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Abstract—As the traditional top-bottom based macro-simulation 
models cannot well adapt to spatiotemporally dynamic urban 
systems researches, the bottom-up micro-simulation models (e.g., 
multi-agent systems, MASs) based on individual data have 
gradually become a novel and dominating perspective for 
investigating urban dynamics. However, one of the factors 
restraining the wide application of micro-simulation models is l 
the poor availability of disaggregated individual data. Such 
situation is especially serious in China, because the individual 
data from the official census is not available and can only be 
obtained via various small-scale surveys conducted by separate 
units. The contribution of this paper is to propose a solution to 
retrieve individuals’ data from aggregated dataset, e.g. official 
statistical yearbook, census reports and contingent questionnaire 
reports, for urban micro-simulation under the current sparse-
individual-data context. Based on the existing multi-source 
official statistical date, non-official surveys, as well as general 
relationships among individuals’ attributes (e.g., the marriage 
condition of a person depends on his/her age), this approach can 
inverse both the individuals’ attributions and spatial distribution. 
The approach was tested in the Beijing Metropolitan Area for 
retrieving the population spatial distribution and their attributes 
using the Fifth Population Census Report of Beijing, in which the 
aggregated information of populations is provided. The inversion 
results were proved to be significantly accurate in statistical level. 
Using the inversed samples’ as the input of the urban micro-
simulation models is promising to settle their bottle-neck 
problems for wide application. 

Key words: micro-simulation; inversion; multi-agent system; 
statistical data 

I. INTRODUCTION 
Urban micro-simulation is facing the predicament of 

individual data scarcity. To tackle this condition, we proposed 
an approach to inverse the disaggregated samples based on 
existing aggregated statistical data, questionnaire surveys, as 
well as the dependence relationships among attributes of 
samples obtained through data mining or common sense. 
Urban microsimulation models (UMMs), firstly proposed by 

Orcutt et al. (1957), can relatively better remedy the defects of 
macro models in a bottom-top manner. UMMs adopt micro-
individual, like firm, family, and even resident, as the basic 
unit to be described, analyzed, and simulated (Ballas & Clarke, 
2000; Hanaoka & Clarke, 2007; Wu et al., 2008). Multi-agent 
System (MAS, or termed as Agent Based Modeling, ABM) is 
one of the typical and dominating approaches of UMMs at 
present (Parker et al., 2003). At present, the sparse individual 
samples limit the wide application of MAS. The attributes is 
the core information of individual agents in MAS (Pudney et 
al., 1994). For instance, the attributes of the resident samples 
include the age, gender, marriage, education, and career. 
Obtaining these original attributes data usually takes a lot of 
time, human, material and financial resources (van Sonsbeek et 
al., 2006). Nowadays in China, the original disaggregated 
census hold by the statistical department is not freely open to 
public, even academic researches. Only the aggregated 
statistical data can be acquired, such as the overall information 
of districts or industries, which are appropriate for macro 
models rather than MAS. Even the Statistical Law of China 
emended on 2009-6-27 forbids the original census samples 
from being accessed by public due to privacy problems. In 
addition, most of related researches of MAS in other countries 
also cannot get necessary existing individual samples (Crooks 
et al., 2008). The independent survey exclusively for the 
research is the key approach for retrieving micro samples by 
academic or commercial users. Therefore, the situation of data 
sparse restricts the further development of MAS all around the 
world. 

