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Abstract: Due to the advance of information, communications, and sensor technology, a large quantity of
sequence data is generated and processed every day. Row pattern matching for the sequence data was
standardized as SQL/RPR in 2016. SQL/RPR is an extension of SQL for realizing row pattern matching.
However, computational cost of the row pattern matching process is large and it is needed to make this pro-
cess efficient. In this paper, we propose two methods for this purpose: Sequence Filtering and Row Filtering
which realize the reduction of processing time for row pattern matching by filtering input data in advance.
We implement SQL/RPR for PostgreSQL and Spark and verify that our methods can reduce the processing
time of queries including row pattern matching. Also, we construct a cost model for estimating processing
time of queries when the proposed methods are applied and show that users can select a proper processing
method.
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3.1 MATCH_RECOGNIZE AN
MATCH_RECOGNIZE 4] X FROM AP I8 ET 5.
1 2B} 5 <table_name> 247/%% — < v F

SELECT ...
FROM <table_name> <pattern_recognition_clause> AS <result_table>, ...
WHERE ...

<pattern_recognition_clause> ::= “MATCH_RECOGNIZE ("
“PARTITION BY” <sequence_id_list>
“ORDER BY” <order_key_list>
“MEASURES” <measure_list>
“ONE ROW PER MATCH"” | “ALL ROW PER MATCH”
“AFTER MATCH SKIP” { “PAST LAST ROW”
| “TO NEXT ROW”
| “TO FISRT” <correlation_name>
| “TO LAST” <correlation_name>
| “TO” <correlation_name> }
“PATTERN (” <regexp> “)”
“SUBSET” <subset_definition_list>
“DEFINE” <corrname_definition_list> “)”
<sequence_id_list> ::= <sequence_id> { “,” <sequence_id_list> }
<order_key_list> ::= <order_key> { “,” <order_key_list> }
<regexp> ::= { <correlation_name> [<pattern_quantifier>]
| “(“ <regexp> “)” [<pattern_quantifier>]
| <regexp> “|” <regexp> }
<pattern_quantifier> ::= { “*” | “+” | “?” | “{n}" | “{n,}" | “{n,m}" | “{,;m}”
| e |22 ] Aok | “In 27 | “{nmp” | “{m)}?” }
<corrname_definition_list> ::= <correlation_name_definition>
{“” <corrname_definition_list> }
<correlation_name_definition> ::= <correlation_name> “AS” <cond_list>
<cond_list> ::= <cond_list> { AND | OR | XOR } <cond_list>
| NOT <cond_list>
| “(” <cond_list> “)”
| <condition>
| <between_condition>
<condition> ::= <one_variable_cond> | <count_cond> | <other_cond>
<one_variable_cond> ::= <correlation_name>“."<column_name>
{“<” | “<=" | “>” | “>=" | “=" | “<>” } <non_attr_arith_expr>

<count_cond> ::= “COUNT (” <correlation_name> “.*)" { “<” | “<=" | “=" } <non_attr_arith_expr>
<non_attr_arith_expr> ::= <const_value>
| <non_attr_arith_expr> { “+” | “-” | “*” | “/” } <non_attr_arith_expr>

| “(” <non_attr_arith_expr> “)”
<correlation_name> ::= </ R — > ZH>
<column_name> ::= <<table_name>"J& 14 &>

1 MATCH_RECOGNIZE " OH3C
Fig. 1 Syntax of MATCH_RECOGNIZE clause.
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moving_table

person_id | time location

5:00 D

6:00

7:00

SELECT *

FROM moving_table

MATCH_RECOGNIZE ( PARTITION BY person_id
ORDER BY time
MEASURES X.time AS X_time,

8:00

9:00

10:00

11:00 X.location AS X_loc,
Z.time AS Z_time,

Zlocation AS Z_loc

12:00

13:00 ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (X Y+Z)
DEFINE X AS X.location = ‘A,
Y AS COUNT(Y.*) <= 2,
ZAS Zlocation =C’

U ) AS result_table

result_table

14:00

8:00

N P I S P N N N N
iz |o|lo|w|e|>|o|e|>]|>

person_id | X_time | X_loc | Z_time | Z_loc

1 6:00 A 9:00 C

2 Example Query
Fig. 2 Example Query.

DIUMBERDY =T VAT DT — T EIR
ET 5. 2 @ Example Query T &, moving_table
RIE L TWwAb. K% Tld, FROM A 124 T
%» MATCH_RECOGNIZE %] |2 B4 # § % — & o 77,
¢‘<table_name> <pattern_recognition_clause> AS
<result_table>’’ %, MATCH_.RECOGNIZE specifi-
cation & I 5. MATCH.-RECOGNIZE ) N O i 3 1%
<pattern_recognition_clause> |Z/R L T\ 5.

<table_name> CI8%E L /-HERANTF— % 24 D —
TYANIN—=T 4 a7 T 57200 sequence_id 1
PARTITION BY 4 T ¥ 4. Example Query T &
personid ZIRET A T LT LD, KMEAREH L 7-H
WOy =7 YA EI NS,

2= Y ANDITDONEF & E® % order key | ORDER
BY 4 CiE T 4. Example Query Tld time Zf5E T 5
Zlickh, BEMALHKER L2 MmO Y — 7 v ADSHELGIE
WZiERHN, BEEREO Y —7 Y A E NS,

/3% — 213 PATTERN W) CHRET 5. [EEO LTI %
iz oy — o0 Ty T3 AT EREERL, E#E
BaHwTnRy - zifEd s, HETE 5 EHERII
1 I2B1F 5 <regexp> IZ/8 L T\ 4. Example Query
TN =R X, Y, ZZHAWT, E A LHECco
BICEED 2 AU T2l 230 - 2fEL Tw
L. 7B, SQL/RPR IZBIFHT/89 — >~ v F v 7iE,
V= Y ANDHE NS AITD BTN = A L
VA &MY A strict contiguity ([ & A~ v F v IR %
LoTWA[19]. ZD728, Y — EKIZY v 79 54T
BHWICEEL TV ALEND 5.

/N8 — Y D% E DEFINEAJTRET 5. /8% — YN
DITOEMEIL, <3y — Y BE> JBMEL> ) TEHSR,
Ihx v 580 X D HET 4. Example Query T
3Ny — U EB X OMEE A, Y —CERZOMS %
CLIEEL TS, T, N9 — VERY T 550640
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£91Z, £ COUNT & HvC 2 i DT &8 H 3
B eV X ICHRETE 5. AWfETIE, DEFINE 4JICB
\F % %=1 <condition> %, one variable condition, count
condition, other condition ® 3 FE3HIZ/33H Y 4. one vari-
able condition NDEFZZ X 1 @ <one_variable_cond> |2
7R$. one variable condition 1%, F,F1IZ <Ny — %
Bo<@Ms> 1 OORfEIEL, EHEBELE TR
V2. count condition 1, EXE COUNT 2 flvTah %
NG — VBRI T BT D 5 IERKITRE D 5.
count condition 1Z, 1 2D/8% — 28I 1 DI8ET S b
@D &3 % . other condition |&, one variable condition &
count condition YD TRTOLEMFEETH 5H. Example
Query TlI/8% — V5 X, 712359 % 5455 one variable
condition TH Y, /3% — U ZE Y 1280 554 count
condition TH 5.

SUBSET 4 Tld, —#D/% — BB ERHEL, 120
NG — B E L THERTE .

WHT 2R =2 H L AF—TAVDBHE (XY v —)
(3 MEASURES W CTHRET 5. A Vv —1d, “‘<wiy—
YEE> B>, BB, BLUTENS EZHAE
b7 TEFKTE 5. Example Query TlE, /8% —
EEXIIY Yy FL7ATOMEB LKL L3y — V8K
ZIWZRyFLIATOMEBI ORI 2 AV v - LTE
FLTwb. personid (THEMICA Y ¥y —L LTEHEEN
5. WHT2859 =0 F Ly A7 —7 VOB,
1 @ <result_table> IZf§E T 5. Example Query T
I3 result_table L {EE L T\ 5.

SQL/RPR CTi&, ¥ =+ WV Y AT =T NVHD 14T
(R =V F AV VAT =T NT) #MNT25543I07
ELT, WY=L LRI TR $ %5 ONE
ROW PER MATCH &, /X% — >y O—EIZ~ v T T 5
IZHJI3 % ALL ROWS PER MATCH O\ § ik % 3R
T & %. Example Query Ti¥ ONE ROW PER MATCH
RIREL T 5.,

EQARIPAT A A ¢ N VAT A s G A A o 1 |
F%47% AFTER MATCH SKIP #JIC X D fgET& 5. /¥
G — LI B DT DRDIT AT — <y
F > 7% B35 AFTER MATCH SKIP PAST LAST
ROW X0, WfRIZAT/89 — v~y F v 7 &R L7I2ATO
ROFT 5 3 5 AFTER MATCH SKIP TO NEXT
ROW Z5E25{8%E W BETH 4. Example Query Tlx AFTER
MATCH SKIP PAST LAST ROW % 4gE L T\ 5.

MATCH_RECOGNIZE 4] DB D FEAUIRD X 9 127
4. 9, FROM 7 TIRE L 727 — 7 )V 2% sequence_id
&, orderkey #ICICY =7 Y AL LTHEHREINS. KIZ,
PATTERN %4J, DEFINE 4], SUBSET 4 Ti%E L 7244+
75 DFA & %\ & NFA DSHEE S, fi8y —v <y F o
THFEITEN, MEASURES @) CEF L7- X Y v — % gt
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ELTHON®Y — v FH L v AT — T VE 98 ONE ROW
PER MATCH & % \» i ALL ROWS PER MATCH >
ITNIrOY AL Iy hENA, FLT, N¥—r—3
#%, AFTER MATCH SKIP 412 X W 485 L 72475 54778
Y=y TF UV ITDRHEHINS.

3.2 AMETHHEET S5 MATCH_ RECOGNIZE A0
AR

ARFZ T, SQL/RPR OREIIEGME LT FRO 2 &
AELO.IEBELT, Y= FH L VAT — TV
NI A A I TGS A4 T a e LT ONE
ROW PER MATCH ® &% x5 & L, ALL ROWS PER
MATCH (x84t &3 5.

