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Practice of Improving Join Query Efficiency for Large Scale Spatiotemporal Trajectory Data
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Abstract: This study proposes an algorithm named DPECP-CROSS-JOIN for fast co-spatiotemporal relationship join
queries of large-scale trajectory data in insufficient cluster computing resource environments. The proposed algorithm
discretizes continuous trajectory data'by segmenting and cross-coding the temporal fields of trajectory data and
conducting spatiality gridded C(;ding and then stores the data in two-level partitions using date and grid region coding. It
achieves 3-level indéxiﬁg and 4-level acceleration for spatiotemporal join queries through cross “equivalent” join queries.
As a result, the time complexity of the co-spatiotemporal relationship join queries among n-n objects is reduced from
O(n*) to O(nlogn). It can improve the efficiency of join queries by up to 30.66 times when Hive and TEZ are used on a
Hadoop cluster for join queries of large-scale trajectory data. This algorithm uses time-slice and gridding coding as the
join condition, thereby cleverly bypassing the real-time calculation of complex expressions during the join process.

Moreover, complex expression calculation join is replaced with “equivalent” join to improve the parallelism of
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MapReduce tasks and enhance the utilization rates of cluster storage and computing resources. Similar tasks of larger
scales of trajectory data that are almost impossible to accomplish using general optimization methods can still be
completed by the proposed algorithm within a few minutes. The experimental results suggest that the proposed algorithm
is efficient and stable, and it is especially suitable for the co-spatiotemporal relationship join queries of large-scale
trajectory data under insufficient computing resource conditions. It can also be used as an atomic algorithm for searching
accompanying spatiotemporal trajectories and determining the intimacy of relationships among objects. It can be widely
applied in fields such as national security and social order maintenance, crime prevention and combat, and urban and rural
planning support.

Key words: trajectory data; 3-level spatio-temporal index; complex expression join query; crogs ¢oding; co spatio-

temporal; low computing power condition
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3. Store tabl to t_ost_dpcp(dp, cp) #¥4 tab1 17\ Hive B t_ost_dpep
KK dp, cp Z 5y X ' \
4. End .

FE 2, o FIBGA FERRR AL (1) TS
cp TRIB MRS X IRAD 20 (3) i 5 H.
2.5 BH[E1ER 32 R 4FG

B R AR S [A] ¢, B 45 0 B Unix B [A] L (A
1970 45 1 F 1 H 00 i 00 43 00 #Freid i fb 44, &id
s, BUEIN 1), WA u = UT(r). REIRS S {EEHAR R
ST RR AOEFE, T5 A BE N 2A¢ (1)1 81 50 R A2 B[]
HEAT R R Bt

s = [+ 1+ p)/2Af] @)

I (4), p [EE 0, vF5 H B TR ER w0 X B2 AT (]
BYgmts s, Horp [ RN SHEST 5 P BUE#EAT 1) L HURE,
o H 12 240 A FE 138 BRI Ry 5 %o i [R] BE gk 4T
S,

s€ = ([(ut + 1+ p)/Af])%2 5)
Hi A (5), p HE 0, TFE W s 199 R s, H H
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i H AR SN A

{10 A2 0 ) — I i) B G ey 5of 92 F R AR I RN YA R 28 1 4
A BB X AR SR IR s IRABL“17, TR AEZE 2 A Ar u [
XoF LA SR PR s© TR 0™, B FEL AR A s i of 7 (14 B 1) S &)
O NET— AN ARG — DN A, R TR
{1 % By 4

FAlth, i@k (4), p EHI AL THEH w B3 X
] B gntid s*; AR A% B8 (5), p EE AL, HHE I R
¥ gt 5.

FIREE T (4), p (HE-Ar, T u R — D5
S TR] Begmis s AR IR (5), p (EEL-At, X}
IS Gt 5. 22 X 4mhs K S A 4 A% A, AT
JH T AR R AR AT 6 8 AN T s ) %3 4 A 1A A7 P 4 iR
) B, WL 3.

