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Abstract: The Chinese econamy grew rgpidly for more than 20 years, promoting rgpid urbanization New cities e
merged and great changes took place in old cities Population changes camplicated city planning, infrastructure
construction, housing, and enviormmental preservation A model simulating this population trandomation was built
merging methods fran Geogrgphical Information Systans, M ulti-agent Systans and Stochastic Processes First an ef-
ficiency function wasproposed © represent the effectiveness of a resource within the GIS Second, a multi-agent
gystam was designed and implemented, with agents representing ground segments and profits acquired after that
Third, datic attributes and dynamic behaviorsof agentswere discussed Tomodel the uncertainty of urban develop-
ment better, a behavioral modewas designed based on a stochastic process, consistentwith macro-level characteris
ticsof the agent The cambined systan and its mplanentation in a computer were then discussed Finally experi-
ments, using data fran Pudong D istrict of Shanghai, were run and analyzed This urban ewolution model can be a
dapted b more typesof research and owes its good performance to modularity and scalability
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Tablel The defnition of agent’ sattributesand behaviors
agent agent
int i Initialize () ;
char code; ReadD ataFronOneRecord () ;
int block[MAX_BLOCKS N_AGENT]; UpdateD atalnA gentRecord () ;
int b_num: IBlock (intx , inty, intx, ,inty, ,intx ,inty, ,intx ,inty; ,intx, ,
int efficiency_function[MAX; inty, );
int e f_num; CalculateSquare() ;
double  square; CalculateGroundRatio (int time) ;
double  residential_ground; W hatRoleA gentPlay () ;
double  business ground; ResurceStatistic () ;
double  greenpark_ground; HowM anyPopulatiorMl ightResidentHere() ;
double office_building_ground; HowM anyPopulatiorM ightW orkHere() ;
double  agricultural_ground, PopulationA ccumulation () ;
double  industrial_ground, SelecOneA gentRandom ly (BOOL new_loop_or_not) ;
double traffic_length; GetEfficiencyFunctiong vailableNow (int time) ;
int public_service, EfficiencyFunctiondB elongingToA gents() ;
int education; W riteA gentIntoD atabase () ;
int fort_entertairment; ReadA |B lock sFromD atabase () ;
double  other_ground; ResidentsFindV orkingPlace (int agent id) ;
long 0OM'S_resurce; Emp loyeesFindResidentalPlace( int agent_id) ;
long jobs_resource; ResurceA pplyingInA genOneD ayL ife (int agent_id) ;
int working_distribute[MAX_AGENTS]; SoriA gent3 yCamparativeM odermD egree() ;
int residential_distribute[MAX_AGENTS]; SomeA gentsSelD evelopment() ;
int residential_population; EvaluateSelivorth () ;
int working_population; OrD efineEfficiencyFunction () ;
double fitness for_residence OrDefineA gent() ;
double fitness for work; OnRoadEfficiencyFunctionsA cquision() ;
OnA gent#A cquisionResource() ;
OnPointEfficiencyFunctions cquision() ;
OnPlaneEfficiencyFunction cquision () ;
agent , ,
agent , agent

33 agent

agent



1 o MAS GIS . 51
l!, t
’ , D (t), AGEI\IT'A
, D (1) t AGENTA
: F={a|0<i< n},
, N (t), C:Nn(t)
) {Flv FZ! ’ Fka
agent v Fovo 3o [Fe| =N (1) . Fy
: P ={p?, p%, , pRo},
k 3 K
AGENTA agen ’ o '
' P =D (9, [P | =N (9 - D (1.
N (1) b (1)
t(t=0,1,2 ) AGENTA ’
RPow =
' 0, D(t) >N(t) >0&N (V) =0
N (t) )\ il CD([)
A o n e.}\)\ NGy CNO I Fil 1
AGENTA , N 2@ 2
AGENT-A D (1) N (D -D () (1)
[ ] =) [ (1-p)) 1),
' T
_ ’ 0< D(t) € N(1).
(Poisn) , N (1) c
e AN D (1) EMD(Y)) = ZD(t)Fb(o ,
N (1) ! b &=0
C AGENTA
AGENTA . p® { pl(k) , Q(k) , , p{gk) '
' o< p¥ <1
AGENTA Ae<dy
, D (1
: : [3, 3]
AGENTA ,
F,(A) :{ pl(A) ’ )
F&(A)v ,pﬁA),OS p(A) <13}, A-
GENTA b (1 |
] C
D (t .
, D(XO (1) Po(v)
" EMD (1)
D(A) =a | - d a ) , P(A) =
S { (k) (K (k)}
@ A- ' Y ’
GENTA ;g 8
;S ; AGENTA
a , , AGENTA ,
,R(A) ’ P(A)
AGENTA
LT