Under the current sparse data context, the key issue of 
MAS is to take the heterogeneity attributes or preferences of 
individual agents into account. Many MAS for investigating 
land use dynamics cannot well reflect the heterogeneity of 
sample attributes in actor-level. Those models tend to 
aggregate all agents into several types due to poor individual 
samples, like ILUTE (Miller et al, 2004). Another solution is to 
obtain the acceptable range of attribute through literature 
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review, and assign agents’ attribute value, like LUCITA model 
(Deadman et al., 2004). Each agent in most existing MAS can 
not correspond with an individual resident due to lacking of 
micro samples. For example, Zhang et al. (2008) used the 
average number of residents in the grid of 30 m * 30 m as one 
agent. Li and Liu (2008) regarded one regular grid as one 
resident agent in their MAS for residential location choice, 
rather than the actual number of residents within each grid, not 
to say agents with heterogenous attributes or preferences. Shen 
et al. (2009) attempted to use, respectively, 1, 2, 3, 5, and 10 
residents as an agent in the shopping policy MAS (ShopSim), 
and find that different proportions led to considerable 
uncertainty to simulation results. Brown and Robinson (2006) 
also indicate that in MAS, the heterogeneous preferences’ 
degree of agents affects the simulated land use pattern greatly. 
Therefore, facing the problem of data scarcity, most of MAS 
cannot actually regard one agent as one individual. 
Aggregating several individuals as an agent will result in 
uncertainty to the simulation outcome, and the excessive 
aggregation may lose the nature and essence of micro-
simulation based MAS.  

The individual sample mainly includes its spatial location 
and attributes. Accordingly, the sample inversion can be 
classified as spatial inversion and attribute inversion. With 
regard to the spatial inversion, the researches on mapping 
population using related factors can be referred, which is well 
researched (Langford & Unwin, 1994; Mennis, 2003; Liao et 
al., 2010). In these researches, population density surface is 
interpolated by spatial factors using the population census 
statistical data, and population’s attributes inversion is not 
considered in this process. Agents’ location can be retrieved 
using the approach for mapping population, and then the 
environmental attributes of agents will be identified via 
overlaying the agents’ location with environmental layers, such 
as accessibilities to education facilities, work place, 
neighborhood similarity, and landscape quality in Robinson 
and Brown(2009). The environmental attributes of agents can 
be applied in the MAS simulation, which is a popular method 
for urban MASs in current data scarcity context (Crooks, 2006; 
Crooks, 2008; Li & Liu, 2008; Shen et al., 2009). The socio-
economic attributes are lack of consideration in these MASs. 

The socio-economic attributes of agents, as descriptive 
variables for exploring urban dynamics, are critical for urban 
microsimulation. For instance, the residential location choice 
preference depends on residents’ income, education, and 
family size attributes. Brown and Robinson (2006) designed 5 
experiments for modelling residential location choice, 
respectively, with different degrees of agents’ attributes 
heterogeneity. They only took agents’ preference for various 
environmental attributes into account, rather than residential 
agents’ socio-economic attributes. Li and Liu (2007) initially 
pointed out that it was possible to define agents’ attributes 
using aggregated statistical data. They divided all residents into 
six types according to the statistical data about whether a 
resident has children (two categories) and the income category 
(three categories). Each type of residential agents has different 
preferences on environmental factors. However, they only 
taken two attributes of samples into account, without providing 
the specific value of every sample and the relationship between 

attributes of samples. Hynes et al. (2008) matched field survey 
data with the national agriculture survey using simulated 
annealing algorithm, which was different from our research for 
inversing samples’ location and attributes. Therefore, there is 
no related research focusing on the inversion of attributes of 
individual samples to our knowledge. In this paper, we aim to 
inverse samples data with location and attributes using 
aggregated data under current data sparse environment.  

II. APPROACH 

A. Aggregated data as input materials 
Individual samples in MAS are the key input and the 

primary units for simulations. Existing aggregated data for 
samples inversion can mainly be divided into three types: 

• Official statistical data, as the statistical description of 
the original samples, include the total number of 
samples, the distribution of attributes of samples (such 
as the population of each occupation, income 
category), and the correlation among attributes of 
samples (for example, samples number of the marriage 
status category for each age range, income range for 
each education category). 

• Samples acquired from questionnaire or surveys, 
which can be used to retrieve the probability density 
function (PDF) of attributes and the relationships 
among attributes. 

• General relationships among attributes, standing for 
the dependent relationships among attributes, common 
sense (such as if the age of a resident is below 18, the 
marriage status will be unmarried), and mined 
scientific research achievements. 

Therefore, existing aggregated data can be summarized as 
the PDFs of attributes and relationships among attributes, 
which will be detailed in the following Section Ⅱ.B and Ⅱ.C. 

