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A Travel Time Calculation Method Based on Spatio-temporal Data Partition of

Massive License Plate Recognition Data Sets

Zhao Zhuo-feng, Zhang Shuai, Ding Wei-long
(Research Center for Cloud Computing, North China University of Technology, Beijing 100041, China )

Abstract: The calculation of travel time of city roads is an important issue in the domain of the intelligent transportation system research.
Accurate calculation of travel time can effectively help us to control the urban road system and avoid traffic congestion. License plate
recognition data is one kind of monitoring data for vehicles running on urban roads, which has some new features, such as high volume, high
velocity and spatio-temporal correlation. In order to achieve travel time calculations on massive license plate recognition data collection, we
present the formal definition of travel time calculation based on license plate recognition data set, and propose a pipelined parallel computing
model based on spatio-temporal data partition. Moreover, the implementation of the computing model is given based on a real-time MapReduce
computing system. The corresponding experiments based on real license plate recognition data set show that, the computing performance on
million-level data sets of our method can achieve three times increasing compared to traditional travel time calculation method. Meanwhile our

method is more suitable for fine-grained partition and large scale traffic network.

Keywords: travel time; spatio-temporal data partition; parallel pipeline processing; real-time mapreduce

Class Number TP301

Wekm HIH: 2014-10-28; &[H HH#: 2014-10-30
FMTH: ERARPIFESESTE (610330060 , bR
HAREHEIE S (No. 4133083) , AL5T T JE i 28 244 1 3 I BA 2
WHEITBN R RRITE , d6757 Tl KRR 4



1. 5|5

¢ BORAT I 18] 1 D3k 117 538 AT 5 B A R B R b
R REATIE R A, T AR R B R R
AT ATIBI I o YT B BURRAT I 18] ] AL HE ARV H
YT IE IS ATIROUAE AT, W0 R RAT I 1]
55 734 th R DA T 6 R 38T T B A B P
Pl AT IR LR PR S BAKYE , X SRR 2
e 1] A T B R 1 7 B o

CATE, i B AT A ) 2 2R FH 2 A 2 A0 0
P AR T7 3, BRI FEAS 22 30 R T AT IS 1D SR SR AH 5%
EBRIARATIN R (1] o AT, FEAS 2R I A e R R £ =
BRI T R LT Fah B — B ia %
BT RGPS E AL BT AR B B A SR
TR AL 2R, B R] UL 2R 4RGPS R JC £k 3 15 4% 1 A I
WK AT B . B T sh 8 S R AR
AEEONRE IR, HAEGINAR, SERKBRAA
REELFRILAC, Bl sk = Orbs, [RURAE THER B BOR
A1) EAEAE—E AN 2 [2]

ZE BRI AR AT — R T I8 AT 2R 5
EREEEOR, el Xt H 3 RS T B R Sk IR AR
AR B AR BT IR ARSI 2R 2, JFFEE
Fehth BT REL E AR IR IR IR N A A
R . B R R SR (10 58 8 DA 2R i 3R
SIRBAR MR E R, 2T R K AT
ERETBAEMRBITHY 2 BN . M55
TRAPAE BREEROR, T2 MR il (0 4 {5 S R B
BRBAT TARESNESE . Bl i AR K,
o EE T SR (2] . PRI, TR R
TR AT AR 8] T 450 B =24 BT 00 45 66 BB AT N T8] £ — > ik
12, R R A R B EA AR R 3],

B 22 RERU ) K0 ) B BB AT I 1] T BB 458 A A o
Oty R T SIS 2 R ) K P S AR e AT A ] v S5 A 2
T3 S AR B I g SR AT I () AR, o, SR
ST A R R 9 A0 ) SE IR AT IS TR T B 42— 10 30
) PH S-S A 38 A e R 30 RS T Sk i A [ i B
SN ARAT I (8], FLg5 RAT S B L B 55 26T
Py SRR Bt 14 D SRAT IR TR S0 3 B A X
R BR3P R R A K T 1o AR A P T B iR AT 8]
TG OL, Rtk B AL AT S50 1 T8 AN [R] it BT S b i
AT T ElE A SR AT AR SR X AT R . B
SRR SR o ASSCHITIA 2 2 R R ) 5080 1) % B