(To- 1) - (To- 1)
e - e . T
p(fj_ = Q(A) (1+ (To- 9 S (To-0 °
€ te AGENTA 20%.
r(- )modN
N (2) , '
CHLA t FO T
cr(-) i\ : ’2
. TO
2
Table2 Themathanatical expectation of population moving in
Pl(A) Pz(A) P(A) P(A)1 P(A)
E(D (1)) E(D(2)) E(D()) E(MD(t+1)) E(D (m))
o
C = Z E(MD (1)),
R/A agent D agnet D
To . 1 4 4 16
3 4 Multi-agent GIS
9
agent .
Fig 9 Me fomat
GIS , ? | |
, M ulti-agent
, agent
. agent, agent
nt ’
o0 M ulti-agent
, D
: agent ’
’ 35 agent
agent ,
agent
agent a
gent agent ’
agent
) agent
: agent : '
agent '
agent
agent ,
) agent ,
agent , agent
agent
' : agent
’ nt
4 9 age t
1 n i}
R/A o0
agent nt ’
e agent , agent
M ulti-agent 10 agent ’

agent



, MAS GIS
agents¥as il B
F1 k2 F3 ¥4 F5 F6 K7 agents?ﬁﬂl
R s
s e L . Bl g2
yaay !
|| | i 5 NN
RSN \\\
Tl M TR
AFE T A2 2 - ; ants !
PEER P - 9 s3 s agents/¥5ln

=l
L ‘

GIS
10 agent
Fig 10 The schedule of agents and message trangnission mechanisn
1 mt .
, agent :
In 1990
) agent
) agent
agent ;
agent
agent
agent agent
) agent agent
) agent )
agent . agent
, t
agen 11 1990 2000
Fig 11 A oontrast of Pudong District in 1990 and 2000
4 repectively
2000 ’ GIS M ulti-agent
1321 63 2084 [k, agent :
2 897. ,
. , 11 !
1990 2000 , ,
41 agent
12

ts reserved.  http://www.cnki.net

24 © 1994-2009 China Academic Journal Electronic Publishing House. All ri



. 54. 4

8 \ \
.13 agent;
agent . ,agent 25 1990 2003 ,
. : [0,1] [1,2] ,
1990 : [2,3] , [3,4] , [4,5]
15 . agent ,[5,6] ,[6,7]
agent, , 1990 . agent, )

, 24552  [km’, : , 13

A B ZWE G Rh 515 IX
B. Sh R iR B X

C. TR B el IX

D. MBI IX

E. S 07 S T IX

12

Fig 12 Divisionsof agents and five typical zones in Pudong D istrict

52381 B
i A
rrrrr _ERNGET
74 B Ho

1990 1991 1992 1993 1994 . A= 25 F b
B A
il Rl R
1995 1996 1997 1998 1999
2000 2001 2002 2003
13 agenty
Fig 13 The ewlution of roles in agent,,
4 2 5
(agent, agent, agent,
agentgs, agent, agents  agents, agent, agent; & ) . 14
gento, agent, agent;  agent,, 5 ) ,

) 5 10

94-200 ina demic nal Electr ublishing . All rights ved. ht i.n



. 55.

