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Abstract: Sliding window join aggregation continuous queries (J-A queries for short) are often used in data
stream applications. The intuitive method for processing these queries is to construct steaming operator tree and
execute the tree in pipeline. The space cost of this method is O(axf) , where a and S are the sizes of two sliding
windows respectively. To reduce the requirement of memory, which is the most expensive resource in data stream
query processing system, two novel sliding window J-A continuous query processing algorithms IC and TC are
presented in this paper, whose space cost are both O(a+ /). Theoretical analysis and experimental results show that
the algorithms are more effective.
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R t T t S
SW[t-T:1] t :
3( ) SW Ty SW,, =SWI[T, ~T:Ty].
J-A >
: O(axp),
R J-A :IC
TC s , 5 :COUNT,SUM,AVG,
MAX  MIN. JIC COUNT,SUM  AVG , TC 5
> 1.
Tablel Symbol table
1
Symbol Meaning
SwWA,SWB  Sliding window corresponding to stream 4,B respectively
A, p Number of items in SWA4, SWB respectively
T Time size of sliding window SWA, SWB
Aa Arrival rate of stream 4
M Number of hash buckets in the hash table of sliding window
C Cost of accessing one item in sliding window
Cw Cost of writing one item in sliding window
o Selectivity of join operator
sized, sizeB  Item size of stream 4, B respectively
ach Concatenation of item a and item b
x Join operator
11 1C
COUNT SUM , AVG COUNT SUM s
COUNT R 1C IC : J-A R
K COUNT K+1 COUNT . A B , IC
R COUNT .IC s A B IC IC
1.
1 AB,C.D 4 A B ,C D p :
(BXD)|  [(AxC)[+|(B\A)xD|+|(D\C)x B|-|(B\A)x(D\C)|~|(4\B)x(CAD)| —|(C\D)x(ANB)| —|(4\B)x(C\D)|.
( )-
A,B SWA, ,SWB;, SWA,SWB
> T. T, A f IC IC
IC )
SWASWB,T,.f,CountValue,T.
:CountValue.
(1) Insertfinto SWA
(2) SetA<—null; SetB<«—null,
3) f , SWA,SWB , SwA SWB
SetA  SetB
(4) vall«<~COUNT({f: xSWB);
(5) val2<COUNT(SetAxSWB);
© PR SHWEFUFT http:/ www. jos. org. cn
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(6) val3<~COUNT(SetBx(SWA—{f}));

(7) vald<«—COUNT(SetAxSetB);

(8) CountValue<CountValuet+vall—-val2—val3—val4;
(9) Return CountValue;

IC , COUNT(A) A - f ,
WAy, , SWB,,1C (1)~(3) S SWA, . SWB, .
CountValue =|( SWA;_ x SWBy, |, |(SWA;, x SWB; ). 1

|( SWA;, x SWB,, )|=|( SWA;, x SWB, )|+|( SWA, \SWA; )x SWB,, |+|( SWB,, \ SWB, )x SWA, |~|( SWA; \
SWA; )x|( SWB;, \ SWB; )| ~|( SWA, \ SWA, )x( SWB, SWBy, )| ~|( SWB, \ SWB, )x(SWA; O SWA, )|~

[(SWA;, \SWA, )x(SWB,, \SWB; )| (1)
IC D SWA, \ SWA,, ={f}. B , , SWB,, c SWB,,,
SWB, \ SWB,_ =¢. SWA, \ SWA; =Setd, SWB; \ SWB, =SetB. 3) s SWA; N SWA, =SWA\{f},
SWB,,  SWB,, =SWB. (1) e
| SWAy, x SWBy, |=| SWA; x SWB;_ [+ {f} xSWB|~|SetAxSWB|~|SetBx(SWA\{f})|-|SetAxSetB| 2)
JIC COUNT . IC HASH
IC IC 1) 3) C,.(a+pC.
SWB M ! pIM ; 4 (BIM)xC,; %) 6)
|SetA|x fIMxC,|SetB|x a/MxC; 7 , ,

|SetA|x|SetB|xC,
C Hat P CHBM)xC +|SetA|x fIMx C+|SetB|x a/ Mx C+|SetA|x|SetB|x C=