JAT B[R] TSR Jo — R oL, RO 50 R R i B
06 7 S A T I T 5

P T 2 RER 59 B8 AT T %o 9l T 3 AT ek 2 A ) i
AR R R Reezet 7 7 1A B L [T B R A R T AT
23 6] LA B ZEAR AR IS S, A S A A 2 A 6
W FPESE, A0 B AT ARRIE . BeAh, B RE B 4R
S BRAR S TE I 11T 108 % KT R S, 2R R A1 A 4 1
RO KR AL GORFE i3 8 . 4, — KA
I T A R R SR P RS Sk T IA 150001, 1R
W e A AN 115 Sk 2R RO B 1 SR AR ik 1 4%/
. FERIIASE SIEPT R R %0, 331F, W —k 2
ZE AR R SR 50012, %%, AR A7 R 2T .
TX S T L) RIS P2 K I 2 R SR 4R, S0t it
P KBRS HEAT IR 339 (G 80M/ sHIEEE i) thifs 22
UETAVINES o ik, i e 5 2 R A 500 1 2 B AT
BTSRRI U B — b v R S
A AT I BT B ) s R i

AR S T2 B A A 2 R B B ) B AT I
TSR R, 45T 5T 22 R A 50 11 % B iR AT e
AR S, HAZ R IZE AT T i 22 R A a0
B B BOURAT I )T S 1) SR ) . 7R DR 1, R
ZE SRR B BE B 2R OE . N A SR EEE, SR
R AT SR B, S — RIS 2= R 43 g K
2R FURATI I AT TH R, IReh H T A A I T —Ff
S MapReduc e 1) SRS T B0 SR 4 (1) S 36 4047

2+ BSBOHRAT I IR T 5 el

2. 1 s X

EX SRUREE I, 205 s P4 B T

T W I A5 e L ) T ) A R Y B s
RoRHR= (N, S) , HrPVEEs N S, S B
I\

RE N2 FERRRBIBEEEE. R R LR 5 32 I
X% I S AR P AT R s S e, R R

AR ] e Lrdsnlv,, n]) HorbvdoR S
TR R | 0! ForR A v 2 A

R R ) N T A



Vil A n B ERALE, ¢ R A

[P

SE X3 BB B B TR AR AR I S A 2R TE
B, B BLs AR NP I AT X <m0 A
ngy MR BLs G M UL R, 50 €S,

%X4$$%&Wﬁﬁﬁ.$$%&%ﬁﬁﬁnﬂﬁﬁ

R v e i Bes e s AT B 1), HmTBUE
ﬁi%*%ﬁ&imﬁwﬁmﬁﬁﬁﬁﬁﬁﬁ,@

I A5 A

S»/'

S _ I _ 7
tra, = n,.t —n,.t.

X5 BRBURATHIE. BREURITIN A (rg HR1EL E

WMEE@5W%A%Fsm$%LﬁHW,ﬁﬁ@T
AIE I BRI (8] [X 8] 6P 3 aod s 10 i A 2 30 1) o 2 B B

FRATE ) ra,” (b AL BOGRAS CER AR (7 3238 1% 5

SRA AT DUERESRPIA S E 3/ .

I [] X (8] & 48 P T B o % B AT IsF 8] 11— AN 1 [
PERE, FRATTAT LUK 25 52 1A Ar 0 ARF 8] 3 ] Py i B s 1 ) 34
XI5y RASFEIBT TR X 8] 65, BT A REf X SR 6.
TEIA RAT I TR T, — R HURE L/ | B 15508
FNEES J3 B =A™ B [ Jo] 35 AT BT ] X [) Kl 43 DA B B g
ATIF A AT BE B (1] o 9 A 1553 B g b [ J A e, 400
0:00-0:15. 0:15-0:20. L 23:45-24:00% — K
96 [ [X. [E)33EAT e A7 B R) -4

WAk, B AT I (] — A L SR AR e e ] [X ] P 3
ﬁﬁ%&%i%ﬁﬁ?%ﬁtﬁ@ﬂ*ﬁﬁ%ﬁ%im
B Ik A BT B AR R A O X R AT I (R R
1 SR PRl 22 5 T

MG Fodk e S, F T 2 RERRU 0 Hals 11 i BB i A 7 B[]
THE ) AT DLE AR A 45 58 HRAT I (] T S50 ] J A —
S N[5 Y8 FE] P 14 73 58 22 KR B0 B, T 52 00368 i i D) /e
I nok % B SR FLAE 45 7 B 1051 BBl AS [ 5 Sk g ) [X
m ok ¥ B & AT B m o,  BlOK

= {7TRA” < n,s, € St, KR TRA”
RoR— A BLAE 25 e I [A] Y Bl A [5) g Sk i 1) X 1) b il AT
A4 AR . KT TRA™ , WL IR e XA AT A

SR

AN S X 6] 6 BRI S R AT I ] tra,” 3
BE— DA E CSRAF IR AN [ S [h) [X 8] #% BUR

PSR gy, WTTIAS 21285 B 4 5 B RV FL AN IR
sromb o XA bR AT fA)o45 R &, Al

TRA™ = {trg~ ‘1 < J<méd, €S, Hhm
DN AR DM S ) 90 T P 42 I 1) ) 300 Rl 45 280 ) I 1) X 1)
.