#% 3. DP_SP_TSEC

HIN:t_ost_dpep. g |
Yt ost_cc# H%il‘ﬁéﬁ%ﬁﬁéf:ﬁﬁgﬁ)\ t_ost_cc.

1. Begin '

2. 1@V b tat tdpciep.s.s® st i€ b sbe
s* AR IR AR (4) A1k (5) HHEAS .

3. Store tabl to t_ost_cc(dp, cp) # 4 tabl £ N\ Hive & F
t_ost_cc 1 dp, cp 5 X

4. End

2.6 BT XEMIEILETE

IR ATIA T 755 ¢ ost_dpep "R SR P A OR 4R
IR 16 %ok 7 1) B ) B B s 5™ s” DA S R e
sty 5™y s, TR LE A B ) Geohash A% ZwY c,
WA X 3 0 X AH ep, THEZE RAFN t_ost_ce, WEHIZ 3.

(t_ost_dpep) #s, s°, s, 5™, s°,

RNV REAZ LYY EPSITAPS

s 2 TR, A77E 2 2% R AN Hive SQL 4%
A, é%@ﬂﬁi@%%ﬁiﬁ&‘%ﬁ%qwn UCGETE R AT
ST, B . R K, BRI
J A BEAN T A R LR RS, A AR IR SRR o SR BT
U (7)) 8RS RO 25 R RIE R AW Y SEI
RS IAET T 2R RN S POEZE W, H2E 2
B G0 AR SR TS, DD RIS AR SR —
FER R AFAE R R RIE M IE R AW T 2 Hadoop #H
KA FICA R R 1 ek AT LA . R s Tk 2
REXT SRR 18] 1 73 Be g 6, LA (8] £ 73 B G 65 110 AN 52
T 1] 90 B T 5 A D3 43 2% AP T B 38 2 2 3 S IR A A
HISei T, R <SR E RIS B R RIB A 5K

156 S RE dht O0 5 EE R A AE A, AE T AR IR, SCHR TR
kA B 23 2 Ay XA fis R B 8] B A2 X g A (1) I B A 1)
L TFR DPCP-CROSS-JOIN. 5L LSS 2 15 i B i
b ZE Rt ost cc AFEAM, R AR R EIRWR.

SBUE 1. @I Java g FEIE S PR LA, 4k SQL,
PEAFEAZREAS H A5 DX 7 1 B s B T i e A,

MR 2 IR AT — N H I X i e A
W, FRERER D NFRCN tabl . tab2, FUGERETHE
596 A W 2 1] D [X 3890 X2 15 A 88, i T 2 ] I A
RIS, SRR HE abl 5 tab2 RHRVELRS s & 754
% BEEURSEI AT R, «

B3, MR ) H 4 X O 2,
JUA R S5 PR IR 508 2, (FL R B 2 R B —
AL tabl .y tab2 1 s T BARE T AHZEAS o At
B otabl s 5 tab2 (9 s*s s° L)% tabl BIF & 4l
s 5 tab2 (1] 5%, s* FETTRISE, SREURISE 123 HI AT .

IR 4. % tabl 5 tab2 WERSE BT IE, R
hs. s s AR s 5% ™ SRS R, RS
RAAFLE TR 43 I b IR i 18] 22 K1 Ar, 0GBt
AT e AL 2.

SPUR 5. I H AR X 38k 53 X AT 2 o) X A7
A A R

FEOPIRULI: PR 2P 5 UG A 4T 77
AT, HA AP IR 1 T%T%E@iﬁﬁ‘] HI2EAT
PR EAT S5 I AT B2, PR 2 a5 FH I 8] B 4 A S IR
2 (4 e 2 WG RO T 92 T G 1, )
i G T MapReduce\ TEZ %551 3004 J 30,
T8 52 T ik B2 25 10 R M1 I 0, % L3 L DPCP-
CROSS-JOIN 53k (56 3.1 7).