(at+fp+PIM+|SetA|x fIM+|SetB|x o/ M+|SetA|x|SetB|)xC 3)
IC , , , IC
, SetA,SetB s O(axsizeA+PxsizeB+|SetA|x
sizeA+|SetB|xsizeB). Setd  SetB R IC
12 TC
COUNT , TC COUNT,SUM  AVG 3 MAX ,
TC MAX MIN
COUNT TC TC-COUNT . TC-COUNT , SWA,SWB
cv . SWA,SWB a, SWA £ S-CV=|{glgeSWB,
g.timestamp>f.timestamp,g.a=f.a}|. S CV SWB f s SWB
f A . cv COUNT
2. SWA,SWB T;NfeSWA(  SWB)f.CV=|{glgeSWB(  SWA);g.timestamp>
f-timestamp,g.a=f.a}|, a Jtimestamp
Tx, SWB g VfeSWA; .g fcv
Tx , SWB g SWAr, focr , cv
, ga=fa g.timestamp>f.timestamp . g , Tx—g.timestamp>T, Tx—
[ftimestamp>T, Je SwA, . fe SWA;, . .g fcv . O
2 ) > cv
cv COUNT .
3. SWA,SWB TNfeSWA(  SWB)f.CV=|{glge SWB( SWA),g.timestamp
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>f.timestamp,g.a==f.a}|,
|SWA x SWB| = > fCV .
VfeSWA,SWB
VreSWAxSWB,  r=fog, JeSWA,ge SWB. r , CV R
[ftimestamp>g.timestamp, g.CV=g.CV+1, L CV=fCV+]1. N reSWAxSWB, Z f.cv 1.
V[ eSWA,SWB
|SWA x SWB| = Y. f.CV | ]
v/ eSWA,SWB
TC-COUNT 2 3 COUNT .TC-COUNT , 7,
A £, TC-COUNT , HASH
TC-COUNT
:SWASWB,T,.f,T.
:CountValue.
(1) f:CV«-0;CountValue<0;
(2) Insert finto SWA;
3) Sw4  SWB
“) SWB S HASH B
(5) FOR V tuplegeB DO
(6) IF g.a==f.a
(7) g.Cl++,
(8) FOR VkeSWA DO
) CountValue<—CountValue+k.CV;
(10) FOR VgeSWB DO
(11) CountValue<CountValue+g.CV;
(12) Return CountValue;
MAX TC TC-MAX .TC-MAX TC-COUNT 3
SWA,SWB MV . SWA,SWB a, B ,
, B.c [0,U], V feSWA, Sf-MV=MAX{g.clgeSWB,g.timestamp>f.timestampAg.a=
fa};YgeSWB,
g MV = {ic, fl)]t;l:rfvz,:,f.tzmestamp > gtimestamp A g.a= f.a @
MV 3 . 2 3
MAX{f.c|fe SWAxSWB}=MAX{f.MV|fe SWA,SWB} 5)
7, £, TC-MAX , HASH
TC-MAX
WASWB,T,f,T.
:MaxValue.
(1) f-MV«—0;MaxValue<O0;
2) SwA  SWB
(3) IF feSwA
4) Insert f'into SWA;
%) SWB f HASH B
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6) FOR VgeB DO
7 IF g.a==fa
®) gMVeg.c;
(9) ELSE
(10) Insert f'into SWB;
(11) SWA f HASH B
(12) FOR VgeB DO
(13) IF g.a==f.a
(14) gMV—MAX(g.MV f.c);
(15) FOR VkeSWA DO
(16) MaxValue«MAX(MaxValue,k.MV);
(17) FOR VkeSWB DO
(18) MaxValue<MAX(MaxValue,k.MV);
(19) Return MaxValue;
,TC-COUNT TC-MAX , cv My
, cv o MV R COUNT MAX
J-A ; TC 5 J-A
TC-COUNT TC-MAX , TC-COUNT
TC-COUNT 1) R R
. 2) C,. 3) SWA,SWB, (a+p)C.
SWB M , M s 5)~(7) (BIM)xC. ®)~(11)
(a+pC,
C,2(at+p)C+LIMxC~2 at2 f+IM)xC (6)
TC-COUNT crv R . TC-COUNT
O(axsizeA+ pxsizeB+(a+f)xSizeOf(Int)) 7
2 J-A
1 J-A 3 ( group by) J-A
J-A
21 J-A
] J-A . ,
COUNT IC , TC . (@ GIC .GIC
COUNT Glist s s
SetA,SetB. {f} xSWB,SetAxSWB,SetBx(SWA\{f}),SetAxSetB. ,
Glist s IC COUNT , Glist
HAVING , Glist , HAVING
22 J-A
Viglas s SHJ R
MlJoin(", 1 , S f  .MlJoin
, S S , Sy ) ;
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s .MlJoin )
SIS DX S D DX Se-1 XS
NI S3 S S,
Fig.1 Mjoin operator
1 Mloin
MJoin s J-A TC-COUNT
J-A R MTC-COUNT Sy f Mloin
r,r=fogyo...0g,, 2,€8,2<i<n. r
2.8, ks poft , r TC-COUNT
,  MTC-COUNT R cv , r  COUNT 1,
8k crv 1, 3
|S1><S2><...><S,,\=z Zg.cv 8)
i=1 geS;
cv s COUNT
3
s Visual C++ R :CPU 2.4G HZ 256MB. )
J-A PC s IC TC 3.1
J-A ;0 3.2 J-A
31 J-A
PC,IC TC 2
> 18 A,B
(1) :
2
3.1.1
100 /% 3 2 . IC
, WBC .PC >
, IC TC s >
i SWA,SWB , SetA,SetB 1, IC
TC 2 ,PC )
;TC COUNT , ;1IC
3 3 .PC
, PC )
ID , 4 3 ,PC ;TC
cv R R IC ; IC
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