2.2 T

W ESCATR, TR B R R R (03
PEicsR) FEhh bk SR T B AT B 8] O — AN A
R P S B 1) R

WEILFTR, R ER P BORAT i [ v e S, fET
SR B e e T ZE R IR R v () BT ZE R B A
T FRI [A] X J8) (BB mAN B TR) X (8], G P LR A b 688
8 o S LN RS AT RIS, R [E—R)
3 AR (BRI e angk) PIPRELXT, #F

P 2B T8 T B — 302 3 FL 4550805 v i K 1 i A W
A CanBE A A bR Fln, ) 2 52 030 % 5 T PR e B, U
SR FFARAT 12 2 B AE 1% T SR [ [X [ F B 28 i 47 B (i)
NI Tn, 158 R — R EdE, BIRE— 228
e PN TR B B AN R R) (X 1] b 4350 e 2 e A 7
(AL H, 19 B B 208 B 7 S RAT I ) 25 R4, 15
INE N0 « n’)o TESERRIEBLA, TR
ANRBS T — 0 P L 8dE (CEMONEIE FeEzEE
12>« THERF A E BT 5 0408, mP105120, nZ)2150
TikiAie deabh, BB vhSE 52 2 I A i B R TR,
20 57900 2% ] v 2 BOBOA B 10000, —4F R 1% B AT It 1)
THE SRR % B2, SN G242 A
WIS, KA 75 AR AT I 1] U B PRI PR AT BT DK 2
JEIIXE .

RARIIP=S

:oo ooboolo
i i
e oooo:oo ooo:o oo

I
000000
il i2 I
I
I

| |
o0 00 ... 00 0 ...l.
. 3¢

Z' :. //..../' 8 ..aZ.’:" ik

B B BORATIN ()T 5 7m =



DB v b P UG 22 REAR ) it Rk 1 B B
AT TS IPERE, 75 ZEAFR PR AR J Ly ThT B ) 7L«

(1) R GEAAERG R . TRATI AT SR B
B P L RN SRS, RN AT S R e
KEFPIRISER, FFxd b a) 45 RPN AT B UM 5N
NI, EORAENS AL R A B S5 LU RR v
RSB AL P RS /K

(2) AIIATACHITH SRR . S0 i B B b ) —
AN AR I 20 A A SR il TR AT ok
RTTAEBEVERE . PRIE, A (Al KRR i3 B BORAT A 1] ] 7
(R15E SOH&5 6 BAT I 22 A SR SRS 10 2 B B
ik, Bt RAT I TS AT, ORI BUIR
AT TRV SR RE R S

(3) AT RIEMAEAI TSI o T AN RIS 7 S A
PRER R S B SE AN, ZERARATIN (8] 155
RENEARAE AN R (1) S BB AT SCHEA AR RE AT 38 S P 1)
RGeS, Xtk bR 2K S A7 A 45/ B
TR PR ESR,  DAE R SR an Bl A e [ 45 R s 25
I A BN A A AR

BT L3 il R, AR SR R 2 AR A R PR I 2
X GANIRFRFAL,  RIUECHE R 7> ARSI K i) S8, 52
EH ol T I 2 R 3 BRI K e AT AL RS R R i e
FHE R D R ) B 1 BOTRAT I 18] v 28 B ]

3+ H:T I 2RI I AK e A ARAT i 1H] 3
TR

3.1 HAEHR

PSRRI HER R

AERAREITFE ) eeeeee e A X [R]- 4R

| smman Pt wesess o wemo |

I e Hr I

FEl2 3T AR K B a7 1
AR BT SO % BORAT I (BT S 70 A el AR Y, %

THE I AL I 4R 32 B BT A [F] S 1A] X [R] ) 22 R iR £
i, SeTtE A B B bR B G RAT N ) PR I SR B R R
AT I ) ST R T S BORAT I [A] . BTk, AT DL
[ R0 2 ) R A 7 SR S5 06 2 R Rl e AT Xl 7 5 40
2, Mt AR PAX 2 A S R Bl n . B0
ZERRATI AT AR RAT I (A  Sr BOHE = AN B
TAES-