A UR 3 B R tabl (s 5 tab2 B 5 s L%
tabl MI¥ B s° 5 tab2 1) 5™ s 2 T AHSE, G
AHEE B o AT R, 2 B B 1) B AL <A
IR I 7 Sk 1 6 B ) 8, 4] e 1B AE AT B — AN X R
Ja 5 s HILTE [ — 2 [0 Mk ¢ AAEIE RIS 250 R, 1%
FE B0 T A B 1K) 795 2R 0-9 s B g gm AT ol 1, id s(1),
5 10-19 s i fi% R 2, 30 5(2), ol 1E55 9 st B RIHT A]
2Bt s(1) 5 02 76 11 s BI I 6] 2 BE 2w i s(2) H
W, BT & R 25 &R, B CAE gl s 75 8%
HRBEME, WA ZFEN 2 XR, BT tabl.s =
tab2.s® H. tabl.s® = tab2.s" (R0 & $E) V8 A R BEK A
BT B UGEREW, 0] ff e ok iR B ) /. S qplHh,
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it tabl.s = tab2.s* H. tabl.s® = tab2 s (38 X &%) Rk
02 5 ol I 7% 5K R 1] J

DX HE B AL RECR, S0 I AR A 0 2
0 DABS 25 3EAT 2043 X (1) DPCP-JOIN Sy A1V A
H #3EAT 20 X 3 82507 DP-JOIN kT 7 528l (58
3.2 ).
3.1 KERIBFEEETNEE

A fRIFR DPCP-CROSS-JOIN, 8 id 755 H 1143
X&4 D, BUREENIY X d W REEE, 2> BT tabl,
tab2 Wil . X tabl, tab2 HATERA W), ERRMN:

(1) tabl, tab2 %I RAL3R 73 8] A X 3843 X AH [R]

(2) tabl, tab2 Xf AL 7S (8] A G5 4 [

(3) tabl, tab2 Xf Niic 33 (RIS [B] B 2w AH ).

RS RT, WE B BT U, S s

|u—u2|) <= At. : " -
5 i 5 22 B 51 fab 1 b B TS 2R L
L ) BT 00 R4 5 3%, L 2, B .

tabl tab2
I IES g AR
- OB ! O
i o I .
i s(1) H(AY) i i s(1) H(Ar) I
i i i o
L Q&Ll//\\ﬂ _______ |
t(2At1) 12At+1)
s(2) t(éAA.t) s(2) t(égt)
(40) H(4A)
|"“'“""?(4“A?+T)'|\\/’|_'_'_'_t('4A_t+'1)_i
! s(3) t(é.t.A.t) ! ! s(3) t(é.lgt) !
| SV | | R |
Lo H6AY) | o H6AD_j

B2 i) O R o B i

W, T,

(1) tabl S MARHD s(1) ()5 L BLED S — A Ar k5
tab2 FEI )4 s(2) AT BERD AT — A Ar i) — L8 [F] I

(2) tab2 T GmTD s(2) WA BRIRT— AN Ark
tabl IRV RAD s(1) )5 2 BERD J5 — A Ar— 2 [f] i 23
KAAFAEINE ).

IS tabl F R G s(1) ()5 B S — A
AtY tab2 KRBT Yt s(2) FIRT— AT 28 OB
PREDLE 1N R, KAl Rk 2 AR, L 3.

B s = 53, 9F Hls =2 f AT &

8 LR +Z5ik Special Issue

TR, 45T gy AT s = o0, 9 FLs® = obe S fhitt
(PR AT, S5 s, T IV 4.
HL¥: 4. DPCP-CROSS-JOIN

H: t_ost_cc.
itk y1.v2.73.