2 AH & LT, PATTERN W THRET 5784 — »IZDW0n
T, TONY = I—HT 58—+ L Y ADRKAT
BhEEsrdbob+s, /2L 218, PATTERN (XY Z)
DL 7% 3WIEEENICKEHT A — 7 v v VX —
YOREER, X, Y, ZOFNENIC1TOY YT TS
72, TOIRY =Ry FT LN = F L ADAT
BIX31TICEE 5. —J7 T, Example Query O X 9 12, /¥
= IR L HOBR L A KT IERER V554,
TRE—BCELS 2w, EHE, ERICEWSY —
FTHV Y AERFIRE LV EVITRIFTITEAE RV EFE L
LML, RUFZRTIE, /8% —rF L v ADKITE
ML—=HFIZL o THIHREENDLBDET L, WKAITHOBE
1ZBI% COUNT Z WV THiE T 4. Example Query D
&, N = VEBY Ty T AR RATEIZ 247 EHRE L
TWh, 2070, Ny =y ERT~y T 5 AAT5IZ
447128 E S, F72, PATTERN (X +Y)+ DX ) I2HE
BONG — BB ORERENTWA L) iR L2 ET
IEBEBOYE, SUBSET Mz HWTH 77388 — 0 2 g
L, #7785 — 124 L% COUNT % v Tl RATH
ET S, WkoFITIE, SUBSET S = (X,Y) D&
TNy = SEERL, ST L TRAITEEHE
T 5.

4. fIIN2—=1<yFINDHIEIX K

RETE, V=T VAT —=FIIHT 787 -~y F
YT OME A NDOKESEFMERICLY)RT. 22T
1%, Selection #1479 7 =1 (Selection Query), Join %47
9 27 x1) (Join Query), fi/N¥ — V< F U T EITH 7T
1) (MR Query) O 3507 1) QWK% 7 — % O
TEEEZ T A, M3 IC3fHo s ) 2/R-T. &
B, fiX8— vy F T ERATH 7 L) OFEFTICIE, 8 F
IZBWTEHHT % SQL/RPR %323 L 72 Spark & 2 5.
ERBREL LT, 5 /- b hbr A5~y v a
Wh, ZIAIRERELT, 1/ —FE~xA¥—/—F, #%
W4 —Faeg—h—/)—F&$5b. 372, 774

© 2021 Information Processing Society of Japan

Selection Query Join Query MR Query

SELECT * SELECT * SELECT *
FROM test_table FROM test_table FROM test_table
WHERE test_table.c3='A’ || JOIN test_table2 MATCH_RECOGNIZE (
ON test_table.c2 < test_table2.c2 PARTITION BY c1
AND test_table.c3 = test_table2.c3 ORDER BY c2
MEASURES X.c2 AS X_c2, Y.c2 AS Y_c2, Z.c2 AS Z_c2
ONE ROW PER MATCH
PATTERN (XYZ)
DEFINE X ASX.c3 = ‘A’, YAS Y.c3 = ‘B, ZAS .3 = 'C' )

X 3 MHIZAMDOILEIZHWS 3FEED 2 1Y)

Fig. 3 Three queries for cost comparison.

£ 1 3HEED s T OB

Table 1 Execution time of three queries.

n (1) Selection Join MR
Query () Query (5)  Query (5)

10,000 10.39 13.89 34.39
100,000 9.97 30.34 41.99
1,000,000 13.05 81.53 79.50
10,000,000 15.31 285.12 434.13

VWY AT HELTHDFS # v, V)Y —Ax A —T v &L
TYARN 2 W%, %8, £/ — FiZiE, Ubuntu 14.04
LTS, AMD Opteron™Processor 2435 @2.60 GHz CPU,
8GB RAM & PC #ffifi¥ %.

FERICH VDL T =713, cl, 2, c3D 3 DODEM:E
D7 =7 (test_table) THA. cl X1 2545F Y 10,000
TTEWCA Y7 A MENLENTH Y, sequenceid
BT 5. 23125 147281427 A2 PER,
10,001 fTHT1IZREY, B v 2 ) 2y b E3NLEET
Y, order key |Zx BT A, c3ETIVT 7Ry I 1LF
BALLTHIOEETH Y, FATICEGDBHEISHIET 5.

112, test_table DITRELEZ /2L DK 7 ) DAL
PR 2R 9. fEI 5 MOFITOVIMETH 5. FREL
T, Selection Query I[FMILFFFIASITIZ—ZETH S DI}
L, MR Query 3478 2 T {IZHE o TULIER AR
ECHIMLTWD, ZOREPS, fTXF—r<yF o7
DI A P EHIKT A L IZHEELFETHLEVZ D,

5., Y= LRAF—RIIHTRTINa-—Ty
F T DxERE

KFFETIE, 788 — v~ v F o Z7OUHEOFIZ, AT
T=TWIHLTTIANVE ) Y Tafrw, ANT—=7)VD
TEENSLSTAHIET, 789 =0y F U T hDb
MBI A N Z/NS LT D, AT =5 DI BT % i
BALFEE LT, 2MERT. 1 DHITHLRY —7 ¥ 2%
%W % Sequence Filtering, 2 2 H IS GA780% MK 3
% Row Filtering T 5. 45 O b 13 3CHk [11]
DFFEZELIHBE L2 DTHE. UEIZBWT, #h
FNOBRHALT I OWTEHIT 5.

5.1 Sequence Filtering
sequence_id IZ X > TR SN/ —7r Y AIZEH L,
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SELECT *
FROM ( SELECT <sequence_id_list>
FROM ( SELECT <sequence_id_list>,
MAX ( CASE WHEN <one_variable_cond>THEN 1 ELSE 0 END ) AS <flag>

MAX ( CASE WHEN <one_variable_cond>THEN 1 ELSE 0 END ) AS <flag>
FROM <table_name>
WHERE <filt_cond_list>
GROUP BY <sequence_id_list> ) AS <sequence_id_list_table>
WHERE <flag>> 0 AND ... AND <flag>> 0) AS <tmp_table>
JOIN <table_name> ON <table_name>.<sequence_id_list> = <tmp_table>.<sequence_id_list>;

<filt_cond_list> ::= <one_variable_cond_list>
<one_variable_cond_list> ::= <one_variable_cond_list> “OR” <one_variable_cond>
| <one_variable_cond>

Algorithm 1 Sequence Filtering Query O1ER,

Input: Original Query ¢
Output: Sequence Filtering Query sfq
1: mr «— q H® MATCH_RECOGNIZE specification
2: clause[] «+— mr %4 T & 2554
3: OVCond[] « clause[define] 75 one variable condition %
EliiNs
4: sfq +— OV Cond]] %JtIZ Sequence Filtering Query % £
5: return sfq

4 Sequence Filtering Query DL
Fig. 4 Syntax of Sequence Filtering Query.

SELECT *
FROM ( SELECT person_id
FROM ( SELECT person_id,
MAX ( CASE WHEN location = ‘A’ THEN 1 ELSE 0 END ) AS flag1,
MAX ( CASE WHEN location = ‘C’ THEN 1 ELSE 0 END ) AS flag2
FROM moving_table
WHERE location = ‘A’ OR location = ‘C’
GROUP BY person_id ) AS moving_table2
WHERE flagl > 0 AND flag2 > 0 ) AS moving_table3
JOIN moving_table ON moving_table.person_id = moving_table3.person_id ;

5 Example Query |2X}I:3 % Sequence Filtering Query
Fig. 5 Sequence Filtering Query corresponding to Example
Query.

oY= v ANIZDEFINEWIZBWTHRES N TS
one variable condition Z {72 34725 1 47 d 2 Wia, 0
= VAR ERATRY — o T T OGN TE D,
INLDY = VAT ANVT ) 7T AHIEIICLD, AL
A b2 T & %. Sequence Filtering @@ f 51f %
DUFIRT.

e DEFINEWIZBWT, %L d 10Dy — VAH

D5AF1Z one variable condition 2SfFAET 5.

Sequence
12X o T7Z & b . Sequence Filtering Query [
MATCH_RECOGNIZE h) # &L AT/8F — v = v F 0 7
419 7 1) 5 one variable condition Z i L, #
NETANVI )y FOF&beE Lz ) 2EETH
LIk AEKSNSD, K4 ICHBXERYT. £/, B 5
IZ, Example Query |Zx}i59 % Sequence Filtering Query
%773 . Sequence Filtering Tl, ¥ 3§, EHBEKICE
N, %3 —7 2 AIZ2WT, % one variable condition %
WIZTANGERET DA 1 2L CHEN <flag> *
ff545%. LT, §XTD <flag> 7°1 TH5H ¥ —
v AD sequenceid DT — TIVEERT H. FDI%,
<table_name> O 7 — 7 )V & Join $5. ZNIZLD, T
T D one variable condition % {ili 72 TATHAFAET 5 ¥ —
TYALMND Y = Y AR T AN )y TENDE, K5
@ Example Query OB T, F3, location DfEi & LT,
A L Cr DT LA ETL Y —F VY AD person_id
DT —=TNVEERT L. Dk, 2O personid DT —7
)b & moving_table % person_id ([Z2WT Join 54 2 & T,
CA L DwTRAEL Y- Y AS DY =7

Filtering (X Sequence Filtering Query
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AT ANE) Y TEND.
MATCH_RECOGNIZE W) & &4A7/88 =< v F 2 7
#4179 7 1) 75, Sequence Filtering Query % EH 3 %
%z Algorithm 1 IZ/R79 .
o 1fTHIZBWT, 7Y ¢ 25 MATCH_RECOGNIZE
specification % #ifiit!.
e 2/THIZBWT, MATCH_RECOGNIZE specification
N KA % 43,
e 31THIZB VT, DEFINE #JICHi5E L7255 5 one
variable condition % flif.
e 44THIZBWT, one variable condition &[X 4 1278 L
72HE3C % IC 12 Sequence Filtering Query % {ERY.
o 5ATHIZBWT, sfq &7,