PR IRV, FRATV T B 2 P i T i A )
I3 WK 28 2B BORAT IS TA) A7 TH SRR ARz s
ZE VR A B S ] DAy anZE S e 4E E X 73 ) EcHs
i 2H B AR A B BB ) AN (R IR 8] X 8] P 25040 4R 5
iE A I [ DX [ F B8t - B W] AR g i B )
53 R DX 5% () Bt 1 4R s 72 IR P B sl oy Rtk |
HH T AHOC R R B 2. B ZE iR AT I () U5, BRE
JRAT IS A AL B S = A FAE S TR S RN R E
FEHIPRAR A, RIAEASTAT S5 AU T4 € 1 v 1) 25
R, WA ELAUEH EFESR A R TS
JiRAT B[] Ao E B RT DX e = AN AT 55347 T Bk &1 47
T A] BA BAIR A 2 5 A AN [R)1) 3 BR) a2 ok 52 j
% BOiRAT I [A) 155

IRBETY ISR A EAE T BRI 2 B R
(SPMD, single process and multiple data) FJHATHEE
(4], TAEECHE FEAT J7 10 25 G 25 WUR ) 2008 1R IR 23R4I AT
DA — 0 DA [R) A5 A0 2 () 2 Y Xl 73, AETHSEAE 25 07 T
VIR DA AT B T T 538 8 XA 55 40070 T2 Gt K 4 X
AT

3.2 FT LB MapReduce FIBEEISEERL

RSB F R T R A3 (R K e A B R A T I [
FATAE B, BT FRA1 2 7T 58 B 52 MapReduce T
YE[510612K SR I 25 Kl 43 B B8 AT 4 S i /K Ze =iy it
FATS5 4740 . SERTMapRedcue % 0 B AR & I8 1L 7E4%
ZtMapReduce S A 5] N A 1] 25 5L (1) 2 A7 WL A Map
Reduce T 55 17t 7K £k 20 A BE R $2 /55 MapReduce 5 77 1] 4k
HVERE

TEARTCH, RATIZIE _FR i 25 R IR K 269147 1
AR, I R T S R A AR B 1) 43 AT Hash B
GEATHHE S M R At Hh ) 45 500 s R 5 S T R
Fradt— i e SR BORAT I a] T S R AL /K 28 AL H Y B
K SEEL MY B Bt 7K 26 :iMapReduce &b B DA 1 i 47 st
] B R

LR RL ST 4 R



(1) ETFT4= Hash B # I EHE 247

Hash(Time Period)

Lo

13 ZE IR B 2 AE 45

XTI AT I 8] vk S P8 K (i 1 g SR 4 RER ) B
i, FATRH Hash B BRIFATRAE. WK 3 PR, fE1%
ghitrb, B S N SR TA) X TR] K1) 43 % F ST X TR] A
Key, #H[FI [8] X 8] 1 22 AR 5 B0E 75 Hash 38 1) [7)— I
tH B RS LR, I A A TR g3 A I F R
U A ZE RO B, AR I P R A
1E B WIS m FH B e RIS [R) Uy 1447 2 24

T FIREARSAF A, BT X Hash RAMEER]
gyt xt Hash B SR, BT DLz &b f B w401k,
AJ SEHL GG ZE AR R () AT R A 3. (RIS fR
UE AT AL TR T R 1 A 25 R R ) E i 1 K 23 mT R v R
B, JRA T4 R 43 2UnE A SBR[ 7] 80 77 2R XS AS [R] B[] [X
() ) 2 R R ) R 1EAT X

X T U B A e A ) K R B A R AT I TR U R A
S, AVFFER B SR ATSAF, EEX B
N4 FiRHash B AT 5 pH el A R0 B e B o R
JE ZEARAEAN [ B B B R AT I (R B R
(2) BBtk Ze st st

