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The problem of how to carry out the computational experiments in the parallel public transportation system

is studied. The computational experiments is done by the following three steps: 1) Determining the initial departure

time of the buses by a method model; 2) Adjusting the initial departure time in a small interval to get some experiment

plans in parallel public transportation system; 3) Assessing the plans by a simple evaluation algorithm to get the suitable

departure time. The computing resulting shows the validness of the method proposed by paper.

Key words

Intelligent transportation, parallel public transportation system, agent, computational experiment

Citation Li Run-Mei, Liu Jian-Zhong, Zhu Feng-Hua. On computational experiment in parallel public transportation

system. Acta Automatica Sinica, 2013, 39(7): 1011—1017

it 5 [ E 20 5 (10 R e i, Rk iy e B A T
B, ST e RGN, L5 AR S e R R AT
SKAB SR, X4y~ Il R G is AT P
THESR.

WEFUEATT S AR A IEACHE e 2 5 1 T & T
KETAE, I T ARZ B R, (ARG
(I P A0AH 2 PR 3 S DA A T i A0l &R 4
SR VE Bt it i B A B (Rt R g, RS
ATV TAFARAEAE ST T RS0, 1R G AL
A7 35 1% A 52 S AR e 7 R0 52 1 B TR A A

Wk H T 2012-03-07 kA H Y 2012-10-22

Manuscript received March 7, 2012; accepted October 22, 2012

K HAR WG R R (863 i &I) (2011AA110404), H %K
F AR BE 3 4 (60904057), H e iy £ 4k A BHIIT AL 5% 9 & 00 5% <
(2011JBM213) %)

Supported by National High Technology Research and De-
velopment Program of China (863 Program) (2011AA110404),
National Natural Science Foundation of China (60904057),
and Fundamental Research Funds for the Central Universities
(2011JBM213)

AILTHLHZE ISR

Recommended by Associate Editor LIU De-Rong

1. JemCSE R i B DR B R AR 405 PR AR REURIT I bt
100044 2. TEFBLAEE HSHTIOI A R G L 1) 5T sk
%= Jbit 100190

1. School of Electronic and Information Engineering of Beijing
Jiaotong University, Beijing 100044 2. State Key Laboratory
of Management and Control for Complex Systems, Institute of
Automation, Chinese Academy of Sciences, Beijing 100190

T2 JR IR, AT AT 2 ol S B 5 L R AL SIZ ) A2 G L B
B, Bk SRR B 5 T B R ) — Al A B
FB, N HIEHIRA .

S MR Tk i A 30 AR G S 2 PR R, R A
FR G T TR AR AT I A B R A S AR
AL DAY I 850 1T 1 A AR B S e 5 1), ey,
T ACP JPiERIFAT AZ T A 48 PR R A% GEAC il Al B
eI TS S O T R, R ik 2T )
W, SPAT R RA A% L& ACP J7ik, |
N T R4 (Artificial systems). 115525 (Compu-
tational experiments) FIFATHAT (Parallel execu-
tion) =ANERS;, B AKTT LA N S5 H B TR 4
2 NN ST 2R, R BIR L, 2246
SRR E R A LGS & W7, AL S SR R AL
CENT N RS, Woksihe R LA T ML Si et
B, A2 N L RGE Bl v A sl i ok
NS BR 28 48 %% 24 3% ) 1 1 A AR TE 5T L
FUAREAA BAE IR &, I 8 A L, X =%
Z A HAT Ay AT 0 EERI 237, BIFFE0 25 E AR SRR B
() CAE 7 R STRUAL  AH Y bR Y5 %% B il 5 A
TR AT R G B AR R BRI NS E T AR Z
WHSTH B9, £ BRI S0 N T A 5 T 4
JTUE R R, TEEE B REACH R 405 2 AL 2004
RSB T N TASE RGN Z 54, IR 2006 4