5.2 Row Filtering

Sequence Filtering TI&, /8% =>4 7 L ¥ A% KT
LATIEENLTEEOH DL — TV AEFKL, TDlI»
DY =7 A%RE LIz, 230, V=T Y ANRT VY
) Y BT B HATH 572, Row Filtering 13, 17734 —
YRYF Y TORRE LTS = AN L Y RAEBET S
TicE TS Wit ki3 4. 2% Y, Row Filtering T
AT 7 4V E ) 2B AHAL L 7 5. Row Filtering
(&, B2HEIIBWTHML:, BE L/ = by —
IRV ADRIATEPIETAZEENHAL, N -
TR T D&M EET AATICMA, Xy —F AL
ADRKITESY, WiaOfTEERL, Thiofrz 7 10
)T s,

Row Filtering (¥, Row Filtering Query \2X > T3
% . Row Filtering Query |& MATCH_RECOGNIZE ) &
Uy ==y F T RETH 7 L) AD one variable
condition & count condition Zflii L, TN x 7 1)L ¥ 1)
YITDFEME LT 1) T A LICI AR S
%. [ 6 12, Row Filtering DML %R d. 72, B 712,
Example Query |Z4})53 % Row Filtering Query % 7/~79 .
9, Y= h L ADRKRITEn S 1 25 [ 7ATE
9, BIROAT % 5 L 35 Window (2 & V), <table_name>
D7 — 7 Wt LT Window B8 % #H3%. Window B
#ClE, Window WIZ <filt_cond_list> % {7/ 3 17AMF
£ 26, 77 7% L CAHAMEMALT). M7 TIlE, n=4
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TH 5720, WRTITMARE 31750 Window D HIZ

location DftiE LT ‘A HoHWF C ZELATH ﬁ
T Y6, 79 7%V Ch. SOLITITENTI
T NEERL, RFEIS, SOT—TVIHLTTTS
WA TWR\TE T ANV ) 735, ZRITED, /X

G—=F NV ACEINELITE T 4N T E
ns.

Row Filtering Query DYER Dttt % Algorithm 2 1278
9. Sequence Filtering Query DIER DAL TH % Algo-
rithm 1 & (31Z[E U TH 5 2%, Row Filtering Tl, 447H
I2B\ T, DEFINE #2485 L7254 5 count condition
ZIH L, Row Flltermg Query (2B % Window A% D
Window IRDIEEICFIAT 5.

Ubds, Mt Fdo#pofgEe LTl
1t %47H 7% \v» (No Filtering),
179, (3) Row Filtering #4179, (4) Sequence Filtering
D 1%, Row Filtering #1479 (Sequence Filtering + Row
Filtering), @ 4 EOFEIEZ bNL. (4) 2479 FH
ELTIE, BANT—7IVIZx L Row Filtering #2479 &
b, 1 Sequence Filtering 12 & U 172 Bl L 727212 Row
Filtering %17 9 7775, Sequence Filtering ® %4 — /¥~y F

. (1) Zp
(2) Sequence Flltering e

SELECT *
FROM ( SELECT <sequence_id_list>, <order_key_list>, <column_name_list>,
MAX ( CASE WHEN <filt_cond_list> THEN 1 ELSE 0 END )
OVER ( PARTITION BY <sequence_id_list>
ORDER BY <order_key_list>
ROWS BETWEEN (n — 1) PRECEDING AND (n — 1) FOLLOWING ) AS <flag>
FROM <table_name>
) AS <flag_table>

WHERE <flag>>0;

<column_name_list> ::= <column_name> { “” <column_name_list> }

6 Row Filtering Query DOH§3L
Fig. 6 Syntax of Row Filtering Query.

SELECT *
FROM ( SELECT person_id, time, location,
MAX( CASE WHEN location = ‘A’ OR location = ‘C’
THEN 1 ELSEOEND )
OVER ( PARTITION BY person_id
ORDER BY time
ROWS BETWEEN 3 PRECEDING AND 3 FOLLOWING ) AS flag
FROM moving_table ) AS flag_table
WHERE flag >0 ;

K 7 Example Query |Z3fI59 % Row Filtering Query
Fig. 7 Row Filtering Query corresponding to Example Query.

Algorithm 2 Row Filtering Query OfERK

Input: Original Query ¢

Output: Row Filtering Query rfq

1: mr < q WO MATCH_RECOGNIZE specification

2: clause[] «— mr &) Z & 254

3: OVCond[] « clause[define] 7*5 one variable condition %
it

4: CCond|[] < clauseldefine] 2*5 count condition % fifi

5: rfq «— OVCond[] & CCond[] %JCIZ Row Filtering Query %
PERL

6: return rfq

DUF LB I ASHIR S LD = & DI S B 72D TH .
6. BSVRAFEODIXMETFTIV

6.1 RDBMS zf&&LAaAXNEFIV

BIEDORBIIR L7z 4 MEOMERATHEICOWT, Fi
ZFROMFRE 2 BAED 22 A P EFNVERET L, 7
I RDBMS (2B 2 2R e L7233 A bETI & S
T4, SOTAMNETMIEY) BRI TEEZEN L2
A OMBRFE & FAED 5 2 & AT RE & R, i b ALEE
W25 < 72 % 8 Y) % R AL T & IS 5 Z LA RE & 2
5. R2IHLFOEREIT).
(1) No Filtering

NATOT =T NI LTIy =~y T 7 adi) 7z
O, MBI ZX NI 1TH7VDfFNy =<y Frrna

AMrIZNfTRFELZODER D, ZD20, WH I X
MILTERS.
rN (1)

B, FROIA NI —r v F ol b
T=TUHRAEVIIEYYLEED CPU 2 A ME/RLT
Wb, IR =y F U TR R BT — TV AEY
RIS WHAIZT/0 TR ZBINT 2LEND .
fNRF ==y F o FTRN—=T 1 a2y (s
ML), v—F, 7= FT b TORBIZBVTI/O P
BHET L, N—FT 4 amry sy - T, 77 IVE
sequence_id, order key TV — F$ 5. Ko TZDOUIHD
IO R—=T 8%, 2Mlog, M &% 4. F— < by TOM
HIZY — FEIN7T =TIV RGEHP SIS 5720, 1/0
R=VFEIMERL., £oT, I/OTA M %2EDT No

Filtering I2BIT A RO T X MILLF &% 5.

rN +m(2M logy, M + M) (2)

(2) Sequence Filtering
Sequence Filtering Tlx, 312, 4727 =) N®, WHERE

F 2 RDBMS 2R &ELZIAPETNVIZBWTHVLRLGDEHR
Table 2 Definition of symbols in cost model on RDBMS.

N FEUR
N T =7 IVOITE
S —TNVICEENL Y= VAR
M T—=TNhDR—=T%
o Sequence Filtering 12 & > T2 ¥ — 7 ¥ ADHEE
Sequence Filtering (2 & > THko 723 —F7 » ADHT,
g Z 512 Row Filtering 12 & o T A1TDE &
vy Row Filtering |2 & o Tk A1TOEI&
1 Row Filtering |12 & » TH A ¥ —7 v ADEA
V=T U VAFy SIhHD LITHIEY DT A
r Xy ==y F 2 72 hb 1iThizh) oa A b
w Window U545 1 TH7-) DI A b
m 1R=VHYDI/O T A b
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MIZBIT S <filt_cond_list> {7z TITOHEEITI A b,
GROUP BY 45 & EMBH MAX (2815 a2 X |,
<sequence_id_list_table> D7 — 7 WVIIBIT LT T
D <flag> H51 &7 o T 5 sequence_id X RFET 572D
A¥ ¥ a3 A b, sequenceid D7 — 7 )L & <table_name>
DT —7I)ID Join I A NP0 5.
TWIZRA YTy 7 APROENTWH LD E L, RKHADHE
HKAAMIWHTEHEENEVET S, GROUP BY 4J
\ZB1F 5 Aggregation |21 Hash Aggregate & H\» 5 &K
BT L. Ny T aEOMERT A ML, FOERSSO T —
TNVDAF v A NEIZIFEFELY. 20T — T VOAT
L, Ny = UBEBITHT B EMICER T AITOHMTH
5728 yN 1258 L, EHBEMAX ORIy v a2k
DIERIZBIF LT —TVDAF Y L LAICR SIS &
¥5. 20720, GROUP BY 45 & OERE MAX O
TARMIyN &b, TXRTCD <flag> H¥1 & o>TWn»
% sequenceid ZIEFET B 720 D FATHIE, Ny — VK&
BT 256G T T80T Y ARTH L7
065 LIFIFHEL V. FO720, TXTD <flag> 771 &
%o TV 5 sequenceid ZKETHTCODAF v 2 X b
i3 c6S &7 %, Join (213 Hash Join Z iV % LARET 4.
<tmp_table> DITIE aS TH B0, /Ny ¥ 2 RKDOMEK
I MicaS &%, <table_name> 7 — 7 VDI N
THAH720, Jomn DAAMIeN &%b. [T/ =<
F VT OWNGATRIE aN L b0, {1889 — <y F v
T AHIARXMNEraN &5, DbEas, MBI X R
BT ER%.

<table_name> 7 —

cyN 4 ¢6S + caS + e¢N + raN (3)

I[JO 2 A MIZDWTIE, 9 WHERE W IZB W T
<filt_cond_list> Z{li/zTATDORET L7201 M ~<R—
VitAirits. 22T, Selection, Aggregation R LT
e LR O T — 7 VI A E )R Y) 5 i
L9 D, DD, FDOHBO <tmp_table> X EHK T 5
T ) NOMBIE A EY) L TiThbN b, <table_name>
T=TN Ny ==y F TG E R LT —TI) &
<tmp_table> ? Join TId, <table_name> 7 — 7NV D M
N=VDFAIARDT/O T A ML LTHhH 5. Sequence
Filtering 2O 7 — 7 WIE X EY LIZFEV Y L7280, 17/
==y Iy 7ORBIEAEY ETiibLs. B,
W7 =7 AE) EIZEDYSZVIBELERZOND
B, ZOWAIEESHITEMD /O I A M2 05. 208
HFDI/0 A MIKEMILDFT AR L EFEEZABIIDPD S
N=VPaEETHILTRHEOL L TEL2D, Z
CTIEEET A, DErs, 1/0 2 A M & ED7: Sequence
Filtering |28 2 2ROMM I 2 MIPITF L4 5.

