R YT — 2 2%t 3 5
NG —< sy F T PN AR

20204 3H

e eI



Joooooduogd
Juootdbootdoodootubtotubd

U o

gobodboodogdo
oo

Joodoggd



0

goboboooobobboooobbtbooobobboooobboooobbobooon
gogoboboooobbboooobobbooobob bbb bboooobbbooon
ggobbooooboboooooobbooooboboboooooboooobbooog
guobbboooooooobbbdooooobobboooobbbooooobobo
gooboboooobobtbooobobbooobob bbb ubbbooo
ggobobooobobobuooouobboooboboooad
gobboooobobboooobbboooobobobooooobobooooobobooon
gogoboboooobbtbooobobbdooobbbuoooob bbb booog
ggoboboooobobboooobobboooobobbuoooobbboooobbbooon
000 0000000000000 0000000D0D0D0DDODDODODO0OD0 GLOODOOO
0000000000000 0000000D0O000D0 GLOOoOOooooo (UIc)oO
gogoboboooobbbooobobbooobob bbb bboooobbboon
U ogoooboboboobdduo ggoobooobotoooooobboobobbbooooog
ggobboooobbboooobbbooobbbuooboboboo
gobboooobbboooobbbooodbbboodobboooobbbooon
000000000000000o0oo0o0oooooooB/OGLOOOOOUOOOO
ggoboboogobobooooboobbooobobobooooobooooobobooog
gogobboooobbtbooobobbdooobbbuoooobboooubbbooog
ggoboboooobbboooobbbooobobbuoooboboobooo
gooboodoobuooooboboooooboooobbboooboboooog



g

0000000000000 0O0000000D00O000000D00000D000SNSO
guobbboooobbobooooobboooooobooobboooooooonbn
gooboboooobobtbooobbbooobob bbb bbb boog
000000000 (sequence_id) 000000000000 O0DOO0OO0OOOOOOO
(order_key)DO0O0O0D0O0DO0OO00O000O0ODOOO0OODDOOO0OOOOOODOOO
gooo3boboboobooboobuooboobDbooboboobobooboobooo
ggoboboooobobboooobobbodooobobbuooooboboooobbboOoon
OO0000O000O0DOOsequence idO00O00OO0O0O IDOorder key OO OOOOOO0O
gobbbooooooboboododgobobbooooooobbboboooobboo
oooobobooboboooboobobooboobobobooobobobuoboOoo 200
obo000obO0o0OO0o0obO0oO0Ob00bO0o0obO0obDO0ObObO0ObODOoOobOoO0O0OUObODUOORDB
gogobboogoobbbooobbbooobbboooooboboooobboood
00000000000000000000000000000000000SQL/RPR
000 SQL2016 0 0000000000000 DO0ODO00ODO0ODODODOOOOOOODO
Selection 0 Join 0000000000 0ODOO0O0000000DODODOOOODODODOOO
gogoboboooobbtbooobobbdooobobbuoooob bbb booog
OO00000O0O0OSelectionO JoinOODOOODOO0ODOOOOOOOOODOOOODOOO
ggobobooooboboooooobboooobobobooooboboooooboobooog
oooobb0o0o0o0ooobD 20000000000 DDODODO0ODODDODDOOOODDOD
ggoboboooobbbooooobboooobobbuoooobbboooobbbooon
ggobobooooboboooooobbooooboboboooooboooobbooog
gogobboogoobbbooobbbooobbboooooboboooobboood
gogoobobobbooooobboooobobb oo bboooobLb oo
gogbboooooboooobooobobooobobboooobbuooobnbbooobooboa
gobobobobooogoobobooooobbooooooobobooooobobonon
goobboooobbtbooobobbooobbbuoooob bbb booog
ggobobooooboboboooobobbodooobobbuoooobobboooobbbooon



0

2

oo
1.1 I
1.2 000000000000D000000 ..o o e
1.3 I 0
1.4 000000 .. . . e e e e e e e e e e s e s e e

ggoooooooooon
2.1 00000000000 . .. oot e s e e e e e e e e
2.1.1 ooooooooooooon .o oo oo n oo e e
2.1.2 I 0 P
22 000000000000 ... .. e e e e e e e
2.2.1 gojoooooooooooooooooogog ©. oo e
2.2.2 godoooooooooooooooogogog 0w oo e e
23 00000000 .. i e e e e

gododooooooobobbooooooooogoogooo
3.1 OOOOO . .o e e s e e e e e e e e
3.2 OOODO . .. e e e e e e
3.3 SQL/RPROUDOO MATCH_RECOGNIZEO ... ..........
3.3.1 MATCH_RECOGNIZEOOOD . .. ... ... ..
3.3.2 0000000 SQL/RPRODDOODO . . . oo oo v v i i oot
34 00000D00D0O00O00O00O00 ... ...
3.5 0000000000 D0OO0O0O0O00O0O0 ... ...
3.5.1  Sequence Filtering . . . . . .. .. ...
3.5.2 RowFiltering . . . . . . .. ...
3.6 0000DO0O0O0OO0DOO0O ... ittt s s s e e
3.7 PostgreSQLOODODODODOODOOO ... v v v oo
3.71  PostgreSQL OO SQL/RPRODTDO . .. ... ... ... .. ...
3.72  PostgreSQLOOODODOODODOOOO ... o oot
3.8 Spark 00000 OOOOOOOODO .. . . . v v v vt e it

W NN =

o1

10
12
12
14
15



381 SQL/RPRODOOO Spark00000000 .. ... ... ....
3.8.2 MATCH RECOGNIZEOODOO Spark SQLOOOO0O0O0O0O
3.8.3 MATCH RECOGNIZEODOOODO Spark 00000000000

OO © oo et e e
384 000000 SparkSQLODOOOD oo oo oo ot
3.9 0000 . .00 oo

3.9.1 I 0 PP
3.9.2 I 0
3.9.3 I I PP
3.0 ODODO0O0O0O0 ..o e e e e e

4 gooboboodoobbuoooobobouoooooog
4.1 O0000 .« .o e e e s e
4.1.1 OooboDoooooooooooog oo oo oo o oo oo
4.1.2 I 0 O
4.2 0000 .. e e s
4.2.1 I I
4.2.2 goboboooobboooooboooon oo oo e o
4.2.3 goobboooobobooooobooooobooboog oo
43 O0O00O0O0OOOOOOOODODOOOODODOOOObDgO . ...
4.3.1 I I 0 PP
4.3.2 uooboooobobooooobooooobooog oo
44 O000 .. e e e
4.4.1 I 0 P
4.4.2 UO0D0DOOOOD0DOO0 .0 e et e e e e
4.4.3 I 0 PP
4.4.4 gobobooooboboooobobooooboobog oo o
4.4.5 gooboooobbooooboboooobobooog e
4.4.6 I 0 P
4.5 000000000 .ttt e e

5 goooognd

ggoo

ii



oodA

Al
A2
A3

oo B
B.1
B.2
B.3

goobobbobbboddoooooobbbbbboouooooobooboo

goood 120
I 120
OO00D00000000O0 ..ot e s e e e e e e 125
I 0 126

OOobo0boooooobooboooooobbooooboobooboOooDoobo 135

I 1 P 135
I 1 138
I 0 0 143

iii



Oon

1.1
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29

000000000000 ... 0 0ot e e e e e e e e e
MATCH_RECOGNIZEOOODO . .. ... oot
Example Query . . . . . . ...
000000000000 3000000 .+« oo oo oo oo
goooooooobobooooooooooooono o oL
Sequence Filtering Query . . . . . . . ... Lo
Example Query 0 0 00 O Sequence Filtering Query . . . . ... ..
Row Filtering Query . . . . . . . . . ... .
Example Query 0 0 00O Row Filtering Query . . . . . ... .. ..
00 match_recognize() DOOOOODO . .. ..o v v vttt
Example Query 0000000 match_recognize() 0000000
Example Query 00000 NFA . . . .. .. ... ... ... ....
Example Query O Sequence Filtering Query 00000000
MATCH_RECOGNIZEOOODOOOOOOOOOO ... . ... ..
I
Spark OO OOOO0ODOOO . ... oot e e e
I U

(
PostgreSQLOOODO0OOO0O0O0OOOOOOOOO (
PostgreSQLO DO ODOODDOODOOOOOOOODO (
PostgreSQLODOUOOODOOOOOOOODOOD (Q4) . . v v v v v v
PostgreSQLOOODDO0OOO0O0OOOOOOOOOO (
PostgreSQLO DO ODOODDOODOODOOOOOODO (

iv



3.30
3.31
3.32
3.33
3.34
3.35
3.36
3.37
3.38
3.39
3.40
3.41
3.42
3.43
3.44

3.45

3.46

3.47

3.48

3.49

3.50

3.51

3.52

3.53

3.54

3.55
4.1

Sparkk 000 0D0O00DODOOODODOOOODO

(

Spark 000D O0OO0OD0O0O0OO0OO0OOOO (Q2) « v v v v v oot 50
Spark 0000000000 O0OD0ODOOO (Q3) « v v v v oo oo e 50
SparkDDDDDDDDDDDDDDDDD(Q4) ............ 51
Spark D000 O0O0O00O0O0OOOOOOO (Q5) « v v v vt oo 51
Spark 0000000000 OO0D0OOOO (Q6) « v v v v oo oo e 52
OO0 QT . . o e e e 53
OO0 Q8 o v v v e e e e e e e 54
000 Q9 « v v e e e e 54
000 Q10 . . . oo o e 54
000 QL1 . . . . e e e 55
O00 Q12 . . . . e 55
PostgreSQL 0 0 0O O Foursquare Dataset 0O O0O0OO0O0O0 ... ... 56
Spark 0 0 0O O Foursquare Dataset OO0 QO OdoOoGO ... .. .... 54
PostgreSQLODDO0O0OOO0O00DO0O0O0O0DOOQION = 10,000,0000S

= 1,00000 . . .. 59
PostgreSQL 000000000000 OO00Q50N = 10,000,0000 S

= 1,00000 . . ... e 59

Spark 000000000 ODOOODOQLION = 10,000,00008 = 1,0000 60
Spark 000000 DO0OO0OO0OOOQ50N = 10,000,00008 = 1,0000 60
PostgreSQL 000000000000 O0O00QLION = 10,000,0000 S

= 10,0000 . . ..o, 61
PostgreSQLOOO0OOO0O0O0O0O0O0O00O0O0QION = 5,000,00008 =
LO00D . o o oo e e e e e 62
PostgreSQL 000000000000 OO0O0Q50N = 10,000,0000 S
= 10,0000 . . ..o, 62
PostgreSQLOOO0D0O0O0O0DOO0O0O0O0D0Q50N = 5,000,00008 =
LO00D . o o oo e e e e e 63

Spark 00000000000 O0O0O0QLON = 10,000,00008 = 10,0000 63
Spark 10000000000 OO0OOQION = 5,000,0000S = 1,0000 64
Spark 0000000000000 O0Q50N = 10,000,00008 = 10,0000 64
Spark 00000000000 ODOOQ50N = 5,000,00008 = 1,0000 65
D000000000000000 + « oo oo oo e 63



4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19

4.20

4.21

4.22
4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30

t1l0000000000000000ag «~ .+« oo oo oo oo oo .. 77
t1 000000000000 . .00 v vttt i e e e e 77
2000000000000000000  « .« .« oo v v v v v oo 78
I 79
ogoooooooo 1o0goobooooooooooooog ... 83
o0o0b0ooOo0o 20000000O00DOO0O0OO0O0O0ODOOOO0 ... 83
OO0000000 . .00 o e e e e e e e e e e e e 85
I 86
I 86
I 1 0 A 90
0ooo0odooobooo 4000000000000 ... ... 90
ooooooooooooOoOn .. oo o s oo e o e e 91
I 94
I O 95
OdoooDooooooooooooooooo sgooo ... .. .. 95
00o00oO0ooOoobOoobooooooobo voooag ... ... 96
0ooooooooooooooDooooo Xoooooooooo .. 96
0ddd0dooooooooooobobbDbh Xoooooooooda

00 QOOOD « o o e e e e e 97
0000000000000 DOO000DD XOooooooooo

I 97
00d0d0dooooooooooobobDbDb Xooooooooodad

OO0 VOOODO ... e e e e e e e e e s s 98
I I 1 OO 98
odoooooooooooooooooooo Qooog ... ... 99
Odo00Doo0oooooooooooooooo sgooo .. ... .. 99
oo0o0oo0ooooooooooooooooo voooo ... ... 100
Chapuis 00D OODOOOOO . .. 0ot e 102
ooooooooooooong oo oo oo s oo s n e e 103
30000000 4000000000000 + « « v v v oo oo 103
JdbodobooD4000000000D0O00O0O0O0O00 .. ... .. 104
ooooooooooooon oo oo oo s oo n s e 104

vi



Oon

3.1
3.2
3.3
3.4
3.5
3.6
3.7
4.1
4.2
4.3
4.4
4.5
4.6
Al
A2
A3
A4
A5
A6
AT
A8
A9
A10
A1l
A.12
A.13
A14
A.15
A.16
A7

300000000000 « o o oo v e e, 25
D00000000000000000 &+« o e e v e v e 30
Q700 QI20000 ol BO0 v v v vt 55
OrOwOOOO o oo e e e e 57
00000000 RMSEO DO REON = 10,000,0000 S = 1,0000 . . 61
00000000 RMSEO OO REON = 10,000,0000 S = 10,0000 . 66
00000000 RMSEODOO REON = 5,000,0000S = 1,0000 . . 67
0000000000000000000  « o o v v v e e 71
DO000O00000 .« . o0ttt e e 71
0000000000000000000000 « .+« v v v v v et ... 76
000000000000000 + + v oo oo e 81
D0000000000000 .+« + v e e e e e 89
DO000O00000 .« . oottt e e e 92

PostgreSQLO DD 00000000 OOOODODO )
PostgreSQLO DO OO0O0O0OOOOOOOODODO )
PostgreSQLOOODO0OU0O0OOOOOOOOOO (Q3)00 3.260 .. 121
)
)

(Q)D D 3.240 .. 120
(
(
PostgreSQLODOOD0D0OOODO0D0OD (Q4)D0 3.270 .. 121
(
(

Q2)00 3.250 . . 120

PostgreSQLO DO O0O0O0O0OOOOOOODODODO (Q5)00 3.280 .. 121
PostgreSQLO D OO0 0OO0OOOOOOOOODO (Q6)00 3.290 .. 122
Spark 000000000000 D0ODOD (QHUDO 3.300 ... ... 122

SparkDDDDDDDDDDDDDDDDD(QQ)DI:I3.31D ...... 122
Spark 0000000000000 0OOOO (Q3)0D0O 3.320 ... ... 123
Spark 000000000000 D0ODOD (Q4)00 3330 .. .. .. 123
Spark 000000000000 D0ODOD (Q5)U0O 3340 .. .. .. 123
Spark 000000000000 D0ODOD (QE)ODO 3350 .. ... 124
PostgreSQL 0 0 OO Foursquare Dataset 0O O0OOOO . ... .. 125
Spark 0 0 00O Foursquare Dataset 00000000 .. .. ..... 125

PostgreSQL 0 0000000 QLION = 10,000,00008 = 1,00000 3.440 126
PostgreSQL 00000000 QLON = 10,000,00008 = 1,00000 3.440 126
PostgreSQL 00000000 Q50N = 10,000,0000S = 1,00000 3.450127

vii



A.18
A.19
A.20
A.21
A.22
A.23
A.24
A.25
A.26
A.27
A28
A.29
A.30
A.31
A.32
A.33
A.34
A.35
A.36
A.37
A.38
B.1

B.2

B.3

B4

B.5

B.6

B.7

B.8

B.9

00 4.180

00 QUOOOmI0O 4.190

PostgreSQL 0 0000000 Q50N = 10,000,00008 = 1,00000 3.450127

Spark 00000000 QLON = 10,000,0000 S = 1,0000 O 3.460
Spark 00000000 QLON = 10,000,0000 S = 1,0000 O 3.460
Spark 0 00000 00Q50N = 10,000,0000 S = 1,0000 O 3.470
Spark 00000000 Q50N = 10,000,0000 S = 1,0000 O 3.470

127
128
128
128

PostgreSQL OO 0000 OO0 Q1ON = 10,000,0000S = 10,00000 3.480129
PostgreSQL OO0 000000 Q1ON = 10,000,0000S = 10,00000 3.480129
PostgreSQL 00000000 QION = 5,000,0000S = 1,0000 0 3.490 129
PostgreSQL OO OO0 00O QION = 5,000,0000 S = 1,0000 O 3.490 130
PostgreSQL OO0 00O 0O 00O Q50N = 10,000,0000S = 10,00000 3.500130
PostgreSQL OO0 00 000 Q50N = 10,000,0000S = 10,00000 3.500130
PostgreSQL OO OO0 OO0 Q50N = 5,000,0000S = 1,0000 0 3.510 131
PostgreSQL OO OO0 OO0 Q50N = 5,000,0000S = 1,0000 0 3.510 131

Spark 0000 0000QLION = 10,000,0000 S = 10,0000 O 3.520
Spark 00000 000QLION = 10,000,0000 S = 10,0000 O 3.520
Spark 0000 0000QION = 5,000,0000S = 1,0000 0 3.530
Spark 000 00000QION = 5,000,0000S = 1,0000 0 3.530
Spark 000000 00Q50N = 10,000,0000 S = 10,0000 O 3.540
Spark 000000 00Q50N = 10,000,0000 S = 10,0000 O 3.540
Spark 0000 0000Q50N = 5,000,0000S = 1,0000 0 3.550
Spark 00000 000Q50N = 5,000,0000 S = 1,0000 0 3.550

I I

o0o0obOobooOoboooD4000b0bb0O0bOOobDOobo 4120

0000000 00bOo0obOoDoOonD 4130 00000000 oo o
I

0000000000 000000D000000 QUOOoOOmO 4.150
0000000000 00000000000DO SODOO0MmMo 4.160
0000bOo0o0O0ooO0obOOoobOOoDoDOoboobo vooomo 4470
00000000 DbOO00O00ODObOO0oO00obOD Xbooooooboooo

00000000 DO000DODODO000DOD XObooooooooo

viil

131
132
132
132
133
133
133
134
135
136
137
138
138
139
139



B.10

B.11

B.12
B.13
B.14
B.15
B.16
B.17
B.18
B.19

00000000 DO000DODODO000DOD XObooooooooo
OO0 SOO0MI0 4.200 . .. o0 o e e e e e e
O00O00o0o0ob0ObO0oOoobobObOoOoobobD Xbooooooboooo
OO0 VOOOOO 4210 .. 0000 e e e s e e
O00O0DbOO000O0obOOobOooboOooOobooo 4220 0L
0000000000 000000D000000 QUOOOmIO 4.230

0000000000 000000000000 SOOO0MM0O 4.240

0000000000000 0DO0OD0obOoOobO vooomaag 4.250

O000DO0O000O0OODOoO0OboOnod4.27d @ oo oo oo
J00p0o0boo040000b00obobooonDoOoD 4280 ... ..
30000000 40000000000 0DO0O0DOOOOO 4.290 ...
O000DO0000D0O0ODOo0OboOn 4300 &0 oo oo e

ible



1 00OO0o
1.1 0DO0O0O0OO

00000000000 00D00O00D00O00000000O0O00D00O00D00O0OSNS
ggoboboooobobbooooboobbooobboboooooboooobbooog
goobboooobbbooouobbboooobbboooo

gooboboooobobboooobbooooboboboooobobboooobLboooan
gobobobooouooobobbooouoobbooooobbboooooboobonbog
Jjodooooooooooooooobobobboooooooooooooogoog
goo0obOooobOO0obOO0bobOOobOO0OooOOooDOobooOOoD IbObboobobOooDOobooboOoo
ggoboboooobobooooobboooobobobuooooboboooobobooog
gogoboboooobbbooobbbooobbbooonooboboooobbooog
oooob 120000000000

gooboooobobboooobboooobobobooooboboooobbooon
ggoboboogobobbooooboobboooboboboooooboooobobooog
goobboooobbboooobbbooobobbuooooboboooubbobooon
ooooboboob 1bo0obobooboboboobooboboooboobooooo
ggoboboooooboooobbooooboboooobbboooobbooon

goobooooboboooobobboooobobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog
guoguoobboooooobbboouoobbboooobobboooobobobbo
gooobooooboobobooobobooobobooobDoOoo 34b0ooUobobUooo
Selection0 Join OO0 OO00O00OOO0OODOOO0ODOOOODOOOOOOOODOOOO
gogooboooooobouooon

goboboooobobboooobbtboooobobboooobboooobbobooon
ggoboboooobobboooobobboooobobbuoooobbboooobbbooon
ggobbooooboboooooobbooooboboboooooboooobbooog
gooboboooobobbooooobboooobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog



gogoboboooobbtbooobobbdooobbbuoooob bbb booog
gaoo

12 O000O0O0D0OOO0OO0O0O0ODOODOO0O0OO0

ooo0oboOobooobooob 20b00b00o0bOobobDlbooobooobooboon
goooobooobooboobooboobobboooo100obobooboooobooboOoo
ogoooboboboboooboobobooobooboboobDOoUoboobobooboooo
0000000000000 D0000000000000D0000 sequence_id OO
obobOooOOoboOobooboOobOooOoobOoboDoooobOoboo IbbobooobobOoo
00000 IDODODOOOD sequence_id 00 OO0 Osequence idO0O0D0O00O0O00OO0O
o0obooobdooobboobooobooobboobbUoobobooobbooo?
gooooobobooobooboboobuoobobobooobobobo 1boboooo
gobooboboobooboobuooboboobobobobooboobobbobooon
oooobobooobooboboooboboobo 2000b0oboDOo0obOooObOobDooo
ooooboboboboooboobobooboobobboobDooboobobnooo
goboobobobobooboobobooboboboboobooboobbobooon
0000000000000 0D00D0D0D0OD0O0D0O0DO0O0ODOsequence_idOOOODOOO
oooobobobooboobon

sequence id0000000000O0O0ODO0O0ODOOODOOOOOOOOOODOOO 11
00000000 bO00O00bOoDOO IDOD0D0000ODO0ODO0ODO0O0ObOOoDOoOoDOon
0000 IDO sequence_id00000000000O0O0OOsequence idO0O0OO0O00O0O0
gooobobobobooobooboboooboobobboobooboobobnooo
oo0ooOo IbOoooO0oooO0OOoO0O0OO00ODOOoOobOOO0O0oOOoU0DDOObDbOObOOo
ooooboobobobooboobobooobooboboobDooboobobooboooo
00000000000 00000 order_key0OOODOOOOOOODODOODOODOO
gooooood