1012 H ]|

¥ {1

39 %

THAEA R ERE RN TASE AR 505 15 E [ by
o3, JEM AR S8 CAE SRR A i B 8 R A, B
(ERTE I E

s FEASTE K A BEOR UL, AT A AR G
AR HR NI Is AT Yy s et TR A K, JF
N IT R BE 7 S B i T W AT 5 ik, SPAT AR
BN TN A AT S i T —ASB &, £
KA G B DgGREH AL BT ZiE sy
B AT ACHE AR G AN B TR AT AR,
XA SGEAT I RE P K45 T AT KR TS5,
M VSRR N IR S BR A AT R G B IR W AR
TEHCIRAS T RN BAR T, T8 3 b5 s 56
T, XS BR A A AR GE I AR AARGLREAT TR AN PE A,
HMIFIAPAT R G4 2 S 2R 46 In) sl R ) e A 7 5%,
FFER ILBEAT U RS B AR SO R i AT &
AZZR G L JE IR S )

Ate i

1 TERE
1.1 tEXBHER

IR RGN — RIS R G 2 P LR R I It
DIFE T eIk AT 38 S 1k 3 B 55 S o A VR EAT
I I 73 M B 2% AR G AN S 2 IR (1 AS 5 P DR,
1113 JE VA AT 6 552 56 73 B A L i I o 1) T BUE I
Al T RAE N AE. Al R G — N R AL
EASTE S BOHIEAT FE NP TR B 28 R 4, 1
TN B UL RASE NGRS, f 2 BB e
HR 5 T PR3 AR SR 8 SR AT AR G U R AT 5T
WA R I AA7E T2 2 R G b I R A

“ORSESICY XM A B O i ke DAL o) il i
o7 —BhaFr i, AR5k RN T AL
S WFFUINE R, BGRB8t tH RS
IR AR L I TE SRR, o 32 B VAN
FH PR [ 36 S I R RO, 7 AR N TR 5, Tl A
TXZMAMBEAAE, A N LR “<Ez)” AR
GEHA AT . [, T S A LR R R S
i AE THFARE” R R I SRS 1% 18 %
Foft AN ] AL 38 06 1K 2R G4 T A IR 2 i, B LA A 2 kA T
AR R GUAT N RO, X5 TS AT DR, 2R
GAT AT I RE I 58 4 AN ).

AR R, THRSER R E O R R 2
RGEIAT N TR, i 20 Sl — AT A 2 5k
TP SRR Tk, AR PR S R I 5
(Emergent computation) MM, Ay ttdft 717
PG A TEET IT AL REGETH
ERITHESG U 5, A IR TR SR AL AR

1.2 TELIEAMITIER

TSR AT 2 A S s RGN AT R G AL
ZJa, CIERAE LIRS ETAT RS, THESR R

ArRn] LAt R a1

1) 5, R A SE N R AR SE bR R 48
KIAT EiE, AETAT R G b ™ A S B 1) LR fift R 7
RGP J3 5 D RAE — AN X)L g S AT
B IE T A3 B 12285 AL VAT RGP AT S0 0, 74
PR R I I 10 T3 5.

2) ¥ 1) PR BORRAIUT SNH TSEbR R AL,
M FESATHOR, R HEE AT ROR BLE— b e it
ATPPAl . 3 AR AR A OGTE H A (AN R AT DL 2 —
ANEEEELR AR bR, R LU LA AR R AU

3) FEVHl 2 )5, MR VA% 45 R LR H AT SE R &R
G B R 8 AL 17 SR BLAT T .

| PSR

% NS AT ALeg: A
br iﬁ l.!'. 5
=z O i
g‘_%@ 1
o R X F———— =
% g%i S B G z

B S TESI)

Bl oSS A T

Fig.1 Execution mode of computational experiments
1.3 W iTItE SR

R TVE L ) LT P B A S 8 5,
NI ARG T e k. R AN
e T S B S DL IR 5 BB, R S A AN K
(RIA R A B 37, SR H A R, SR H S s 1) i
I B IR AR .