YN + ¢6S + cas + cN + raN + 2mM (4)
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(3) Row Filtering

Row Filtering CTl&, £I12, +7 7Y NIZBIT5, Win-
dow 2253 A b &, Window O FEE LT
TP EENT T — TN L, 7T Do T
BVATR TANY ) Y I THAX Y YA A NDPFIET 5.
Window BIEIZ 2225 T A MIwN &% 5. F72, 77
TG ENTT— T VDAF Y T A MIeN &b,
EoT, TRHEDIA MO (w+e)N &b, f7/5% —
VRYTF VT ORNBRITRIE AN LB, FTN8 —
YT TN AEIA NI ryN L b DErs, W
Wazx MIDTERA.

(w+c¢)N +ryN (5)

I/O 2 X MiZD2WT, Row Filtering Tld Window %k
DD —T 4 a=rT, V— %419 729, No Fil-
tering (2B B85 — <y F Y FOMBER T I/0 2
A MDD H 5. Row Filtering D7 — 7 I AT 1T
WarLds, Ubhs, 1/0 3 A % E®7 Row Filtering
BT AR 2 MIPIT &% 5.

(w+¢)N +ryN +m(2M logy M + M) (6)

(4) Sequence Filtering + Row Filtering

Sequence Filtering %47 ) ¥ 3 X M, EFRIIRL7:
Sequence Filtering DMLHEL I A | & [H]—Tdh 5. Row Fil-
tering (2B 4, Window BB RATHIL aN &% 57
%, Row Filtering 1T ) U I 2 I (w+c)aN L% 5.
DE»s, MEaX MILTERL.

YN +¢dS + caS + ¢N + (w+ c¢)aN +rafN  (7)

I[/O 2 A MZDWT, %7 Sequence Filtering %177 72
%, Sequence Filtering HMO& L F U 1/0 2 A M H3h
Dh. TANE) YT ENTT =T IVIEXEY) LIZFEDY)
e, Doz xx) ETirbhs. DlEaS, 1/0
I A b & &7z Sequence Filtering + Row Filtering 1235
J2EROMEET A MILITFE 2 5.

YN + ¢dS + caS + ¢N + (w + ¢)aN + rafN + 2mM
(8)

FRICR LI 2 b OFLME, 9.3 filCB W THR
FET 5.

6.2 Spark ZXHRELZIXMETIV

Spark SQL Z x4 & L7-a A ETI)VIL, Lorenzo 5 7%
[JOaAbE /) —FEOF =y %O A P2 EET A
ELZTAMNETVERELTNDS 3. 2070, KiH
METFHEDOI A FEFIVICIE, TNEDIA N2 ED LT
Wb, KFFETIE, XHL[B) DI A My -~y
F 7D CPUIANEBIMT DL IHELE, 50
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%= 3 Spark R L LT A METNIIBWTHW AT DER
Table 3 Definition of symbols in cost model on Spark.

Rl | ERK
F—=7NVH A X (MB)

WA RIS 720 00 —H v ) — RDTF 4 A7 5 Ei ks

T R T =54 X (MB/s)

M BH720 D) E— ) — DT 4 A7 D5 iidildk

" | WHEL T — 4 F 4 X (MB/s)

X v T7) Y TDRDIHE ) — FTHEINIT A A7 H 5

d? | ARG RO BALREE & 72 ) OFEHAK T fE %

F—54%4 2 (MB/s)

BT & 720 DT 4 27 ~DE X ALTTRE:

7T—=54+ A4 X (MB/s)

BT & 72 0 12/ — R B Comk ] i %

F—54% A4 X (MB/s)

YA & 72 0 124788 — v~ v F 2 Fulhg s

7= %44 X (MB/s)

WA/ — FCHHNZET L7 & Zhh bRl
B (B) 2#ETHIAPEFIVERT. £ 2 DEHRIC
Mz, |3 ICHFDERLIT). &8, TITETTD
J=FERA—=7 v 7NICFETAEL, /- F, &/ —

FoaT7H, 1a7dizhyo7Tuv R, HDFS DL 7Y
HEIIEZEE L, 1203 7H 120 HDD partition % AL
Y2 ERETS.

SCHik [3] T, Selection X Join £ GROUP BY & 2o
THEREEICPPLIANETVERLTWDLY, 22
TIEZohmT, RE/LFEOIAFEFTVILELR 3D
DFEHEDOI A M %RT. 1 2HIE, Selection D& 9 27—
FOHMBEAF Y Y AANTHE., ZZTIEIDOIAD
i, TAAZIZHDT =Y DitrhBDIAL, AF v »
BOTF—=F DY Xy TNDHODNY Y FDEEAHLD
QAN EL., AF vy MTIE, EBICT— S0
179 executor / — FOT—H )V ) — FDF 4 A 7 |[ZHLER
SNEDT =5 DB LGEDT =5 OfnkhHhDITA &,
O—H N/ —FDF A4 A7 BN EDTF— 5057, Y
E—bF /= FDTFAAIDPSET =5 2mArrtr I A D
MFHE L $2. B—=H )/ = FOTF 1 A7 LI G O
T = WHDILYGE, TAARITPOLDFGIRIAREINT v b
DEEALIISA TIAL VR TH B 720, TA MIFR
SORKEE %Y, MAX(T/d:,T/d,) £7%%. V) E—h
)= WL T =8 %A hUHES, T4 AL DH
Ak, J— REOEEE, N7y "AOETEBERKRII A T
FAVIITH D720, A MIFNSDRKIEE %Y
MAX(T/dE,T/p,T/dy,) &% 5. U—H N/ — DT 1
ATV R DT — 5 H3d bR % Py, O—H VDT 4
AT RO T = 0575, VE—=FN) = FhbHT—
Y EGARAOHERE (1-P) L ThE, T—TVDAF ¥
YAANIUTFERSD, ZOaR % SC() £BL
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SO(T,dE, d” dy, p)

T T
=P, - MAX | —, —
e ()
T T T
1-P) MAX | —=,—, — 9
<A (g 5o )

22OHIZJoin DI A FNTHA., T2 TlEJoin DI A MiF,

NIy N R AR, Join DF — & 7 BIEVHEDE L b D%
[/ — FNIE%ET 5Ty 7V % L, Join D%, FHE
F=F DY X TINDOIINTry hEe#EEAL AR
Gt FHAAADITANL, Ty, T % Join 57— 7 )L
AXEFDHE (T +Ty)/dY, kDI AMEI(Ty+T2)/p &
k. Tz, WIS A T4 VU TH D20, TA b
FEENOORKEE LY, MAX((Th+T2)/dS, (Ty+Ts)/p)
&7k, Join BAAD CPU I A MIEHTE HITE/NE W
L5, DEps, JomDIAMILTELRA., ZOaR
M SJ() EBL. BB, T IE Join DFERDO T — 7 )4
L X TH5H.

SJ(Ty, T3, iT,d7, du, p)
7}M5n+n>+ﬂ
a7 p du
3 2HIZGROUP BY D2 A FTHbH. 22T
GROUP BY ®a 2 b, ¥ % v 7 VLB X GROUP
BY #, HETF—FDT vy IVDDIIINTr v hEES
Atra A bx&T. GROUP BY HiE® CPU 2 A b 34
MCTELIFENIVET L, D25, GROUP BY @
ZMIUTFERD, COaAME GB() L BL. 1B, gT
I¥ GROUP BY D#ERDOT =T NI A A TH 5.

:MAX( (10)

GB(T,gT d3, dy, )

Caeax (1) o a
A TIEINSIIMA, TN =<y F T DIAR
FEEMT A, AT -y FrrOaA ML, 78
==y Fr SMBEEAKO CPU I A b EfEREEZA
CaXMEEL. DS, 79—y F U 7DaR
MIMT %D, SOIA %2 RPR() LB, &8, pT
B ==y F UV TORERDT =TV A XThb.
T T
=5 i (12)
DEMS, ShdfbFiEoa A bz PR,
(1) No Filtering

NNy ==y F U TOUMETIE, F— 7 DFHELAR,
sequenceid * ¥ — & L7z v v 7)), {788 =< v T
YT DONHE, FEROEEAANEINDS, T— 7 DHHA
HET—=F DA F v v ax b SC() L%, v v 7LD
I A M GROUP BY @I A b GB() &5k #% %, WL
A MILLFELR S,

RPR(T,pT,d.y,s)

=

/

SC(T,dE,d? dy, p) + GB(T,T,d? , d,, p)

Y Hr oy Hr
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+ RPR(T, BT, dy, s) (13)

(2) Sequence Filtering

Sequence Filtering Tl&, 77— ¥ OFiAAA, 77T
) @ GROUP BY OMFIZEBIT A2 ¥ v 7, Join DAL
ICBUAY Yy TN, fTX8 =0y F 7DD
Ty TN, TN =Ry F U DA ANEEETNAS.
GROUP BY OWIRDOR G & 7 5 77— 7 4 X3 AT, Join
I2B1F % <tmp_table> D1 Xk (60S/N)T, F7/39 —
TFUITHNRERDL T TN A RF ol L5720,
MBI A MIPITF &R 5.

‘ﬂXTdLdewm)+GB<MRi5TJﬂdw,)

)
+SJ@1;TﬂT@ﬁ¢mO+GBmfaﬂdﬁ¢mm
+ RPR(aT,afT,dy, s) (14)

(3) Row Filtering

Row Filtering Tl&, 7 — ¥ OfFiAsirAi, Window B D
72D XTI, TN =Ry F U TDIODY vy
TN, ATNE ==y F U 7DARMHEENS. Window
MERICT7 I VPG sNizT =7 VKL, 77 7%
Vo TWRWATE 7ANE ) Y T $5ZLTT—4H 4 X
VAT %70, MH I X MIUTELRS.