B. Variables in the model 
The attributes of samples can be divided into the 

continuous (age) and categorical (marriage) types. We choose 
the categorical type for our approach to simplify the model and 
speed up the inversion computation since any continuous 
variable can be divided into several categories. For example, 
the marriage attributes are divided into two discrete values: 
married, and unmarried, and the age attribute is divided into 
different age intervals like 0 to 4, 4 to 10, and 10 to 20 in year. 
Therefore, every optional value of an attribute can be presented 
as a string (e.g., “married”, “0-4”); no matter it originally 
belongs to continuous or categorical types. The specific value 
of continuous attribute can be obtained via randomly selecting 
value from the inversed value interval, such as 3 from “0-4” for 
the age attribute. 

In this paper, the optional values of every attribute are 
termed as domain, and every value is termed as domain 
element (a string type). The number of every domain element 
in the whole samples is termed as frequency number, and its 
proportion in the whole samples is termed as probability. For 



example, the domain of marriage attribute is {married; 
unmarried; divorced}, in which “married” is a domain element. 
The corresponding frequency number is {45; 20; 35}, which 
indicates that 45 samples are married, 20 unmarried, and 35 
divorced among 100 persons. In this way, the aggregated input 
is transformed into the domain, frequency number, probability, 
and the relationships among domain elements of attributes. 

The variables needed in the samples inversion process are 
shown as follows. N: The total number of samples; M: The 

total number of attributes; i, {1, 2,3,..., }∈i N : The ID of 

sample; j, {1, 2,3,..., }∈j M : The ID of attribute; jT
: The 

attribute type (“STR” for the string type and “NUM” for the 

numerous type); ,i ja
: The inversed value of attribute j of 

sample i (the string type); * ,{ }=N M i jA a
: The inversed 

attribute values of all samples in a two-dimensional array; 

,'i ja
: The observed value of attribute j of sample i (the 

integral, decimal or string type); * ,' { ' }=N M i jA a
: The real 

attribute values of all samples in a two-dimensional array; ,ia
: 

All the attribute values of sample i; , ja
: All the sample values 

of attribute j; jb
: The domain of attribute j (set); k: The ID of a 

domain element; ,j kb
: The kth domain element of attribute j; 

jK
: The total number of domain elements of attribute j; jP

: 
The frequency number of all the domain elements of attribute j 

(set); ,j kP
: The frequency number of the kth domain element of 

attribute j;   
p j ,k = Pj ,k / N

: The probability of the kth domain 

element of attribute j; jf
: The PDF of attribute j; jh

: The 

attribute ID that is related with attribute j; jH
: The set of 

attribute IDs that are related with attribute j; jg
: The 

relationship between attribute j and attributes jH
.  

C. Distribution analysis 
For every attribute, the type of known information is 

different, neither is the samples inversion method. Therefore, 
we classify sample attributes into several inversion types 
according to the known distribution types. Here we take the 
attribute j of N samples as an example. 

• The DA distribution type with known PDF: The 

known PDF of the attribute j is 0 0( ) ( )= = jp x x f x
 

(e.g., Gaussian, uniform), from which jK
 number of 

domain elements are sampled as 

, , ,* ( ) * ( )= = =j k j k j j kP N p x b N f b
. Then there 

are ,* ( )j j kN f b
 number of samples which equal to 

,j kb
, and the DA type is transformed into the DB type 

as ,

, , , ,
1

* ( )

( { , , , })
=

= ⋅⋅⋅
���	��
∪

j

j j k

K

j j k j k j k
k

N f b

a randO b b b

. 

• The DB distribution type with known frequency 
numbers: The inversed values of attribute j for all 
samples can be calculated as 

,

, , , ,
1

( { , , , })
=

= ⋅⋅⋅
���	��
∪

j

j k

K

j j k j k j k
k

P

a randO b b b

, where randO 
is the function for randomizing order of the inversed 
values. 

• The DC distribution type with no distribution 
information: The distribution of such attributes is 
unknown or no provided information. 

D. Relationship analysis 
Relationships among attributes can be established using 

existing known information, such as questionnaires, general 
knowledge, common sense, and statistical reports. Three types 
of relationships are established as follows. 