1.3 DOoOoOo0DOog

gobobogoobobboooobbboooobbobooonoboboooobboood
0200000000001000RDBOO0OODO0O0OOODOODOOOODOOODODO
gogoboboooobobboooobobboooobobbuoooobobboooobbooog



B RFIEE OB (sequence_id)
BRI DNEF % =9 B (order_key)
ARV (17) EBHEOEK

—
wao | ma | L2 | w
&5 wap | Ba | L2 | ® wao | B2 | L2 | ®

W]
7.00 [ A% | BRH
7:50 | HE®Bm | B
9:20 | A% | BRp
11.00 | Hi% | BRa

Wl
830 | A% | BRP
10:10 | H3% | BRa
11:50 | A% | BRa

B

=
o | oF | o
> | >

7:00 | A% | BRH
7:50 | BB | B
8:30 | A¥F | BRP
9:20 | A% | ERP
10:10 | H4 | BRa

11:00 | H3F | BRa
= REIDTY =7 » R %nlT,
1150 | A | Ba BTy — 4 v ARE Y — b

12:20 | H#% | BRR

&
>
&
o)

B

F
o [ O | o | o
> | >

@

| E
0 | 0% R 0%

@

=
0%
>

>
ve)

B3
=

12:20 | H#%B | 8RR

3

=
@

S| LR O B O S
=

Z

=
2]

g

=
o | oF | o | o
>

o)

;\\.‘F

011 000000000000

O0000OSelectiond JoinOOODODOODODODO0ODOOOOOOOODOOOOOOO
goooooobobooooooooooooooobbob oo ooooooon
0000000000000 00000d Sequence Filtering 0 Row Filtering 0 2 0O
O0000000000000PostgreSQLO Sparkk D0 000000 DOOOOODODOO
ood2000000000000000000D0O0DO000O0O0O0OODODOO0O0O0OnO
goooooooobooooooooooooooooooboboooooooooo
200000000000000000000DOOO0ODODOOODOOO0OOODOOODOOd
oo ooboobuoobooouoooooo
goooooooboooooooooooooooobobooooooooooooon
oo ooooob bbb oo oooooooo
goooobbbobbooooooooooooon

14 0DOO0ODOO

0000000000000 O0DO000200000000000000000000
dooooooooboooooooooooooooboooooooooooooon
00300000000 ooooobooooooonoooooooooooooooo
0000000000 0000D0 Sequence Filtering 0 Row Filtering O 2000000



000000 bO0000b00O00D4000000D0D00O0ODO0OO0ODODDOODOO
gogoboboooobobboooobobboooobobbuoooobobboooobbooog
oo00oboOobooooooboobOoUooobDo s0U0b0UbUbObOUObDODbObO



2 0D0Oo0Oo0oooooooobooo

0000000000000 00000ESling0 0000 70000000 [30]0
Query By Content0 0 0000000000 0OOCOOOO00ODODOODOOOOOODOO
000000000 Clusteringd 0000000 O0O0O0OCOO0ODOOOODOOOOOO
00 MM Classification0 0 0 0 0000000000000 O0O0O0O0O0DOOOOOOOO
00000000000000000000M Segmentation/Summarizationd O 0 O
ggobobobobooodooobbobobbboooooouobooooooooobooon
00 Prediction0 000 0000000000000 O0O0O00O0OOOOOOD Anomaly
Detection1 00 0000000000000 O0O00O0OOOODOMMotif Discoveryl O O
gboobdoboobobuoobobuooboboboboooboomoabaoboon
010000000000000000000000 (Segmentation/Summarization,
Anomaly Detection, Motif Discovery) D00 O0O0O0O000O (Prediction) 00000
gboobobobooboooboobobooboboboboobooboboboboon
uboooodoaod

21 ODODOOOoOoOoOoooog

O0000000 1 0000000000000 00D00DO0O0OO0OdSegmenta-
tion/Summarizationd Anomaly Detection] Motif DiscoveryD 00000000000
O000000OOMooney D OODOODODOOODOODODOODODOOODOOODO
000000000 Sequential Pattern Mining 0 OO OO0 (690000000000
O00D0000OStreaming DataD 000000000 O0DOO O I String Matching
and Searching0 0000000000000 O00OQO ™ Rule InferenceD0 0000000
000000000[30]000 6900000000000 000000O0O0OOO0OO0
goooobbbobbooooooooooooob bbb oooooooo
oo oooooobouoooouooboouooboooobonoo
doooobogooboobooooobooboooooooboobooooon
gooooobobooboooooooooooooooo



211 DOO0ODODDODODOOODOOOO
m Sequential Pattern Mining RDBOOOOO0OO0OODOOOOOOOOOOOOOOOOO
000000000 DODODOAgrawal OO OSequential Pattern MiningDO OO 000000
0000000000 3)0[69)000000000000Sequential Pattern Mining O
0 O Apriori-based Algorithm0 Pattern Growth Algorithm O O O O O O Apriori-based
Algorithm OO0 O0O0ODO0D0DO00ODOODOOODOOODOOOOOOOOOOOOODO
000000 do00000o0oooOpBoooo0ooOn GSP (Generalized
Sequential Patterns) 000000 [95| 000000000000 000O0O0O0OOO0
00000000D00000000000SPIRIT (Sequential Pattern mIning with
Regular expresslon consTraints) 0 0000000000 [34|00000000000
00000000000 Hackle-tree 0000000000 OOORE-Hackle (Regular
Expression-Highly Adaptive Constrained Local Extractor) 000000000000
0O [8]0 Apriori-based Algorithm 000 0000000000000 O0O0OO0ODOOO
0000000000000 00000000RDBO sequence_ idOOOOO0OO0O
0000000000000 0000000000000 Sequential Pattern Mining O
00o00ooooooooo (1190

000 0 Pattern Growth Algorithm 000 0000000000000 O0OO0O FP-
growth 0000000000000 4200000000000 0FreeSpan (Frequent
pattern-projected Sequential Pattern Mining)[41] O O FreeSpan 0 000000000
00000000 (Prefix) 000000000000 OOOO (Postfix) 00DDOOO
0 RDB 0O 0 O 0O O PrefixSpan (Prefix-projected Sequential Pattern Mining) 00 O O
0000 [84]0

R J000000000000000 Sequential Pattern MiningOD OO OO OO0O0O
ggoboboooobobboooobobboooobobobooooboboooobbooog
0 O Data Packet Inspection (DPI) 00 O0ODO0O0D0OO0O0O00000O00O00OOO Wang
gboooodoboboboboboboooboboboboboooobobobo
00000000000000000000000000000 (Deterministic Finite
Automaton, DFA) D0 0000000000000 00D0O00O0O0O0ODOOOOOOO
0000000000000 000000O00000O00D0O0O0o0oDoOoOOO [103]O
OO00CheiDO00ODO0OOOODODOODOOOODODOODOODOODOODOODODOODOO
00000000000000000000000000000000 [24)J0Cha0O0



0000000000 FFBF (feed-forward Bloom filter) 00D 0000000000
oboobOoobooboobooboboobbO0obD 2000000000 00000D0
O0D00oo0o0oo000 FFBFODOOOOODOOOOODOOOOOOODOOOODO
gbgoboobogboboboooouooboobooboobooboboooboon
000000 [20]0Navarro O O O Suffix Automaton 000 000000000000
00000000000000000000 BDM (Backward DAWG Match) 000 O
0 BNDM (Backward Nondeterministic Dawg Matching) 0000000000000
[740Wang 00000000000 DO0OO0O0O0O0O0OOOODOOOOO0OOODOOO
000000o0ooooooo 1010
gbobobbboooooaobbobbbooooodooboooooooobobon
0000000000000000000Prochazkal [87]00AD0COGOTO 400
oooboooooo 4000000 800DbO0O0DOOOOODObOObOOObOOOOOO
BAPM (Byte-Aligned Pattern Matching) 000 0000000000000 O0O0OOO
Ooo0ooDADOOODCDOOIDGO 100TO 110D0000D0ODODOODOD 1DODDDOO
gobooobooobboobbuooobooobbooobboobbooobood
GrossiDOOOOOOOOOOOOOOOOOODOOOODODOODODOODODODOOO
00000000000000000000000o0O0 (390
OO00000O000O0o0o0O00b00oDOoO0oDOOoO0oOo0bOOoOoDOoO00O0nbOdRashmi
oooooooooooMPIDODOOOODOOODOOOOODOOOOODOOOODDOO
0000000000000000 [16)0000000Forain 00 OpenMPOOOOO
0000000000000 00O00o0U0DOU0DO0DO00O0O000O0 [32)0Deaton 00O
O00000000oo00oUo (NMS)OOOOoOOoooOoOooooooooooooooo
000000000000 Sparkk 00000000 ODDOOODDODODODOO [26]0 Sitaridi
O00SQLOODD LikeOODDOODDOOODDOOODOOOOOOOODOOOOOO
00000SIMD (Single Instruction Multiple Data) 00 0000000000000
00000000000000000000 [98]0YwOOOOoooooooooooo
0000000 AC (Aho-Corasick) 0000000000 D0O00O0ODOOOODOO
0o000oU0o0o0o0oooooooooolTo

s 000000000 Oobbuoooboboobboobobboodobboooboobd
0000000000000 00000000000000000D00O00ODSQL/RPR
(Row Pattern Recognition)[1] 000 SQL2016 0000000000000 SQL/RPR
00000000000000000000 SQLOOD0DO0OO0O0D0O000 SQL/RPR O



0000 RDBMSOOODOOOOODOODOOOUDOOODOOOOOOOOO [B500
0000000000000 0000000000000000ODFA O NFADOODO
O30b00o0ob000ooobooboobobooobobOooobDOoOobooDObOOoooODbDOn
00000320 000000000000000000000000 RDBMSOOO
O00000O0ODIndar00O0OMySQLOODOOODOODOOOOOOOOOO NFAOO
O0O0SQL/RPRODOODIDOOODDOOODDOOODDDOOODDOOODDOOODDODOOO
O0DejaVu 0000000000000 0OOOD [28)0000000000000DOO0
O0O0OHP Vertica57] 000000 VerticaDOODOOOOO0OODOOOOOOOOO
ygjodouooooooooobooooobobobobobobobobobbbobbbbbooooaad
Gehani DO 0OSQL/RPROOUOOOUDOOOOOODOOOOOODDOOOOOO
350 Cadonna 000000000000 DODO0OODOOOODOOOODODOOOOO
O000000SES (sequenced event set) 000000000000 MMO0OO0OOOOO
0000000000000 00000DO00000D0O0O0 NFPADDODOODDODODDOO
goooobbbbboooooooooooooobobbbbooooooooooooon
ggobobooooboboboooobobbdooobobboooobbboooobbbooon
000000000000000000000000000000000000 [18)0
bbb oobobuobooobobbooboobobobuobuo
goobooboboooooobbbbbodooobbboooouobbbooooobboo
O000O0Sadri000000000DOOOCDOO000000DODOOCODOO000 KMPO
000000000000000000000000000 OPS (Optimized Pattern
Search) 0000000000000 OOPSOOO00OODODOODDOOOOOOOOOO
gogoboboooobobboooooobboooobobobooooboboooobbooog
guoguooboboooobobbooouobbooboooouoobbooooooobog
000000SQLODOO00O0DD0O0OO0O SQL-TSOO00DOO0OO0O [88][89]0 Perng
000 SQL/LPP (Limited Patience Pattern) 00 0000000000000 DOOO
0000000000D0000 [85]0 Attributed Quene 00000000000 DOO0
bbb ooboooobooobuoobobon
goboobobooooobbboooouobbooboooobbbooooobboo
gobooobooooobboboooouobbooooooobbobboooobboboon
guobbbbooouobobooooobbobobooouoobobbboooobobbo
gobbobobodoodobobbooogouobbbboboboooobboooobbobooboo
0000000000000 000D000D0D00D0DOO0O0O Chakravarthy O O O event
(-condition) tree 0D O OSQL/RPROODODUDO0OODDOO0ODDOOODOOOODO

8



0Doooo [21]0

s 000000 000000000000000000000000000000000
00000000000000000000000000000000000Pateldn
0000000000000 [8)0LIn0000000000000000000000
0000000000000000000000000000000000 [59]0 Mueen
0000000000000000000000000000000 [72)0 Mohammad
0000000000000000000000000000000000000000
0oooo [68]0

m 00000 0000000000 O0O0O0OOO0OO0OO000O0O0 AODOOOOOOOO
0000 BOCUOODOOUOOOUDODOOUOOODODOOOOODOOO Mannila[63] O
Padmanabhan[75|0 00 0000000000000 0O0HSppner 000000000
boobobbdoboobuoobobodobobobobooboobobboboan
00000 [45|0Papapetron 00 0000000000000 D0OO0O0O0OOODOOO
gbooboboobooobuoobobooboboboboobooboboboboan
0000000o0ooooooooooo (790

m Segmentation/Summarization 0000000000000 00O0OO0O0OOOOO
O0000O00Shatkay 0000000000 (PLA)D0OO0OOOOOOOOOOO [92]0
O00Kehagias 000 D000 00000000000O0O0D0OD0OOOOOOO [51]0
Palpanas 00000000000 O0DOO0ODOODOODOOODOOOODOOODODOOODOO
0o000o0o0o0o0o0o0ooOooOooDoooUoUoOoooo (7o

m Anomaly Detection 0000000000000 OOOCOOOODOOODOOODOO
goooobbbbboooooooooooooobbbboooooooooooon
oo ooooooboboboboboobbboobobooboobooooooaoygd
YpmaOOOOODOODOODOO (SOM)D00DO0O0O0OOO0OO (1600000000000
0000000000 000000000000000D000000000“Time Series
Discords” 000000000000 OYankovOOOOOODOOOODOODODOODOO
gooooo20000b000b0o0bo0obo0b0oobobooboboobooboon
000000 [113J00000Chen0000000000DO0OO0OUODOOOOOOODOO
00000000000PAV (Pattern Anomaly Value) O MPAV (Multi-scale Pattern
Anomaly Value) 0 2000000000000000 [23]0



212 0O000D0OODOOOOODOO
m 0000000 0O00D00D00000O0D00000D000000 (Complex Event
ProceSSing,CEP)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000000CEP 000000 0Cayuga[27)0SASE[108]0ZStream[67] 0 0 0 O
00000 Cayugal27] O O O Cayuga Event Language (CEL) 00 0000SQLOOO
000000000000 00000000D00000Cayuga OO0 OOOOOO0O
000000000 (Non-deterministic Finite Automaton, NFA) 00000 OO CEL
gooooobobobooooooogoooooob bbb oo oooooooo
goooobbbbbooooooouooooob bbb oooooooo
0oooooobboooobbooooooooobooooobooooooooooobon
gooooobobooooooooooooooob bbb oo oooooooon
OO0SASE[108]DORFIDODOUOUDOUDOODOODOODOOOOOOODOUOOODOOOO
000000000000 O0SASEODOONFAODODOODOODOOODO CayugaOO0O
doooooobooooooooooooooooobobooooooooooooon
oo ooooob bbb oo oooooooo
gooooooobooooououoiododooooooooooooonoon
OD000O0O0OO0OKolchinsky 0000 0O0D0OO0D0OOD0OODODOO NFAOOOOOOOO
gooooobobobooooooogoooooob bbb oo oooooooo
0 O O chain topology NFA 0 0 O tree topology NFA OO OO OO0 [54]0 Agrawal O
OONFAODOOODOOODOOOODOOOOOOOOODOOOODOOODO NFAP
0000000000000000000 (B0Ding000000O0ODODOODOOOO
0000000000000 0000000000DoDo000ONFAOODOODOOODOO
goooooooboboooooooooododooooooooooooooonoon
0 0 O Runtime Query Unsatisfiability (RunSAT) 0000000000000 O0O0O
0[2900000000000NFAODDODOODOOODOODOOODOOOOODOODOO
0000000000000 0BargaOOOCEPDO pub/subDDDDDDDDDDD
Complex Event Detection and Response (CEDR) DO OO0O000O0O0O00O0OODOOO
000000000000 [12]0 10000000000 0Validation timedOccurrence
timed CEDR time 0 30 0000000000000 0000ODOOOOOOOOOO0O
000000000000 00000CEPO pub/sub00000000O0O00OOOOO
goooooooo
NFAOOOOOOOOOoODOOoooooooooooDooooooooooooo

10



ZStream[67) 000000000 ZStreem 0000000000000 DOOOOODOOO
gogoboboooobobboooobobboooobobbuoooobobboooobbooog
ggoboboogobobbooooboobboooboboboooooboooobobooog
gobboooobobbooododooobb oo bboooobbobooo
000000000000 0D0000000OoZStreem 0000000 0O0OOOODO0O
0000000000000 0000000O0KoIchinskyOOOOOODODOOOODDOO
gooboboooobobbooooobboooobbooooboboooobobooon
000000000000D BR3)000000o0oooUoUooooooooUod
000000000000000000JuD00Pattern Combination Graph (PCG)
guobbbbooouoboboooooobboboooobobobbboooobobbo
00000000000000000O0000000U0O0DO 48)0Zhoul 0000
gooboboboooouoobbboooouoobboooooobbooooooobobooo
0 [124|0000000000000000000000000000000O000O0O0
00000000000000000000000000000OI-tree (Order Instance
Tree) 0000000000000 OD0O0O0OOOOUOOOOUOOOOOOOOOOO
ggooboooooboooooo

Jdooobboodoooooobooooobbooooobbooogoobooo
gbooooobboobboboobuoobboboboobboobobUoobbobobog
Cadonna 00000000000 O0ODOOCOOODOOO0ODOOOOODOOODOOOOO
000000000000 000000000000D00O0O00 A7jo0U0DoO000
gobobobbodoooobbodoobobbboooobobbobooobobbooboo
gogoboboooobobboooooboboooobobobuoooobobboooobbooog
ggoboboogobobbooooboobboooboboboooooboooobobooog
goooo

m Sequential Pattern Mining OO0 000000000000 O0O0OO0OOODOOOOO
0000000000000 00Giannella O00FP-growth 00000000000
0000000000000 DO00ODO00D0O0ODO0O0DO0O0ODOO0 FP-treeOO0ODO
FP-streem 0000000000000 OO [36D00000000OOOOOOOOO
00000000 O0FTS-DS (Frequent Temporal Patterns of Data Streams)[97] O O
MAIDS (Mining Alarming Incidents from Data Streams)[19] 00000000000
gooo

11



000000 0O0OOODODOOODOOODOOODODOOO0ODOOODODOODODOOMueen
oobobooooobobobboooooob 1obbbooooobbbboooooooo
00 [M0Lam 0000000000k ODO0O0OO0ODOO0OOO0OOOOOOOOODOOO
p6|0000000000000D000000DO0DO0UO0DLO0DO0OUOODOOO
0000000000000000000000000ooooo (490

m Anomaly Detection 00000000000 O0O0OOOOOOOOOOOOODOO
0000000000000 000D0000DO00DO0DO0bO0OMaDO0DODOODOODO
0000o0o0oooO (200000000000 Tan 00000000 DODOOODO 1
000000000000 Streaming Half-Space-Trees (HS-Trees) 000000000
000000 [96]0

22 0000OO0ODDOOOOO

gobobogoobbboooobbboooobbobooooboboooobboood
gooboboooobobtbooobobbooobob bbb ubbbooo
ggoboboooobobboooobobbooobobobuooooboboooobbooog
ggoboboooobobbooooboobbooobboboooooboooobbooog
gooboboboooooo

221 O00000O0ODOO0OOODOOOOODODOOOOO0
e (0000000000000 00O00O0O0OO0O0O00O000 DOoOoouooooooao
0000000000000 0000000000000ARIMAOOOOOOOOOO
000[4)|000000000000000
ARIMADOOOODOODOOOODOODOOOODOODOODOODOODOOOOOOO
00 250000000000 (380000000000 0Livera00000O0O0OO
gdodbooooooboooooboouooooooooooooooouoooa
000000000000 0BATS (Box-Cox transformation, ARMA residual, Trend
component, Seasonal component) D0 00000000 [61]0

s 00o0oooobooogbooobboobob0oobuo0b oboobobooobooo
00000000000000000000000000000000 (MLP)OOO
Feed-Forward 0 0 00 0000000000000 0O0O0DODOO0ODOOO0O0OOGurmu
oooGpPSOD00O0OOODO0OOOOO0ODOOOOODODOODOOOOODOOODOODO

12



0000000 [40)0Jindal DOODOO0O0ODO0OUODOOO GPSODOOOOOOOOO
000 GPSOO0O0OO0O0OOO0ODOOOOOODOOODOO0ODOOUODOOOOOODOO
0000000000000 00000O0Spatio-Temporal Neural Network (ST-NN)
00000000000000 470Zhang0000000000O0D0OOOODOOO
ggoboboooobobbooooobbodooobobboooobobboooobLbbooog
00000000000000 [121)J0Innamaa 0000000000000 O00O0OO0
goooobbbbbooooooouooooobbb b0 oooooooo
0000000000000 00o0o0o0o00o0oUo0o0o0oUooUooUoo [46)0
O00Valipour 00 0000000000000 OCOARMAODOARIMAODODOODOOO
00000 3000000000000000000000O0OOOOO0 [99]0

goboboooobbtbooobbtboooobbboooobboooobbbooon
000000000000 Zhang000000000D00ODO0OOOOOODOODOO0O
ARIMAOOOOOOOOOOODDODOOOODOO0OO0000000000ooooo
0000000000000 00000000 [120)0Khandelwal 0000000000
0000000 Discrete Wavelet Transform (DWT) OO O0ODOO00000([12000000
000000 ARIMAOODODOODODOOOOODOODOODOOODODOO0ODOOO0O0OO
0000o0oooooooo [5b2)0