RGP L, B R VA e « A A
NI RGBT RE AR R, R I IR 9
SUIRNE IRVEAF Al PR 0 1) L, BEAT 7% L8 A~ IEATT R 4
Hh LR DR 0TI Rl (R 5 i, I AR Y S s
TV A B 1 2 FLAS T ARG I BT ZE Bl — )
(RIfEER T S8 b3R5 S o i) AL ) B DA AT — e 22 8.

(HL5 R IR] I, A 8 2% 5 5 i AR
BCAEAR KR E AR & B, I HLe Uk B sy 4

WA KN 22 84T T 3%, Pr AR — ik
15 2 10 45 R0 IR AE S B i L PR S DL A R 58— DX TRl 22



7H RS SPAT ARG TS 1) B 5T 1013

W, AT DAERORRR L B S Wt IO A A2 L8 1, Xt
FE AT AR T AT BT N S R A

FEREAT VS I0 (I, 00 S B 1) i BT AT (1
AT il ASIEAT S0 A i UGS T AT AR 1 o ) SR L i 2k
AT S8 AT (R i) L A SCRORIE ST rh U0 AT AT
iR S B IR — A LU BT S DU BN 1 S
TS, XA IR 2l 5 B SR B .
YR P ad, B R g A5 3 0 il s A R s SR A
MROCRE b L2383 S B 1) LA e LA, T CAAE £
ST A B 7 SR X R AT A AT S8
56, R S 45 Aot AT LA £ 52 B 1) A (WK
D) M, DRI /N B R o SRS 56 1 D8P T i LA i)
FRPRPRE BEEESR « VH N LIE RESE DR 3 7

2 NREWMAFERAITELR

INAZ TR R R TR A A A TE R FEH 1A% 0
), H e AL RGEIIRS R A AR IE
BT RS . R4 TR e s ] 3K 5 5 Bt 2
el K, T A RSB ), TR e A i e
M 75 5 BN 3R R R, TiEW e AL IEE
O H IR B . A 3 1 R 2 I T TRD g, A3 A2
P AT T RATER T, R TR m AL AR 1
g BRI S S 45 E X

AL LRSS 2 16 N A AR 1) R 2 I T 1) I 1)
SERUEIH AT AR RGP PRS2 i fE. e ase
LR N — AT RGN ) — Ak 2
EEINE R 5:00~23:00. %M E 2 P, 3
N SRR ARG, e NEH RS “A
—Fﬁﬁj:” u%ﬁfﬂn F/_:E

Option View Hardwarelnloop Network Signal Evaluate Help

B2 WIRSTLkis B £e 1 s 1

The road net of researched line

Fig. 2

2.1 FIRFFREHENIA R ZEER

Biff 52 8 A8 20 2 I T () g P B 2 A R K 22 2
DALY H bR R 20—k 2 25 S A ] 1] DA S A AL
BENF MR, QR B AR IBATH I s
BRATH, IR BRI LR L e B0 40 I Ta) 1) £ R A%

FRERIZ AT KL ), A SCRH] Yang 4%
FESCRR [8] 4 HY R B0 A R R BEAT A A 7R A R
IS IR () R A0 4R 7 S A E . 1207 RERa UG T k%
BRI E w A AT A 5, BN E & Hid
X [, AR

1 m m
max Z = — [wl DSTO(CWy) +we >, M(Pk)]
m k=1 k=1

o
s.t. Mupin < Tkk

—C,
Aty

g A
CWi=> (wmk A %)

i=1

S Mmax

P, =Ry, — Cy = pU, — CFj,

(

0, T 2 Qmax
T — Qmj
5(1") = s 5 OGmin S x S Amax
Amax — Gmin
\ 17 0 S € S Gmin
( 07 0 S x S bmin
T — b
'u,(l') = b Hl;ln ) bmin S x S bmax
max ~ Ymin
\ ]-7 €T Z bmax