1. D«—Query t_ost_cc’s partitions names

2. tabl =0 gp=aprap1 (t_ost_cc)

3. tab2<—a'dp:dpmb2(oid2,62,tab2,u2,s2,s§,sg,s;‘e,sg,sge,CPZ)(tiosticc)
4. Foreach d in D do

5. #IFRIRA ) yas IE B RAERE Y,

6. Begin Concurrency exeCL:te(part 1, part 2, part 3) part 1:

7 H‘q g tab1 JOIN tab2
. 1015 LC,1,0i : —u2)|
Y ts<At) Hoid,c.1,0id2ab2,ts —|u—u2| (cp=cpDAC=c2)A(s=52)

h, . > o L
8. \ Store yy #RFEREE LR y, /£ Hive HUE G 1
9. _End Concurrency part 1
10. Begin Concurrency execute(part 1, part 2, part 3) part 2:

Y2 O ts<At Hoid,c,t,oidZ,tabZ,ts«—lu—u2\

tabl JOIN tab2
(cp=cp2)A(c=c2)N(s=5)A (s =55

12. Store y, #R LA WSS R 9, 7\ Hive Hi G FE

13.  End Concurrency part 2

14.  Begin Concurrency execute(part 1, part 2, part 3) part 3:

V3 rs<at| Woid,c.,0id2,1ab2,t5s—u-u2|

15.

tab1 JOIN tab2
(cp:cp2)/\(c=c2)/\(s:sg)/\(se=le’5)
16. Store y; G IEZE B ML R y3 fEAN 'Ve‘%ﬁﬁﬁ\ﬁ?
17.  End Concurrency part 3 ! - "
i .
18. End L 3 -
3
b >
-y
\ t ut s s s s s° 5o
2023/5/1000:00 1682800201 168280021 1 168280021 168280020
2023/5/1000:01 1682800202 168280021 1 168280021 168280020
2023/5/1000:02 1682800203 168280021 1 168280021 168280020
2023/5/1000:03 1682800204 168280021 1 168280021 168280020
1

2023/5/1000:04 1682800205 168280021

168280021

1000:05 1682800206 168280021
202 1000:06 1682800207 168280021
2023/5/1000:07 1682800208 168280021

168280022 168280021
168280021
168280021
168280021

168280021

0

o

0

0

168280020 0

1

1

1

| 2023/5/1000:08 1682800200 168280021 1
1

L:D:SI‘S/I 0:00:00 1682800210 168280021

2023/5/1000:10 1682800211 168280022 168280022 ] eeme21 0
2023/5/1000:11 1682800212 168280022 168280022 | 168280021 0 |

%5 Y 166200022 | 18280021 o0 |
2023/5/1000:12 1682800214 168280022 i I 1ee200021 0 |
2023/5/1000:14 1682800215 168280022 KB 160080022 | 160200001 0 |

]
0
0
0
0
1
1
1
1
1
0
Q
0
0
07t

1%EE 168280022
1
1
1
1

0
0
0
0
0
1
1
2023/5/1000:12 1682800213 168280022 1
1
3
0
0
0
0
0

2023/5/1000:15 1682800216 168280022 168280023 1
2023/5/1000:16 1682800217 168280022 168280023 168280022 1
2023/5/1000:17 1682800218 168280022 168280023 168280022 1
2023/5/1000:18 1682800210 168280022 168280022 168280022 1
2023/5/1000:20 1682800220 168280022 168280023 168280022 1

B3 T4 X I A XU 7

32 EMARRSIMUERETAE
R R 5 WAL EE (FTFK DPCP-JOIN),
WRLER H 0 X4 D, BUE A H 1 X d X

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 55334 5

http://www.c-s-a.org.cn

i H AR SN A

FIEHE, 2 IAETCT tabl, tab2 W T, X tabl, tab2
BHATIER A, tabl, tab2 R B AN [R5 4, %
i JUR I

(1) Z [ P X 3k X ep 5 ep2 M,

() EE M T ¢ 5 2 HHFE;

(3) tabl, tab2 ALK RER 7] u 55 u2 ZH4
YHH ts /N5 T A

NTAET R e U, A W45 R bric ol B.