0 O O O ORecurrent Neural Network (RNN)[106]0 Long Short Term Memory
(LSTM)44) 0 0000000000000 0ODOO0O0O0O0ODOOOO0OOODOOOOO
o0oooOooOOoO0o0o0oobOOobDO0oOoOowwOoOOOOOODODDOODODOObOODOO
gobbbooooobbobodoobobbboooobobboooobobbobooboo
0000 LSTMOOODODODOD0DOD0D0D0D0D00000000 [109]0 Poornima 0O 0O O
RNNOOOOOOOOODODOOODOOOOoOoLSTMOOODDDODDODDODOOODOOOO
00000 tanhO00OO0OO0O0O0O0OOOOIntensified LSTMOODOOODOOOOOOO
00000000ooooooooon [8el0AlahiD0OOOOOODOOOOD LSTM
0000000000000000000000000000000000 [7o000
000000000000 0D00DO000D0000D0000 RNNODODOOoOoooooo
00o000oo0oo0oooo 12200000 (pv)0000D0DOO0OOO0OOOO
000000000 15000000000 RNNOODDODODOOOOO [8|oooood
goooo

0000000000000 [100j00000000O0O0 1120000000000 O0
000D [107J0NASDAQU DD (5000000000 [13]000000000000
O00Pai00000000DDDODODOOD ARIMAOOODOOOOODODODDODODOOO

13



000000 [76]0

222 0OD0O0OOOOOOODODOOOODODOO

s 000000000 OO0O0O0ObL0DbOO0O0O0ObDbDO0O0O0 bbooobbobood
obo0O00obO0o0O0oOobOobO0oOoDbOgYioobobooooboboobooboooo
ggobbooooboboooooobbooooboboboooooboooobbooog
000000000000 000000000000MUSCLESOOO0D0OO0O0OOODO
0000 (115 000000000000000000O00DO00DO00ULOUOD0OOOOOO
000000000000 0000000oo0OoMUSCLESODOODOOOOOOOO 10
gogoboboooobbbooobbbooobbbooonooboboooobbooog
gogobbuoooobobtooouobbuoooobbboooobbbooobbboooo

s j0o0o0o0ogoooboooobobboooobLboyg oobobooobboboood
0000000000000 U0OU0O0Oo0O0OWidipuitaDOOODOOODODOO
goboobbodooouoouobobboooobobbbooooobbboooobobboo
0000000000000 20000000000DOO0O0DOOOO0OOOOO0 ECM
(Evolving Clustering Method)[94] 00 000000000 OOODOO [1050000
00000000 Db000ODbO0o0ODODbO0o0ODODbO0O0OO0DbOo0OO0DbO0ODODO0ODOk-ODO
00000000000000000000000000000000 [104)0 Abhishek
ggoboboogoboboooooobbooooboobobooooobooooboobooog
000000000 2I0Pears000000000O0ODO0OODOOOODODOODODOOO
gooboobooobooboboobobooboboobo 3oobobooboboobobOoo
Integrated Multi-Model Framework (IMMF) 000 0000000000000 0OO
00000000000 (2000000000000 00O0000O0DoDoooUOO
000000 regme0 00000 regme 000 0000O00O0O0OO0O0OOO0OOO0O
REGIMECAST 000 00000000000 [65][66)0 REGIMECAST O O regime
000 (regime shift) 000 0000000000000 00D0O0OO0O0OOOOOOOO
O000D0DOD Latent Non-linear Dynamical System D000 000000000000
000000000 bO0o0oboooboobob regme0000oooobDoooboOoOoO
OO000000000O00ooO0oooooooooooZhouOOOOOOOOOODOO
000000000000 00000000000D000000000D0000 SMiLer
0000000 [123]0SMiLer 0000000000000 0OOODOODOODOODOODOO
ggobbooooboboooooobboooobobobuoooooboooobbooog

14



00000000000 0000000000000D0 (concept drift) 0000000
0 O Support Vector Machine (SVM) O k-Nearest Neighbor (kNN) DO OO0 00O
ggoboboogobobbooooboobboooboboboooooboooobobooog
O0D000O0OKNNODOOODODOOODOODODOOODOODOO0OODOO0ODOOooDOoDoOOoon
g0o0O00O0o0O0obOOooOOobO0obOobOooOU0obOOobOOobOOoDOoDOobObDLivOobOOon
ggobboooobobooooobobooooboboboooooboooobbooog
(I-NB) D000 (T-DT) 00000000000 DOOODOODOOOODOOOO
0000000 700000000000000000000O0ODO [60]0PecevO OO
ooooboobooboobuoobob 200000 bOO0obDOoOoo30obDOoOobOoOon
0000000000000 LTR-MDTS (Left To Right - Multiple Dependent Time
Series Prediction) 0000000000 [83|0000000000DOOODOOOOOO
ooootloobobooobo 200 100b00ob0obooobotlob1bobooon
obOo0 t200 200000000000D0OO0O0OOODOOOODIDObODOD
oob0lo0ooboooboboob 100000 b0ooobbooobDboooobOoon
0000000000000 0000 SRC (Satisfactory Results Criteria) 0 000 O
0000000000000 000DOO00ooooDO00O0OOoGmatiDooOoooOO
000000000000000000000000O00000OOD (370

23 00DDOOODOOO

goboboooobobboooobbtbooobobboooobbboooobbobooon
gogoboboooobbboooobobbooobobbuoooobbboooobbbooog
gogoboboooobooboooooon

gobobogoobobbooobbboooobbobooonoboboooobboood
gooboboooobobtbooobobbooobobbooob bbb boog
ooboobboooboobobooboboobboooboobobuoobooo3200Om
ggobobooooboboooooobboooboobobooooobooooobobooog
gogoboboooobbtbooobobbdooobobbuoooobboooubbboog
ggoboboooobobboooobobbodooobobbuoooobbboooobbboOoon
ggoboboogobobboooooboboooobobobooooobooooboobooog
goobboooobbtboooobobbooobobbuoooobboooubbbooon
ggoboboooobbboouobbbooobbbuooobobboo

gobobogoobobboooobbtboooobobobooooboboooobobooon

15



gogoboboooobbtbooobobbdooobbbuoooob bbb booog
gdodouooooooooooboooboboboboboboboboboooboooooooooog
goboobbobodooooobbobooouoobbbooooobobobbboooooboobooboo
goobboooobbboooobbbooobobbuooooboboooubbobooon
0222000000000000000O0OD0O0DO0ODbDO0ObDOODbODODODOOD
oo bbb bbobbobbbOoooogoag
gooboboooobobbooooobboooobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog
ggoboboooobbboooobbbooobbbuoobboboogn

16



3 D0DOo00oooooboboboobooooooooooo
HEN

31 0O00O0

1.10000000000000D0O0000000O0O000000000ORDBOO
gdodbodooooboobodboobouobooooboooooouooooaa
gdooboooooobooooobouoooooooooooooboouoooa
gddbooodoooooodouoooodoooodooooooooooooon
sequence_id0000000000D00O0DOO0D0O0ODO0O0ODODOOorder_keyOOOOOO
doddobooooooobooouoooooobooooooooooooooooa
goddobooooooooooouooooooooooooooooooooooad
gooooooobooooooouoiododoooooooooooooonoon

RDBOOOODODODOOODODODOOOODODOOOOODOOOOOODOOOSQL/RPR
(Row Pattern Recognition)[1] 000 SQL2016 000000000000 OSQL/RPR
000000000 D000DO0DO0oO0oU0o SQLUOO000DO0DOoDOooDOooDoooDOon
0000000000000 0000000FROM OO0 MATCH RECOGNIZE O
0000000000000 000000MATCH. _RECOGNIZEOOOOODOO3.30
goooooooo

O00000D0000000000000OSelectiond JoinOOODODOOOODOODOO
JddddopoooooObOoOo0o0d0d0doooooOooOoDoo000ooOoos340d
gododobooooooooooouooooooooooooooooooooooad
gooooon

000000000 O0ORDBOODODOODODOODODODOOOOOODOOODOOOOOO
000000000000 00D0000000000000000D00D0O00OSelection
OJond0D0O00O0DOO0OO0ODODOOODOOOODDOOODODODOODOOODDOOOOO
00000000 Fitering Query 0000000000000 O0OD0O0DOOOOOOOO
gboddoboooooobooobouoooooooboooooooboooooooooa
00oo0obOoOo0O0000O0ooDobODo0o0d00O00 2000000000000
O00O0O0D0DO0OO0OMATCH RECOGNIZEOOOODDODOOODOODODDOOOOOOO
O00000 2000 Filtering Query 0000001000 0MATCH _RECOGNIZE
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000000000000 0000oo0oDo0oo0oo0ooOonooOognOn Subscribe
O O O Content-based Subscription System 000000000000 00OOOCOO0O
[G]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
Subscribe 00000000 OO0 matching-tree 00 0000000000000 OO0O
Fabret 0 0 O Subscribe 0000000000 B-tree Index 0 Hash Index 00000
goooobbbbbooooooouooooob bbb oooooooo
000000000 BljJ0Altinel 0D 0XPathOOOOOODOOOOODOOOODOOO
O0000XMLOOOOOOODOODDOO0OO0000000 XFiterOOOODOODO [9]00
O00000DoDO0o0o0XPathOOOOODOOODODOODODODOOODOODOODOOODO
000000 ooO00 XMLOOOODOODOOODDODOoOoOooDoOooooXPathOOoOOd
0000000000 oo XMLOOODODODOODODOODODODODODOOoOoDOOooooo
oo ooooob bbb oo oooooooo
goooooooboooooooouooodoooooooooooon
ddfd2120000000000000000000O00000O0000000O00O0O
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3.3 SQL/RPROUO OO MATCH_RECOGNIZE O

3.3.1 MATCH_RECOGNIZEOOOO

SQL/RPROODOODD0OD0OODOOUOOMATCH _RECOGNIZEOODOODOODOODO
OORDBOOODOODOOOOODOODOODODOOODOOODOODOOOOOODOOO0
000D00oo0ooooooooooooooon 3.1 00MATCH. _RECOGNIZE OO
Dooooooood 3.20 0MATCH_RECOGNIZEOOOOOOOO O OO Example
Query OO OOODOOO

0 3.2 0 Example Query O Operson__id0 sequence_id O O O [T timed order__key [
O0@™locationD 00D O0O0OO0DODODOOOODOO 3000000000 O0O0O0O0OO
0000 (moving table) 00OOOODO0O A->00000->00 COOO0OOODOOOO
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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>}
<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> | <other_cond>
<one_variable_cond> ::= <correlation_name>“"<column_name>
“ | <= ST “>=" | “=" | “<>” } <non_attr_arith_expr>
<non_attr_arith_expr> ::= <const_value>
| <non_attr_arith_expr> { “+”
| “(” <non_attr_arith_expr> “)”
<correlation_name> ::= </X X — > >
<column_name> ::= <<table_name>® B £ &>

II)II

| “/” } <non_attr_arith_expr>

I “un I “xn

0 3.1 MATCH_RECOGNIZEO O OO

goooobbbbbooooooouooooob bbb oooooooo
000 ADO0O0COO0O0D0DO0OO0DOO (result_table) 0000000 D0OODOOOO
OOMATCH _RECOGNIZEOOOOOOOOOOOOO

MATCH_RECOGNIZE O O OFROM O OO OODOOOO 31 0000
MATCH_RECOGNIZE O OO O<table name>0 0000 O0DO0O0O0O0O0O0OOO
000000000000 00000000 3.20 Example Query O O Omovingtable
OO000ooooooooooOFROMOOOOOO MATCH_RECOGNIZEOOOOO

21



moving_table

person_id time location
1 5:00 D
1 6:00 A
1 7:00 A
SELECT *
- 8:00 B FROM moving_table
1 9:00 C MATCH_RECOGNIZE ( PARTITION BY person_id
ORDER BY time
! 10:00 A MEASURES X.time AS X_time,
1 11:00 B X.location AS X_loc,
Ztime AS Z_time,
! 12:00 B Z.location AS Z_loc
1 13:00 G ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
! 14:00 ¢ PATTERN (X Y+2)
2 8:00 A DEFINE X AS X.location = ‘A,
Y AS COUNT(Y.*) <= 2,
ZAS Z.location =‘C’
) AS result_table
result_table

person_id | X_time | X_loc | Z_time | Z_loc

1 6:00 A 9:00 C

0 3.2 Example Query

000000 O“<table_name> <pattern_recognition_clause> AS <result_table>"
00 MATCH RECOGNIZE specification 0 0 0 0 MATCH_RECOGNIZE 00 0O O
0 0 <pattern_ recognition_ clause>0 0000 0O

<table name>0 0000000000000 O0OOODOOOOODOODOODOOOO
00000 sequence_id 0 PARTITION BY 00 0O 0O 0O 0O O Example Query 0 0O O
person_ idO0 00000000000 OODOODOOODOOODOOODOODOOOOODO

O00000000000000 order_key 0 ORDER BY 00O 00O OO O Example
Query 00 0Otime 00000000000 ODO0OO0DOODOOOOOODOOODOOO
godoooooooooooooooooooo

0000000000000 D0 PATTERNOOOODOODODODOODODOOO
‘“O00D0D00”’00D000D0000DDOO0ODO0ODO0oOO0D0DDODO0OO0ODOoDOoDDoDOoOODOOOg
Example Query 000000000 XOYOZOOOOOOO AODO CcOoOoOoOooOO
20000000000000000000O00O04d

O000000000000000000PATTERNODOOOOCOODOOOOOO
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00000 DEFINEOOOOODDODOOOODOODODDODOOOO0OO0ODODOO“<0000
O0><000>"0000000000000000000000Example Query O
00000000 XO0OOO ADODO0OOO0 Z0000 CcOOoOooDOoOooooOgon
00000 YOOoOooooooooooooo COUNTOOOO 200000000
0000000000000 0000DODEFINE OODOOODOO<condition>O O one
variable condition 000 00000 OOO other conditton D000 O0O0D0O0ODOODO0O
one variable condition D OO0 000 3.1 O <one_variable cond>0 0O O O one variable
condition 000 00<O000000><000>0 10000000000000O0O00
0O O other condition 0 Oone variable condition 000000000 O OO OO Example
Query 000000000 XOZOOOOODOO one variable condition 0 0000 OO
000 YOODOODOOO other condition 0O O 00O

SUBSET 0000000 DODOO0OOO0ODDODOOOOD1I000DODOOoOoOoooOoOg
oo

O0000000000000000000000000000MEASURES 00O
000000000 oDoO“<d0dddd><OddOo>»oo0obooDoD0ooooooon
000000000000 00OOsequence idO000000ODD0OOOOODODOODOO
Example Query 000000000 XO0DOODOODODOOODOODODOODODODOOO
0zz0000000000000D00000D0O00DO0ODOOODOO0ODOODOOperson_id
g0 oobbo o oooooo 3.1 0
<result_table>0 0 0 0O 0O 0O Example Query 0 0 Oresult_table 00000000

SQL/RPROCDOOOD0O0O0ODO0OODO0O0ODOOODOOODOOUOOOOO
000000000000 00o0o0g 100000 ONE ROW PER MATCHO OO
0000000000000 00D0o0odoDoDo0oOo0 100000 ALL ROWS PER
MATCHOOODOOODOOOOOExample Query 00000000 ONE ROW PER
MATCHOOOODOOOO

0000000000000 0000D00DO0O0000000d AFTER MATCH
SKIPOOOOOOOOOOOODOOODDODODOO0DO0DO00000ddoooooooooo
0000000000 000000AFTER MATCH SKIP PAST LAST ROW OO
000000000000 000000000000000000000000 AFTER
MATCH SKIP TO NEXT ROW O OOUOOOODOODOODODO0DO0D0DO0D0DO0D0O00O0O
0000000000000 000oo0o00 AFTER MATCH SKIP TO {FIRST<O
00000>,LAST<000000>,<000000>}000000000 Example
Query 00 O0OD0O0OO AFTER MATCH SKIP PAST LASTROW OO OOOOOO
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MATCH_ _RECOGNIZEOOUOOOUOODUOODODUOODODUODOODODODOFROM OOO
00000000 sequence_id O Oorder_ key OO0 00000000 DOOOOODOOO
OOPATTERNOODEFINEOOSUBSETOODODOOOOOOO DFAODODOO NFA
000000000000 0000000000OMEASURESOOOOOOODOOOOOO
O0000000o0ooooooodONE ROW PER MATCHOO OO ALL ROWS
PERMATCHOOOOODOOOOOOODOOOODODOOOOOODOOODOOOOAFTER
MATCH SKIP OO OOODOOOOODOODODOOODODODOOOODOOOO

332 0000000 SQL/RPRODOODOO

O00000SQL/RPRODODDOOODODOD200000100000000000
O00000ooooo00ooooooooooooooo ONE ROW PER MATCH
O00000000ALL ROWS PER MATCHOOOOOOODO

2000 000PATTERNODOOOOOOODODODOOOOODODODODDODODOOOOOOO
0000000000000 00D00D00O00PATTERN (XY Z)0OUO0DOO 3000
o00obO0ODbOobOOooOOo0O0o0O0o0obOobOobDOooXpybozoooooo1oboboo
oOoobOobOO0obOO0obOooO0oOo0oobO0obOobDOooOOoOoU0oOobOOobOobDOoo 30oooo
O000Example Query 0000000000 *0 +000000000000000
ggoboboodoobbtbooobobbdooobob bbb bboooobbbooon
gobobobooooooobooooobboooooobbobbboooooooobobooboo
00000000000000000000000000D0D0 DO OExample Query 00
00000000 YDOOODOODOUOODOOD 20000000000DODOODODODO
oooooo400000

34 000000 0O0O0ODDOODOOOO

goboboooobobboooobbtboooobobobooooboboooobbooon
000000000000 Selection 000000 (Selection Query)d Join 00 00O
0 (Join Query) D0 OO0OO00OO00O0D0O0DDOO0OOO (MR Query)D 30000000
oooobooboboooboobobooobo 30 3bonuouoboobobooon
000000000000000000000380000000000SQL/RPROD
000 Spark DO DOO0ODOOOOODOO 3810000000000 31300000
00 Front-end Approach 0 0000000000000 0O0OOOOOOS000000
ooobO0obOobOOooOooOOooobOU0oboUoOobOobDl1boboDOooOooOoboUoobobobOoo 4
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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.c2ASY_c2,Z.c2ASZ_c2
ONE ROW PER MATCH
PATTERN (XY Z)
DEFINE X ASX.c3=‘A’,YASY.c3="B’,ZASZ.c3="C")

033000000000000300000O0

03.1300000000000

n (0O) Selection Join Query MR Query
Query (s) (s) (s)

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

000000000000 D000o0D0o0oD000DoooOoooDO HbFSOOOooo
OD000D00000OO00ODOYARNOOOOOOOOOODOODOOO Ubuntu 14.04 LTSO
AMD Opteron™Processor 2435 @2.60GHz CPUO 8GB RAM O PCOODOOOO

000000000000 O0cl0c20e30 300000000000 (test_table) O
O000clO sequence_idO0 00000000001 00000 1000000000000
00000000000 c20 order_keyOOODOOOODOODOO100 1000000
gooooooioo0looo l1loooooooooobboboo0oooooode3dnn
dooooo 10000000 ooboooooooooooa

0 3.100test table D0 DOO0D0O0O0DO0ODODODODOODOOOOODOOS0O
O0000000000000000Selection Query 00000000000 OOO0O
OOOMRQueryOOOOODOOO0OO0OODOO00OO0OODOOOOODOOOOOO10,000,0000
000000 Selection Query O Join Query 000000000 O0OOO0OOOOODOODO
gododooooooooooouooooooooooooooooooooogad
gooooooood
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034000000000000000DO0OOODODO

3 DO00ooobobobobooboooooo

ooo0o0OC0O0O0O0OO00000oooooooooOoOCOCOOOOOoOOOoOOoooo
gooooooooooooooooooOoOOoOoOoOOooooooooooooooo
ooooooooooooooo0 340000000 0ORDBOOODOODOOOODO
O00O0OO0OMATCH _RECOGNIZEOOOOO SQL/RPROUDCDOOOODOOOO
goooooOoooooooooooooOoOooCoOoOoOooooooooooooooo
O0000000OFiltering Query 000000000 OOOOOOOOODODODOOO
000000000000 SQL/RPROODOODOODOODOODOODOODOO
oooooooodoooOoooooOoooooooooooooooooooooo
ooooooooog20000000000010000D0000DODOOOO0OODO
Sequence FilteringD 20 000000000000 Row FilteringODOOODDODOODOO
O0oooo0o0oOooooooooooooo

3.56.1 Sequence Filtering

sequence_id0 000000000000 OD0O0OOOOOOODOOOOOO DEFINE
000000000000 one variable condition 000000 1000000000
goooobbbobbooooooooooooob bbb ooogooooo
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O000000000000D000D0000000O0Sequence FilteringOOOOOOO
gogoooood

DEFINEOUDOUDODUDDUODOUODDO 1000000000000 one variable
condition OO0 QOO QOO

« ONE ROW PER MATCHOOOOODO

ALL ROWSPERMATCHOOOOOOOOOODOOOOOOOOOOOOOOOO
0 100000000one variable condition 0 00000 1000000000000
000000000000 000000000000000Sequence Filtering 0 00O O
gdodbododobouooodoobouooboooobooouooouoooa
000000000 100000 ONEROW PER MATCHOOOOOOOOOOOO
0 000 0O Sequence Filtering 0 O SQL/RPROUOO PATTERNODOODOUOOOOO
gooooooobooooooooododoooooooon

Sequence Filtering O O Sequence Filtering Query 000000000 3.5 00 Se-
quence Filtering Query 000000000000 3.6 00 Example Query 0000 O
Sequence Filtering Query O 0 O O <filt_ cond_ list>0 OMATCH_RECOGNIZE 0 O
000000 DEFINE OO0ODOOO one variable condition 0 OROOOO0OO0OO
0 O Sequence Filtering 00000000 <filt_cond list>0000000000000O
0 sequence_ id0O00000O00O0OO0OOOO<table name>0 JoinOOODOOOO
O Oone variable condition 0000 0000000000000 O0O0DODOOOODOOOO
0 3.6 0 Example Query 0000000 Olocation 00 000O0“A”0000 “C”’00
0000000 person_id0000000000O0O00OOOO0O person_idOOOOO
O moving_table 0 person_id 0000 JoinOODOOO“A’0“C” 00000000
gbooooooooooooo

3.5.2 Row Filtering

Sequence Filtering 0 0000000000000 0ODO0O0OOOODOOOOOOO
ggoboboooobobooooobboooobobobooooboboooobobooog
OO00000DOOO0OO0OORow FiteringOODOOOOOOOOOODOODOOOOO
0000000000000 00000D000DO00DO0D0O00O0Row Filtering 00O
000000000000 0000000Row Filtering0 0033200000000
ggddoooooboboobobobbbooboboboobobbboboboboooooooooayd
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SELECT *
FROM ( SELECT DISTINCT <sequence_id_list>
FROM <table_name>
WHERE <filt_cond_list>
) AS <sequence_id_list_table>
JOIN <table_name> ON <table_name>.<sequence_id_list>
= <sequence_id_list_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>