Hrr §(x) Fop(x) RREREG w we BALN
) R 2 3 5 2 7 ol T IR BUARL, LA Bl TR 25 N £
ANTRITI A A2 Ak, e 24 vy Ve U1 3 4 26 2 9 FH IR AL
HER S e E e A B8 A ) R 2 AU KL, (H
wy + wy = 1; k NASTIBATIE AN AR I B, £F
SRARREFR o, FE 1% R % (10328 8 I )i ANy — A
A B> K 18 MINAE, Ty =1, k=1,2, -+, 18;
i NHESANAT R Bk g, i = 1,2, 13;
O KT IN R) N IR AR ZE 7 AR AL 2 AR Aty h
NATIBATIN B 2R K AN BE P 2 38 ZE 40 & ZE I ) ]
B (min); A0 XA k ANTIRIBE g B S ¢ AN
RIOWAE (1/min); Uy HAESE k ABBN 41
BIRNEL, TS RS kAN R FIA
FMIFE; Ry WA k A BIN AR A ARG O
Nk ABN AR AT B IS E A, B, A5
k A BN AR AT B RZEEG p ARFESAN; O,
NAEHEIINGE B NEG HY W9 kAN Berbise K
TR Monin~ Minax 7 ARE AR G5/ ek
IR 2 2R FESRAE BRI | B A R — I B B IA A
AT i I AEIX — I B4 E 4.

FESR AR FE AR v A% 2 BB HCI{E QT
NG

wy, = [0.9, 0.5, 0.1, 0.3, 0.4, 0.6, 0.6, 0.7, 0.7,
0.7, 0.6, 0.4, 0.2, 0.4, 0.4, 0.6, 0.7, 0.9];

wy = [0.1, 0.5, 0.9, 0.7, 0.6, 0.4, 0.4, 0.3, 0.3,
0.3, 0.4, 0.6, 0.8, 0.6, 0.6, 0.4, 0.3, 0.1];



1014 H ]|

@ = 0.385 JG/ M,

U, = [30, 700, 833, 785, 142, 103, 70, 42, 133,
211, 261, 654, 889, 557, 312, 282, 325, 133);

p=1I0/1%;

Mpin = 50 %;

Moy = 200 %;

C, = 30.

LS I B & 2 R) B A8 e, B Matlab #44Hh f)
AR LA ga KRS

Aty = [15, 4, 3, 4, 12, 8, 12, 15, 12, 8, 4, 5, 4,
5,7, 10, 9, 11].

2.2 B8] (6] kR TR E B E

RI96 7 SR SE Ja , AT BEAT T 58 A A DL AT
RS Ty SRV B S I R A 0n. BE 500 P 4 A AR
ARNERA AT, W17 SRAESEBR A 1, al LOACh 2
AT S, TSR IR IA TR Bl S8 AN R
DUIRIJT S HEAT 7 S0, LAAS 21 R] g SEDE 1K) S0t 45
R DL, R A E Uy SRR, B AR
T 88 (1 P 48 18] o A0 ok o E 0 R0 o i . 2% 16 ) e
7 ) Bl L B il s A A 3 3 NI S, A SC LA
BT B TR A YN BRI 52 b

S ke N B K135 2UTK A4 F- 2 B 53 B 2]
IEA 3 R NHL, 008 Qe

Uy

Q=L k=12
60

MRPEEE 2.1 45h U, (WHUE, ] A EAS:

Q. = [0.04, 0.90, 1.07, 1.01, 0.18, 0.13, 0.09,
0.05, 0.17, 0.27, 0.33, 0.84, 1.14, 0.71, 0.40, 0.36,
0.42, 0.17]

SR, AR T A R FE P, A e KR A TR R
T, B3R 2 HUW B /NG 0.6, 1R/ R 4T
BT, b5 i KR A 3.42, 7R HE L
W, AIRF N AR, T AR A 2R K,
b, AELAN BTSSRI v B TR] R ) 1 S A g
A1 .

