT, U
(AT, »<T,) U (AT, »<AT,) = JOIN, U JOIN, U
JOIN; UJOIN, . BAEH] JRS & T s T2 K/ N n
I REHLREAS  FoAT R 75 ZEE R JRS' A 1 A4S o 4
Tiea TR Bk b BOBERJE 1/ T)oa T5 | . 2552 JRS
LT jrss jrs K HJOIN, IR IE | JOIN, |/
| T s T5 | B, jrs J& JOIN, g — A BEHL T4, N
HAE JOIN, gk sk i e 32 1/ JOIN, |. fr LA,

JPIPT X R 1 n X

, , e | JOIN, |
TEThoa T, jrs P BERE ————
|T1'><‘Tz‘
1
. EE.

[JOIN.T | T|»T}|"
6 TEREVEM A4 AT

FRATHe 8 3 SR VAN pe- ATA RYPERE. 25
R H Java 5 5 %5, jdk JIA K jdk-6ul7-Win-
dows-x64,7F HP xw8600 Workstation(8X 2. SGHz
Xeon CPU+6MB L2 Cache+32GB N +1.4TB
B 4 +64bit Windows) b AT, A SCHY 52 55 48 73 L
B pe- AJTA FIHE Oracle 11g 64x F P47 HERH £ ) Y
PERE . 11 B A [F] I LE# Join synopsis . fEZk % 4% R A
FZE S AL ] 3 2 B T2 (1) Join synopsis 7E

3R (8150 AR 25 S B T RE DR UE 1Y AR AT RE S ARG, B
FELRT 160 AT I ] AT fE R L {0 R dn it
REAE M LR WA A B LW (2) L&
REFH ZREEHLZR 5] R FAT LR WBEVL T,
TEV RO PR BT T R o 0 14 45 Bl ML 53 4R AR 1 A
LB I 1) A4 L B 55 4 ARG A O Y s )
(3) 72 5 R0He v 25 300 v e 3 1 2558 RRAR KL e
DA 3 42 52 ) A 00 BT A IR 8 R, SRR 1 X i S
TE1) 14 5 SR R0 4 B B L AR S S 5 ) 268GB
B e 7 A 0 3% e S 9 A0 L IR B R/ & 402GB, 52
B 7 K24 3600s Y B[] Sfe 52 Ji 0T 322 55 9] Ak AL 11 7
P AR RS RS 4B 1L pe- ATA B AT B ]
T VA AR TR PR T I TR BT DA AR S S
A VR LA pe- ATA FIUERG 2 1 B9 PERE.

1 LHWHAIMNEN
il
Qa select avg (I_discount X [_extended price) from
lineitem, orders where [_orderkey=o_orderkey
Qs select avg Co_totalprice) from lineitem ,
orders where | _orderkey=o_orderkey
Qc select avg (I_discount X o_total price) from

lineitem orders where [ _orderkey=o_orderkey

FIH TPC-H, Fe A T4 iE K T4 Y lineitem Al
orders &, 5> lineitem JCZH K/N4& 160 F35,
orders JGZH M K/N 2 128 F 7. 1sf (19 lineitem #l
orders B /N4 Bl & 0. 89GB (6000000 455 4H) Fl
0. 18GB(1500000 2k Ju 41). 1E L 5 v, F& 1] 4= Bl
50sf,100sf,150sf, 200sf il 250sf A K5 . W3k 1
PR s AT Qa v Qu il Qe 43 HIAE A B AB F1 C
1) £ 1.

Tt Oracle 11g 64x b 04T 19 #E B4 £ i) R
Hash Join % W&, H th orders fE 2 3¢ & &, 1M
lineitem {E b 4 3¢ & #. Oracle ¢t X} orders
lineitem F AT AH W ) 43 5 4E , (113 orders F 143
AT LA A 88 J5 MR OR T 4 A ordes 43 44
## Hash 3, Fl F lineitem 43 / /) JC 4 # Il Hash
e 0P R A A T AT R SRR R
RATHERR AL 45 R

SEEG M 3 AT HTTEM pe- ATA B RE « B & .
5 AT BE AR XTI 22 S 808 3R 2 s, 4 7% 185

®2 RBSHKE

4

S8 Bl it/ sf 51T/ % HF 22/ %
BRINE 150 99 1
A5 A3 [l 50~250 80~99 1~5
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YRR I SE 58 PP AN EOE A 50sE(53GB) 1Y K F|
250sf(268GB) B} pe- AJA I VERE s 24 % 18 (5 (1 BE 1Y
KRBT S BN {5 AF B N 80 0 K 51 99 Y0 B pe-
AJA BYTERE s 24 2% S8 AH X 15 22 A0 ROR i 5256 9 fr
FHXT R 22 N 120 38K B 5000 pe- ATA [ HEBE.
6.1 RGN