0 3.5 Sequence Filtering Query

SELECT *
FROM ( SELECT DISTINCT person_id
FROM moving_table
WHERE location = ‘A" OR location = ‘C’
) AS moving_table2
JOIN moving_table ON moving_table2.person_id = moving_table.person_id;

0 3.6 Example Query 0 0 00O O Sequence Filtering Query

goooooobooooooooooooooooobbobooooooooooooon
doodooooooooooooooooooooooooooooonoooooooo
000000000 0D00DoD0oooo0oo0oo0ooOon0OMATCH RECOGNIZE O
0000000000 Row FilteringD OO O OO0 OOODN3.5.1 00 Sequence Filtering
0000000000000 00000OSequence Filtering 0 00 OSQL/RPROD OO
PATTERNODODOOOOOOODOOUODOOOOODOODOOOOOOOOOODOO
agoooo

Row Filtering O O Row Filtering Query 0000000000 3.7 0 0Row Filtering
00000000000 3.800Example Query 00000 Row Filtering Query 0O O
00ooOoOoooooooooooOoOoooobo0od0nO00 10000000000
00000000000 00000O<table name>0000 WindowOOOOOOOO
Window 000000000000t _cond list>0000000000000003
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SELECT *
FROM ( SELECT <sequence_id_list>, <order_key_list>, <column_name_list>,
MAX ( CASE WHEN <filt_cond_list> THEN 1 ELSE O 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> {

“wn
’

<column_name_list>}

O 3.7 Row Filtering Query

SELECT *
FROM ( SELECT person_id, time, location,
MAX( CASE WHEN location = ‘A’ OR location = ‘C’
THEN 1 ELSE O END)
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;

0 3.8 Example Query 0 0 0 00O Row Filtering Query

oooooooobOobobo 38000n=4000000000000D0O0 300000
O00000Olocation 00 O0O0O0OD“A”0000 “C’0000000D0OOOOODOO
gooboboooobobbooobobbooobob bbb bbbooo
ggoboboooobobbooooobbooobobobuooooboboooobbooog

gogobobooobobbuoooobobooobobooood

000000000000 0000D0oooooO(l)oooooooO (No Optimiza-
tion)0(2) Sequence Filtering 0 O 0 0(3) Row Filtering O O O 0(4) Sequence Filtering
0 O ORow Filtering 0 0 O (Sequence Filtering + Row Filtering)00 40000000
00000M4)0000000000000000D0000 Row FilteringOOOOOOO
O O Sequence Filtering 000 00000O0O0O Row Filtering 0 0O O O O O Sequence
FiteringO OO ODODODOOODOODODOO0OOODODOODOODOODOOOOOOOO
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O03200000000000000D00O0OO

g HEN

N goooooo

S goooobobbobbbooooo

¢ 1000000000000O00000O000DO0ODO

r 10000000000 00000000000o0O

w 100000 WindowOOOGOOGOGOQOOd

e} Sequence Filtering 0 0000000 COCOOO0O
Sequence Filtering 00000000000 0OOO0O0O
000 Row FilteringODO O OO OOOO0OO

36 DO00ODOO0OOOODOODOOO

O000000D000O1) No Optimization(2) Sequence Filtering[J(3) Row Filtering[
(4) Sequence Filtering + Row Filtering 0 4000000000000 O0RDBMS OO
0o0oooooooooooooooooooooooo 320000000000

000 (1) No Optimization 0 000 0000000ONOOOOOOOOOODOODOO
goooouoooooouoobooooooooooao

rN (1)

0 0 0(2) Sequence Filtering 0 0 0 00 000 00O O Sequence Filtering 0 0 03.5.1 0
OO00OCOCOOCOOOOODOOCOOCOCOCOCOCOOOWHEREOOOOO <filt__cond_ list>
0000000000000 0000000O0 it _cond list>0000000000
0000 sequence_id 0000000 0O0O0OO JonODOOOOOODOOOOODOOO
gboobobbooboobuooboboobobobobboobooboboboboann
O000o0o0oo0odgddJoinOOOHash JoinOOOOOOOODOOOOOOOO
0000000000000 0000000O000000000OD0O00000 apNOO
O000O0D0O0000U0aBeN O00OOHash Join 00 000O0OASlt__cond_list>000
00000000000 sequence_id000000000 «SOOOO00O0C¢(N + aS)
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oooooooooooooooOOobooObO0eNDODOODODODOOOOOOOODODDOO
O00000000aerNODOOOOODOODO(2) Sequence FilteringOD O OO OO0 OOO
ooo

afeN + ¢(N + aS) + arN (2)

00 0(3) Row Filtering 0 0 00000000 ORow Filtering 00 03.5.2000
O0OO0O00O00O00ooOobDO0oOoooO0o0oDO0oOoDOOWindowDOOODOOODOOOOO
Window 000000000 DOOOOOOOCOCOOCOOOOOOO0O0O0O0O0O00OO0OOO
0000000000000 0O000000D00WindowOOOOODOOOO wN
oooooooOoooOobOooooobOooOo NODOOOODOOOOOODOODOo
cNOODOOOOUODOOOOODOOOUODO (wW+eNODDODOOODDOOOOODOOO
O00000eANOOO0O0OO0O0000D00O0O0000000000000aBrNOODOO
00000(3) Row Filtering0 D OO OOOODOOOODO

(w+c)N + afrN (3)

0000 (4) Sequence Filtering + Row Filtering 0 00 0O 0O 0O O 0O 0O O O Sequence
Filtering OO DO DOO0OO0OOOOO0OOOOO Sequence Filtering OO O OOOOOO
O0000Row Filtering OO DO OWindow D00 O00O0OO0D00OaN OOOOOORow
Filtering0 00000000 O0(w+c¢)aN O0OO0O0O00DOO0O(4) Sequence Filtering +
Row Filtering O OO0 OO0 00000000

afeN +c(N + aS) + (w4 c)aN + aprN (4)
OO0bDO00O0O0o0O0obOOobooooo3Ys3tboooonoono

3.7 PostgreSQLO DO DODODODODDOOODODO

O000000PostgreSQLOO DO SQL/RPRO UDFOOODOOOODDOODOO
0OoUDFOODOOOODOO0ODODOODOO0ODODODODOOODO
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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 >}

0 3.9 00 match_recognize() DOOOOOO

3.7.1 PostgreSQL OO SQL/RPRO OO

PostgreSQL 00 SQL/RPRO0ODO0OOOD [73]0000000OUDFOOOOO
000000000000000000000000D00 match_recognize() 00 C O
O00000000000000 match_recognize() 0000000000000 OOO
gobbodoboooobooouooboobboobboooboobboobbooboboa
00 match_recognize() 000000000 390000ASO0O00O0ODOOOOO
0000000 match_recognize() 0040 00000000000000000O0O0O1
0000000000000 O0OoOo SQLOUDO0oOo200000000000000
MEASURESOO0O0OO0OOOOO00OODOOO3000000000000000000O0
PATTERNOOOODOOODOOOODO400000000000D00000DO00O0O
DEFINEOOOOOOOOODOOOOOODOODOOOOODODOObOODODbOOO
000000000000 Example Query O 0 O match_recognize() DOO0O0O00O0O
ooboo0oboobOo 3.100000boooobooobboooobooooboooo
gogoboboooobbboooobobbooobob bbb bboooobbbooon
ggooboooooboooooo

00 match_recognize() 0000000000000 O00ODO0OO PATTERN OO
DEFINE O OMEASURES O 0000000 OONFAOOOOOOOODOOOOOOO
O00000ONFAOOODOOOOODOODODOOODOODODOOOODODDOOOOOODOO0O0OO
gdodoooooooooobooobobobbobobobbbboooooooooooagd
0000000000000 O0 NFAODOOODOOODODDODODODODODODODODOOO
ggoboboooobobbooooobbodooobobboooobobboooobLbbooog
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SELECT *
FROM match_recognize (
“ SELECT row_number() OVER (ORDER BY person_id, time) AS rid
person_id, time, location
FROM moving_table’,
“X.2 AS X_time, X.3 AS X_location, Z.2 AS Z_time, Z.3 AS Z_location’,
“(XY+Z2)’,
‘X AS X.3 = “A”, Y AS COUNT(Y.*) <=2, ZAS Z.3=“C"")
AS ( person_id int, X_time timestamp, X_location char,
Z_time timestamp, Z_location char) ;

0 3.10 Example Query 0 0 0 0 0O 00O match_recognize() DO OO OO0

gooobobobooobooboboob 10b0o0ob0obDooboobbobOobDooo
goobbuoooobbuoooobobuooobobbuooobobbooon

0 3.11 00 Example Query 00000 NFAOOODOD 3.11 0000000000
OO0 moving_tabled 500000000000 C0OOCOOOODOOOOO0ODOO
O00000O0D00ODOO0OMEASURESOOOO0OOOO0OOOOOOOOODODOO XO
time O location0 00000 Z0O time O location 000000000000 XO ZO
obobooboOooooooboobOobobOobDoooooobobOobD 1oboboooo
moving_tabled 6 000000000000 000DO0O0O0O0ODOOOODOODOOODOO
gogobooboooooo

3.7.2 PostgreSQLOOOOOOODOOOODO

0000000000000000000000 3.9000000 match_ recognize()
0000DoooOo WITHOO VIEWODOOO Filtering Query 0000000000
000000000000 00000000Filtering Query 000000000000
000000 VIEWOOOOODOOODOODO match_recognize() DODOOOOOO
0000 3.12000 3.10 0 Sequence Filtering Query 00000000 O00OO0O0OO
goooobbobobooooooooooooob bbb oooooooo
agooo
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moving_table STE AN
T Si

pid | time

<}
]

COUNT(*) <=2
1 1 5:00 D B
oo ] PR O SHEIRE
2 :
. c3="A * c3=C
4 1 8:00 B
s 1 | 900 | ¢ REXD/Ny 77 REYONy 77 REBzONY T 7
6 1 10:00 A pid | time | loc. pid | time | loc. pid | time | loc.
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1 10:00 A

0 3.11 Example Query 0 0 0 00O NFA

38 SparkDOODOOODODOODOO

O00000SQL/RPRO Spark 000000000 OODOOOODODODOOOSpark
00 SQL/RPROOODOOUODOSQL/RPROOODUDN Spark 00D DOO3.500000
gogoboboboooobobbuooooboboo

381 SQL/RPROODOO Spark DO ODDOOOODO

Spark SQL O Spark 00 SQLOODOO0OCOO0OO0OOOODOOOOODODOOODOO
O000000000000000000OMATCH_ RECOGNIZE OO OOO Spark SQL
gobooobobooobboobbooobobuooobooobooooboobo 3130
goboo200000000000O0

10000000 313 () 000000000 Spark SQLUOODODOOO
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CREATE VIEW view AS
SELECT *
FROM ( SELECT DISTINCT person_id
FROM moving_table
WHERE location = ‘A’ OR location = ‘C’
) AS moving_table2
JOIN moving_table ON moving_table2.person_id = moving_table.person_id ;
SELECT *
FROM match_recognize (
“ SELECT row_number() OVER (ORDER BY person_id, time) AS rid
person_id, time, location
FROM view’,
“X.2 AS X_time, X.3 AS X_location, 2.2 AS Z_time, Z.3 AS Z_location’,
“(XY+Z)’,
“XAS X.3=“A",YAS COUNT(Y.*)<=2,ZASZ2.3=“C"")
AS ( person_id int, X_time timestamp, X_location char,
Z_time timestamp, Z_location char) ;

0 3.12 Example Query O Sequence Filtering Query 00000000

Application Code Application Code

Spark SQL Front-end

Rewritten App. Code

Extended Spark SQL Spark SQL
Apache Spark Apache Spark
(a) Direct Extension Approach (b) Front-end Approach

0 3.13 MATCH_RECOGNIZEOOOOOODOOOOOOOO

SQL/RPRODOTIOOO0OOIOOOOODODODODOOOOOOOOOOOOO Direct Ex-
tension Approach 000020000000 3.13 (b)000000000O0O0OOOOO
Spark 00000 OO0OO0MATCH _RECOGNIZEOODOOUODOOODODOODODOOOO
Spark 00000000000 ODOOOODOO0ODOOOODOOOOOOOOODOOOO
00000000004 Front-end Approach 00 00O

000000000 Spark SQLODDOOODOODO0O0O0O0O0O0OOOODDODODOOOOO
Front-end Approach 00 0000000350 000000000000000000
O0000O00OoOo0o0oooOooooooooooood
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3.82 MATCH_RECOGNIZEDDOOUO Spark SQLODODODOOOO
O000000000000000Spark 00000000 O0ODOOOODOOOOO
Spark 0000000 dateframe 000 0000000000000 0O00O0O0ODOOO
dataframe 00 0000000000000 OOODODODDOO dataframe O spark
00000 createOrReplaceTempView() 000 SQLUOOODO0O0DD0OO00OOOOOOO
OO0O0OO0OMATCH _RECOGNIZEOOOODODODOOODOOODO query000D0O0O0O
query 0 Spark 00000 sql() 0000000 30000000000000000OO
gododoooooooooooooooooooooooooooooooa

e <O 0O dataframe O >.createOrReplaceTempView(“<O 000000 >")
equery = “<MATCH_RECOGNIZEOOOODOOODOODOOO>”
o <00 dataframe 0 > = spark.sql(query)

O0O0 3000000000000 000b0b00bO0bO000o0oObbO00oOooDDbO
O00O0<MATCH RECOGNIZEOOOODOOOOOO>000000FROMOOODO
createOrReplaceTempView() 000 0000000000000 000O000O0O0OO
ggoboboboboooooobobbbbboooooouoooobbbooooobooon
ggoobbobbbbtouooobbtouoooooooobbobobbooooobbooon
query 00000Oquery000 sql() 0000000000000 sql()000000O0
boobobobobooboobobbooboon

000000000000 0Algorithm 100000000000 O0OODOOOOO
Oo031400000000000000000OOOOC0OObDO000O0OO0OO0OJavaln
000 Sparck OO OO SQL/RPRODOCUOOOOOOOOOOJavald0OO0OOOOO
gboobobbooboobuooboboobobobobooboobobobooboann
uod

10000 H000000000O0ODOODOODOODOOODOOSpark O Application
Code0OODOOO

«20000000MATCH_RECOGNIZEOODOOODOODODODODOODOO
goobod qhoggd

3000000000 makeCode() 000 D¢qODODOOOODOODOO Spark O
goboboooobooboo
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. inputDF.createOrReplaceTempView(“inputTable”);
query=“SELECTY ~ T T T T TTToTTTTooTIoos :

. Dataset<Row> resultDF = spark.sql(query);

FROM inputTable MATCH_RECOGNIZE {(...) AS outputTable :
WHERE outputTable.col = ‘A’ ”; I

S

. inputDF.createOrReplaceTempView(“inputTable”);
. partitionedDF = inputDF.repartition(person_id);

. sortedDF = parttitionedDF.orderBy(time);

. tmpDF = RowPatternMatching(sortedDF);

. tmpDF.createOrReplaceTempView(“outputTable”);

. Dataset<Row> resultDF = spark.sgl(query);

0314 0000000000

Algorithm 1 0000000 OOOOOOO

Input: Application Code ¢
Output: Rewritten App. Code

1:

while scan ¢ do
g <MATCH_RECOGNIZEOOOOOOO
code < makeCode(q)
code] cOOODOOOOOOOOODOOOODO

end while

return c

4000000000000 000O00DO0OO MATCH_RECOGNIZEOODOO

gooooooooo

gooooobbobbboooooooooouoooobooon

goooo
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00000 makeCode() D00 D000 OOAlgorithm 2 000 O makeCode() OO




Algorithm 2 00 makeCode() D OO OO0

1: function makeCode(q)

2:

3
4
5:
6
7

code <— null

mr < q 00 MATCH__RECOGNIZE specification

00 execRPR(mr) 000000000000 code000O

q 00 MATCH_RECOGNIZE specification 0 0000000 code OO0

return code

: end function

«2000000000 makeCode() 00 D000 O0OO00OO0O0OOOOO code 00O
«30000000q0O0D000 MATCH_RECOGNIZE specification O 0 O 0

«40000000MATCH_RECOGNIZE specification 0000000000
00000000000000 exeeRPR()OOOOOOOOcode 0000

5 0000000qOOO0000 MATCH_RECOGNIZE specification 0 0 0 O
0000 code0O00O0O

e6000000Ocode 0000

0314000000 20000 400000000 Algorithm 20 40000000

O execRPR() 000000000000 OUOOOOOODOOOUOODOOOOOOOOO
000 3140000005000 600000000Algorithm20 50000000
O0000qO0O0D0000 MATCH_RECOGNIZE specification 0000000000
gooooooooon

00000 exeeRPR() DOODOODO0O0DOOAlgorithm 30000 execRPR() D OO

gooo

2000000000 exeecRPR()OOODO0OODDDOOOO0OOOOO codedOOO
«30000000MATCH_RECOGNIZE specification 0 0000000

«40000000OPARTITION BY OOODOODO sequence_idO0000000OO0
O0000000D0000D000 codeCOOD

«S5O000OC0OTO0OORDERBYODOOUOODO order key OO OOODOOODODOO
O00000 codeOO OO

«6070000000PATTERN OODEFINE O0OSUBSET 00MEASURES O
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Algorithm 3 00 execRPR() 000000
1: function execRPR(q)

2: code <— null

3: clause[| +~mr 000000

4: clauselpartitionBy] 00 0000000000000 000 code 000

5: clauselorderBy| 000000000000 code 00O

6: clause[pattern], clause[de finel, clause[subset], clause[measures) 0 O O NFA

udn
NFAOOOOOOOOOOODODDOOODODOOOO code000O

|

return code

P

9: end function

O000D0O0D0O0O0OONFAOOODOODOOUODOODOODOOOoOOoooooooao
code000O0O

3000000 Ocode 0000

0314000 20000000 Algorithm 30 40000 3.14000 300000
00 Algorithm 30 50000 3.14000 40000000 Algorithm 30 60700
0000000000000 000O0O00OONFADODOODODODOODODOODO
00000 314000 4000000000 RowPatternMatching() 00000000
00 RowPatternMatching() 00 0000000000000 0O0O0O0O0O0O0OOOO
000000000Sparkk 00000000 RowPatternMatching() 000000000
MATCH_RECOGNIZEOOOOOOOOOOODOOOOOOOOOOOODODOOOO
OO00ooOoO0OOSpark 00 ODODODOOOOOOOOOOOOOO

00 RowPatternMatching() D 00003.7.1 000000000 OPostgreSQL O
000 UDFO OO match recognize()UD 0000000000 O0O0O0PATTERNOO
DEFINE O OSUBSET O OMEASURESOOOOO0OOOOOOONFAOOOOOOO
gboobobodobgood

3.8.3 MATCH_RECOGNIZEOOOODO Sparkk DODOOOOOOODOOOO

0 3.15 0 0MATCH_RECOGNIZEOOODODOOD Spark 000D OODODOO
D000000O0Odataframe 000 0000000000000 0OO0OODOOO0OOOO
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NodeZ“
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Node n
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Node n
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0315 Spark D00 O0OOOOOO

0000000000000 o0OOoSpark000D0OD0OOOOO0ODOODOOODOO
000000 3.15000imputDF 000 dataframe 000000000000 O00OO0O
O0Oresult DF OO0 dataframe 0000000000000 OMATCH RECOGNIZE
000000000000 00000000000 MATCH_ RECOGNIZEO O OO
OO000D00000000DO000OimpwtDFOO0O0ODOOOOOOCOCODOODOO
O000Algorithm 300000000000 inputDF O sequence_id 0000000
0000000000000 0D00D00000000000D0ODOorder_key OO0
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Algorithm 4 00000000 makeCode() 0 OO

1: function makeCode(q)
2: code <— null
mr < q 00 MATCH__RECOGNIZE specification
if mr O subexpression 000 then
subexpresston 000000000 code 0O
end if
00 optCode(mr) 0000000000DO0O code00O
00 execRPR(mr) 000000000000 code000O
q 00 MATCH__RECOGNIZE specification 0 0000000 code 00O

10: return code

11: end function

0000000000000 0U00oU0L0U0U0ULOU0L00DLO0oUDoOUoLOUOoULOUbooOoUoo
0O00MATCH_ RECOGNIZE specification 0 0 0000000000000 OO0OO
result DF OO0 00O

384 000000 Spark SQLO OO OO

O00000 Spark 000000000 0OO0ODOODODOOODODOOODOOOODO
0000000 Algorithm 2000 makeCode() 00D OO0O0OOO0OOD Algorithm 4
O00007000000000000000000000O0O0 optCode()D00OOOOO
00000000000 code0ODOOOOODODO

00 optCode() DODODOOOOOAlgorithm 50000 optCode() DO OO OOO

2000000000 optCode() 0D 0DOUOODDOODOODODODO codedDDODO
«30000000MATCH_RECOGNIZE specification 0 0000000
«4000000O0DEFINEODODODODOO one variable condition O O Filtering
Query 00 OO

«50000000Filtering Query 000000000 code 0000
e60000000code 0000

0316000 3.140 0000000000000 DODOOOO0O0OUOOODODDOOO
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Algorithm 5 00O optCode() 00O

1: function optCode(mr)

2:

3
4
5:
6
7

code <— null

clause[| +~mr 000000

fq < clauseldefine] 0 0 O Filtering Query 0 0 0 O
fqDOODO0OO0OO00O0O codeO OO

return code

: end function

000000000 3.14000000000020300000000000D0ODODO
gooobo200000b0bbbo0oooooob3ooobobboooboDobbooOoo
Algorithm 400000700000 optCode() OO DODOODOOOOODODOO
oobooo0boooDbo 3140000000 200000000 DO0ODODOODODO

1. inputDF.createOrReplaceTempView(“inputTable”);
12.query=“SELECT* ~~~~~~ "~~~ TTTTTTTTTTTTTTT .
FROM inputTable MATCH_RECOGNIZE {(...) AS outputTable !
WHERE outputTable.col = ‘A’ ”; :

3. Dataset<Row> resultDF = spark.sql(query);

S

1. inputDF.createOrReplaceTempView(“inputTable”);