SC(T,d~%,d%, dy, p) + GB(T,~T,d? , dy, p)

+ GB(T,yT,d2,dy, p) + RPR(YT, a 3T, d, s)
(15)

(4) Sequence Filtering + Row Filtering

A D Sequence Filtering (I2DW T, 7 — & DAk
K, 727 x1) > GROUP BY DUEIZBIT LY v v 7
W, Join DRELZBIF LY vy 7VEENL. £DRD
Row Filtering (22 ClX, Window D720 v v
TN EENL., TLTEDR, 1138 =<y F Y70
T2ODY vy TIVETNRY =Ry T IO MPEE
N%. Row Filtering (Z28B1F % Window FIE O R & 7% %
T—=F A XL, /87 =<0 F o IRl T —
A XD afT THDH72D, WHIZ MILTER B,

SC(T,d},d}Y, dw, p) + GB (wT, %T, Ay, du, )

+SJ@ﬂﬁTﬂ@ﬁ¢m0+GBmﬂaan£@mm

+ GB(afT,afT,d?, dy, p) + RPR(afT,afT,d,, s)
(16)

7. PostgreSQL ICH T BT/ -7 v F
>J
PostgreSQL L® SQL/RPR DI, AZHD DFEEE [12]
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SELECT *
FROM match_recognize (
“ SELECT row_number() OVER (ORDER BY <sequence_id>, <order_key>) AS rid,
<sequence_id>, <order_key>, <column_name_list>
FROM <table_name>",
‘<measure_list>’,
‘(<regexp>)’,
‘ <corrname_definition_list>")
AS ( <sequence_id> <type>, <measure_and_type_list>) ;

<measure_and_type_list> ::= <measure> <type> { “” < measure_and_type_list > }

8 PB% match_recognize() D5 IE & R f#
Fig. 8 Arguments and return value of function

match_recognize().

#N—Z &L, UDFICL>TWh, RIFIETIE, 7784 —
=y F v 7 %479 B match recognize() & C il H
WTIER L T\ %, B match_recognize() &, AJIT —
TNVEZITIY, f789 == F 7 fiv, ZofER
DINF =V FH VY AT =TV EETEBTHH. B
match_recognize() D5 E RV ELZE 8 IZ/RT. ASH)
PRIy a5 4, ASwWLED 7 v IR Y fET
H 5. % match recognize() &, 4 2D51H (AT —
TNERRET H7200 SQL X, AT v —, ¥y —r, I
= VERGT A5 LEBORVE 0S8 —v A
LYAT—=TNVOEREER) 2635, 5lcise L
TEMA D NFA ZHESEL, 1188 — v~ v F U IR EFST
5. NFA I3/XF — VBEFHDKIRREITTIE L, IEBEBIC X
DIKEMZ BRI L2y U0ET A, REMEERT L4
PR3N — VBTSSRI 5. F72, #4IK0E
2, v F LT R RS T ANy 7 7 SEET A, UK
BEFCELALEE, AVY— L LTRELZBHOEE &
Ny T OBRL, Xy—VFh Ly AT—T W% %
5§ 4. 2O NFA OREEET L 8 BIZHBIT % Spark (23t
TR ==y F Y TOEREIBNTLFAKTH 5.
nB, —MINY =<y F U7 TIENFA L) b DFA ©
FERIZIIECTE 575, T TSy —r~< v F ook
FEELTWDERDBMS TlE, ¥—47 v Yy W8 —2 D
£ 7%, ZHIREFE TRISERT 2RES—EITE T 58
¥ — 2 PAL, $RTNFA THEES LTV [9). IR,
NFA O FHDFA X ) b X E)HBEND L LB 120T
HbH. KfFeCld iz L, NFA THE2#%179. DFA
TOFINY — o=y F U T OELRILHOREL T 5.
KGRI BT 28T L2 ST 25613, M8 (12
7~ L 72 B8 %% match_recognize() % & ¥ 7 1) OHFiIC VIEW
% T Filtering Query * AJJ 7 — 7 W iZxf L CHEA Y
HEHITHEMZ D, RIUFETIE, 8 BICBWTHHAT S
Spark & ®, [ELIZIR~7: Filtering Query O A< T IE
12D - L 1), Filtering Query # FE)TIE L TW 5. %
B, =L 3 A ML, Filtering Query D FEAT 12224
% 3 A MWz, Filtering Query OFERALEL S & F 5
A%, T OMBIE, MATCH RECOGNIZE Az &7 T %
)3—Z L, DEFINE 4JI248% L 72 one variable condition,

311



BERAIEFREHEE Vol.62 No.1 302-320 (Jan. 2021)

count condition % it L, Filtering Query ® 751 % 1k
WY 2B THL. ZO70, ZONEEAKOLIET A b
I Filtering Query OFEATIZ 025 T A b LI L/ S W
L#Ez, FEMEKIC & % Filtering Query Td - T b ARAf
FCBWTRET L2 FHEORRIED L EER L.

8. Spark [CHIBfTTNE—7yFLT

8.1 SQL/RPR #%#%7 3 Spark D7 -7V F+

Spark ECTSQL 74 7 %7 ) # W Tr—¥% 5z
79 3= Fxillk§ %€ 2—)b & LT Spark SQL[1] %
&%. =T, MATCH RECOGNIZE 4) % & A 75 Spark
SQLDO Y T 2 FEFTEBLVAT LT —FT 0 F ¥ 2%
5. ZOT77a—FI12iF, B 9(a) IR &) %, BRD
Spark SQL ®PI#ED I — % SQL/RPR #S%47 T % % &
I IZEEEE X2 5 H: (Direct Estension Approach) &,
9(b) IRT &9 %, 2—FHER L7 Spark DI — F
% fEft L, MATCH.RECOGNIZE j % &ds 7 =) O —
N % 8% O Spark THOMIEATEZL L H ICHEHR 5,
TRV MLy FOEY 2 —VERHEST L (Front-end
Approach) O 2FEHEDOFENEZ HND.

AIFZETIE, BUIRD Spark SQL ONF 2 — K% ZHT 5
C e KESIZFEEDREZ, (b) O Front-end Approach
THEETL, B, KRBV TRET 217/ —
v F U T OMFATHE, WThoT Fa—FI12 b
THeA b OTH 5. T/, AHFETIE SQL/RPR % Java

SR DFEEL TS,

ull

8.2 MATCH RECOGNIZE 4% & Spark SQL 0
JIVEEH]Z

7Oy MLV FEY 2= NVIZL D, Spaak D2 — F
DHEXBRZ OWNZHWT L. Spark TET— 5 %
dataframe EWEN L 2L 7 2 a VORTHREL, 2—
F1E 2 O dataframe (23§ AW 2 FLAR T 5. KIFIE
TR & LT, Z @ dataframe % Spark @ N EFEIH
createOrReplaceTempView() 12L& ) 7 ZY N THWA 7 —
TNVGRBEGKL, 7 2) TN % I query I L, query

Application Code Application Code

’ Spark SQL Front-end ‘

Rewritten App. Code

Spark SQL

Extended Spark SQL

Apache Spark Apache Spark

(a) Direct Extension Approach (b) Front-end Approach

9 MATCH_RECOGNIZE % #4257 —F%F 77 F %
Fig. 9 Architecture for implementation of
MATCH_RECOGNIZE Clause.
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% Spark OPNERRIEL sql() 12 & D ETT 5, 3 DD
GEINa-FeRRICEZRZ LT hHbDa—F
T IRT.

o <AJJdataframe %>.createOrReplaceTempView(‘ ‘<
AT =T N%>07)

e query = ¢ ‘<MATCH_RECOGNIZE W] % &7 T 1) 5
Hi>20

o <HiF dataframe %> = spark.sql(query)

FRLD 3 oM, I — FHOFE—7F A, XV v F
WEFENTWDLHDET DL, F72, query WO FROM 4)
12 1E B %L createOrReplaceTempView() (2 & 0 Bdk L 72 A
NT—=TNVEERETHDDET D, 72, query ITIT%E
BNA Y FENTBET, MEDLTHDIRE ST
2b0LT5. B, TITRIMOMELDLD, T
) SR & L query WAL, query & BI%X sql() 12 &
DFEITLTWED, Bfisql() opl%e LTHERE )X
FHNEIRET AL EICH I HETH 5.

TEWZ O N E Algorithm 3 I2/R9 . Z @ Algo-
rithm % 22 | 22 &E 2§ 5 2 & T, Spark T
MATCH_RECOGNIZE &) % &€ 7 T.1) ORI FEAT T fg
Ha— NIZAHTE 5.

o 1ATHD S 84THICNF, 7Oy bV REYV 2 — )b

%35, Spark @ Application Code & A ¥ v >,

e 2fTHIZBWT, MATCH RECOGNIZE 4] % & 7
L) # WO 72h, €07 1) % B q IS

o 31FHIZBWT, ¢ 45 MATCH RECOGNIZE spec-
ification % fHiiHi.

o 4ITHIZBWT, FAL&AT ) Hifid Algorithm 1 & %
Wid 2 12X Y Filtering Query 2/ L, code 12BN
AL Z AT DR VA1 code (IIT BB L %\,

o 51THIZBWT, MATCH_RECOGNIZE specification
xBTS 4TS 8 — v~ v F 2 U R4 NFA %R
L, fTX == v F 7 2d474 53— N code 12
SERIIR

e 64THIZBWVT, ¢ 55 MATCH.RECOGNIZE spec-
ification % fE\272 27 T % code 12BN

Algorithm 3 Z— FOEXIEZ Ol

Input: Application Code ¢
Output: Rewritten App. Code ¢
1: while scan c do
2: q —MATCH_RECOGNIZE W% & & 7 =) T4
3 mr «— q WO MATCH_RECOGNIZE specification
4: code «— mr % TLIZAERK & L7z Filtering Query
5 code + code + mr % JCIZ NFA #fESE LT/ — >~ v F
YU EfFH)a—F
6: code « code + q 7»5 MATCH_RECOGNIZE specifica-
tion Zfr\W7z7 1Y)
7: code % c \ZBIF AL L7227 =) O A
8: end while
9: return ¢

312



BERAIEFREHEE Vol.62 No.1 302-320 (Jan. 2021)

N=Favay
\

sequence_id T — X &
N—Fq4a=vy

Filtering Query
DET

Node 1Y i 0utpF
| (sequence_id,
| order_key,

sql
(filtering

order_key T FRE=—v2yFvo T4 D2 LY A >MATCH_RECOGNIZE
V=t L=V TA>.L>C specification Z fk\L 7= & T U DFET

Node 1
orderBy tmpDF
sortedDF RowPattern .
(order ke - Matching () (sequence it
measure, ...)