MAS GIS

= I =
1 €002 g g MWM g
] 2 Q! SRS % 5
] MWMM X = m m - SN mw =
B O B s e 42 & 3
1o00z £ Wl NM Ry .m m omoom m
16661 H S 3 & By 1=
- = = 5 8 S g= =
i 8661 5 & c 2 o -
) o 2
= Lol g K - - 3
J 9661 & % 4E T 3w © 4 g
s661 H @m<£ H g S oy = S o
d = E = = S — - = S .m
= - S 5 = 58
IRE €661 & & o 2 - - "3s 9
30 o6l 2 2 s €% e s g8 9%
= Y c o T
44 1661 = 3 xR o £
0661 < S = wT.p
Shk 985222 = 5 8 g B
o S o
TRk 1) 11 3 . U - Y/E E DY
<
£002 1 €00z £002 £00T 8007
s i
mwwm H 00T N | ooz T00T mm 00T mmmm 2002
| ! LR100c 100T &y 100z & 00z B = 1002
1 0002 mm loooz & 000z 3 oooz & ' 0002
mmwm#L 6661 | 6661 ﬂ# |e661 &= 6661 s 6661
£ % (8661 = SEiE | 8061 3 s ¥8661 M ¥s¥s 8661 = Rk 8661
. ++ + | L661 <& 4 = 1 L661 & & =4 -82%& 54 SS\%M HEX 66T
19661 & & + 9661 L= i + w9661 % + w@oﬁm+#m + ++ 9661
se61 NI w661 s661 = CeaT
. e 445 ] = s i = o= =
v661 = 2= ys p = wb66l i P61 EET
- leeer I yreel i RS acesr X KIEH €661 &
|g061 o €661 & ELX ! < haU=0 S €661
fieeat =5 w661 2 il a6l v bid so6T - 2661
1661 = + + + = 1661 = 1661 =
] 1661 1661
_+ Aot deet 0661 0661 0661
ersTae P p— RA]LEE” f4]Leg° SxoS o
- SSs oSS coocsso cSosSso —coccoo

1y A B 1 30 i 713 B H 3 LR

res http:// n

House. Al

nic Publishin

aAc

C

(e) SA-IX Al v I AR ik

0

"

1994-



so] AL
eI

30

25

20

N8 KR/ %o

—_
S

(c) 2003

5

0
O — AN N < n O >0 O— N o
e A A N A A A R A A A A N = =l =
[= Jiie) o) Nie) Ii¥e) WiEe e NiEe o e NN = 3 =R = I
—_— e e = = = = — AN AN AN A

Fig 16 A comparion of growth ratio of population
betveen actual data and experment result

17 1990
) 4 (1990 1996
s Agent 17 1990 1996 2003 2005
3 Fig 17 The experimental reaults of urbanized area of Pud-
. 1990 ong in 1990, 1996, 2003 and 2005 regpectively