12, filteringQuery = “ SELECT * FROM inputTable... ”; 1
13. Dataset<Row> filteredDF = spark.sql(filteringQuery); :
4. partitionedDF = filteredDF.repartition(person_id); :
15. sortedDF = parttitionedDF.orderBy(time); I
:6. tmpDF = RowPatternMatching(sortedDF); :
17. tmpDF.createOrReplaceTempView(“outputTable”); :

|

9. Dataset<Row> resultDF = spark.sql(query);

03l6e000b0ooboooboooonog

dataframe OO0 O O

O 3170000000000 0OO0ODODOO0000O0ODObDOOoOoOoOobOOoOOn
0000 3.15000000000000000000000000dPFiltering Query OO

ggobboooobbboooobbooan

gooooobbobobobboobbboobobbbbobooboooooooooooaoa
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one variable condition 0 0 0O 0O OFiltering Query 0 000 0000000000000
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O0000D0000OFiltering Query 0000000000000 ODOOODOOOOO
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SELECT *

FROM test_table

MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2

MEASURES X.c2 AS X_c2, Y.c2ASY_c2,Z.c2ASZ_c2

ONE ROW PER MATCH
PATTERN (XY Z)
DEFINE X AS X.c3 = ‘A’ )

0318000 Q1

SELECT *
FROM test_table
MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2
MEASURES X.c2 AS X_c2,Z.c2ASZ_c2
ONE ROW PER MATCH
PATTERN (X Y*Z)
DEFINE X AS X.c3="A,
Y AS COUNT(Y.*) <= 2,
ZASZ.c3=C")

0319000 Q2

SELECT *
FROM test_table
MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2
MEASURES Z.c2 ASZ_c2
ONE ROW PER MATCH
PATTERN ((X | Y)Z)
DEFINE X AS X.c3 ="A, YASY.c3="B’)

0320000 Q3

SELECT *
FROM test_table
MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2
MEASURES Z.c2 ASZ_c2
ONE ROW PER MATCH
PATTERN ((X | Y)(Z | W))
DEFINE X AS X.c3="A", YASY.c3="B/,
YASY.c3=C’, WASW.c3='D")

0321000 Q4
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SELECT *
FROM test_table
MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2
MEASURES W.c2 AS W_c2
ONE ROW PER MATCH
PATTERN (X+ (Y | Z)W)
DEFINE X AS COUNT(X.*) <= 3,
YASY.c3="B,
ZASZ.c3=C")

0322000 Q5

SELECT *
FROM test_table
MATCH_RECOGNIZE ( PARTITION BY c1
ORDER BY c2
MEASURES X.c2 AS X_c2
ONE ROW PER MATCH
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)

0323000 Q6
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(0.2,0.8)Configuration 5: (as, f5) = (0.8,0.2)Configuration 6: (ag, 8s) = (0.8,0.8)0
Configuration 7: (a7, 57) = (1.0,1.0) 000000000000 OPostgreSQLO OO O
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0 3.26 PostgreSQLOODOOOO0DO0OD0ODODOOOOO (Q3)

O O Configuration 2040506 0 0 0O 0O O ORow Filtering 0 O O O O Sequence Filtering
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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’ )
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offset in minutes) 0 400000000000 User ID O sequence_ id0d UTC time O
order key OO0 O0OD0O0OO0OOOODO33,263,6330000000000266,909 00
0 O dataset_ TIST2015_POIsO0 0 Venue 000 000000000000 OO (Venue
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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,
Z.UTC_time AS Z_UTC_time
ONE ROW PER MATCH
PATTERN (X Y+Z)
DEFINE X AS X.Venue_category_name = ‘Home (private)’,
Y AS COUNT(Y.*) <= 3,
Z AS ZVenue_category_name = ‘Office’)

0337000 Q8

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,
Z.UTC_time AS Z_UTC_time
ONE ROW PER MATCH
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’ )

0338000 Q9

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
ONE ROW PER MATCH
PATTERN (X (Y | Z))
DEFINE Y AS YVenue_category_name = ‘Shoe Store’
Z AS ZVenue_category_name = ‘Liquor Store’ )
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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
ONE ROW PER MATCH
PATTERN ((X | Y )+Z W)
DEFINE X AS X.Country_code = ‘ES’ AND COUNT(X.*) <= 2
Y AS Y.Country_code = ‘PT" AND COUNT(Y.*) <= 2)

0340000 Q11

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
ONE ROW PER MATCH
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")
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Algorithm 6 OO0 00000 OO0ODOOCOODOOOODO

Input: 0000000000000 SeqDODOOO0O0O0O00O0ODOOODODO SeqCO

000000 TODODODOODOOOOOd

Output: 0000000 InputD0OOO0OOOO Output

1:

Input = {}, Output = {}

t« T 000000000000

Input < getInputData(SeqD, SeqC, T, i, t)
Output < getOutputData(SeqD, T, i, t)
return Input, Output

Algorithm 7 000000000000 getInputData()

1:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:

function getInputData(SeqD, SeqC, T, i, t)
F+— :,000OO0OOoO0OoOooorToood
ift0000WoODOooOdooOd then
L+ ;0000000000 T7T0000
Jj«t0000000 LOO0OO00bOOoo0oOO 00000000
end if
for h < 1t05 do
if 1 <i— h then
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dp, ,,, < SeqD0ODD0 FO i—h+10000000000
end if
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end if
IﬂpUthTi,h,CTi,h,dFi,h,dLi,j,hDDD
end for
Input0O0O00O0O0O0O0OO0O0O
return Input

end function
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Algorithm 8 00000000 OOOO getOutputData()

1: function getInputData(SeqD, i, t)
2: k+—tO000o0wooooooooad
for h < 0tok do
if i + h < N then
dTi+h%86qDDDDD TO:+h000D00O00D0DOOOOO
Output < dr, ., 000
end if
end for
Output 0O DO OODOODOODOO
10: return Output

11: end function

00000000 Input 0000000 DODOOO SO0000000DOO0O0DO0O 1800
O0o0o0O0nputO00D0D0O0000D0ODOOO0ODODOOOOODODOOOOODODOOOOO0
gooooo

000000000000 getOutputData() 0000 Algorithm 8 000000
getOutputData() 0 0020000000000 ¢+00000000TOO0OOO WO
00000000000 k00DOO00D0O0OO0030000 80000oogs0o000o0n
000 k+10000000000000D00D000DOO00DODOODOO0OOTO 000
0000000000000 o090ooodnDdOutput 000000000 ODOODO
godooooooooooooouooboood

0480000000000 200000000000 GUOOOOODOOODODO 00O
0000000odooO0D0ooO0DOoo Go:000D000ooDO0OooDoOooDOoooOgon
0000000000000 0O0 2000000 GO h0000UD0OO0BOOO FODO
do0ooo00O00dd00do 480000000000 DODOODODO0DO0OO0O0OoOOoOoOn
dododoooboouoboooooobooooooobooooooooooOoIa
0000 2000000000 1000000 GOOOO  S000000 Ccooo G
0J0oooOoOo0o0oooobO 4800000000000D0O0DOOOOOD 2000 ¢t0O0
oowioooooo3doooooooooooo 3ogoooooooooooa 3
0000 t¢tdo0000 EO0O0 FOOOODOODOOODODOOOOO0OOOO 3000000d
000¢00000000000000 EOOO (j=2)00 EOOOOSO00000

84



ERB (i — 5)
BRC(i—4)
BRD (i —3)
FRE(i—2)
BRF(i—1)
RG (i)

FHG+1)
BRG+2)
BRI +3)
BRK (i + 4)

04800000000

0OAOOO0O EODODOOOODOOOOO48000000000000000000OO
OOoO0ob02000¢t0000WDODOUOO0 I0:+200000k=20000000000
0O GUOOIODO000O0O000ooooooD 4800000000000000D00O0
ggoboboooobobboooobboooobbboooobbboooobLbooon
gogobboooobbbooobbbooobbbooooboboooobbooog
gooboboooobobtbooobobbooobob bbb bbb bboog
oboobOobooooboo 4900000000000 BOO FOOODOO pOODOODO
COO00O0ODO A0O0O00O0 ¢OO0ODOOOO0 DODOOOD GODD rOODODODDODOOOO
Op00 BODODO FOOOOOD 200000000000 EO0OOODOODOOODOODO
0000000000000000 200000000 q00 AODOD pOOOOO
000 GUOOOOO0DD 100000000 10000 p00 CODODOOOODOO DO
goobboooobbtboooobobbooobobbuooooboboooubbbooon
gogobbboooobobboooobobooooonoo

85



D ARE

G v
Q BF

0490000000000

& ERLA < FARRINEDOETAM BEMA >
RE
XFEHRE |

EHERFHE

04100000000

44 0O0O0O0O

441 0O0O0OODOODOODOOOO

OO0Oo0o0O00o00o0o0obooobooobobooobbOoOoboooboo 4100b0DbDO
0000000000000 ADDDDO0ODOO XOO0OO0O 240000000000
goo00obO0doOO0bOOobOo 41300b00b0o00ooOoboobooobooooooDooOogo
000 300000000000 ADDOD XOOODODDDOO JOOO XOOooooo
00000000000 GOUUOD I0D00D XO0O0Ooooo QUOoo Xooooo
0000000000000 10000 QUDOO XO00ODoooooooooooooo
00001000 XO00OoOOooooooooooooooo 100 QUooo Xoooo
000000000 200000000 SO00O0ODOUDUDODO0DODODODOODODODODODOOO
goooo

86



000000000000 00dbO0o0dDO0o0 Xooboooboobooboooo 7
Oo300o00os8fd3ooooooooooo 1sb0b00O:3000000:40000 1:3
oooOOo 2500000000000 0D00DO0OOODODOOODO MODOOOODO
ooooobO 79000 1500000000 21vy000O000DbOO0O0bOOODObOOOn
o0o00ooO0obDOo0obO0obOOobOobooOobOOobDOoboobogYoOooD 1s0bo0oogo
000 974% 0015000000000000000 1500000000000000
gooboboooobobboooobobooooboboooon

0000000000000 000000000O000 13s)00ooooUoooo
ggoboboooobobooooobboooobobobooooboboooobobooog
oobooooobooboobOoobOoobDooboOob 2000bO0ob0bDOoOoDbOoOoD
O00000oooo oOboOoOOO0O0OODDOODOOO0ODOODO0ODOOOODODOODODOO
00000[133|]000000000000000000O000000000O0O00OO0
gogoooood

442 00O0O0O0OODOODOOOO

OO0O0000oDbO0DO0o0YooOooboobooooob edbOobobOobooobDOoo
0000o0b00000o 1000000000000 D0DLDO0O0DDO0ObOO0ODO0DDOUB4
0000000000630 000000O0OD0O0DO0ODOODO 10DO0ODODOOODOO 64
O000000000OLeave OneOut0 M 640 000000000000 0O0ODOOO
gogobboogobbbooobbbooobobbooonoboboooobboood
gogoboboooobbtbooobobbdooobbbuoooob bbb bbooog
goo0oooolooOoboOoo1rtoboonog

gobobogoobobboooobboooobobobooooobooooobobooon
00o00o00ooooooUoooooo (o, H)oooooooooUooooooo (o, 15010
00000000 [0,0)0000000000O0O0O0ODOO0OOOO0OUDOOO 1500
0000000000000 200 00000010,1]000000000000000O
oboooooooboboooobogoioooooobooboboboooooooo
goobooboood

443 0O0O0OO0OODOOOOOOD
O0o00o0o0obo0boooboboooobolhoobooooboboooobooooo

0000000000000000000000000000o00ooooon (RMSE) O

0000 (R)ODDO0O0DO0O0ODDO0ODODOODODOOUOOOO dTiDDDDDDJT\iDDD

87



gooboobooooono

oo (0 = i)
Zh:o Tivn — WTiqpn
k

%25:0 (dTurh - de’+h> (d;:h - d;;h>

R =
Vi St e, — )y Sy (b, — i)

O0000000oo0o0oooooooooobooooooooooonoooooooo
godooooooooooooooooooooooooooooooooooogon
goodioogboooooobootobooobooooooooooooooooooono
goo0o0oooooobooooooooobooobooooooo oo ooobooooono
go0d0ooooooooooooooooooooooooooooonoooooooo
gooooooooon

0000000000000 0000ooooooon (RMSE)DDDDDDDDDD
0o0oooboooooooooooooo+t+b000oooooooooodpOg 0.05
goooooooooooooooooooao (R)DDDDDDDDDDDDDDDDD
00o0oooooooooooooooDt000000o0oDo0o0dpOO 0050000
oo000oo0o0ooo0o0ooooboooooooooooonooooooooono

RMSE =

444 0O0O0O0OODOODODOODOODODOOO

4310000000000 000DLD0O0O0ODODDO0ODDODODOODDODDODDODOODODOOODO
oObo0O0o0O00bO00O0o0oobOO0bDOobOU0oOobObDOobObOOobDOoDbDOobOoO4.3.10
00000000(1)0000000000D0DU0O0UO()UUuooUooUoooo
000@3) 0000000000000 000000 3000000000000 DOO
0000000000000 @)ooUo0ooo0ooUoooo0ooUooooOO
gogooooooono

OOoo00ob0o0obOobOOobOooobooobobOobOobooboo 2p00b0oboOoDOooo
goobboooobbboooobbbooobob bbb ubbobooon
gooboboboboooouoobbboooouoobboooooobboooooLoobobooo
oo loobobooboobobooobooobooboboooboobobnooo
0000000 200000000000000000DO0DODODOOWDOODOODO
0050000000 k=5000000000000 k=500000470000

88



0450000000000000O0

ooooo 00000000 000 00 000000
oooooo 64 3 15 2880
00000000 64 4 9(7) 2176
0010000 64 3 7 1344
00000000000 64 1 15 960
0000000000000 64 1 9(7) 576 (448)
000000100000 64 1 7 448
00000000 64 1 64

goooboboobooboobooboobooboobooosbooboobooo
ooooboboobooooobooboboobobobOo SsobDooboobOoboooo
oooobooboobOoboooooobobooooDobooo sgoUobooo 2000
oo0oobo0oboobooboboboboboobboobDoobDooobo 3oboobOooD 4
000010300 1000000000000 00DODO00DODO0 QUOOO SOOO
0400000000000 0O00DODOOOOODODbOOO
OO0000o00O00obOooboob 4500000000000 0ODOD0ODOODOODO
ooobbooobobboooobobo l1oogbobobbo 3oooobobboooboo
ooooboooo3obboobuoobuooboobooboboobobooboobooo
oooboooooobobooe4D0O00b00O0O 3000DODO0OS0DO0O00DO0OOODDOO
FOOSHSOODOOOOODODO TODOO 1s0000000O00D00O00O0O0DOO0ODOO
64x3x15=2880000000000000000000OD0DO0O0OO0ODODOOOODO
O00000D0O00DObO0o0bO0ooDbOboedx1=90000000000000
00432000000000000000000D0O0O0O0ODODODODOOODOODODO
00004000 3000 GO1O00D0I0D0O00O0O0O0O0OODO 45000000 GO
ooobo9oboob lobobooo rOooobo0obO0obOobDOooDOobOOoOobOOobDOobOO
4410000000000000 100000000 0O0DOODODDOODOODODO
g000o00obO0bO0o0o0o0ooOO0obO0obOobOOoO0ooOOooDOobOobOoobDOooOooD 4500
ggobobooooboboooobbooan
OoobooooboOoboobooobobooobOob 41100000 411000000

89



(44) 3ISNY

mIEERE mlEE eiERE
0411 000000D0000O0DOODOO

(

G

) ISNY

mYEERE mdEE nIEHRE
0412000000 000000400000000000A0

90



TR FRE

) )
&« &«
i Gl
I =

7 ERER miE wFER
04130000000000000DO0O

OO0000o0oDOdDO0o0o0o0oo0oOU0oooOoD0oOoooooooonOo Ssgoooo
ggoboboooobobbooooboobbooobboboooooboooobbooog
gooooboboobooooboo 1bo0obboooboooboobobooboboOoo
ggoboboooobobboooobobboooobobbuoooobbboooobbbooon
ggoboboogoboboooooobbooooboobobooooobooooboobooog
oooopobooOoDbOobb 412004000000000000D0D0ODODOLOO
ggobboooobbtboooobobbdooobob bbb boooobbbooon
o0oo0o00oO00o0O0ooOooOooO0obOo30boboooUoboobooboooDooOooDoo
obooooboboob 40b00b0ob00ooboobobobooboOobDOooD 413
00000 413000000000000D00D000ODODODODDODODOODODODOOD
gogoboboooobobboooobobboooobobbuoooobobboooobbooog
ggoboboogobobbooooboobboooboboboooooboooobobooog
0000000000000 000DO00D0D0 41100 4.1200 41300000000
00 B.10O0O B.10OO B.2O00O B3O00OOO

91



046000000000

Claso gooood gooogd gooood gooo
gooo gooo goono gooo
Case i gbooooan - gooboodgd -
Caseii 0O0O0O0OOODO gooboogd goooogd -
Caseiii 0000000 - goobooo goooogn
Caseiv 0050000 - oo s0000 -
Casev 0O0H50000 oo s0000 obos0000 -
Casevi 0050000 - OO0s50000 0OO050000

445 0O0O0O0OOO0ODOOOOODOODOOOODOODOOO
43200000000000D0000D0ODODOODOODOOOOOODODODOOO
goobboooobbtboooobobbooobobbuooooboboooubbbooon
000046000 600000000000000000O0 00000000000
0000000000000 00000CaseiD000DOOO0ODOOOODODOOOODO1
0000000000000 00000D0D0D0D00000Caseii00Casei00ODO0O
000000000 1000000000000000000000A0 Case iii 00 Case
ijbooboobobooboo 1oooboobbooboobDboobooboboo
O00Case ivDvOviODODOOOD Case iDiiDiii0D 000000000 bS00000
000000000000 600000000000 0D00ODO0ODOODOO0O0OOCCase
iDivO CaseiilvOOO0O0O0O0ODOOODOOOOO0ODOOODOOODOOOOOOOO
0000000000000 000000CaseilivO CaseiiilviOOOOOOOOO
gooboboooobobbooooobboooobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog
gogoboboooobbbooobbbooobbbooonooboboooobbooog
O0CaseildDii0 CaseivO0 O viDOOODOODOODODOODODDOOODOOODODOO
ggobobooobobboooobboooboboooad

0000000000000 0000000000000000D00000Caseid

92



000 Input;0Case ii 0000 Input;0d Case iii 0000 Input;;; 0 CaseivO OO0
Input;,,0 Case vO O OO Input,0 Case viOO OO Input,; 0000

Inputi :(dTl, dT2, ceey dTFQ, dTifl’ CTys CTyy ooy CT_o, CTFl)

I’I’Lputm' :(dTl, dTQ, ceey dTi—Z’ dTi—l’ CT17 CTQ, ceey CTZ._27 CTZ._17
aTl, aTQ, ceey CLTi_l, aTi)

Inputiii :(dT17 dT2, ceey dTi72, dTi717 CTys CTyy «oo s CT,_o5 CTy_ 1,

dpy, dpy, ooy dpy s dpy, diyy diy, oo do, s dp, )
ITLPUtiU :(dTi—57 de’—47 dTi—37 dTi—27 dTi—l’ CT;_ 5y CT;_4y CTi_35 CTy_o» CTi—l)
Input, :(dTiﬂm dTi747 dTi737 dTi727 dTFU CT;_55 CT;_4» CTs_35 CTy_o5 CTy 1)
aT;_4» ATy 3y OT; o) AT;_y; aTi)
Input,, :(dTi—S’ dTi—47 dTi—S’ dTi—27 dTi—l’ CT; 55 CTi_4s CTy_35 CTy_o» CTy_ 1>

dFi_47 dFi_ga dFi_27 dFi_17 dFia dLi_j_47 dLi_j_37 dLi_j_27 dLi_j_la dLi_j)

00000 Output ODODOOOOOOOOOOOO

Output = (dTi; dTi+17 ceey dTi+k)

O00000000 QOSOvVOODUOOoDO0oooooooooooooooooooo
0000000000000 o0o0o0000oooooooooowooooooooo X
000000000 QoSOvVoOoo Xoooooooooooooooooooooo
0000000 41400000 41400000000CasevilDOODODODODOODOOO
O0000000000D000Case i 0 Case iiid Case i 0 Case vill Case iii 0 Case
ivDCaseivd Case vil OO ODODOODDOOODODOODODOODDOODDOOODODOO
gododobooooooobooouooooooooooooooooooooooad
oo ooooooooa
000000000000 QODO0O0O0000 41500 SOO0O0O0O0O0O0O 41600 V
00000000 41700000000 QOO0 20000 CaseidiidivdvODOODO
0000000000 200 QUOO0OO0DO00OODO0DODODOO0OOODODOOOODOOOn
0000000000000 00 QOO SO CaseviDd VO CaseiiiDOd0O0O0O0O0O0O
Jodooooo XO0oooooooooooooooooooooo 41800000
JddddddddOoo 419000 421 00000000000000000000O04
O00000CaseviDOODOODOOO0ODOODODODOOOO040000000£0 Case il
Case iilCase ivlCase v 40000 CasevilODOOODOODODODODOODOOODOO

93



18
16
14
12
10

RMSE (%)

o N b O

Mcase i Mcase ii Mcase iii case iv Mcase Vv Mcase Vi

04140000000000000D0O0O00O0ODOO

0000600000000 CaseiilCasevd 20000 CasevidOOOOODOODO
000000000000 Caseiiidd00OOOD0O 000 CaseOOODOOOODO
O0000000000000CasevilOODODODODODODODODODODOODO
00o00oooooooooooooooooooDoDooooDoDoDbObODoDD Xoooad
0000000000000 00D000 422000 4200000000 Cased OO
000000000000000 42300000000000000000 Case iii O
CasevilOODODOODOODO Case DO0DODOO0DODOODOODOODOOOCase iii O Case vi
0000 2000000000000000000000000 Caseiii 0 CaseviOO
0200000000000000 CaseJ00O0O0O0OODOODO 42500000000
00oooOooooooOooobOOooobOoOooOo 3000oooooooooooooan
000 414000 4250000000000 B20O00O0 B40O00O0O B.15000O00O