SR T AT R ) T 550 A 3L A 5 % TR A DG ZE KB 1)
BAEINE . PERATIN A SR RAT N R A A
H=ATAES, AR W kMapReduce i AR BL S Map #1
Reduce Pt B L 7K 2 42 il AL i) S 52 0 B A it 7K 2k A
PR, Hdr, Z5—kMapReducesbFE A i Map pR 5 58 i 4
PR R 73 s NGO HT PR B R S H 2R, 152
TEtn<Key: WA X A+ A, Value: ZEJHS -+ A
BREXT, Reduce bR HOMRRE 26 BT BT [a) 45 SR 4 i 22 pit
SHATEHALGRNIE N<Key: INF[A] X [A]+Eg B CHEI AL,
W A2, Value: ZEREVS SIS [B] A LFINE ] s2) B B E
XFs 5 ZIRkMapReduce b HH H [ Map pR HUAN 115 L 2R 2K B
JiRAT IS (8] T AN AR He, Reduce PR BT T A HL250K
AT AN A B A 3R, I e 15 B BE N <Key : INF[A] [X [A]+2%
Bt, Value: HRATHEME>. —ANEEBURAT IS A THE R 2%

4 B0 7 1 40 <201310020830+LD0014 [ JCDO6, JCDO7] ,
360>, %R NAE20134E10 H 258 #1304 FI8 25,4543 1
I IX ], 00145 #% Bt CEP R 25 JCDO6 21 Ha i 25 JCDOT
IR BO  [RITRAT I TA] 436070 o

WE4FTR, {ERRMapAiReducedbFESFE A, Al
FIFH PN ASL () Rt R gk D W AR A T8, RIS
A R B HR A% 346 J7 R aiE feMap ATReduce B Be 8] () [/ 2 o
H, KA EARS EER 22 P X . TARGAR AN B
P il = o 2EL s, T B B [ e e B B T4 i ok
AT . BRI B AR 2 18 FEMLI AT LAS 2 34T
ZHT TAE(5] (6],

BB W B e

Hulls Map 45
IIII]Q@ ‘‘‘‘ > "“<88-----2>
Bl LRk
T A, |
N
Wi Bl 2 45

&4 MapFlReduceffy Bxifi /K £k

4. ER 59

4.1 LR RE

SEIS IR TR B B RSP 2 ERE R
5, HREH B IRAEE T Hadoop ¥/ 1 H[H] 45 R 2%
AFANRIK G AL BN L) J5 10 3 BORAT I TR) o H B S o,
Master 7 Sl & A 4 #% CPU. 4G W AF, master 71 /5 [A]
I SRR S AU S Slave 1 ARCE R 2 #
CPU. 4G W17, TEATHHEAT . Mok, e RSHE
BTN 80G, Mt AR 400G . S48 R A Y
b i — T 2 AN R DR 38k 2012-10-17
#) 2013-01-04 X 80 KR RAEH| A LA IHHE, &
B i 5 10%

N7 MEREXTEG . SCE S Ay M =7 TR
ASCHEH RAT I () H OV T IR UE o0 A, LR 5
FRATIF AT R B BB (RS2 R |« ZER
PR 1E SR 20 Hadoop SEHE 1T S = ANSHO0 AT
TR AN [F i, FRAT&TE 7 a0 R B — 2558

S 2 B RFE RSN E T AL BB
£ H [ 210 LR, 43l 500075 BJ442. 564



[ B ) ZE PR B B R S By 1520 RN i = A
If T FE ST i BORRAT I [E) H SRV RER DL . RIS, e e
HL %3 T Hadoop 5E BL IR 4T I8 8] 7 55 7 92 (LMR)[8]1F
MBS R, G2 7 MK AT 5
JiiE (CMR) HEATPERELLAL.

L2 %S00 R G M BRI o B H 0t
ARSCHRE S (0 H BORAT I 18] T+ S TEPERE 52 o S
IR0 K 4 R EEE (L1250 1N R IR TH R EE
B, AESMTFEATRUN, 0 3200 0 o ) B H 10
F210BEATIHEE, I ARS8 1570 BIAT LN =4
IS T JE 391 i BORRAT I 8] v SR AR PR RS o

SEUR3: %S SR SRS H I B B AT I ]
THELITVR T A . S8 FH 20K (1 27 R ) cdie (2
W) PENIEIaTH R SRS, JRAEB B H [H5E 210
ARG OL S NI RISHEINAERETT sl H . LB
IS 1573 BHORI S 3 = AN U1 A SCRInidt s BUR AT I ] 11
SEOTVEAETS O I T SR RE A AR DL

4.2 LGRS

(1 HHEVEREXS et

RER IR E N SR
10000 T T

T
—— CMR-1houl
--=-- CMR-15minute|

—&— CMR-5minute|
8000 1) —m—  LMR-lhou
~ ¥ LMR-15minute
—&— LMR-5minute

6000

e (s)