2003 48 30 km*> 107 35 km’,

2005 138 02 km’. ,

1990 2003 40 30 km’ 110 35 km’ ,

2005 130 00 km’. : ,

5
GIS

GIS , Multi-a-

gent
(a) 1990 ’ GIS
agent ,
, agent
agent ,
, agent

(b) 1996

. ;, . ©1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1 ;o MAS GIS

agent

agent

GIS M ulti-agent ,

[1] FORRESTER JW. Urban dynanics[M ]. Canbridge,
USA: M IT Press, 1969
[2]WEGENER M. SPIEKERMANN K The potential of micro-
smulation for urban modeling[ C] / /Proceedings of the In-
ternational W ork shop on Application of Camputers in U rban
Planning Kobe University, Kobe, Jgpan, 1997: 129-143
[3]SKLAR F H, COSTANZA R The development of dynanic
atial models for landscgpe ecology: A reviev and progno-
sisfM ]// TUNER M. G, GARDNER R H. Quantitative
methods in landscgpe ecology Newv York: Soringer-V erlag,
1991: 239-288
[4] GLBERT N, TROITZSCH K G Smulation for the social
<ientistfM ]. London, UK: Open University Press, 1999
[5]KA MOW ITZD, ANGH.SEN A. Econamic modelsof tropi-
cal deforestation: A reviev[M ]. Jakarta, Indonesia Cen-
ter for Intemational Forestry Research, 1998
[6]HOW ITT R E Positive mathenatical progranming[J]. A-
merican Joumal of Agricultural Econamics, 1995, 77 (2):
329-342
[7IWENBERGM, KLNGCL, WLEN J E W ater markets
and water quality[ J]. American Joumnal of Agricultural E-
conamics, 1993, 75(2): 278-291
[8]CROMLEY R G, HAN NK D M. Coupling land-use alloca-
tion modelswith raster GIS[J]. Journal of Geogrgphic Sys
tens 1999, 1(3): 137-153
[9]LONQ@EY P, HIGGS G, MARTN D. The predictive use
of GIS o model property valuations[J]. Intemational Jour-
nal of Geographical Information Systems, 1994, 8(2): 217-
235
[10]BAKER W L. A reviav of models in landscgpe change
[J]. Landscape Ecology, 1989, 2(2): 111-133
[11IMERTENSB, LAMB N E FE Soatial modeling of deforest-
ation in Suthern Cameroon [ J]. Applied Geography,
1997, 17(2): 143-162
[12] GEOGHEGAN J, PRITCHARD L J, OGNEVA-H MM E-
BLBERGER Y, etal" Socializing the pixel” and”“ pixel-
izing the scial” in land-use/cover change[M ]// L iver-
manD, Moran E F, RindfussR R, etal People and pix-
els Washington, DC, USA: National Research Council,

1998: 51-69

[13]JLUDEKEA K, MAGGO R C, RED L M. An analysisof
anthropogenic deforestation using logistic regression and
GIS[J]. Joumal of Enviommental M anagement, 1990,
31: 247-259

[14] LEGGETT C G, BOCKSTAE. N E Evidence of the
effects of water quality on residential land prices[ J].
Joumal of Enviommental Economics and M anagement,
2000, 39: 121-144

[15]BALL NGR J, TABER J T, BROWN M, et al Multiob-
jective urban planning using a genetic algoritm[J]. ASCE
Joumnal of Urban Planning and Development, 1999, 125
(2): 86-99

[16]MANN S, BENWH.L G The integration of ecological,
neural, and gatial modeling for monitoring and prediction
for sami-arid landscgpes[ J]. Camputers and Geosciences,
1996, 22(9): 1003-1012

[17]1BATTY M, LANGQ.ER PA. Themormphology of urban land
use[J]. Envioment and Planning B, 1986, 15: 461-
488

[18]BATTY M. U rban modeling in camputer-graphic and geo-
graphic infomation system enviorment [J]. Enviorment
and PlanningB, 1992, 19: 663-688

[19]1BATTY M, XIE Y. Fran cells to cities] J]. Envirorment
and PlanningB, 1994, 21. 31-48

[20] TOBLERW R A camputer movie simulating urban growth
in the detit region[ J]. Economic-Geogrgphy, 1970, 46:
234-240

[211C0UCLE. ISH. Cellular worlds A franewvork for model-
ing micro-macrm dynamics[J]. Enviorment and Planning
A, 1985, 17: 585-596

[22]COUCLA. ISH. Of mice andmen: W hat rodent population
can teach us about complex Patial dynamics[J]. Environ-
ment and Planning A, 1988, 20: 99-109

[23] COUCLAEL IS H. Macrostructure and microbehavior in a
metropolitan area [ J ].
1989, 16: 141-154

[24]PHIPPSM, LANQ.OISA. Soatial dynanics, cellular au-
tomata, and parallel processing computers[J]. Environ-

Envimrment and Planning B,

ment and Planning B: Planning and Design, 1997, 24:
193-204

[25]BENATI S A cellular automaton for the smulation of com-
petitive location[ J]. Enviomment and Planning B: Plan-
ning and Design, 1997, 24: 205-218

[26]WHITE R, ENGELEN G Cellular automata and fractal
urban fom: A cellular modeling gpproach © the ewolution
of urban land-use pattems[ J]. Enviorment and Planning
A, 1993, 25: 1175 -1199

[27IWHITER, ENGH.EN G Cellular automata as the basis of

integrated dynamic regional modeling[ J]. Envirorment



and Planning B: Planning and Design, 1997, 24: 235-
246

[28]BATTY M, JANGBin Multi-agent smulation: Nev go-
proaches © exploring gace-tme dynamics within GIS
[C]// Annual M eeting of GISRUK’ 99 ( Geogragphical In-
fomation SystemsResearch-UK). University of Southamp-
on, Southanpton, UK, 1999: 14-16