94



Bcase ii Mcaseiii [caseiv Mcase v Mcase Vi
04150000000000000000000000 QUOOO

M case i

8642086420
D I T o B |

(44) ISNY

fcase iv Mcase V Mcase Vi

0416 00000000000000000000O0OO0 SOOCOO

M case ii M case iii

Hcase i

95



CZORENAL

#1152

1

ik

=4

BRE

X

RE

25E

Mcase i Mcase ii Mcaseiii caseiv Mcase Vv Mcase Vi

041700000000 0000O0OC00OOOOOODOOO VOODOO

<
—

o~
—

o
—

0 W < o O

(f4) ISy

28R4 3BR% 4BR%C

1R

BER

Mcase i Mcase ii Mcaseiii Icaseiv Mcase v Mcase Vi

041800000000000C000000000 XO0OOOOoOooooo

96



<
—

12

o
—

0 VW < o O

() ISWY

Mcase i Mcase ii Mcaseiii caseiv Mcase V Mcase Vi

0419000000000000000000D00 XOOOOooooooooo Qod

o

<
i

o~
i

o
i

0 W < o O

(%) ISNY

28R

18R4E

EER

Mcase i Mcase ii Mcaseiii caseiv Mcase v Mcase Vi

04200000000000000000000D0 XOOOOooooooooo SsSod

HEN

97



14

12

10

RMSE (#)

A O ©®

BER 154 28R%

Mcase | Mcase ii Wcase iii

case iv Mcase vV Hcase Vi
0421 00000000000000000000 XO0OOOoOoooooooobo voao
oo

TRESFREX

2HE RoE XER®E &1 #i=2

Mcase i Mcase ii Mcase iii case iv Mcase V Mcase Vi

042200000000000000000000

98



GEESEE 2

Mcase i Mcase ii ™case iii case iv Mcase V Mcase Vi

04230000000000000000000000QOO0OO

Ees
¥
i
oo
b=
2|8 PRI X fERER &= &2
Mcase i Mcase ii Mcase iii case iv Mcase vV Mcase Vi

0424 0000000000000000000000SO000

99



0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2 —
0.1

GEESEE 2

258 TRIR X AR IR &= £1=2
Mcase i Mcase ii Mcase iii case iv Mcase V Mcase Vi

042 000000000000 00DO0O00DOOOOVODOOO

100



446 0O0O0OODOODODOOO

gobobogooboboooobobooooboboboooooobooon™moobooog
oo02000000000000000100D000DO000DO0O0ODOODO0ODbDO0OD
goo00o0O0ooOO0bOOoo0o0ooOOobO0obOobOOoO0obOOobODOobOobooboOooD44000D
goooboooobOooooboooooTO:ODOO0OO0ODOODOODOObOOD
gooooood

dr, =Po + B1dr,_; + B2dr,_, + Badr,_y + Badr,_, + Bsdr,_,
+Becr,_s +Brer,_, + Bser_y + Boer,_, + Procr_,
+ B11dr,_, + Br2dr,_; + B13dr,_, + Pradr,_, + P15 dF,
+616dr,_;_y +Pr7dr,_,_s + Bisdr,_;_, + Biodr,_;_, + PBaodr,_;

05000000 B, 00 B 0000000000000 O0000000O0000O
0640000000000000000000000000000000000000
00000000000000000000000000 15000000000000
0000000000000000000004+1000000i4+40000000
0D000O000S5000040000000000000000000000000C00
000050000000 70i0000000000000dg,=fi(d,¢)00000
i+1000000000000000dr,, = fi(d,c)000000000000000
O000000O00000 B 00 B 000000000000 00000i4+2000
000 i+40000000000000000000000

200000000000000 4230000000 Chapuis0000000000
0000D0000000000 [22)00000000000000007T04¢i0000
000 dy, 0000000000070 10000000000000000000 «
000000000000dy, 0007010000000 200000400000
0000 (i—+—1)0i0000000000 70000000000 FOi0O0OOO
00000 dy, 0000000000000000 Inputon, 000 Outputcn, 000
0D000000000000000000 426000000000000000000
0D0000000000000000000000000000000

Inputcpe =(dr,_,, i —x—1, dp,)
Outputcne =(dr,)

101



0 4.26 Chapuis 00 00OO0OOOOO0O

000000000004450000000000 QODSOVODODODOOOOO
O0000bO000obO XOoobOooooooobooobooobooobooboo
Chapuis0O00OOOOO0OODOOD 10000000000 0OOC0OOOOOOOOOO
gooboboooobobbooooobboooobbooooboboooobobooon
000 4270000300000 00D0O0O0O0DOO0OODOODODDODOOD
gobobbooooooobodoodoouobobbooooooobbbooooboboobog
gogoboboooobbbooobbbooobbbooonooboboooobbooog
O00Chapuis 0000 30000000000000000D0O0ODOO XOOODOO
00000000 bO0O0ObOO0obO0o0oboOO 4280000000000 42900000000
Chapuis 00 0000000000000 O0OODDODOOOO300000000ODODOO
goobboooobbboooobbbooobobboooobobboooubbbooon
00000000000 Chapuis00 00000000000 OOOOO 4280000
o0l0000ob00obO0obOobO0bO0obO0bOobOoDbOobDOoDbOsbOODOOoD 7TOODODO
gooboboooobbooooobboooobbooooboboooobobooon
00O0b000000bO00O0o0ObOO0bOUOobOb0oOobOobOOoOobDOobOObOOD 4290000
o0o00obO0o0O0O00oo0ooOobO0obOo0obO0obOoboOoOobOOobooboOobOoboOoOoo 4.30
gogobboooobbbooobbbooobbbooonoboboooobbooog
oo oogbbobbbbbobbbobbbbbbbbbbboog
0427000 4300000000000 B30O B.160OO0O B.190OOOO

102



mERIFEST miREFE
0427000000000000O00O0

wn
(o]

\t

65RL 7ERAG

BIREFE  mChapuis®F &

0428300000004000000000000

TIRe

0

o LN o n
(o\] i i

(44) IS

18R% 28R4t 38R 4BRE SERG

BER

m EEEST

103



n
o~

o

(

n

@)

o

IS

N

o

7% m Chapuis® Fi&

m EEFEON miEEF

042930000000 4000000000000000D0O

—

m [4=1 27

EAS LR
oy

|||||| 5%
YR
F
=HEF
(482
|||||| 158
FH X
EaS3)
HLE
(&8
5%
EaSAETb
Eae)
=HEF

QL wn
S o

YRS BB

a0 N
o o o

BRv

RS

fRa
R EEESNT sREFE

0430 0000000000000ODOO

38R

104



45 0O000O0OO0OOOOO

goobooooboboooobobboooobobbooooboboooobobooon
ggoboboooobbtboooobbdooobobbuoooobLboooobbbooon
ggoboboooobobooooobboooobobobuooooboboooobobooog
ggodoooooooooobobooobbobobbobbbbooboooooooooadyd
goobbboboooodoobboodoouobobboooooobboooooobboo
gogoboboooobobboooobobboooobobbuoooobobboooobbooog
000000000000 [22]00000000000000000OO0DDOO0OO0OOOO
goobboooobbboooobbbooobobbuooooboboooubbobooon

OO0Oo0ooobooobOobo s0boob

bbb bboooobbbuooboboooobboooobo
goooog

00000000 [133]000000000000000D0O0ODDO0O0ODOO0O0OO
goboboooobbbooobbboooobbobooooboboooobobog
goo

Joououououuounmoobooobobbbboboobbobbon
OOoobOobooobOoboobobooDo43100bgoooboobobooobpooog
Oboo0olgobooboooboboobuoobooobooobuooboobooo
ggobooboboooobboooobbooooboboboooobbboooa
gooooooboom

b bboouobbbouoonbo

ooy bobooboboo
goboboooobobbooobbboooobbboooobbbooooboboo
gooboboooobbbooobbboooobbboooobbboooobboboo
goboboooobobboooboboooobboboooobobooooboooa
obobooobooboboobooboobooboom

goboboooobobboooobbboooobobobooooboboooobbooon
ggooood

105



5 Uunuugog

00000000000 sequence_iddorder_keyO O OO ODODOOODOODOOOO
gdooboooooobooooooooboooooooooooboouoood
gdooboodoooooobodoooouooooooooooooouooood
000000000 oo0DooOoooRDBOOOOOOODOOOODDOOOOOOOO
O0SQL/RPROODCOOOODOOOODOUOOODOOOODOOUOOOOUDOO
MATCH RECOGNIZEOO DEFINEO OO OO OO one variable condition 0 O 0O O
000D 100000000000000000D000 Sequence Filtering O O one variable
condition 00000000 0ODOODOODOODOOO0OODOO00OO0O Row Filtering O 20
000000000000SQL/RPRODDOOO PostgreSQL O Spark 100000
Jdo0oOoOo0o0dooOoO0oo0booOoOoOobo0 2000000000000 O00O0000
goooooooboboooooououodoioooooooooooooonoon
dodoobooooooobooooooooooobooooooon

doodoooooboooouooooooooooooooooooooooon
oo ooouooboooooooooa
gboddobooooooboobouoooooobooouooboooooooooa
gbddoboooooooboooouooooooooooooooooooooooa
godoooooooooooouoooooooooooooooooooooogad
goddoboooodobooboooooooboboooooooboooooooooa
goddoobooooooooooooooobooooooooooooooooon
gododooooooooooooooon

gbdtbotdotdotdoiodoooooooooooooooooooooooon
doddoboooooobooouoooooooboooooooooooooooa
gododobooooooooooouooooooooooooooooooooooad
oo ooouooboooooooooa
gboddobooooooboobouoooooobooouooboooooooooa
gbddoboooooooboooouooooooooooooooooooooooa
gododooooooooooooooon

106



Ooon

1]

2]

3]

[4]

[5]

7]

[9]

[10]

ISO/IEC 2016. Information technology database languages sql technical reports
part 5: row pattern recognition in sql. Technical report, ISO copyright office,
2016.

K. Abhishek, A. Kumar, R. Ranjan, and S. Kumar, “A Railfall Prediction Model
using Artificial Neural Network,” Proc. of the 2012 IEEE Control and System
Graduate Research Colloquium (ICSGRC2012), pp.82-87, 2012.

R. Agrawal and R. Srikant, “Mining Sequential Patterns,” In Proc. of the 11th
Internatoinal Conference on Data Engineering (ICDE1995), pp.3—-14, 1995.

R. Agrawal and R. Srikant, “Fast Algorithms for Mining Association Rules,”
In Proc. of the 20th International Conference on Very Large Data Bases
(VLDB1994), pp.487-499, 1994.

J. Agrawal, Y. Diao, D. Gyllstrom, and N. Immerman, “Efficient Pattern Match-
ing over Event Streams,” Proc. of the 2008 ACM SIGMOD International Con-
ference on Management of Data, pp.147-160, 2008.

M. A. Aguilera, R. E. Strom, D. C. Sturman, Mark Astley, and T. D. Chandra.
“Matching Events in a Context-based Subscription System,” In Proc. of the 18th
Annual ACM Symposium on Principles of Distributed Computing (PODC1999),
pp-53-61, 1999.

A. Alahi, V. Ramanathan, K. Goel, A. Robicquet, A. Sadeghian, L. Fei-Fei, and
S. Savarese, “Learning to Predict Human Behavior in Crowded Scenes,” Group
and Crowd Behavior for Computer Vision, pp.183-207, 2017.

H. Albert-Lorincz and J. F. Boulicaut, “Mining Frequent Sequence Patterns un-
der Regular Expressions: A Highly Adaptive Strategy for Pushing Constraints,”
In Proc of the 3rd STAM International Conference on Data Mining, pp.316-320,
2003.

M. Altinel and M. J. Franklin, “Efficient Filtering of XML Documents for Selec-
tive Dissemination of Information,” In Proc. of the 26th International Conference
on Very Large Data Bases (PVLDB2000), pp.53-64, 2000.

M. Armbrust, R. S. Xin, C. Lian, Y. Huai, D. Liu, J. K. Bradley, X. Meng, T.
Kaftan, M. J. Franklin, A. Ghodsi, and M. Zaharia, “Spark SQL: Relational Data

107



[11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

Processing in Spark,” Proc. of the 2015 ACM SIGMOD International Conference
on Management of Data, pp.1383-1394, 2015.

F. Asakura, T. Matsumura, and T. Ono, “Basic Research of Predicting Train Op-
eration Using Convolutional Neural Network (II),” IEE Japan, 4-C—pl1-7 p.209,
2019.

R. S. Barga, J. GoldStein, M. Ali, and M. Hong, “Consistem Streaming Through
Time: A Vision for Event Stream Processing ,” Proc. of the 3rd Biennial Con-
ference on Innovative Data Systems Research (CIDR2007), pp.363-373, 2007.
Y. Bin, Y. Zhongzhen, and Y. Baozhen, “Bus Arrival Time Prediction Using
Support Vector Machine,” Journal of Intelligent Transportation System, vol.10,
issue 4, pp.151-158, 2006.

G. E. P. Box, G. M. Jenkins, G. C. Reinsel, and G. M. Ljung, “Time Series
Analysis: Forecasting and Control,” Third ed. Englewood Cliffs, NJ: Prentice
Hall, 1994.

V. L. Brano, G. Ciulla, and M. D. Falco, “Artificial Neural Networks to Predict
the Power Output of a PV Panel,” International Journal of Photoenergy, vo.2014,
pp.1-12, 2014.

Rashmi C. and Hemantha Kumar G., “Parallel Processing Approach for Pattern
Matching using MPI,” International Journal of Computer Applications, vol.180,
no.11, pp.31-34, 2018.

B. Cadonna, J. Gamper, and M. H. Bohlen, “Efficient Event Pattern Matching
with Match Windows,” Proc. of the 18th ACM SIGKDD International Confer-
ence on Knowledge Discovery and Data Mining (KDD2012), pp.471-479, 2012.
B. Cadonna, J. Gamper, and M. H. Bohlen, “Sequenced Event Set Pattern
Matching,” Proc. of the 14th International Conference on Extending Database
Technology (EDBT2011), pp.33-44, 2011.

Y. D. Cai, D. Clutter, G. Pape, J. Han, M. Welge, and L. Auvil, “MAIDS:
Mining Alarming Incidents from Data Streams,” Proc. of the ACM SIGMOD
International Conference on Management of Data, pp.919-920, 2004.

S. K. Cha, I. Moraru, J. Jang, J. Truelove, D. Brumley, and D. G. Anderson,
“SplitScreen: Enabling Efficient, Distributed Malware Detection,” Journal of
Communications and Networks, Vol.13, No.2, pp.187-200, 2011.

S. Chakravarthy, V. Krishnaprasad, E. Anwar, and S. K. Kim, “Composite

108



22]

23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

Events for Active Databases: Semantics, Contexts and Detection,” Proc. of the
20th International Conference on Very Large Data Bases (PVLDB1994), pp.606—
617, 1994.

X. Chapuis, “Arrival Time Prediction using Neural Networks ,” Proc. of the
7th International Conference on Railway Operations Modeling and Analysis
(RailLille2017), pp.1500-1510, 2017.

X. Chen and Y. Zhan, “Multi-scale Anomaly Detection Algorithm based on In-
frequent Pattern of Time Series,” Journal of Computational and Applied Math-
ematics, vol.214, no.1, pp.227-237, 2008.

B. Choi, J. Chae, M. Jamshed, K. Park, and D. Han, “DFC: Accelerating String
Pattern Matching for Network Applications,” Proc. of the 13th USENIX Sym-
posium on Networked Systems Design and Implementation (NSDI12016), pp.551—
565, 2016.

J. Contreras, R. Espinola, F. J. Nogales, and A. J. Conejo, “ARIMA Models
to Predict Next-day Electricity Prices,” IEEE Transactions on Power Systems,
vol.18, issue 3, pp.1014-1020, 2002.

S. Deaton, D. Brownfield, L. Kosta, Z. Zhu, and S. J. Matthews, “Real-time
Regex Matching with Apache Spark,” Proc. of the 2017 IEEE High Performance
Extreme Computing Conference (HPEC2017), pp.1-6, 2017.

A. Demers, J. Gehrke, B. Panda, M. Riedewald, V. Sharma, and W. White,
“Cayuga: A General Purpose Event Monitoring System,” Proc. of the 3rd Bien-
nial Conference on Innovative Data Systems Research (CIDR2007), pp.412-422,
2007.

N. Dindar, B. Giic, P. Lau, A. Ozal, M. Soner, and N. Tatbul, “DejaVu: Declar-
ative Pattern Matching over Live and Archived Streams of Events,” Proc. of the
2009 ACM SIGMOD International Conference on Management of Data, pp.1023—
1026, 2009.

L. Ding, S. Chen, E. A. Rundensteiner, J. Tatemura, W. Hsiung, and K. S.
Candan, “Runtime Semantic Query Optimization for Event Stream Processing,”
IEEE 24th International Conference on Data Engineering (ICDE2008), pp.676—
685, 2008.

P. Esling and C. Agon, “Time-Series Data Mining,” ACM Computing Survey,
vol.45, no.1, article 12, 2012.

109



[31]

32]

33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

F. Fabret, H. A. Jacobsen, F. Llirbat, J. Pereira, K. A. Ross, and D. Shasha,
“Filtering Algorithms and Implementation for Very Fast Publish/Subscribe Sys-
tems,” In Proc of the 2001 ACM SIGMOD International Conference on Manage-
ment of Data (SIGMOD2001), pp.115-126, 2001.

I. Forain, R. O. Albuquerque, A. S. Orozco, L. G. Villalba, and T. Kim, “End-
point Security in Networks: An OpenMP Approach for Increasing Malware De-
tection Speed,” Symmetry, vol.9, no.9, pp.172, 2017.

“Foursquare,” 2018, https://foursquare.com.

M. N. Garofalakis, R. Rastogi, and K. Shim, “SPIRIT: Sequential Pattern Mining
with Regular Expression Constraints,” Proc. of the 25th International Conference
on Very Large Data Bases (VLDB1999), pp.223-234, 1999.

N. H. Gehani, H. V. Jagadish, and O. Shmueli, “Composite Event Specification
in Active Databases: Model & Implementation,” Proc. of the 18th International
Conference on Very Large Data Bases (VLDB1992), pp.327-338, 1992.

C. Giannella, J. Han, J. Pei, X. Yan, and P. S. Yu, “Mining Frequent Patterns in
Data Streams at Multiple Time Granularities,” Next Generation Data Mining,
pp-191-212, 2003.

F. E. Gmati, S. Chakhar, W. L. Chaari, and H. Chen, “A Rough Set Approach to
Events Prediction in Multiple Time Series,” Proc. of the 31st International Con-
ference on Industrial Engineering and Other Applications of Applied Intelligent
Systems (IEA/AIE2018), pp.796-807, 2018.

E. Grigonyté and E. Butkeviéiuté, “Short-term Wind Speed Forecasting using
ARIMA Model,” Energetika, vol.62, issue 1-2, pp.45-55, 2016.

R. Grossi, C. S. Iliopoulos, C. Liu, N. Pisanti, S. P. Pissis, A. Retha, G. Rosone,
F. Vayani, and L. Versari, “On-Line Pattern Matching on Similar Texts,” Proc.
of the 28th Annual Symposium on Combinatorial Pattern Matching (CPM2017),
pp.7-8, 2017.

Z. K. Gurmu and W. Fan, “Artificial Neural Network Travel Time Prediction
Model for Buses Using Only GPS Data,” Journal of Public Transportation vol.17,
no.2, pp.45-65, 2014.

J. Han, J. Pei, B. Mortazavi-Asl, Q. Chen, U. Dayal, and M. C. Hsu, “FreeSpan:
Frequent Pattern-Projected Sequential Pattern Mining,” In Proc. of the 6th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining,

110



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

pp-355-359, 2000.

J. Han, J. Pei, and Y. Yin, “Mining Frequent Patterns by Pattern-Growth:
Methodology and Implications,” ACM SIGKDD Explorations Newsletter - Spe-
cial Issue on “Scalable Data Mining Algorithm,” vol.2, issue 2, pp.14-20, 2000.
L. Heydenrijk-Ottens, V. Degeler, D. Luo, N. V. Oort, and H. V. Lint, “Super-
vised Learning: Predicting Passenger Load in Public Transport,” Conference on
Advanced Systems in Public Transport (CAPST2018), 2018.

S. Hochreiter and J. Schmidhuber, “Long Short-Term Memory,” NEURAL COM-
PUTATION, vol. 9, issue 8, pp.1735-1780, 1997.

F. Hoppner, “Discovery of Temporal Patterns. Learning Rules about the Qual-
itative Behaviour of Time Series,” In Proc. of the 5th European Conference on
Principles of Data Mining and Knowledge Discovery (PKDD2001), pp.192-203,
2001.

S. Innamaa, “Short-Term Prediction of Highway Travel Time Using MLP_ Neural
Networks,” Proc. of the 8h World Congress on Intelligent Transportation Sys-
tems, vol. 32, no. 6, pp.649-669, 2001.

I. Jindal, T. Z. Qin, X. Chen, M. Nokleby, and J. Ye, “A Unified Neural Network
Approach for Estimating Travel Time and Distance for Taxi Trip,” arXiv preprint
arXiv:1710.04350 [stat. ML], 2017.

C. Ju, H. Li, and F. Li, “PCG: An Efficient Method for Composite Pattern
Matching over Data Streams,” Proc. of the International Conference on Advanced
Data Mining and Applications (ADMA2012), pp.488-501, 2012.

S. Kato, D. Amagata, S. Nishio, and T. Hara, “Monitoring Range Motif on
Streaming Time-Series,” Proc. of the 29th International Conference on Database
and Expert Systems Applications (DEXA2018), pp.251-266, 2018.

A. Kazem, E. Sharifi, F. K. Hussain, M. Saberi, and O. K. Hussain, “Support
Vector Regression with Chaos-based firefly Algorithm for Stock Market Price
Forecasting,” Applied Soft Computing, vol.13, issue 2, pp.947-958, 2012.

A. Kehagias, “A Hidden Markov Model Segmentation Procedure for Hydrologi-
cal and Environment Time Series,” Stochastic Environment Research and Risk
Assessment, vol.18, no.2, pp.117-130, 2004.

I. Khandelwal, R. Adhikari, and G. Verma, “Time Series Forecasting using
Hybrid ARIMA and ANN Models based on DWT Decomposition,” Interna-

111



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

tional Conference on Intelligent Computing, Communication & Convergence
(ICCC2015), Procedia Computer Science, vol.48, pp.173-179, 2015.