10 Spark FEATHO T —% 70—
Fig. 10 Dataflow of executing by Spark.

o TATHIZBWT, L/ —-Fxxa—FOD
MATCH_RECOGNIZE m) % & & 7 L) ORI IHHA

8.3 MATCH_RECOGNIZE A O4iLED Spark E£1T
BFICHBI3d37T—4270—

X 10 2, MATCHRECOGNIZE W} # &t 7 =) %
Spark L CEATT LD T — % 70 —%/R7. dataframe
3%/ = FLionN—7 4 v a VRAETHE S NER S
TWh, =PI iEEx2 LR WRY, Spark 257 —
Y ERESF A XDNN—F 4 v a VIIpEIT A, 10 TR
inputDF &9 dataframe (237 L, {787 — >~ v F 7
ATV, e IZ resultDF & 9 dataframe Z7EK T 5.
MATCH_RECOGNIZE 4] % e 7 V) OFATIZB W TR,
188 — > <y F v 7O MATCH_RECOGNIZE %)
VIS0 ) OMEN S R L. T, RO
WP % 4T 9 B A3 AT/8 8 — >~ v F 2 7 ORI Filtering
Query EATT 5 (KFTRLTWS). RIZ, 187 —
<~ F IO ELTS . £, sequencelid T/S—T 4
YaZryrsAh. 2O, J—FETY Yy 7 VL)
TN, RIZ, orderkey ICL->TVY—1+F5. £LC,
V= NENTT—FIHL, 737 =< T TR T,
788 — < v F v 7OFETIX, RFFEIcB W TEE
%3 % % RowPatternMatching() 12 & D179 . ®&EIZ,
MATCH_RECOGNIZE specification % i\ 727 1) %5
7L, ZOfEH L LT resultDF %15 5.

9. FHMEEER
9.1 AIF—2%HV/EER

KRERTIE, 5.2 HiORHBIIRLZ 430 ORRIZD
W, NLTF—=7 2V THGREES 5. AEBRTIE, QL 25
QT 7Oy L) EnE, Ihoors) %, K11,
12, 13, 14, 15, 16, 17 \IRY. &
B, X 12 DX PATTERN /%) & DEFINE 4 O AR,
QLIZY =7 >y v iy —r, Q2 TR L 2 F31EH
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SELECT *
FROM test_table
MATCH_RECOGNIZE (
PARTITION BY c1
ORDER BY c2
MEASURES X.c2 ASX_c2,Y.c2ASY_c2,Z.c2ASZ_c2
ONE ROW PER MATCH
PATTERN (XY Z)
DEFINE X AS X.c3="A’,ZASZ.c3=C");

11 H&EE¥ QL
Fig. 11 Query Q1.

MATCH_RECOGNIZE (

PATTERN (X Y* Z)

DEFINE X AS X.c3 = ‘A,
Y AS COUNT(Y.¥) <= 2,
ZASZ.c3="C');

12 &Y Q2
Fig. 12 Query Q2.

MATCH_RECOGNIZE (

PATTERN ((X|Y)Z)
DEFINE X AS X.c3="A, YASY.c3= "B,
ZASZ.c3=C");

13 &Y Q3
Fig. 13 Query Q3.

MATCH_RECOGNIZE (

PATTERN ((X | Y)(Z | W))
DEFINE X AS X.c3 = ‘A, Y AS Y.c3 = ‘B,
ZASZ.c3='C, WASW.c3="D’);

14 HEE Q4
Fig. 14 Query Q4.

MATCH_RECOGNIZE (

PATTERN (X+ (Y | Z) W)
DEFINE X AS COUNT(X.*) <= 3, Y AS Y.c3 = ‘B,
ZASZ.c3='C, WASW.c3="D");

15 HM&E Q5
Fig. 15 Query Q5.

MATCH_RECOGNIZE (

PATTERN (X (Y | ZW)*)

DEFINE X AS X.c3 = ‘A,
Y AS Y.c3 = ‘B’ AND COUNT(Y.¥) <= 2,
ZASZ.c3=C’ AND COUNT(Z.*) <= 2,
W AS COUNT(W.*) <= 2 ) ;

16 MH&+E Q6
Fig. 16 Query Q6.

FHHEEL Y-, Q3BLUQ4 I3 BIRNEETIEHE
Haeat/y—r, Qo BLU Q6 13#KE L @Rz £ T
EHREBPEAMICEINT VB Ry — 2, QT ITHE L
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MATCH_RECOGNIZE (

PATTERN (X Y* Z)

DEFINE X AS X.c3 = ‘A,
Y AS COUNT(Y.*) <= 98,
ZASZ.c3=C');

17 ME&H Q7
Fig. 17 Query Q7.

ERTIEHEH 2GR, HRONXNY =T H L ADEL
BRAENET—2ThHDb.
KREBRIZBWCANT—7NVELTHWALALT =4O

B, T8, -7 v AR, AETHW A DO LFELT

Hb. KERTHVAANLT—FIE3HEOY 7 v A%

G, 12HWENRNY =V AV VADREGEEINDL YT VR,

2O0HII/SY = FH L v REEFTF NG WA, one variable

condition D—DFEM 2 W2 TITVEEINE V=T Y A,

3 D H X one variable condition D4} % {72 TATA5E T

BV =Y AThHA. TDH)RTANLT— % DERFIR

ZLUFISRT.

(1)SEDY =7 2AD9 L, ax SEDOY =7 A%
Y=V ANV IANEENDL Y =T VA, (§—a)x S
WO —r v A%y =X ALy ATEEN LW
7%, one variable condition D —#RD M % #7247 A%
EENDLY—T VA, 1-6) xSy —r v A%,
one variable condition D4t % 72347 05& e v
DA/ AV S

(2) X = F NV APEIND ax STEOY =7 >

22DV TC, FOKEY =7 Y AND N/SITD I b,

Bx N/SATIZH O CORE L -EEEEO Y —

YARV Y ARTFAT A, BARIICIE QL oA, 8

Y=Ly AL%b {A, B, C} DITOME L CTHL

BB, Q2O 1SF—vENLY AL LTIA,C),

{A,B,C}, {A,B,B,C} »"ExbNA7-0, Thbx

MR LIFAT S, Bx N/SATIZEEMTH 5720,

WADINY = F AL v ROV B x N/SATH

HE o B TIARRD . YO (1-8) x N/S

4713, one variable condition ® e % i 72 & 7 WAT

TH® L. BAEWIZIE, {E, F, G} D470 L TH

O, (1-8)x N/SITPHEE > 72T THT T 5. %

ELTATETIHATR) D5 2 L1200 TE, D

D(3), (4)DFMEIBVTHRABETHY, QL 75

QT DFRTHI L) THETH 5.

INF— 2K H LY AFEFE IR WA, one variable con-

dition D—ERDGEMZ W2 SATHEEND (0—a)x S

DY = Y AZDWTH (2) DFNEE FEEIZ, Bx N/S

4712 one variable condition & —FF D &k % il 72 4T

THD D, /2L 21F Q1 DA, one variable condi-

tion & LT X.c3=“A"7, Z.c3=°C"’ D22O0H 5

—
w
~—
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F£4 QL5 QTIIBISa, B, v, 6§ DIE
Table 4 Values of «, 3, v, and § from Q1 to Q7.

Configuration
1 2 3 4 5 6 7 8
0.00 020 0.20 0.80 0.20 0.20 0.80 1.00
0.00 020 020 0.20 0.80 0.80 0.80 1.00
0.00 0.04 0.16 0.16 0.16 0.64 0.64 1.00
0.00 020 0.80 0.80 0.20 0.80 0.80 1.00

> 2 @ R

B, ZDILD 1L ODFRMEZT EGI AT THD S,
BARMICIE, {A, B, A} O#R L CHO L. KD O
(1 —B3) x N/S1TIZ, one variable condition ® 5%
7z S WATTH® 5. BARRIZIE, {E, F, G} D1
DR L THD 5.

(4) one variable condition D4 % i 72 4T A E F e\
(1-0)x STADY —4 ¥ A 2DV TIE, 0% —7
¥ AN D 44T % one variable condition O 4= % i 72
SRWTTHED S, BARNIZIE, {E, F, G} Dfr0#
WL THD 5,

(5) ®m&IZ, (2), (3), (4) THEERLI-ZhEhDY —7
VAR —=TUT .

REEBETIE, a, 8, v, 0 DHED/IT XA =5 OMAEEE
LT, RA4IRTSMEEHET 2.

AREEETIE, PostgreSQL I2BWTIX, F—7I1ZTXT
AEY FIZFES TVLIRENL SR EATH. 20720,
AETIE 6.1 HTRLAZIAPETIVIZOWTIE CPU
IXNDAEEETDH. 7B, PostgreSQL D EERERSE &
L T, Ubuntu 16.04 LTS, Intel®Core™i9-7920X CPU
@2.90 GHz, 128 GB RAM @ PC % ffifi9 5. Spark |22
WTIE, 4 BETRLAERRERLFA—TH 5.

F 9, PostgreSQL & AV 72 N L7 — 7 (29 5 EEriE
H%F 18 127”7 . No Filt., Seq. Filt., Row Filt., Seq.
Filt. + Row Filt. i¥, ZhZNoR#ELTFEL#H L7
WA ORI CTH 5. Cost Base &, ZAMEFTIVICL
) K EGEALTFE OB 25 L, &L 225 RE(LTF
B EIRT 2% & A6 DNEIER TH 5. FEERES
FlIvgnid, WHEERNIL 5 MOFRITOFE IR TH
L. Fiz, BT T 7120, 5 RIORATO MR O
{72 % PRI 720 5 IEE O J I L 7 — /N —T/RL T
5. Sequence Filtering (2 & » CTHIH S A ¥ —7 A
7%\, Configuration 1 7*5 3 & Configuration 5, 6 12
DWW TIE, Sequence Filtering (2 & 4 LI o Hl 50
A S N7z, Row Filtering (22W T, Q2, Q6, Q7 %
Fr&, Bl S N A1T7845% » Configuration 1 205 5 128
W, Row Filtering 12 & % WUELEER O Bl Jsah S 257 5
72. HEIZ, Sequence Filtering (2 & > CHIIR S L5 ¥ — 4
¥ AN %75 T Row Filtering 12 & » THIIK & L 547
¥H% > Configuration 4 I2BWTIE, Ql, 2, 6, 7k
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50

B No Opt. m Seq. Filt. Row Filt.
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Seq.