2.3

|18

THEXE

BERIUE AT 2 ) B N T e ki, et 25 i
B (R~ 249 Ak 2 I ] M1 A8 2 ) 5 I BOR R4
SRJA , AERERERS 23 T HE I R T B i — 20, ik — 2>
BREFGE PR, S5 RN 1 s,

LRI S - o T SR R
Rl RN — b, KT 5 MU Bhik AT e, SR
R BITAT IS T TRD B o — 0 Bt R FL oK 5 20 Bl
(9 18] 88 19— 20 B EAT S 36, 53 A — Bl K B A I
VN Nt 1B = i ey M S N oW R O
I3 BREEAT S, SRR 2 R,

¥ {5 39 %
x1 owmR
Table 1 Experiments results
I Bt &l RZEIN T (s) SR
5:00 ~ 6:00 15/14/16 102.3/90.1/100.5 5/5/4
6:00 ~7:00  4/3/5 74.69/62/74.86  15/21/15
7:00 ~ 8:00 3/2/4 24.95/19.54/31.3 20/30/15
8:00 ~9:00  4/3/5  33.33/26.57/33.31  15/20/12
9:00 ~ 10:00 12/11/13  40.04/21.55/32.73  5/5/4
10:00 ~ 11:00 8/7/9  72.85/42.67/42.01 7/9/8
11:00 ~ 12:00 12/11/13  52.4/40.58/60.71 5/6/6
12:00 ~ 13:00 15/14/16  23.33/20.62/27.21 4/5/4
13:00 ~ 14:00 12/11/13  63.14/76.05/83.44  5/6/6
14:00 ~ 15:00 8/7/9  105.31/86.84/96.28  8/9/8
15:00 ~ 16:00 4/3/5  89.2/64.87/114.96  15/21/13
16:00 ~ 17:00 5/4/6  41.59/34.99/49.54  12/15/10
17:00 ~ 18:00 4/3/5 48.64/31.89/37.39 15/20/12
18:00 ~ 19:00 5/4/6  42.67/20.89/42.99  12/15/10
19:00 ~ 20:00 7/6/8 86.78/46.29/77.22  8/10/7
20:00 ~ 21:00 10/9/11 346.89/240.01/333.4 6/6/6
21:00 ~ 22:00 9/8/10 560.05/445.74/570.75  7/9/8
22:00 ~ 23:00 11/10/12 430.13/111.06/44.94 5/7/5
*2 AR
Table 2 Experiments results
I B R BRI TH] (s) KA
5:00 ~ 6:00 14/13/16 110.30/95.44/103 5/5/4
6:00 ~ 7:00 5/3/6 100.68/70.88/86.16  13/21/13
7:00 ~ 8:00 4/2/5 38.96/14.58/58.54 15/30/12
8:00 ~9:00  5/3/6  43.98/34.61/47.38  12/20/10
9:00 ~ 10:00 11/10/13  32.12/27.74/41.07  5/6/4
10:00 ~ 11:00  7/6/9 26.33/40.83/47.01  10/10/7
11:00 ~ 12:00 11/10/13  39.87/34.28/57.66  6/6/5
12:00 ~ 13:00 14/13/16  33.07/31.41/32.21 5/4/4
13:00 ~ 14:00 11/10/13  87.96/54.51/74.16 6/7/5
14:00 ~ 15:00 7/6/9  102.28/85.04/89.98  9/10/7
15:00 ~ 16:00 5/3/6  72.13/63.62/90.23  13/20/11
16:00 ~ 17:00 6/4/6  35.86/33.95/49.05 11/15/10
17:00 ~ 18:00  5/3/6 51.87/36.64/29.61  12/20/10
18:00 ~ 19:00 6/4/6  41.56/18.15/43.24  10/15/10
19:00 ~ 20:00  6/5/8 82.71/64.64/79.46  10/12/7
20:00 ~ 21:00 9/8/11 299.65/221.37/259.82 6/7/6
21:00 ~ 22:00 8/7/10 491.88/500.29/524.65  8/9/7
22:00 ~ 23:00 10/9/12 153.49/245.49/42.29  7/7/5
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