I. Kolchinsky and A. Schuster, “Efficient Adaptive Detection of Complex Event
Patterns,” Proc. of the VLDB Endowment, vol.11, no.11, 2018.

I. Kolchinsky, I. Sharfman, and A. Schuster, “Lazy Evaluation Methods for De-
tecting Complex Events,” Proc. of the 9th ACM International Conference on
Distributed Event-Based Systems (DEBS2015), pp.34-45, 2015.

K. Laker, “A Technical Deep Dive into Pattern Matching using
MATCH_RECOGNIZE,” HrOUG 2016, Business Intelligence & Analyt-
ics, Hall C, 19 October 2016, http://www.oracle.com /technetwork/
database/bi-datawarehousing /mr-deep-dive-3769287.pdf.

H. T. Lam, T. Calders, and N. Pham, “Online Discovery of Top-k Similar Motifs
in Time Series Data,” Proc. of the 11th STAM International Conference on Data
Mining, pp.1004-1015, 2011.

A. Lamb, M. Fuller, R. Varadarajan, N. Tran, B. Vandiver, L. Doshi, and C.
Bear, “The Vertica Analytic Database: C-Store 7 Years Later,” Proc. of the 38th
International Conference on Very Large Databases (PVLDB2012), vol.5, no.12,
pp.1790-1801, 2012.

Y. LeCun, B. Boser, J. S. Denker, D. Henderson, R. E. Howard, and W. Hub-
bard, “Backpropagation Applied to Handwritten Zip Code Recognition,” Neural
Computation, vol. 1, no. 4, pp.541-551, 1989.

J. Lin, E. Keogh, S. Lonardi, and P. Patel, “Finding Motifs in Time Series,”
Proc. of the 2nd International Workshop on Temporal Data Mining, pp.53—68,
2002.

B. Liu and J. Liu, “Multivariate Time Series Prediction via Temporal Clas-
sification,”
(ICDE2002), pp.268-275, 2002.

A. M. D. Livera, R. J. Hyndman, and, R. D. Snyder, “Forecasting Time Series

Proc. of the 18th International Conference on Data Engineering

with Complex Seasonal Patterns using Exponential Smoothing,” Journal of the
American Statistical Association, 106(496), pp.1513-1527, 2011.

J. Ma, and S. Perkins, “Online Novelty Detection on Temporal Sequences,” In
Proc of the 9th ACM SIGKDD International Conference on Knowledge Discovery
and Data Mining (KDD2003), pp.613—618, 2003.

112



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

73]

H. Mannila, H. Toivonen, and A. Verkamo, “Discovering Frequent Episodes in
Sequences,” In Proc. of the 1st International Conference on Knowledge Discovery
and Data Mining (KDD1995), pp.210-215, 1995.

N. Markovié¢, S. Milinkovi¢, K. S. Tikhonov, and P. Schonfeld, “Analyzing Pas-
senger Train Arrival Delays with Support Vector Regression,” Transportation
Research Part C Emerging Technologies, vol.56, pp.251-262, 2015.

Y. Matsubara, Y. Sakurai, and C. Faloutsos, “AutoPlait: Automatic Mining of
Co-evolving Time Sequences,” Proc. of the 2014 ACM SIGMOD International
Conference on Management of Data (SIGMOD2014), pp.193—-204, 2014.

Y. Matsubara and Y. Sakurai, “Regime Shifts in Streams: Real-time Forecasting
of Co-evolving Time Sequences,” Proc. of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining (KDD2016), pp.1045—
1054, 2016.

Y. Mei and S. Madden, “ZStream: A Cost-based Query Processor for Adaptively
Detecting Composite Events,” Proc. of the 2009 ACM SIGMOD International
Conference on Management of data, pp.193-206, 2009.

Y. Mohammad and T. Nishida, “Constrained Motif Discovery in Time Series,”
New Generation Computing, vol.27, no.4, pp.319-346, 2009.

C. H. Mooney and J. F. Roddick, “Sequential Pattern Mining — Approaches and
Algorithms,” ACM Computing Survey, vol.45, no. 2, article 19, 2013.

W. Mou, Z. Cheng, and C. Wen, “Predictive Model of Train Delays in a Rail-
way System,” Proc. of the 8th International Conference on Railway Operations
Modelling Analysis (RailNorrképing), pp.913-929, 2019.

A. Mueen and E. Keogh, “Online Discovery and Maintenance of Time Series
Motifs,” Proc. of the 16th ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining (KDD2010), pp.1089-1098, 2010.

A. Mueen, E. Keogh, Q. Zhu, S. Cash, and B. Westover, “Exact Discovery of
Time Series Motifs,” In Proc. of the SIAM International Conference on Data
Mining (SDM2009), pp.473-484, 2009.

Y. Nasu, H. Kitagawa, and K. Nakabasami, “Efficient Pattern Matching using
Pattern Hierarchies for Sequence OLAP,” Proc. of the 21st International Confer-
ence on Big Data Analytics and Knowledge Discovery (DaWaK2019), pp.89-104,
2019.

113



[74]

[75]

[76]

[77]

78]

[79]

[30]

[81]

[82]

[83]

[84]

G. Navarro and M. Raffinot, “A Bit-parallel Approach to Suffix Automata:
Fast Extended String Matching,” Annual Symposium on Combinatorial Pattern
Matching (CPM1998), pp.14-33, 1998.

B. Padmanabhan and A. Tuzhilin, “Pattern Discovery in Temporal Databases:
A Temporal Logic Approach,” In Proc. of the 2nd International Conference on
Knowledge Discovery and Data Mining, pp.351-354, 1996.

P. F. Pai and C. S. Lin, “A Hybrid ARIMA and Support Vector Machines Model
in Stock Price Forecasting,” Omega-International Journal of Management Sci-
ence, vol.13, issue 6, pp.497-505, 2005.

T. Palpanas, M. Vlachos, E. Keogh, and D. Gunopulos, “Streaming Time Series
Summarization using User-defined Amnesic Functions,” IEEE Transactions on
Knowledge and Data Engineering, vol.20, issue 7, pp.992-1006, 2008.

J. Pang, J. Huang, Y. Du, H. Yu, Q. Huang, and B. Yin “Learning to Predict
Bus Arrival Time from Heterogeneous Measurements via Recurrent Neural Net-
work,” IEEE Transactions on Intelligent Transportation Systems, vol.20, issue 9,
pp-3283-3293, 2019.

P. Papapetrou, G. Kollios, S. Sclaroff, and D. Gunopulos, “Mining Frequent Ar-
rangements of Temporal Intervals,” Knowledge and Information Systems, vol.21,
issue 2, pp.133-171, 2009.

K. Pasini, M. Khouadjia, F. Ganansia, and L. Oukhellou, “Forecasting Passenger
Load in a Transit Network using Data Driven Models,” Proc. of the 25h World
Congress on Railway Research (WCRR2019), OP_ 04, HAL Id: hal-02278238,
2019.

P. Patel, E. Keogh, J. Lin, and S. Lonardi, “Mining Motifs in Massive Time

7 Proc. of IEEE International Conference on Data Mining

Series Databases,
(ICDM2002), pp.370-377, 2002.

R. Pears, H. Widipurta, and N. K. Kasabov, “Evolving Integrated Multi-model
Framework for On Line Multiple Time Series Prediction,” Evolving Systems,
vol.4, issue 2, pp.99-117, 2013.

P. Pecev and M. Rackovi¢, “LTR-MDTS Structure - A structure for Multiple
Dependent Time Series Prediction,” Computer Science & Information Systems,
vol.14, issue 2, pp.467-490, 2017.

J. Pei, J. Han, B. Mortazavi-Asl, H. Pint, Q. Chen, U. Dayal, and M. C. Hsu,

114



[85]

[36]

[87]

[33]

[39]

[90]

[91]

[92]

93]

[94]

“PrefixSpan: Mining Sequential Patterns Efficiently by Prefix-Projected Pat-
tern Growth,” In Proc. of the International Conference on Data Engineering
(ICDE2001), pp.215-226, 2001.

C. S. Perng and D. S. Parker, “SQL/LPP: A Time Series Extension of SQL
Based on Limited Patience Patterns,” Proc. of the 10th International Conference
on Database and Expert Systems Applications (DEXA1999), pp.218-227, 1999.
S. Poornima and P. Marudappa, “Prediction of Railfall using Intensified LSTM
based Recurrent Neural Network with Weighted Linear Units,” Atmosphere,
vol.10, issue 11, pp.668, 2019.

P. Prochazka and J. Holub, “Byte-Aligned Pattern Matching in Encoded Ge-
nomic Sequences,” Proc. of the 17th International Workshop on Algorithms in
Bioinformatics (WABI2017), pp.20:1-20:13, 2017.

R. Sadri, C. Zaniolo, A. Zarkesh, and J. Adibi, “Optimization of Sequence Queries
in Database Systems,” Proc of the 20th ACM SIGMOD-SIGACT-SIGART Sym-
posium on Principles of Database Systems (PODS2001), pp.71-81, 2001.

R. Sadri, C. Zaniolo, A. Zarkesh, and J. Adimi, “Expressing and Optimizing Se-
quence Queries in Database Systems,” ACM Transactions on Database Systems,
vol.29, no.2, pp.282-318, 2004.

I. Sahin, “Markov Chain Model for Delay Prediction of Trains,” Proc. of the 8th
International Conference on Railway Operations Modelling Analysis (RailNor-
rképing), pp.1460-1479, 2019.

I. Sahin, “Markov Chain Model for Delay Distribution in Train Schedules: Assess-
ing the Effectiveness of Time Allowances,” Journal of Rail Transport Planning
& Management, vol. 7, pp.101-113, 2017.

H. Shatkay and S. Zdonik, “Approximate Queries and Representations for Large
Data Sequences,” Proc. of the 12th International Conference on Data Engineering
(ICDE1996), pp.536-545, 1996.

E. Sitaridi, O. Polychroniou, and K. A. Ross, “SIMD-Accelerated Regular Ex-
pression Matching,” Proc. of the 12th International Workshop on Data Manage-
ment on New Hardware (DaMoN2016), Article No. 8, 2016.

Q. Song and N. K. Kasabov, “ECM - A Novel On-line, Evolving Clustering
Method and Its Applications,” Ponser, M. 1. (ed.) Foundations of Cognitive Sci-
ence, pp.631-682, MIT Press, 2001.

115



[95] R. Srikant and R. Agrawal, “Mining Sequential Patterns: Generalizations and
Performance Improvements,” In Proc. of the 5th International Conference no
Extending Database Technology (EDBT1996), vol.1057, pp.3—17, 1996.

[96] S. C. Tan, K. M. Ting, and T. F. Liu, “Fast Anomaly Detection for Streaming
Data,” Proc. of the 22nd International Joint Conference on Artificial Intelligence
(IJCAI2011), vol.2, pp.1511-1516, 2011.

[97] W. G. Teng, M. S. Chen, and P. S. Yu, “A Regression-based Temporal Pattern
Mining Scheme for Data Streams,” Proc. of the 29th International Conference
on Very Large Data Bases (VLDB2003), pp.93-104, 2003.

[98] F. Toqué, E. Come, M. K. E. Mahrsi, and L. Oukhellou, “Forecasting Dynamic
Public Transport Origin-Destination Matrices with Long-Short Term Memory
Recurrent Neural Networks,” Proc. of the IEEE 19th International Conference
on Intelligent Transportation System (ITSC2016), pp.1071-1076, 2016.

[99] M. Valipour, M. E. Banihabib, and S. M. R. Behbahani, “Comparison of the
ARMA, ARIMA, and the Autoregressive Artificial Neural Network Models in
Forecasting the Monthly Inflow of Dez Dam Reservoir,” Journal of Hydrology,
vol.476, pp.433-441, 2013.

[100] V. N. Vapnik, “The Nature of Statistical Learning Theory,” Springer-Verlag,
New York, 1995.

[101] H. L. Wang and K. Y. Chen, “One-dimensional Approximate Point Set Pat-
tern Matching with Lp-norm,” Journal of Theoretical Computer Science, vol.521,
pp.42-50, 2014.

[102] P. Wang, C. Wu, and X. Gao, “Research on Subway Passenger Flow Combi-
nation Prediction Model based on RBF Neural Networks and LSSVM,” Chinese
Control and Decision Conference (CCDC), 2016 Chinese.IEEE, pp.6064—-1661,
2016.

[103] X. Wang, Y. Hong, H. Chang, K. Park, G. Langdale, J. Hu, and H. Zhu,
“Hyperscan: A Fast Multi-pattern Regex Matcher for Modern CPUs,” Proc. of
the 16th USENIX Symposium on Networked Systems Design and Implementation
(NSDI2019), pp.631-648, 2019.

[104] H. Widiputra, “Nearest Neighbor Approach with Non-parametric Regression
Analysis for Multiple Time-series Modelling and Predictions,” International Jour-

nal of Bussiness Intelligence and Data Mining, vol.10, no.3, pp.253-279, 2015.

116



[105] H. Widipurta, R. Pears, and N. K. Kasabov, “Multiple Time-series Prediction
through Multiple Time-series Relationships Profiling and Clustered Recurring
Trends,” Proc. of the 15th Pacific-Asia Conference on Advances in Knowledge
Discovery and Data Mining (PAKDD2011), pp.161-172, 2011.

[106] R. J. Williams and D. Zipser, “Gradient-Based Learning Algorithms for Recur-
rent Networks and Their Computational Complexity,” Back-propagation: The-
ory, Architectures and Applications, Hillsdale, NJ: Erlbaum, 1995.

[107] C. H. Wu, J. M. Ho, and D. T. Lee, “Travel-Time Prediction with Support
Vector Regression,” IEEE Transaction on Intelligent Transportation Systems,
vol.5, no.4, pp.276-281, 2005.

[108] E. Wu, Y. Diao, and S. Rizvi, “High-Performance Complex Event Processing
over Streams”, SIGMOD 2006, pp.407—418, 2006.

[109] Y. X. Wu, Q. B. Wu, and J. Q. Zhu, “Improved EEMD-based Crude Oil Price
Forecasting using LSTM Networks,” Physica A: Statistical Mechanics and its
Applications, vol.516, no.15, pp.114-124, 2019.

[110] D. Yang, D. Zhang, L. Chen, and B. Qu, “NationTelescope: Monitoring and
Visualizing Large-Scale Collective Behavior in LBSNs,” Journal of Network and
Computer Applications (JNCA), vol.55, pp.170-180, 2015.

[111] D. Yang, D. Zhang, and B. Qu, “Participatory Cultural Mapping Based on
Collective Behavior Data in Location Based Social Networks,” ACM Trans. on
Intelligent Systems and Technology (TIST), 2015.

[112] H. Yang, L. Chan, and I. King, “Support Vector Machine Regression for Volatile
Stock Market Prediction,” Proc. of the 3rd International Conference on Intel-
ligent Data Engineering and Automated Learning (IDEAL2002), pp.391-396,
2002.

[113] D. Yankov, E. Keogh, and U. Rebbapragada, “Disk Aware Discard Discovery:
Fiding Unusual Time Series in Terabyte Sized Datasets,” Knowledge and Infor-
mation Systems, vol.17, no.2, pp.241-262, 2008.

[114] M. Yaghini, M. M. Khoshraftar, and M. Seyedabadi, “Railway Passenger Train
Delay Prediction via Neural Network Model,” Journal of Advanced Transporta-
tion, vol.47, no.3, pp.355-368, 2013.

[115] B. Yi, N. D. Sidiropoulos, T. Johnson, H. V. Jagadish, C. Faloutsos, and A.
Biliris, “Online Data Mining for Co-Evolving Time Sequences,” Proc. of the 16th

117



Internatinal Conference on Data Engineering (ICDE2000), pp.13—22, 2000.

[116] A. Ypma and R. Duin, “Novelty Detection using Self-organizing Maps,” Proc.
of the International Conference on Neural Information Processing, pp.1322-1325,
1997.

[117] J. Yu and J. Li, “A Parallel NIDS Pattern Matching Engine and Its Imple-
mentation on Network Processor,” Proc. of the 2005 International Conference on
Security and Management (SAM2005), pp.375-384, 2005.

[118] M. Zaharia, M. Chowdhury, M. J. Franklin, S. Shenker, and I. Stonica, “Spark:
Cluster Computing with Working Sets,” Proc. of the 2nd USENIX Conference
on Hot Topics in Cloud Computing (HotCloud2010), vol.55, p.10, 2010.

[119] M. J. Zaki, “SPADE: An Efficient Algorithm for Mining Frequent Sequences,”
Machine Learning, vol.42, issuel—2, pp.31-60, 2001.

[120] G. P. Zhang, “Time Series Forecasting using a Hybrid ARIMA and Neural
Network Model,” Neurocomputing, vol.50, issue 50, pp.159-175, 2003.

[121] G. P. Zhang and V. L. Berardi, “Time Series Forecasting with Neural Net-
work Ensembles: An Application for Exchange Rate Prediction,” Journal of the
Operational Research Society, vol.52, issue 6, pp.652—664, 2001.

[122] Y. Zhang, Y. Wang, and G. Luo, “A New Optimization Algorithm for Non-
stationary Time Series Prediction based on Recurrent Neural Networks,” Future
Generation Computer Systems, vol.102, pp.738-745, 2020.

[123] J. Zhou and A. K. H. Tung, “SMiLer: A Semi-Lazy Time Series Prediction
System for Sensors,” Proc. of the 2015 ACM SIGMOD International Conference
on Management of Data (SIGMOD2015), pp.1871-1886, 2015.

[124] Y. Zhou, C. Ma, Q. Guo, L. Shou, and G. Chen, “Sequence Pattern Matching
over Event Data with Temporal Uncertainty,” Proc. of the 17th International
Conference on Extending Database Technology (EDBT2014), pp.205-216, 2014.

[125] godoodooodoooodoooooooooooooooooooon
ooddooooooooooooo?220100

[126) DO 0OD0D0O0ODO0D0OO0O0ODOOOD CNNOOODOOODOOODDODODOOOOOOoO
00000 0260000000000000 (J-RAIL2019)0 S8-10 pp.288-2890
20190

[127] DOO0OO0O0O0D0O0OO0OD D00D0O0O0D000O0D00000D00O0000D DoOOO
000000 vol.270 no.10 pp.103-1110 19860

118



[128) DOO0OO0UOOUOOUOODOD DO0OU0DDOU0O0ODDO0O0ODLDOOOUDOOOOO
O0000000:. 000000000000 0000D0 DOO0D0O0OOvol.150n0.40
pp-31-400 20130

[129] DOODO0ODODO0DO0OO0O0O0D0OOUOO0DO0OO0O0DO0OOOO0DOO0O® 00000000
000000000000 00D0O0000000ooooonovel.510p.5020140

130 0000000000000 D0000D0000D0000DO00O0O00OO0O0O0O
0000o0ooDoooo0OO0D Oo0O0oO0oO0OD0 DOOOOOOOOvol.1300 no.40
pp-459-4670 20100

[131] DD 000000 0000000000000 000O0O000O0O000OD O
000000 D3D00000@Mvol720no50000000O0DOCODODO 3300
pp.I_1067-1_10740 20160

[132] DO00DO0O0D00O0000D0000D0O0 0000000000000 00O000O
O00000ooOooOoooooboOol obgooooooooooooooOoobooo
000000 (DEIM2016)0 D1-40 20160

[133) DOO0OO00O0O0O0OO0DO0O000O0D DOoUDOO0O0ODoOO0OOoDOooOOOO
0000000000 000000000 (TER)DODODO0DO0OO00D0OOOvol.480
pp-23-280 20120

[134) DOO0O0O0O0D0O0OO0ODO0OO0OD OUDO0ODOO0O0UO0ODO0OOODDOOD OO
00000 COvol.1260 no.110 pp.1406-14130 20060

[135| D0 0000000000000 0D0000O000DO0OUOOD DOO0O0O0OO
000000000000 000000OD DO0Uo0ooDoooOooooo (TER)O
2016 0 10 2900

119



O0OA 0000000000 0DOO000oDOOo0ooboon
ouogodoogouooogd

Al DOO0DODOODOOOOOOO

OooboobobooobOobooooob0obDobooobOobooobooDbOosY.1bo0on
gogobboooobbtbooobobbdooobbbuoooobboooubbbooog
00000000 324000 330000000000000 A1000 A.120000

0 A.1 PostgreSQLOOODDOOOO0OOOOODODOOO (QL)OO 3.240

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

No. Opt. 10.35 11.07 11.79 12.79 12.84 20.06 25.47
Seq. Filt. 0.00 3.95 3.00 5.76 16.20 19.89 27.94
Row Filt. 7.69 8.71 9.98 11.76 11.75 23.82 32.86
Seq. Filt.
0.01 3.80 3.65 6.84 15.67 24.04 35.25
+ Row Filt.

0 A2 PostgreSQLOODODD0D0D0DOOOODOODO (Q2)00 3.250

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

No Opt. 10.51 11.07 11.96 13.08 13.05 20.98 27.80
Seq. Filt. 0.00 4.03 3.19 6.09 16.56 21.86 30.66
Row Filt. 11.54 12.66 13.98 15.84 15.79 28.48 37.99
Seq. Filt.
0.01 4.59 4.19 7.91 19.05 28.26 40.91
+ Row Filt.