4% H W50 ) & WA A SV (T Fk DP-JOIN),
I ISR R A XS D, U H A5
X d %R R, 73 AT tabl, tab2 IR, f
FAZSEENS tabl, tab2 BEAT EEREET M), BRI T

(1) =M GRS ¢ 5 2 FHIA;

(2) tabl F5 KRBT G tab2 15551035 IR LR ]

u 5 u2 ZAIE ts N TEET At, BEAT tabl /HF— 5%
EE PSS STe Y CR TR

FEREIR 1ab1 KL oid, ) ¢ %6 F BATR BRI,
tab2(oid, c, t) FB R E 4N (0id2, c2, tab2), N T
8 FIREELL L, YE BT 45 TARIEN o

4 SEES R

N EL#E DPCP-CROSS-JOIN Hi2: (ARG <5 1174
PETRRIPEREAR 34, ] 2023 4F 5 H b 31 RIELIESL
WA R =7 B nd 3 AN FILEET T SQL SEHL
FSLES, FRiCSRK T E A I FR R A Ak S o R,
T4 A K R — PO B R ) B R, W rabl F
tab2 [FICKEEA R, i RKEON n.

DPCP-CROSS-JOIN &y 1) 3 Zd FE A4S, B /ol

i Java % 5 (AT R AL BRSSP AR A SR A A B AN X

e P SRR S P A AT B, AR R i SN,
P g1y By, A gy g 248 B TTSY, 51
G5 TT 49, WO SLIE I SEAT 77 IR B RS S B
SRIG, K5 1y By FE8 VRN X 840 (X 04T —
G5 XI5 NI Pt k.

DPCP-JOIN 521 DP-JOIN b faj 2, B it
TR A — R ISR, FE4 B 3.2 4
PR 26T 7 252 BOE B 200, FIELE R By o fE AR
R fI .

AT HEA AL ROR, 76 A AR, a7
A L1431 0 I (R 2 5508 40 2 W ot 2 o T 55
RI45 . HAT U HOAE S50, SEIEVE R L I Y
MM SCIGEREE . TEURIRCR BUAL B, Seisd B AR

SEVELEE 4.1-4.6 715,
4.1 STIGEREEMHINE

BESEAS R BE AL 75 AN AL, AT AE 24
VCores fi1 40 GB WA7. 7 BLH IR ML N A7 1.8 TB,
HDFS A% & 200 TB. fE#HTANSLEGHT, T X Hadoop
G B &K SHEAT T IR Hive K 1R
A 3.1.2, FHIRREARE A S WA W3 3.
42 HTRXIA

NELEL A B B AT 1 Elﬁﬂﬁ;‘l%%?ﬁ%ﬁi’m SQL
i), (6 Java 15 5 TP A FERE, IDK WA 17.0.1. TR
B 22 AL LU RN 1 4, AR 0 B 4 4 5 4, 4
15 *ﬁ*ﬁi&ﬁ‘%‘ﬁ(, R T T ARERARAT 1 F 14 X4
Sk &AL RF AT Rk, PAT IR AR L A
MAXSHEBI RPN ESH GRS, REE
R E W TE A4 2 HiveServer2 Uit AT .

® 3 ORBIRAN L HREAE

AN A FEDRE
AR R G A, S E AR
HDFS 3.2.1 e N
R A K RS
MapReduce 3.2.1 4y A AT S AELE
i 112 5T HadooplM ¥ & FE TR F T4 SQLIB A%
tve o #: MapReducelT 551547

o3 A AR S : TR oA 208 32 it — B i ik
ZooKeeper 3.6.2 45, IRALFELEY . BFW%. nmFED. H
45 e
s s L
TEZ ¢ Apache RIS FFDAGHE VTS HESE, Kt

Yarn 3.2.1

TEZ 0104  MapAilReduce i MM {57 - Tk
: ! « MapReduceHESE TR
3 ) L1y ETFIFRTIVERSQLIE A RIS R,
ava . N N =
O E EPAT IR
- " 7 SQL R W d—M D HU
i sQL ] | wRae| | 97
DA P> partl, part2 || n S5 X
R e S i part3 (115 X X5 D PReect)

I 7 XA FRARIC d B
| SQL partl. part2. part3
o X BB HE LT

|
M 1 ! !