Filt. + Row Filt. m Cost base
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ALEBRERT (W)

Conf. 1

(a) Q1 75 Q3

70

B No Opt. mSeq. Filt. = Row Filt.

60

Seq. Filt. + Row Filt. m Cost base

50

40
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20
10

SLEBESRS (7))

(b) Q4 55 Q6

00 -
B No Opt. H Seq. Filt.

Row Filt.

Seq. Filt. + Row Filt. m Cost base

250

= =

200
150

100

AIBIFRE (7))

50

0

Conf.1 Conf.2 Conf.3 Conf.4 Conf.5 Conf.6 Conf.7 Conf.8

(c) Q7

Q7

18 PostgreSQL (2B 5 N7 — % % Hv 7o E B
Fig. 18 Experiment result of synthetic data in PostgreSQL.

%, Row Filtering ® /5 %% Sequence Filtering & ) & JLBLREE
MR E N7z, 2B, Q2, Q6, Q7 122V TiE, Window
BIEIC BT A Window TEASL K RE STV A 728, Row
Filtering DL 7 2 b A3k & {7 1), No Filtering 2%} L,
WA ORI RS O N e o7z EX NS, FF
12, Q7122 TiE Window TEAY99 &fhod 7 =) L bR
MEIZIA R STV A 7%, Row Filtering OALE T 2
FAFERICRELC 5TV BY, HBib$T5 L9112, TA L
ETNAC L) BiE T2 @A L7256 12070 % LB
2B 2N TETNED, ZOREDRK
WA LF L LT Row Filtering 2%& (X156 2 & id v, Q5
122V TH Window TEAVA CFEE SN TV A, Q512D
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WX Row Filtering IZ[R 597, @AY IR <
hoTWAh, T, ¥ = DRMONY — VERTH
5 X DR L 2 ZCIEREBRT, o203y — 2RI
—HF BEICHET BRMDPHFEIEL BTz, ROy —
BRTH D (YZ) 2K L awie, 89— I1i—%7T 5
PR LIGOIATDRDITIP AT — o=y F U T %
B 5720, ERELTITNY -0~y F 71285
F— I Y N OEBRIESEZ DD THL. FO-0D,
Row Filtering @4 — /3~ v FHSEEET, WLELRER OHIH
EPEONIZEEZ N5, Sequence Filtering + Row
Filtering 122V T, Q3 & Q5 @ Configuration 2 (28 W
THLHRIRE R 2% ® %0 < 72 o 7245, Sequence Filtering 1 &
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700

M No Filt. M Row Filt.

M Seq. Filt.

Seq. Filt. + Row Filt.

600
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100

AIBRERET ()

(a) QL 75 Q3

700

600 | No Filt.

Seq. Filt. + Row Filt.

500 — 3
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NEBEERT ()

100

Conf. 6

(b) Q4 75 Q6

350
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LIBESRE (F)
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(c) Q7
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19 Spark 2B 5 AT7— ¥ & H\» 72 F2 B 4
Fig. 19 Experiment result of synthetic data in Spark.

B LRI [ O HIEAN AR L 1FIFF L & ko7,

JA MEBEEKOWMH T A N % ED 5 Cost Base &, I
AMEHEAKORBEIZ M EEO RV, 2 X PRITLY
WM SR L 5 A RE/LTFLE 2R 5 &, TOkR
FX25NREE L 2D, T LWHERE L2, T2,
Configuration 4 & 7 k&, 2 A b3 & 1) ALERRR [ A%
& 7 B i LT 2 IR L 72355 O MBI ] 2952 8 D i
& o7z, Configuration 4 & 71220V TH, I A AU
&0 AUERIRE I DS & 70 B Tl AL Tk & SERR I LR IRE [ 2
WAL 72 B Rl L TR O R OFRZE X 11%RE T, K
I el DENS, aX PETIVIZE o THEY)
[ RLPRRERE 2 AR D 5 LS TE TV B,

X)) T2 IERT 5L, Qb DABD s T
V&)L ERIICEREH AR 2o TWAHYS, ZOHH
ko E BYTHS.

KIZ, Spark # W72 N L7 — & 12k ¥ 2 FEEHE R %
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19 IZ7RY. %&B, Q4 ® Configuration 8 IZDWTIF,
AEFVARICE DAHEDE T TE LW OREZR LT
R T AN ) YT ERBATN LATSAFE L %\ Con-
figuration 8 ZFE &, TRTOXFNFFEITB T, WHE
HOHERREPHEONT VD, TXTOTR T AN ) »
7 &1 5 Configuration 1 (22T, Sequence Filtering
A O HE R AYEL < 72 o 7z,
THRAITDEE (ax ) & Row Filtering (2 & - Thk 547
OEE () 2% L\ Configuration 2, 4, 5, 7 I22W T,
Q1 & 6 %[ & Row Filtering 2% & LR 23 { % -
7z. 21X, Spark 2B W T, Row Filtering I2B1F 5
Window D 2 A Fa/hswiz kb s, —J T,
Sequence Filtering |2 & » TR AT D EIE D 5 2% Row Fil-
tering 12 & o THATDOEAE LY b/hE vy, Configuration
3 & 6122wV Tld, Sequence Filtering + Row Filtering %%
b W 2V o 72,

Sequence Filtering (2 & o
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7 X)) T EDOUFERICOWT, Y= v v )b koN
Y—rThbH QL I IHELOEMRERL GL/y —
Thb Q2DHIPMBEEEMAHE 2o TWBEA, Zihid
Ql THWTWAANLTF =% TIIZHIRET TORL IR
REEOEE 20 X —>Y -7, ... DEL) THHD
WAL, Q2 THWTWA ALT— 4% CIEZHIREFE T
7 HARER OBREIFHTH 167THICRSL (X —7Z, X
—Y = Z, X =Y = Z ... OHEL)., KifFEicBnT
F% |7z Spark @ NFA D% |, 7 5 IRFEMOERIC
WA T 5720, BREEDD %\ Q2 O JF S LBLIRE i
ML o TW5D, QTIEQ2 L0 &5 ICHLFRIERY A
WS, ZhUE, XY —UERY I, Q2 TIERK21TY Y
FLTZIZEBRTLOIIHL, QT TIEI8IT~Y Y F L TZ
ICEBRT L7090, Bk IREMOEBRRNZKOKREAD QT ©
FWV R blz0OTHAL, T2, Q3 BLV Q4 DAL
Mo 7 ) I R hoTwna, THIE, Q38
LQ4 DY — » DERINEREHPHFENT NSO
T# 5. Spark TD NFA OFEHE [, 2 DODIREOVT L)
BB LD 2BEREGOHE, 2 DDREBITH L TERT
BEDE ) MIZOWTEMEZ 2MBHT 2. 20720, 5
1 DOIRREIZBRATRED &) MICOWTERMAE 1 RIBET
LTI 7 =) LR L, WHEMSEC 5.
Q6 1, X7 =V IIHHMTH LT, 37— DIR@GDIS
=R THDLXPHRLEETES, hoFDNy—>
225512 one variable condition 2SR E I N TV 5728, &
WDISY — VIR X TRY — =T 29 E) »poBB
LRIEFEDLLDONEL L, QLR Q2 & FEAEOMILRER & 7 -
TWh.

9.2 EF—2EHV/-EER

XKIZ, FE7— % & LT Foursquare Dataset [7], [16], [17]
RV, WECOREEMRIET 5. REERTIX, dataset_
TIST2015_Checkins £ & U dataset_TIST2015_POIs % H
V5. dataset TIST2015_Checkins (&, J& & L T (User
ID, Venue ID, UTC time, Timezone offset in minutes) @ 4
DL, T, 33,263,6331T, ¥ — 7 v AL, 266,909
THh 4. dataset_TIST2015_POIs &, Venue DY A ¥ 7 —
T THb.
AREBTIZQI 7S QI3D 6 MDD 7 =) ZH\E, 2
noor ) %K 20, X 21, X 22, X 23, X 24, K25
IR, %3, B 21 LLFIE PATTERN %4 & DEFINE 4
DHRT. Q8IEET =T vy v VBN —r, QIBLY
QL0 IFHuE L2 KT IEBEHE G/ — 2, Q11 IEEN
FETFHREHZ S8 — 2, Q12 B X UF Q13 13#K
LR#EIRE KT IEREHAPEEGMICE TR T H 88 —
Thab. K7 TV)IHRELZEGD2D, a, 8, v, § DIH
RS DLIIZ% 5. QL0 & QI3 1E a DED RV 1)
LhoTwh. F72, QI & QI2 iy DEA K2 Y
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SELECT *
FROM dataset_TIST2015_Checkins JOIN dataset_TIST2015_POls
ON dataset_TIST2015_Checkins.Venue_ID = dataset_TIST2015_POls.Venue_ID
MATCH_RECOGNIZE ( PARTITION BY User_ID
ORDER BY UTC_time
MEASURES X.UTC_time AS X_UTC_time,
Y.UTC_time AS Y_UTC_time
ONE ROW PER MATCH
PATTERN (XY )
DEFINE X AS X.Venue_category_name = ‘Home (private)’,
Y AS YVenue_category_name = ‘Office’)

20 HEHE Q8
Fig. 20 Query Q8.

MATCH_RECOGNIZE { ...
PATTERN (XY+2Z)
DEFINE X AS X.Venue_category_name = ‘Home (private)’,
Y AS COUNT(Y.*) <=3,
Z AS Z\Venue_category_name = ‘Office’ )

21 FMEE Q9
Fig. 21 Query Q9.

MATCH_RECOGNIZE ( ...
PATTERN (X Y*Z)
DEFINE X AS X.Venue_category_name = ‘Hospital’
AND X.Country_code = ‘FR’,
Y AS COUNT(Y.*) <= 3,
Z AS ZVenue_category_name = ‘Restaurant’ )

22 [E+E QLo
Fig. 22 Query Q10.