120



0 A3 PostgreSQLOOODOO0D0ODO0ODOODOODOODO (Q3)00 3.260

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 10.61 11.29 12.23 13.55 13.55 22.66 29.42
Seq. Filt. 0.00 4.08 3.40 6.46 17.05 22.65 32.38
Row Filt. 6.92 8.13 9.56 11.55 11.55 25.48 35.76
Seq. Filt.
0.01 3.75 3.92 7.34 15.73 26.18 38.78
+ Row Filt.
DA.4P08tgreSQL|:|DDDDDDDDDDDDDDDD(Q4)|:||:|3.27|:|
Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 10.60 11.73 13.18 15.19 15.24 29.57 39.14
Seq. Filt. 0.00 4.53 4.35 8.18 18.73 30.17 43.05
Row Filt. 8.58 10.15 11.94 14.65 14.65 32.83 47.35
Seq. Filt.
0.01 4.47 4.97 9.21 18.59 34.24 49.60
+ Row Filt.
DA.5PostgreSQLDDDDDDDDDDDDDDDDD(Q5)DD3.28D
Conf. 1 Conf. 2 Conf.3 Conf.4 Conf.5 Conf. 6 Conf. 7
No Opt. 27.00 26.88 27.38 28.17 28.17 33.72 37.80
Seq. Filt. 0.00 6.97 4.27 8.36 28.43 34.23 40.31
Row Filt. 13.82 15.39 17.27 19.80 19.86 37.67 51.11
Seq. Filt.
0.01 5.44 5.34 10.07 22.68 41.48 53.64
+ Row Filt.
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0 A6 PostgreSQLOOOO0D0DO0ODOUODOODOOO (Q6)00 3.290

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 10.38 11.38 12.66 14.42 14.46 26.65 36.41
Seq. Filt. 0.00 4.32 3.97 7.51 18.19 27.45 39.89
Row Filt. 16.06 17.38 19.11 21.45 21.40 37.54 50.29

Seq. Filt.
0.01 5.77 5.30 9.98 23.78 37.20 52.55

+ Row Filt.
[IA.7SparkDDDDDDDDDDDDDDDDD(QI)DD3.3OD

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 301.94 280.83 294.11 314.50 300.25 337.75 398.98
Seq. Filt. 61.02 142.66 117.94 149.64 281.34 323.63 436.75
Row Filt. 67.04 101.81 118.65 138.82 139.95 273.39 399.11

Seq. Filt.
63.19 105.06 117.81 141.40 148.07 289.76 420.41

+ Row Filt.
DA.8SparkDDDDDDDDDDDDDDDDD(Q?)DD3.31D

Conf. 1 Conf. 2 Conf.3 Conf.4 Conf.5 Conf. 6 Conf. 7
No Opt. 296.59 304.14 301.06 301.53 299.09 319.80 342.88
Seq. Filt. 61.27 137.38 115.04 145.65 280.70 311.73 365.81
Row Filt. 68.33 107.24 117.63 133.82 137.29 262.76 351.59

Seq. Filt.
63.62 107.67 116.68 142.16 148.83 271.63 380.90

+ Row Filt.
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O A9 Sparkk 0000000 D0D0OOOODOODO (Q3)00 3.320

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 449.50 456.53 437.75 452.28 461.87 471.01 512.39
Seq. Filt. 62.07 170.73 129.37 170.37 401.70 420.26 515.79
Row Filt. 66.88 111.89 125.45 156.57 160.22 352.04 523.84
Seq. Filt.
63.65 111.71 128.14 159.64 163.01 356.26 533.91
+ Row Filt.
|:|A.lOSparkDDDDDDDDDDDDDDDDD(Q4)DD3.33D
Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 452.63 439.03 444.38 460.91 470.46 513.56 -
Seq. Filt. 60.77 171.24 138.11 185.15 405.91 458.65 -
Row Filt. 66.90 109.99 135.11 168.78 168.71 392.00 -
Seq. Filt.
62.91 110.50 138.51 173.40 174.01 410.84 -
+ Row Filt.
DA.llSparkDDDDDDDDDDDDDDDDD(Q5)DD3.34D
Conf. 1 Conf. 2 Conf.3 Conf.4 Conf.5 Conf. 6 Conf. 7
No Opt. 365.27 337.46 350.54 360.10 343.15 352.46 356.04
Seq. Filt. 61.93 152.24 117.34 150.24 309.70 323.54 381.53
Row Filt. 68.89 104.71 119.44 138.68 139.95 268.01 371.78
Seq. Filt.
63.14 107.71 115.04 138.86 145.64 290.21 386.06
+ Row Filt.
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0 A12Spark 00 000000000000 DOOD (Q6)00O 3.350

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No Opt. 299.65 309.67 301.65 335.96 335.75 427.74 463.28
Seq. Filt. 61.13 144.26 127.99 167.30 305.00 393.72 483.67
Row Filt. 68.42 111.51 126.47 161.11 163.51 366.96 477.49
Seq. Filt.
62.74 110.98 127.74 161.91 169.01 372.26 482.18
+ Row Filt.
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A2 OO0DOODOODOODOOO

0003.9.2000000000Foursquare Dataset 0000 Q700 Q120000
00034200 3430000000000 A1300 A.140000

0 A.13 PostgreSQL 0O 0O O O Foursquare Dataset 0 0000000

Q7 Q8 Q9 Q10 Q11 Q12

No Opt. 90.13  93.40 92.65 104.42 95.32  90.47
Seq. Filt. 94.14  97.05 81.73 21.82 10.46  53.50
Row Filt. 75.57 108.45 98.98  62.04 79.21 103.61
Seq. Filt.

+ Row Filt.

83.37 112.83 90.29 15.95 1044  61.32

0 A.14 Spark O 0O 0O 0O Foursquare Dataset 00 0000 OO

Q7 Q8 Q9  Qlo Qll Q12
No Opt. 964.11 944.23 1434.58 973.15 1925.78 975.56
Seq. Filt. 903.87 896.45 1039.93 404.17  328.81 659.63
Row Filt. 479.57 612.07  399.11 267.31  277.46 343.85
Seq. Filt.
+ Row Filt.

504.19 638.88  441.15 281.70  288.98 374.95
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A3 0O0D0OODOODOODOO

3.93000000000N=10,000,0000 S=1,000 0 O O N=10,000,0000 S=10,000
000 N=5,000,00005=1,000000 Q1000 Q50000000000000000
344000 355000000000000 A.15000 A38000000000000
344000 35500000000000000000000000000000000
0000000000000000000

0 A.15 PostgreSQL OO 0D 0000 QLION = 10,000,0000 S = 1,0000 O 3.440

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

No. Opt. 10.35 11.07 11.79 12.79 12.84 20.06 25.47
Seq. Filt. 2.21 4.51 3.58 5.11 12.83 19.66 29.88
Row Filt. 12.16 12.61 13.22 14.21 14.22 25.00 37.64
Seq. Filt.
2.21 5.17 4.68 7.04 14.34 26.18 42.05
+ Row Filt.

0 A.16 PostgreSQL 00000000 Q10N = 10,000,0000 S = 1,0000 O 3.440

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

No. Opt. 10.35 11.07 11.79 12.79 12.84 20.06 25.47
Seq. Filt. 0.00 3.95 3.00 5.76 16.20 19.89 27.94
Row Filt. 7.69 8.71 9.98 11.76 11.75 23.82 32.86
Seq. Filt.
0.01 3.80 3.65 6.84 15.67 24.04 35.25
+ Row Filt.
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0 A.17 PostgreSQL OO 000000 Q50N = 10,000,0000 S = 1,0000 O 3.450

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No. Opt. 27.00 26.88 27.38 28.17 28.17 33.72 37.80
Seq. Filt. 2.21 7.67 5.14 8.19 25.09 30.59 42.21
Row Filt. 18.23 19.30 20.69 22.74 22.74 39.81 56.02
Seq. Filt.
2.21 7.01 6.69 10.71 21.65 39.78 60.43
+ Row Filt.

0 A.18 PostgreSQL O D OO0 DO DO Q50N = 10,000,0000 S = 1,0000 O 3.450

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7
No. Opt. 27.00 26.88 27.38 28.17 28.17 33.72 37.80
Seq. Filt. 0.00 6.97 4.27 8.36 28.43 34.23 40.31
Row Filt. 13.82 15.39 17.27 19.80 19.86 37.67 51.11
Seq. Filt.
0.01 5.44 5.34 10.07 22.68 41.48 53.64
+ Row Filt.

0 A19 Spark 00O O0OOOOQION = 10,000,0000 S = 1,0000 O 3.460

Conf. 1 Conf. 2 Conf.3 Conf.4 Conf.5 Conf. 6 Conf. 7
No. Opt. 270.50 249.43 262.66 282.88 268.72 306.18 367.49
Seq. Filt. 14.54 65.01 42.11 73.44 231.84 268.79 396.57
Row Filt. 30.04 40.02 53.68 75.30 73.04 226.00 397.53
Seq. Filt.
14.54 31.11 42.49 68.13 83.89 243.83 426.61
+ Row Filt.
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0 A.20 Spark 0000000 0QLON = 10,000,0000 S = 1,0000 O 3.460

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

No. Opt. 270.50 24943  262.66  282.88  268.72  306.18  367.49
Seq. Filt. 29.43 110.97 86.35 118.30 249.84 292.10 405.21
Row Filt. 35.64 70.60 87.20  107.33  108.47  241.89  367.89
Seq. Filt.

31.71 73.61 86.32 109.82 116.47 258.22 388.98
+ Row Filt.

0 A.21 Spark 00000000 Q50N = 10,000,0000 S = 1,0000 O 3.470

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

No. Opt. 333.86  306.01  319.15 32847  311.64  320.93  324.61
Seq. Filt. 14.54 76.32 47.76 82.56  266.18  280.59  353.69
Row Filt. 30.80 43.04 59.53 83.36 80.66  236.20  355.41
Seq. Filt.

14.54 33.52 47.65 75.58 91.37 253.88 384.49
+ Row Filt.

0 A22Spark 0000000 OQ5S0N = 10,000,0000 S = 1,0000 O 3.470

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

No. Opt. 333.86  306.01  319.15 32847  311.64  320.93  324.61
Seq. Filt. 30.30  120.79 85.93  118.60  278.29  292.07  350.22
Row Filt. 37.60 73.22 88.05  107.19  108.38  236.35  340.29
Seq. Filt.

31.70 76.16 83.58 107.49 114.32 258.85 354.92
+ Row Filt.
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0 A.23 PostgreSQL OO OO 0O DO QION = 10,000,0000 S = 10,0000 O 3.480

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

No. Opt. 10.35 11.07 11.79 12.79 12.84 20.06 25.47
Seq. Filt. 2.21 4.51 3.58 5.12 12.84 19.68 29.90
Row Filt. 12.16 12.61 13.22 14.21 14.22 25.00 37.64
Seq. Filt.
2.21 5.17 4.68 7.04 14.36 26.20 42.07
+ Row Filt.

0 A.24 PostgreSQL OO 000000 QION = 10,000,0000 S = 10,0000 O 3.480

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

No Opt. 10.52 10.93 11.71 12.80 12.83 20.12 25.57
Seq. Filt. 0.00 3.97 3.01 5.86 16.60 19.96 27.95
Row Filt. 7.72 8.72 10.03 11.77 11.78 23.80 32.93
Seq. Filt.
0.01 3.80 3.67 6.96 16.03 24.31 35.31
+ Row Filt.

0 A.25 PostgreSQLO OO OO OO DO QION = 5,000,0000 S = 1,0000 O 3.490

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

No Opt. 5.18 9.53 5.89 6.39 6.42 10.03 12.74
Seq. Filt. 1.10 2.25 1.79 2.56 6.41 9.83 14.94
Row Filt. 6.08 6.30 6.61 7.10 7.11 12.50 18.82
Seq. Filt.
1.10 2.58 2.34 3.52 7.17 13.09 21.02
+ Row Filt.
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0 A.26 PostgreSQL OO0 D000 0QLION = 5,000,0000S = 1,0000 O 3.490

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

No Opt. 5.27 5.57 5.96 6.46 6.48 10.17 12.88
Seq. Filt. 0.00 1.90 1.50 2.84 7.97 10.01 13.99
Row Filt. 3.95 4.39 5.02 5.89 5.91 12.03 16.49
Seq. Filt.
0.01 1.84 1.83 3.38 7.64 12.14 17.56
+ Row Filt.

0 A.27 PostgreSQL OO D00 00O Q50N = 10,000,0000 S = 10,0000 O 3.500

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

No Opt. 27.00 26.88 27.38 28.17 28.17 33.72 37.80
Seq. Filt. 2.21 7.67 5.14 8.20 25.11 30.61 42.23
Row Filt. 18.23 19.30 20.69 22.74 22.74 39.81 56.02
Seq. Filt.
2.21 7.02 6.69 10.72 21.67 39.79 60.46
+ Row Filt.

0 A.28 PostgreSQL OO OO OO OO Q50N = 10,000,0000 S = 10,0000 O 3.500

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

No Opt. 26.48 27.04 27.56 28.34 28.31 34.02 38.42
Seq. Filt. 0.00 7.00 4.28 8.47 28.85 34.63 40.46
Row Filt. 13.89 15.40 17.23 19.86 19.85 37.79 51.12
Seq. Filt.
0.01 5.53 5.38 10.19 23.12 41.23 54.03
+ Row Filt.
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0 A.29 PostgreSQL 00000000 Q50N = 5,000,0000S = 1,0000 0 3.510

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

No Opt. 13.5 13.44 13.69 14.09 14.09 16.86 18.90
Seq. Filt. 1.10 3.83 2.57 4.10 12.55 15.29 21.10
Row Filt. 9.11 9.65 10.35 11.37 11.37 19.9 28.01
Seq. Filt.
1.10 3.51 3.35 5.36 10.82 19.89 30.22
+ Row Filt.

0 A.30 PostgreSQL OO DO DODO Q50N = 5,000,0000 S = 1,0000 0 3.510

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

No Opt. 13.13 13.51 13.77 14.18 14.16 16.93 18.91
Seq. Filt. 0.00 3.43 2.14 4.16 14.09 17.02 20.10
Row Filt. 7.00 7.74 8.68 10.01 9.91 18.93 25.77
Seq. Filt.
0.01 2.73 2.68 4.98 11.15 20.31 27.65
+ Row Filt.

0 A31 Spark DO D00OOOOOQION = 10,000,0000 S = 10,0000 O 3.520

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

No Opt. 270.50 24943  262.66  282.88  268.72  306.18  367.49
Seq. Filt. 14.54 65.01 42.11 73.44  231.85  268.80  396.58
Row Filt. 30.04 40.02 53.68 75.30 73.04  226.00 397.53
Seq. Filt.

14.54 31.11 42.49 68.14 83.90 243.85 426.63
+ Row Filt.
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0 A.32Spark 00000000 QLON = 10,000,0000 S = 10,0000 O 3.520

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

No Opt. 267.87  266.85  254.89 28541  267.76  321.22  368.71
Seq. Filt. 29.71 111.79 88.16 116.22 241.85 304.72 385.05
Row Filt. 35.76 74.33 87.08 107.36  107.96  252.40  369.21
Seq. Filt.

31.32 73.86 90.02 110.41 115.41 262.78 414.05
+ Row Filt.

0 A33Spark 00 000D0ODODOQION = 5,000,0000S = 1,0000 0 3.530

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

No Opt. 135.25  124.72  131.33  141.44  134.36  153.09  183.75
Seq. Filt. 7.27 32.50 21.06 36.72 115.92 134.40 198.29
Row Filt. 15.02 20.01 26.84 37.65 36.52  113.00  198.77
Seq. Filt.

7.27 15.55 21.25 34.07 41.95 121.92 213.31
+ Row Filt.

0 A34 Spark DO D0O0OOOOQION = 5,000,0000 S = 1,0000 0 3.530

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

No Opt. 144.19 154.67 151.85 156.80 156.58 171.24 191.08
Seq. Filt. 24.33 81.39 63.28 79.79  144.71 166.17  202.93
Row Filt. 29.65 58.59 63.07 79.98 77.13  142.46  202.13
Seq. Filt.

25.31 57.52 63.85 82.27 78.16 149.96 207.21
+ Row Filt.
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0 A.35 Spark 00000 000Q50N = 10,000,0000 S = 10,0000 O 3.540

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

No Opt. 333.86  306.01  319.15 32847  311.64  320.93  324.61
Seq. Filt. 14.54 76.32 47.76 82.56  266.19  280.60  353.70
Row Filt. 30.80 43.04 59.53 83.36 80.66  236.20  355.41
Seq. Filt.

14.54 33.52 47.65 75.58 91.38 253.89 384.50
+ Row Filt.

0 A.36 Spark 0000 0000Q50N = 10,000,0000 S = 10,0000 0 3.540

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

No Opt. 312.46  307.07  326.07 313.43  328.64 343.36  333.99
Seq. Filt. 31.51  117.20 88.59  125.66  281.71  301.61  362.03
Row Filt. 38.53 73.61 90.34  107.53  113.57  252.11  351.25
Seq. Filt.

32.83 79.83 91.89 117.20 115.37 266.81 366.50
+ Row Filt.

0 A37Spark DO D00OOOOOQS0N = 5,000,0000 S = 1,0000 O 3.550

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

No Opt. 166.93 153.01 159.57 164.24 155.82 160.47 162.30
Seq. Filt. 7.27 38.16 23.88 41.28  133.09  140.30 176.84
Row Filt. 15.40 21.52 29.76 41.68 40.33 118.10 177.71
Seq. Filt.

7.27 16.76 23.83 37.79 45.69 126.94 192.25
+ Row Filt.
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0 A38Spark D00 OD0ODODODOQS0N = 5,000,0000S = 1,0000 0 3.550

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

No Opt. 177.26  175.36  176.90  176.27  174.74  188.71  186.91
Seq. Filt. 24.92 82.09 64.02 82 15797  173.03  196.66
Row Filt. 29.73 57.94 66.08 76.09 76.11 145.91  196.28
Seq. Filt.

25.85 57.52 64.09 76.29 79.37 154.99 199.57
+ Row Filt.
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O0B O000OO00O0OOO0ODODODOOODDOOODDOOOO
Joooouoooon

Bl 00O0OD0OODOODOODOOOOODOODOO

444000000000 41100 41100 411 0000000000000 B.AOO
B200O B3O0OOO

0B10O0000O0ODO0O0ODOOOODOOOOODO 4.110

ugooo ood gooo

20 00O 10.74  9.94 10.02
00 9.64  9.15 8.78

0000 841  8.04 7.57

00 1 14.95  13.28 14.52

0Q 000 9.71  8.70 9.30
00 8.88  8.46 9.22

0o0oo 724  6.87 6.77

00 1 13.85  11.38 12.77

0SS 000 11.77  11.19 10.74
00 1041 9.85 8.35

0o0oo 958  9.22 8.38

0o 1 16.06  15.17 16.27
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0B2000000000000400000000000000 4.120

goood oogo bood

20 OO 6.19  5.92 6.80
100 780  6.94 7.18
200 9.55  8.66 9.21
300 11.50  9.70 9.98
400 11.64  11.64 11.20
0Q 00 467  4.90 6.15
100 742 6.03 5.98
200 9.61  8.26 8.88
300 10.34  8.41 9.76
400 10.48  10.04 10.43
0S 00 770 6.94 7.45
100 8.35  7.85 8.37
200 9.50  9.05 9.53
300 12.67  10.98 10.19
400 12.80  13.23 11.97
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O B300000D00O0O0OO0OOODOOOODO 4.130

gogoo o0d odo

20 00O 040 0.45  0.66
00 0.38 0.46  0.63

0o0oQ 0.22 031  0.60

00 1 0.65 0.63  0.78

0Q 000 0.45 046  0.72
00 048 049  0.71

0000 0.19 022  0.65

00 1 0.79 0.77  0.83

0SS 000 0.34 044  0.61
00 0.28 043  0.54

0000 0.25 0.40  0.55

00 1 052 049  0.74
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B2 00OODOODODODODODOODOODOOOO

445000000000 414000 420000000000000 B40O0OO
B.150000O

0B40000000O0OO0ODOODOODOODOOOOD 4.140

casel caselil caseliil caseiv <casev case vi

oon 10.64  10.07 9.84 10.37 9.93 9.74
0ood 8.98 8.53 8.69 8.75 8.45 8.50
ooog 9.17 8.71 9.22 8.96 8.82 9.19
001 14.61  14.22 13.91 13.95 1348 13.62
Oogd 2 10.34 9.37 8.59 10.3 9.39 8.58

O0B5SH0000O0O000O0O0OOODOOO0ODODOO0ODODO QUOOOIO 4.150

casel caseil caseliil caseiv <casev case Vi

oon 10.86  10.71 10.08 10.72  10.56 9.86

0od 8.86 9.32 9.78 9.12 9.11 9.12
oood 8.87 8.2 9.45 8.4 8.11 9.49
001 15.53 1547 14.574 154  15.26 14.59
Oogd 2 7.97 7.74
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OB6000O0O0O0O0O0OOO0ODOO0ODOOOODOOO SOOOMmMO 4.160

casel caseil caseliil caseiv <casev case vi

oon 10.53 10.3 9.73 10.41  10.31 9.77
0ogd 8.67 8.63 8.49 8.69 8.5 8.61
oooo 8.4 8.35 8.52 8.46 8.47 8.32
OO0 1 16.81  15.78 14.38 16.02  15.82 14.34
Oogd 2 9.58 9.55 8.65 9.62 9.56 8.87

OB7000000000000D00OOO0ODODODO VOOOMmMO 4.170

casel caselil caseiil caseiv <casev case vi

ooo 10.61 9.42 9.71 10.10 9.13 9.58
00 9.41 7.64 7.80 8.43 7.75 7.76
oooo  10.24 9.57 9.68 10.02 9.88 9.75
0o 1 11.49 1142 12.62 10.44 9.35 11.92
o0 2 11.09 9.18 9.16 10.97 9.21 9.12

0B8SOOOOOOODOUOOODOODOODOOD XOOOOooooooDbo 4.180

casel caseil caseiil caseiv casev case vi

0od 7.60 6.48 6.00 7.12 6.37 6.32
100 8.06 7.33 6.69 7.71 7.22 6.78
200 8.56 8.36 7.72 8.35 8.15 7.78
300 10.06 9.94 8.80 10.09 9.82 8.94
400 10.65 10.53 9.56 10.55 10.51 9.44
500 10.02  10.00 9.97 10.05  10.01 9.98
600 12.00 12.25 11.44 12.13  12.15 10.86
700 9.14 9.28 9.26 9.23 9.33 8.86
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0BYODODODDOODODODOO0OOO0ODDOOODODOOOD XO0ODODODODODODOOoODoODOoO QOO
Omad 4.190

casel caseil caseiil caseiv casev case vi

0od 5.97 5.13 4.53 5.59 5.44 5.09
100 6.23 5.94 4.75 5.8 5.68 5.05
200 8.76 8.52 7.28 8.47 8.1 7.35
300 9.29 9.25 8.01 9.38 9.82 8.01
400 10.22 10.21 8.79 10.17  10.51 8.68
500 11.16  10.79 11.14 11.1 11.04 11.03
600 12 12.25 11.44 12.13  12.15 10.86
700 9.14 9.28 9.26 9.23 9.33 8.86

0B10000000O0O0ODODDOODOOOOOODOOD XO0OOODOoooooooo soo
0Omao 4.200

casel caseil caseiil caseiv <casev case vi

00 7.03 6.58 5.73 6.93 6.59 5.92
100 7.55 6.82 6.26 7.24 7.09 6.64
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