Z G0l # # JPIPT A1 JRS $04T pe-AJA 1
WIta Ak A JPIPT Ml JRS #0252 T R
B 5 e Fas AT, | 4 Ui T JPIPT
(RS B B]. 24 sf =50 B, JPIPT [ 4 i) [a] J&
159. 5s, i ££ sf = 250 W, JPIPT 1y #4 & i () &
940. 25s. JPIPT {4 8 isf i) Bt 25 250 Hh e 110 388 o i &
T K. (H 2 B X T 25081 (268GB) 4 5 4E , 1)
S ] AN #) 1000s. A SCH A C3-JPIPT 553 44
JPIPT,C3-JPIPT E SR 0AT T W5 ¥Rk &) 43 4 1E (43 5l
TERE BN AE)  (HJ2 B 0 ST B 18] 475 48 [ Hash-
Join e, XL 3] 1 5843 F 1 i 3 2% A % £ i 4 3
() Bk, JRS B # d i [A] L 48 3 AN EB 43 JPIPT
SRAER ] ZREX lineitem ALY [A] F1 4K B orders JT
). &l 4 Cb) BroR, 24 B s & A2 AL B, A
lineitem #1 orders H 3K 15 70 41 19 B [6] 3 A& A~ AE
X JPIPT (1% 2R A B A1 1) B[] J0) e 25 040 & 1 34 o

1400

T
—H— C3-JPIPT
1200 - —&— Hash-Join

1000

S

oo
[l
f=4

600

R[] /.

I 1 I
50 100 150 200 250

TR B A AL

(a) JPIPTH I ]

gl EZ£Z22 orders
=3 lineitem
80 k=1 JPIPT 1

I 15 /s

et

50 100 150 200 250
JCALER A AL
(b) JRSH I [

K4 REwiatt

T3 O R R JRS B R /)N 2 [ 1 (50 56 14
JRS F/NRy 5000) » DK 4 S H 3k BT S £ B Y
FEARTCAL I B 8] JE AR A5 (R, % F JPIPT (3R
BEHRAE ) 5 AL FR JPIPT 4 FT A JC 40 - T LA 1 i
[i8) Pl A 00 i 9 3G K 3 fn . {HU2 B AE 25081 (1)
BHE 4R Fg i TRS (B (a5 98 AR 5] 100s, i #AF 9%
K.
6.2 HIEEHHUR

FEATH 5 L ECAR A DY 15 1 B2 FIAR RS 352 22 il 5
M50 AL LT pe- AJA [PERE. 2B % 1 pe-
AJA [ 3 P 15 0. 24 B0 i A8 AL i, [l 25 2 08
T DX I A A 9 5 P R AR i B B AN AR L X AL
Bl C = F 1% & 43 5 J& 60000, 44000 Fil 66000 4
R QuIE & lineitem (1 5 A J& 1 o H PR AT I (8] 40 45
PIER 43« %) JPIPT (1 R A ALK B lineitem JT4. B
HAET TR PAT I R R 3. An L S () FE s
pe- AJA [ $UAT BF 6] b Oracle - #3407 47. 48
fi5 UM FETE DL B AL C R, pe- ATA B 04T B 1]
It Oracle 443870 T 31. 35 /% #1 35. 7 4%. & 5(b)
R 14 2 30 BB AR T TR i 4 R A AR R 25 LS
Fh Y TR A A 2 2R P 25 0 YA X IR 22 AT LR
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Background

This paper focuses on the research for query processing
issues on massive data. Approximate join aggregate is an im-
portant operation because it takes much less time to return
approximate results with some confidence interval. Research-
ers have proposed some methods to deal with approximate
join aggregate. Some researchers propose to make use of pre-
computed join synopsis to answer approximate join aggre-
gate. Its execution is fast but it can only provide fixed confi-
dence interval for its fixed-size join synopsis. Online join ag-
gregation is another kind of approximate join aggregate meth-
od. This method computes join aggregate results online and
return results if given confidence interval is satisfied. But the
demand of random tuple retrieval makes it nearly impossible
to perform efficiently since large amount of disk random seek
operation degrades efficiency significantly. This paper propo-
ses a novel algorithm pe-AJA to perform approximate join
aggregate with arbitrary confidence interval. pe-AJA pre-
computes and makes use of two data structure to efficiently
answer approximate join aggregate: JRS and JPIPT. pe-AJA

first returns a quick response of approximate result to users
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by JRS, if the given confidence interval is not satisfied,
JPIPT is used to retrieve more join random tuples. A novel
sampling method is presented here to obtain samples of fixed
size. The main contribution of this paper is to propose a
method to perform approximate join aggregate without ex-
pensive ad-hoc join operation. The construction and mainte-
nance of JRS and JPIPT is also presented in this paper.
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