4000

oo

1 . I I I I
50 100 150 200 250 300 350 400
ERER (AT)

P15 R R I B B0 e AT e [B] B R s )

S 1R RIS HIREE R, WNEFRTEH, B
2 51 E N EMUONEEE AR =, R
D E A T 22 MERE N . (HCMR T IAAE TR
| EELMR V7V i 4T+, I HCMR 757 32 1 [) Ji 1
ZE SRR EELMR TV /IMR 2, 57080 150 BT 1/NEf
SNV 1] R AR S TR 1) 22 R 7R 1008D LA

teAh, MWEHETT LA £, LMR VAR TR A
W CEDIS ) B o R R R IS0 T, THE I ]
A, SRR TR K, TICMR TV 4
A, AE TSI B AR S RS, SR ) e it 2
WAL, 5938 AR 1T S TR e . TR LR, &=
TR R 2 S ) S AN, 7 B R AT A 1 B

[ [X ] 2 KEE N, {45 Hadoopia T 4 fiTMap il
Reduce 55 K3 H RECK AR S5 PAT AU, 24
LMR 7 i B AR 4R Bl 2 AT R AL, $hAT
Hh 5 EOK B I Map IR educe fE 55 A A [F) 2025 4%, AT
/N TR R BT S R AR . TTCMR 5 VA IE R I 2
Rl 73 MUK AR AT 8 e T T EEMap TR educedT: 55 8] 1
THERMBI R PR, RINOUE 7 HATRCE, R
MMapAHiReducefT: 55— AL FE (AR B (32 1A X 1] K
ANEEIE ) RO RE I TSI T ) R A, DR e A A
() 3 BT SRS T S AR A . AT WL, CMRIJGVERE
FE T8 7 200 H0L 58 I ) o 9 ) A AT I ) -5

(2) KREESHEL R Lot

B B 09 B R R 6

2500 4T

2000 H

1500

it EEHE (s)

1000 -

500 -

L |
i a0 60 90 120 150 180 210
R

FEl6 B EBACR AT T SR R
M1 SR 98 245 B AT 6 IR A5 2R « NSEIR 45 R T A H
It 55 52 0 ¢ I o i BOKR H TG0, A SCCMR TS 594 14
T TR B ASP38, T LMR 772 U 7E B B RO RN 2230
HTHR PG K . X R CMRIH R AR T
Sk REIEAANSZ B BB H BOREMR, 3R ATTHE 0 32 000 % 14
UL CRIBEINERBLED I, FEASFEMRAT N 18] 55 0 o
FkRE. HrPMEEERAT, BBAHERIT N E 5
Hh R BRI I TSR () S5 R KU, CMRITVE H
TRHEE T 20 A1 sHash B ZAF S5 IHRAL T 145 2R 1
KePE, DR A2 s B AL I R 5
(3) F e

TR E R W
2000

T T T T T
- 1h 3
1800 15min =1 |

Smin
1600 —% B

1400 -

1200

WEEE (s)

1000

800 —

il (% H_% T[_% ’_’_%
400
29 i 4 54

WETAHE

AT ST Ok AT I () 15 A B

i S 3G B U &I T s 45 2R o N SEER S5 R T HY



B TH AT R N, A SCOMRT ST R TS TR
LB ERAR, I HL AT LA AR E I T) ] 300 60 T SR 1)
b, XRHBICMRIFEIT AR S A 50 J Hadoop
ZRAIIT JE At

W EIRSLI TR DA B, ARSI AR 3
TR L ATAT U TR REAR U A kit B 20 R ) b
& LB BORAT I [ H SRR, I FLV Sk e 2 i BUE
H AL S /N o MR T B 452k T Hadoop (1 1 5505
%, ASOHFBRI T R TEREAMACR .

5. MHRIIE

JRAT IS T]TH 5 — B B RS AT 7T ) — A AT
e SCHR[3TF A M E R AS X B ZE R s, 7
FAARR ASEASE 56 1 7 R BT 0 3 T PR T B2 B 3 18 I AR AT I
[F] o SR 3R T AR F I RAE AR DO LN N, 2
PEEBUN, (EFBIRT FTA 2% BORATI A1, X fp
AT TR R MEE . SCHR[9) ¥ MapReduce 7 A7 21T
= R N R R Vol =2 e = M 1 B 7 D
Hadoop i R AT AW EAR - AL FE 2 B3, WIAT. ™=
R, AHZ TAROGE A T B dm i vtk 55, Tk
AT B[] T AREIX P 5 25 R B B8 I 2 R ) BRI TR B
A MapReduce i B FEAT M NAE A eI R TR ACR . R
A2 1 B T AE 8138 i Hadoop SE L 1 3 T 1 42 i 1R 51
HGCE I T T B R AT I (R ST, SRR E e SO B AR
AN RIS ] X 1] FR T8 B R A T I () B (% AR R IRk
R ZE R B R I S R AT T T, I E RS
FHadoop#5 Hi 1 ik 47 i [E] TH SR A 2 52T