DHXJ’ JABNHEFE 1 JABIRERE 2 JRBNERE 3
— R AT SQL AT SQL AT SQL
X Z partl part2 part3
Frbrid

I |

RE
G AL
Fric

Fo

K4 THIHMTEEGRE
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43 {(UZBRSXEREREETA
DP-JOIN BHEMIHE 7 AN R0 B (1 F ZE A i)
) ML SQL 01.

4.4 BARPXEFHEREETIEN
DPCP-JOIN 5yEHIZE 7 AN D R N Y 5 B ey
HEA) )L SQL 02.

SQL 01

SELECT tl.c, tl.oid, tl.t, t2.0id AS 0id2, t2.t AS 2, tl.u — t2.u AS ts,
tl.dp FROM (SELECT * FROM t_ost_dp WHERE dp = [:d]) AS t1
JOIN (SELECT * FROM t_ost_dp WHERE dp =[:d]) AS 2 ON tl.c =
t2.c AND abs(tl.u —t2.u) <=5

SQL 01 #2532 #| Hive k5% )=, &1L 62 Mapl
1 Map5 iX 2 2§ Map, V¥ ¥l 5 B AT 55 BOK 29 # 2&
2.9 /~; B)% Reducer 2 . Reducer 3 fll Reducer 4 iX
4 2 Reducer, P B BLAE 557093004 55.1. 1009
4.7 4

-

IS 20230501-20230531 i/\ElEE%E‘?E%
I (A AE 203042 4507 s, 4721 $,39205, 4877 s,
42375,39295, 6559 5,4 4607591825, 5230s 4222'5,4348s,
3868s,3429's, 2960;,4896s 4038's,381655,5221 5, 5406 s,
3907s,67185,4701 s, 10457 5,6303 s, 6664 5,4935 5, 4036 s,
4862, 10138's,4733 s. RiFFERT 161127 s (£ 44.76 h),
SP3A R AR B ARV FE 5197.65 s (40 1.44 h).

ffi ] DP-JOIN SHVEHATIER AT, th T HEm 1T 2,
PRI R AE — IR S8 58 A 31 A4S H 3123 X 504 1 i 4 2,
USRI AR 39193 X 58 R P #EAT 1 3 TR (O LB B
TRHFEF W ARk, BROKB. WESAKET), T4
AT WAL T CPU AN A 77 ST AR 2 SR 8 IR %
(¥, BB AT UL 5.

ey p————— |

0 5 10 15 20 25 30 35 40 45
FENT (h)

0 5 10 15 20 25 30 35 40 45
FEIT (h)

K5 DP-JOIN EHe i) 4L YR T #E

10 % it %5iR Special Issue

SQL 02

SELECT tl.c, tl.oid, tl.t, t2.0id AS 0id2, t2.t AS t2, tl.u — t2.u AS ts,
tl.dp FROM (SELECT * FROM t_ost_dpcp WHERE dp = [:d]) AS t1
JOIN (SELECT * FROM t_ost_dpcp WHERE dp = [:d]) AS t2 ON ¢cp =
t2.cp AND tl.c =t2.c AND abs(tl.u—t2.u) <=5

SQL 02 #£5Z %l Hive 2 Hado i FER A
@ Mapl Al Map5 iX 2 2% Map, ﬁfﬁﬂﬁ%iﬂl%ﬂz
zEé 32 4 il duce‘r 2 « Reducer 3+ Reducer 4 1%
2K Reducer, #i@?ﬁ&ﬁﬂﬁ%ﬁa\%l 179 216.2 4~ 1009 4