[29] JANG Bin Agent-based goproach o modeling environ-
mental and urban system within GIS[ C] / /Proceedings of
9th International Symposium on Spatial Data Handling
Beijing, 2000: 10-12

[30]BENENSON | Multi-agent smulations of residential dy-
namics in the city[ J]. Caomputers, Enviomrment and Ur-
ban Systens, 1998, 22(1): 25-42

[31]BENENSON |, OMER |, FORTUGAL |J An agent-based
model of residential mobility in the Tel-Aviv metropolitan
area[C]// The International Conference on GeoCampu-
tation Fredericksburg, VA, USA, 1999: 92-99

[32] PENG Chong, CHENG Jianguan U sing multi-agent s
ten for residential expansion models—A case study of
hongshan district, W uhan City[ J]. Chinese Geogrgphical
Science, 2007, 17(3): 210-215

[33] , ,

[J]. : , 2007,

32(6): 548-551
PENG Chong, DU Ningrui, L U Yun, Understanding resi-
dential expansion in big cities using MAS/RE[J]. Geo-
matics and Infomation Science of Wuhan University,
2007, 32(6): 548-551

[34] : : ,
GIS [J].

, 2006, 32(6): 33-38

CHEN Lin, CHENGDengfa, LU Qingguang, etal Devel-
opment of large-scale gatio-temporal dynamic model of

Agent

wheat gphid population based on the multi-agent systan
and geogrgphic infomation system [J]. Plant Protection,
2006, 32(6): 33-38
[35] , , . MAS/GIS

[J]. , 2006, 6
(2): 151-153
HOU Yuwen, WANG Haibin, XA Peng, et al Design
and mplementation of traffic’ s chain of conmand based on

MAS/GIS[J]. Science Technology and Engineering,
2006, 6(2): 151-153
[36] . GIS MAS
[J]. , 2002, 18(1): 22-25

CHEN Xi, Dynanic route planning method based on MA S
in GIS enviorment[ J]. Joumal of Changsha Communica
tionsUniversity, 2002, 18(1): 22-25

[37] , M ulti-agent

[J]. , 2004, 13(6): 1-3

FAN Pengfei, ZHAO Yong U rban traffic accident rescue
systan based on multi-agent technique[ J]. Railway Cam-
puter Application, 2004, 13(6): 1-3

[38] ZHANG Renjun, WANG Qi, ZHOU Qigang M icro-smu-
lation of tourists’ behaviors in nature heritage reort A
case study on mount emei scenic area[ C]//The Second
Workshop on Digital M edia and ItsApplication inM useum
& Heritage Chongging, China, 2007: 118-122

[39]JURBAN ID, DH.HOM M. W atermanagement using a new
hybrid multi-agents system-geogrgphic infomation system
decision support systam framework[ C] //First International
Symposiun on Enviomment Identities and M editerranean
Area (ISEMA’ 06). CorteA jaccio, France, 2006: 314-
319

[40]MA R, WAN B, HU Q, etal A multi-agent systan using
in gatial infomation sharing on Web-based GIS[C]//
Proceedings of 2005 IEEE International Conference on Nat-
ural Language Processing and Knowledge Engineering
W uhan, China, 2005: 466-471

[41]L | Guangru, SUN Zhi, HU Jingfeng The analysis and de-
sign of architecture model and cooperative algoritms a-
mongMA S of waterborne GIS[ C] //The Sixth World Con-
gress on Intelligent Contol and Autmation (WCICA
2006). Dalian, China, 2006: 8692-8696

[42] YANG Juong, MONTAKHAB M, DAVIES T S, et al
Fault diagnosisof power distribution systams using amulti-
agent goprach [ C]//The 39th International Universities
Power Engineering Conference (UPEC 2004). Brisl,
UK, 2004: 448-452

, ,1971 , , ,
e
N"Jlb‘i A “
GIS
973 973
, 973
40
, , 1980 ,