ARk, R 2 050 E WA A B R & R
MapReducet Y K& HIFE LB Hadoop AT i, A&
AR AR E R AL B TR 5K o SCHR[10] 3 v Sl 1
G-Hadoop, fEMtF-& FAJ LU HIMapReduceFEHESEAE
ZANER FATHAT IR SASCUERAELL, SCER[11]
2 18 # FHMapReduce b B 72 o i) 45 SR i B 1 T
—FHadoopd &S fiiHaloop, HaLoop$ft T MapReduce
LAl B RAIKRE A AL B () G R DL R AT R AR 22 IR A
HAF S5 AT DL BE 2[R — 5 jUBAT R EE 8, BT ixXFhik
TiMapReduce b3 ik #2 g b (] 25 T A 2 A7 S L H
[E¥E, SCHk[12] SdEMapReduce, it [ Hadoop Online
Prototype (HOP) SEIR AL TRt /K AN A7 HOR a4k
M AS, WREmWNIESEHIEK . A T #EFMapReduce
MEARPAT R IR P I FERE S, [13]%cit 17— Fhy e
ffiMapReduceHE4E, FHaLoop TAFHIAN R Z ALAE T 1% HESL

W SRR Map AT 25 1) P AT Rl RV R RIE AR L 78
47 Al ##Map/Reduce T 4%« Spark[14]/2 i #A X F 1% 48 K
MapReducefft At i —NFFIRTFEAESL, HoRHIEE T N7
1 8 B R SE T IE A A MapReduce ) THE AR, HAE T
B E 5 ATH S2R MapReduce TAE AR AL, {HAEA
TAERIRR fR AR B 45 & 28 @ B R e N B
I R R B AR AT AL, R & T S T
BRI I FHATHRIK L AT 5

g% b A ARG TAE KA e B I T 6,
FE AT 5 04 R 53 S AT D0 A T3 T I 2R 1R 4T 4 )
TF, RUEANRE B4 F R AR VAR SR BRAT I 1] T 55 1n) 3L
FEOT T Bl A, AR SC ) 3 T 2 Rl i g 2 AR
1 FH 3 2 2% 1k B SEMadpReduce B Y [ 523 (1 AH 2%
TAF, H s o i S R o A AT S5 K 26 1%
TR RAT IS A o AR R AT AL, DASR SR AT I (R o
PERE.

6 WG

T B R R B A B RAT I TR H R G R e
TN B AN IRER . AR SCENZ IR, X
TRETERONEBAR AT BT RS, fe— R
TR R K R IAT T AR, R gh T iz Al
F TS MapReduce [P SEHL ol i —24H 0 Tl 2 B S R
PONEIR R IR, A TG RAT I (BT
X, ACHERIH TR mE IR, R BAAE &40
Sl & N e W e A MR (HOR R ER AT
AR b 0SB0 DA S B 2 AT TR A A A H e
AZ I8 R IE RS IE S A

S22 IR

(1] RER. FT 53050 B BORAT I T B AT 72 (D). b
ALK, 2008.

Zhu Ai. Research on Link Travel Time Prediction Method
Based on Data Collected by Floating Car[D]. Beijing
Jiaotong University, 2008. (in Chinese)

(2] R, W AE, Arthig, TR R U B R S A B )
Jrik. M UREE Tk K% cE R, 2011, 43 (4) 1131-135.
Jang Jiayan, Chang Ande, Niu Shifeng. Traffic Congestion
Identification Method Based on License Plate

Recognition Datal[J]. Journal of Harbin Institute of

Technology, 2011,43(4):131-135. (in Chinese)



(3]

(4]

(3]

(6]

(7]

(8]

(9]

SerRUR, AT, TR T AR B PR 3R A R AT I
[ AR S TR R [T]. ClisM AR TR SE
K, 2012, 12(6) : 41-47.