AN }}6 7. 20230501-2023053 1 FEA F 143 X i

BT WIS (RS K20 B JE: 1570's, 1144, 1100s, 1504 s,
19995, 1786's, 1224, 1568's, 1742 s, 1482 s, 13645, 16745,
11485, 1161 s, 838, 13705, 1140's, 1404 5,2308 s, 2002 s,
1548'5,27355,26355,32305,2677 5,24725, 1896 5, 14145,
1814's,2958 s, 1490 s. RilFEMS 54397 s (£ 15.11 h),
SPIIPAT — REAE FEREA WTHFE 1754.74 s (29 0.49 h).
{i H DPCP-JOIN HEHAT &R 2 (R 4 CPU M
PN AEASE T B TR R 2 SR I A DG 1Y, B A B YR T FE
&L 6.

VCores fiff F1EHL (1)
B
(=1
(=]

1% I

‘2023;7-5 18:52 2023-7-522:3  2023-7-6 1:8  2023-7-6 4:14  2023-7-6 7:22

»

2023-7-6 4:14  2023-7-6 7:22

2023-7-6 1:8

2023-7-5 18:52  2023-7-522:3
Bl 6 DPCP-JOIN 425 1 S 5 U #E

=RERSIME MR EREE
DPCP-CROSS-JOIN HyZ X} B ) 28 X% 4z 25 i)
SQL iEAJ 34 3 AN 4, XoF N ) 34 4 75 0 V8 ) AL S
SQL 03 partl. SQL 03 part2 A1 SQL 03 part3, H
DPCP-CROSS-JOIN HEH A 9. 13, 173X 3 47, LA
IR T AR A AT . 5256 I 1) 42 B 0% U AH X 7R AR,
partl. part2 Fll part3 J-KH#AT SQL SLBL 1 IFATHAT.

4.5
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SQL 03 partl

SELECT tl.c, tl.oid, tl.t, t2.0id AS oid2, t2.t AS t2, tl.u — t2.u AS ts,
tl.dp FROM (SELECT * FROM ots_dpcp_cc WHERE dp =[:d]) AS t1
JOIN (SELECT * FROM ots_dpcp_cc WHERE dp =[:d]) AS t2 ON cp
=1t2.cp AND tl.c =t2.c AND tl.s =t2.s WHERE abs(tl.u—t2.u) <=5

SQL 03 part2

SELECT tl.c, tl.oid, tl.t, t2.0id AS oid2, t2.t AS 2, tl.u — t2.u AS ts,
tl.dp FROM (SELECT * FROM ots_dpcp_cc WHERE dp =[:d]) AS t1
JOIN (SELECT * FROM ots_dpcp_cc WHERE dp = [:d]) AS t2 ON cp
=1t2.cp AND tl.c =t2.c AND tl.s =t2.sa AND tl.se = t2.sac WHERE
abs(tl.u—t2.u) <=5

SQL 03 part3

SELECT tl.c, tl.oid, tl.t, t2.0id AS oid2, t2.t AS 2, tl.u — t2.u AS ts,

tl.dp FROM (SELECT * FROM ots_dpcp_cc WHERE dp =[:d]).AS i

JOIN (SELECT * FROM ots_dpcp_cc WHERE dp = [:d]j"éé t2 ON cp
=t2.cp AND tl.c = £2.c AND tl.s =2.sb A'NP thse =t2.sbe WHERE
abs(tl.u—t2.u) <=5 b 3 8

Y\

SQL 03 1 3 A M43 B e e 25 08 4 LA I 47 7 2%
$25Z 2 Hive k55, 84~ H A DOEHZ S P S B 55
YR HiC Map AT Reducer & L3R 4.

% 4 Hadoop SEH-F#5 %5 5 il (DPCP-CROSS-JOIN)
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