MATCH_RECOGNIZE { ...
PATTERN (X (Y] Z))
DEFINE Y AS YVenue_category_name = ‘Shoe Store’
Z AS ZVenue_category_name = ‘Liquor Store’)

23 RM&EHE Q11
Fig. 23 Query Q11.

MATCH_RECOGNIZE ( ...
PATTERN ((X | Y)+ZW)
DEFINE X AS X.Country_code = ‘ES’ AND COUNT(X.*) <= 2
Y AS Y.Country_code = ‘PT" AND COUNT(Y.*) <= 2)

24 M4GHE Q12
Fig. 24 Query Q12.

MATCH_RECOGNIZE { ...
PATTERN (XY * (Z | W))
DEFINE X AS X.Venue_category_name = ‘Airport’,
Y AS Y.Country_code = ‘DE’ AND COUNT(Y.*) <=3,
Z AS Z.Country_code = ‘CH’,
W AS W.Country_code = ‘FR")

25 [M&E QL3
Fig. 25 Query Q13.

Lo TW5,

¥ 9, PostgreSQL % F 72 EEKFEZ K 26 12/RT.
Sequence Filtering I2DWTIL, #XTHZ7 ) IZBWVT
LB ] O HIE RN SR 2515 5 72, Row Filtering (22T
i, Q8, Q11, Q12 (235> THLFRE: R o HIHEh B A 5 5
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£5 Q375 QI3ZBITS o, B, v, § DIE
Table 5 Values of «, 3, v, and § from Q8 to Q13.

Q8 Q9 Ql0 Q11 Q12 Q13
0.263 0.263 0.004 0.079 0.033 0.006
0.367 0.614 0.291 0.025 0.313 0.430
0.261 0.443 0.149 0.004 0.010 0.076
0.703  0.703 0.622 0.079 0.033 0.411

> 2 ™ R

120 | mNoFilt. mSeq.Filt. = Row Filt.
100

Seq. Filt. + Row Filt. |—

80
60
40

ISR ()

20

26 PostgreSQL 1281} % Foursquare Dataset % H \» 7z 5k

R
Fig. 26 Experiment result of Foursquare Dataset in
PostgreSQL.
2000 | m No Filt. H Seq. Filt.
™ Row Filt. Seq. Filt. + Row Filt.

—~ 1500
2
fz 1000
iy
i
= 500

Q8 Q9 Q10 Q11 Q12 Qi3

27 Spark |28} 5% Foursquare Dataset % i\ 72 S5k 4

Fig. 27 Experiment result of Foursquare Dataset in Spark.

Nz, B S B ATEASD 7o vy QO I ALBRIE 5 0 Bl
PELN TV WD, BIRS N ATHAE v Q10 & Q13
2B W T OB ORI R T O Nk o7z, Th
1&, Window B2 B} %5 Window TEASK & <, ZD47,
Row Filtering DI I X MK EL Lo TLE o772
EEZHND. Q8, QL1 122\ Tl Row Filtering 128
/T % Window {#H ® Window M§ b /N 31728, Sequence
Filtering + Row Filtering 7%z & ALIRIRF I A3%5 < 72 o 72,
KIZ, Spark & HW72FEBKER R 27 I2RT. T
DY TNIIBWT, ERFALTLEOLIEER A% No Filtering
LB oTBY, WHKEHOHIFR R G ST
A, a DEIMEV Q10 & Q13 & Sequence Filtering 12 & %
SLEREE R OFRAD K E <, v DEDER Q11 & Q1213
Row Filtering (2 & 2 QLFRRERI OBIEAHEATK X <HS5NT
W5, Q8 & Q9 & Sequence Filtering + Row Filtering 7%
e b MHEE R OBIBRN A D - 72, ZhiE, Q10 205 Q13
I2DW T, Sequence Filtering & % \2i& Row Filtering @
WENPEBEAT AT &1L DATEDS 1%A 0 F THI S
NAHZOIHL, Q8 & QI IEMTHEx BT 52 & TITE
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& 6 SLHE L FED RMSPE (%)
Table 6 RMSPE between measured and estimated values (%).

N ; N = 10,000,000, N = 5,000,000,
ALk
S = 10,000 S = 1,000

No Filt. 4.13 3.63
Seq. Filt. 24.11 23.18
Row Filt. 11.73 10.64
Seq. Filt.

18.42 16.35
+ Row Filt.

% 25% A0 L THIK T 5720, WIN rOFEe @M
&0 QWHIFR ZHIR T 2 2L TELLEERONS.

9.3 JX MEFILOZYHEDIRET

6.1 BEICBWTHES L7222 A b ET )L % PostgreSQL %
MHRIHEET 5. BARMICIE, IAMETL2LHH L
FoALERRER (RAEAE) & EBEOWMIERE (ENE) ot
WA, 2B) DB N LY —7 YA S OMEE (N =
10,000,000, S = 10,000 &£, N = 5,000,000, S = 1,000)
IZOWT 9L HIRLA 7207 2) L1475 . |
B2, SRR T & AR & EAMEO T
Ferizs% (RMSPE) # 2%, RMSPE & HRIZLLT
DEBYTHAE., TiORIZBWT, 72T Q175
Q7 @ 7 F%H, Configuration it Configuration 2 225 8
o 7, FATEEKIE5ETH S, %2B, Configuration 1
IZ2WTlE, Sequence Filtering 33 & UF Sequence Filtering
+ Row Filtering (28T, FEHMEAIERE12/MS 24 (0.01
WA Lhblzo, X (5) DHTIIBIT B HAFREHIE
WICKERMEE %A, —5T, WP AIIEF 125\ LB
DAAXMNEERMICEBEY 20k vy == AF e EZ S
Nb7z0, 22 TEEHES RSBV 5.

RMSPE(%)

> ((ﬁ%@)(%ﬁu«@f

_ FEWh)
=\ 7 Z VB x (Cont. B x (v < '* 17

IANOERICELTIE, ¢, r, w DEPLEL LD,
FIT, K THIEEN R E TR N LV =7 v 2SO
AT LIEBOMAEETH S, N = 10,000,000, S = 1,000
DEEXD e, r, wDETEMNL, ZN2FH L CULBELERH
T HAED 5.

R 6 IHERELTRT. WTHLOMEALFHRICBNTY
10%72>5 20% 2L DFRETHAES 5 2 £A3TE&Tw 5. No
Filt. 1347838 — v~ v F » F O O A% B d - T
W5 720, ORI LD DRIV V. RIZ, R T
27 1) Tk o LAEE & EREDO RMSPE 2773, FELO
X (A7) 2B 558 % (Conf. ) x AT TRIE L
i A, Koy x)Ed, 10%0 5 20%FEE DFRE TR,
FEOLHLIENTETVS, Q4122WT, Sequence Filter-
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X7 T TEORMMELENEDO RMSPE (%)
Table 7 RMSPE between Measured and Estimated Values for
6 Queries (%).

N . N = 10,000,000, N = 5,000,000,
7y RpEALFE
S = 10,000 S = 1,000
Q1 No Filt. 1.68 0.83
Seq. Filt. 15.36 14.50
Row Filt. 9.70 9.37
Seq. Filt.
13.67 13.85
+ Row Filt.
Q2 No Filt. 5.31 5.19
Seq. Filt. 16.88 16.02
Row Filt. 13.99 13.84
Seq. Filt.
13.77 14.30
+ Row Filt.
Q3 No Filt. 1.64 2.20
Seq. Filt. 20.80 19.79
Row Filt. 15.44 15.21
Seq. Filt.
14.86 15.08
+ Row Filt.
Q4 No Filt. 2.73 2.26
Seq. Filt. 34.39 33.35
Row Filt. 9.66 9.66
Seq. Filt.
25.31 24.30
+ Row Filt.
Q5 No Filt. 7.20 5.64
Seq. Filt. 7.38 8.16
Row Filt. 6.70 5.06
. Filt.
Seq. i 10.49 10.74
+ Row Filt.
Q6 No Filt. 2.88 2.57
Seq. Filt. 30.44 28.90
Row Filt. 7.00 6.92
Seq. Filt.
17.25 16.42
+ Row Filt.
Q7  No Filt. 1.10 1.70
Seq. Filt. 19.29 18.77
Row Filt. 10.53 1.36
Seq. Filt.
19.80 2.38
+ Row Filt.

ing B £ UF Sequence Filtering + Row Filtering D F&7=A%k
Z W25, ZIid Sequence Filtering (233> C one variable
condition DEL7Z T ERBE MAX #FEAT L, B <flag>
ENETAIENEELTVWEEEDLNS. Q4IZBWT
I3 one variable condition 254 DAL, Q1 756 Q7 D%
PTRROZWVI 2D, HRENFRORECE>TWE EED
ns.

DibEt, $-ET 53 A METIVICE )RR % JLRE
LI ENTETCWEIEDNS, ¢, 7, wDHZHEYIZFE
ETHIET, b IR 2 < % 2T % E 1Y)

WEIRT D 2 EREE B .
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10. &

RUFFE T, RDB F IS SN2y — 7 v
T=F T 478 =3y F U SO X L & ]
BT BTDOI, fT8F —r~< v F Y IO, 8y — v F
ALY AR BEVTEERICTAVY ) YT 5
FALE4TH 2 &L TR LRI T %, Sequence Filtering
& Row Filtering @ 2 FEH O FELF L L IRE L 72, Se-
quence Filtering (22W T, 73% — YB3 § 5T
T one variable condition (2 2WT, {7z $TPFEET
LY==y APINETANE ) YT BFERREL.
Row Filtering 122\ TiL, —&BD /3% — X EFITH LT
® & one variavle condition 2MRE SN TW5E 7 T 12D
W RE R FEEIRE L7z, $£72, PostgreSQL & Spark
%2512 SQL/RPR. % 2% L,%m%% LK ORET LR
FACTFLOHRMEZ IR L2, , BRFEALTFEDOT A
FNETIVEREL, TO% %ﬁ%mﬁgt?,:xb%?
WV x T 2 8 L RO EIRDTTRETH 5 2 & &R
L7,

LSO E LTI =0y F 720 Th, 7
IT)EROFHEME I A N ETFVEBET LN HITON
%. 72, one variable condition UM DSABFHL, X
DN DITR T ANEY) ¥ 7 e s FE L R+ 5
ZEDBITONE., T2, TNy F UG ER
BT = BAEVIZEN YL LVIHEDIT A MET IO
iE, BLU Spark DI A MET VORI HIT 5N 5.

HE OAWIRO TR, HAZEMIRE SR AR - B
AEff7e (B) (#19H04114) 12X 5.
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