Cai Huajun, Li Ruimin, Guo Min. Travel Time Distribution
and Estimation of Urban Traffic Using Vehicle
Tdentification DatalJ]. Transportation Systems
Engineering and Information, 2012, 12(6) :41-47 (in
Chinese)

SRR FEAERTAEUN . FREHNGH, 2000 £ 10 .
Zhu Dingjun.
Press, 2009. (in Chinese)

JTHTC, AR, GRR, Tham. B A R ) R R
PRSI ARFR Tk [T). iEALEAR, 2012, 35(3): 477-490.

Real-Time

Parallel space—time model[M]. Science

Qi Kaiyuan, Zhao  Zhuofeng, Fang  Jun.
Processing for High Speed Data Stream over Large Scale
DatalJ]. 2012, 35(3):

477-490. (in Chinese)
JTIFIC, R, BRI, R, SRR R BRI A

Chinese Journal of Computers,

MapReduce Hi[AIZ5 R EA. FHNM A E KE, 2013,
50(1):111-121.
Qi  Kaiyuan,Han Yanbo, Zhao Zhuofeng. MapReduce

Intermediate Result Cache for Concurrent Data Stream

Processing[J]. Journal of Computer Research and

Development, 2013, 50(1):111-121. (in Chinese)

G. DeCandia, D. Hastorun, et al. Dynamo: Amazon’ s highly
available key-value store[C]. In Proceedings of the
21st ACM Symposium on Operating Systems Principles
(S0SP’ 07), USA, 2007,  pp.

205-220.

Teoh, XL, T4E . T MapReduce R4 T I BR AT N )
seilitEC]. B+—fE4E Web ERRAG NN AS
wo, M OJF Xk ¥, R B, EH 2014
Zhang Shuai, Zhao Zhuofeng, Ding Weilong. Urban Road Trip

Stevenson, Washington,

Time Measured Calculation Based on MapReduce[C]. The
11" Web Information System and Application Conference,
at NANKAI UNIVERSITY, TianJin, China, 2014 (in Chinese)
BEK, H A, ZEMAR. T Hadoop FUSARTIT & % A0 88 It 2 K4
oA A S 2 ). a5 E,
2013, 5:82-86.

Liao Fei, Huang Sheng, Gong Dejun. Distributed Storage
and Data Mining Analysis of Urban Road Traffic Based on
Hadoop [J].
2013, 5:82-86 (in Chinese)

Highways & Automotive Applications,

[10]

[11]

[12]

[13]

[14]

Lizhe Wang, Jie Tao, Rajiv Ranjan, and et al. G-Hadoop:

MapReduce across Distributed Data Centers for

Data—intensive  Computing[J]. Future  Generation

Computer Systems, 2013, 29(3):739-750.

Yingyi Bu, Bill Howe, Magdalena Balazinska and et al. The

HaLoop Approach to Large-scale Iterative Data

Analysis[J]. VLDB Journal, 2012, 21(2): 169-190.

Tyson Condie,Neil Conway,Peter Alvaro, and et al.
MapReduce Online[C]. Technical Report, University of
California, 2009,
http://www. eecs. berkeley. edu/Pubs/TechRpts/2009/EECS

-2009-136. html.

Berkeley, available at

Yanfeng Zhang, Qinxin Gao, Lixin Gao, Cuirong Wang.

iMapReduce: A Distributed Computing Framework for
Tterative Computation[J]. Journal of Grid Computing,

2012, 10: 47-68.

Matei Zaharia. An Architecture for Fast and General Data

Processing on Large Clusters. University of California,

Berkeley, Technical Report No. UCB/EECS-2014-12,
February, 2014.
fE& i

e 5. 1977 5 HHAETIIRE
JE. 2005 EIRAGH ERHERBL AR
WL T2 2 A Do AE 7 Tk
AT . BRI ENE .
MR, RS IHE . B REACE.

E-mail: edzhao@ncut.edu.cn.

7 O 5. 1989 4 12 H HAE T IR
Yo 2012 FFEIRIAGIIARRHL R A A2
g, WO ACTT Tk R 2 A A
A, WERTT OB TZ I, B RS .
E-mail: zhsh1222@126.com.

T8 5. 1983 FElAF IR %,
2013 ARG ERFE L BRI T
It T2 8 27 DAL 5 Tolk K22 B
AL 5L . BRI T R A T A Ak
B, WitHE kSRR

E-mail: dingweilong@ncut.edu.cn.


http://www.sciencedirect.com/science/journal/0167739X
http://www.sciencedirect.com/science/journal/0167739X