• The functional relationship RA: The value of one 
attribute depends on at least one other attributes as 

, ,( )
∈

= ∪
j

i j j i h
h H

a g a
, where the function jg

 can be 
either linear or nonlinear. 

• The probability relationship RB: There is a probability 

relationship between attribute j and attribute jh
 

(simplified as h). Known the frequency numbers of 
both attributes, the probability relationship can be 

expressed by the matrix *h jK KQ
. ,h jk kq

, as the basic 
element of this matrix, can be calculated 

using , , , , ,{( ) ( )}= = =∩
h j h jk k i h h k i j j kq P a b a b

, in 
which P is the probability ranging from 0 to 1 (note P 

is not jP
). The probability of each domain element 

can be calculated for each attribute of every sample 

using 

, , , ,

, ,

{ } *

 

= =

=
j h j j

h

i j j k k k j k

i h h k

P a b q p

where a b
, which takes 

two probabilities into account. The Monte Carlo 
method is used to obtain all values of attribute j for all 

samples , ja
. 

• The RC relationship type with no existing or known 
relationship. 



E. Coupling distribution and relationship to inverse samples 
Since distribution and relationship types vary from 

attributes, different methods are developed for inversing 
various attributes. Totally 9 coupled types are generated 
according to 3 types of distributions and 3 types of 
relationships as illustrated in Tab.Ⅰ . VBB and VAB both 
adopt the results of RB to compare with those of DB, and 
modify the relationship RB to fit with DB or DA. VCB, VBC, 
VAC, and VCA directly adopt the result of RB, DB, DA, and 
RA, respectively. VAA, VBA, and VCC are neglected in this 
paper because they do not exist or need not be analyzed (“NA” 
in Tab.Ⅰ ). Therefore, 9 coupled types analysis can be all 
conducted using the previous algorithms for distribution and 
relationship analysis. 

TABLE I.  THE COUPLED DISTRIBUTION AND RELATIONSHIP TYPES FOR 
SAMPLES INVERSION 

Distribution/Relationship RA RB RC
DA VAA (NA) VAB VAC 
DB VBA (NA) VBB VBC 
DC VCA VCB VCC (NA) 

If the value of attribute j is the numerous type (NUM), the 

inversed , ja
 represents a value range with ,

L
ja

 as the 

minimum value and ,
H

ja
  as the maximum value. Then the 

final inversed sample value is 

,
,

, ,

,                        " "
'

( , ),   " "
=⎧

= ⎨ =⎩

j j
L Hj

j j j

a if T STR
a

randV a a if T NUM
, where 

randV is the function for randomly (uniform) selecting values 
within the value range. 

F. Mapping inversed samples 
The inversed samples are generally stored as attributes data 

in the tabular form. Mapping the already inversed samples is 
critical for MAS which is spatial explicit. For this, an attribute 
FID needed to be added to every sample to denote the unique 
ID of the sample’s corresponding geometry in GIS, such as a 
point, line or polygon. All samples correspond to an entire 
space, and the space is formed by a number of geometries. The 
number of samples in each geometry can be speculated based 
on statistical data (e.g., the number of residents within a 
parcel). The attribute FID can meanwhile be inversed using the 
approach for non-spatial attributes by regarding FIDs of all 
samples as a probability distribution. On this basis, every 
geometry generates a point element as the spatial object for 
each sample randomly, and then the inversed samples are 
mapped via matching the samples with spatial objects. The 
inversed samples by our approach are stored as the point 
feature class in GIS, enabling the results including both the 
location and attributes information. Based on the location of 
the point for the corresponding sample, the relevant spatial 
attributes (such as accessibility and planning conditions) can be 
identified as the additional attributes for agents in MAS. 
However, we focus on the inversion approach of individual 
samples in this paper, and will not consider the relationship 
between spatial and non-spatial attributes of samples. We will 

study how to inverse individual samples with spatial attributes 
in next step researches. 

III. A CASE STUDY IN BEIJING 
We developed the Agenter (Agent Producer) model based 

on Geoprocessing of the ESRI ArcGIS family using Python for 
the proposed samples inversion approach. In this paper we 
demonstrate the model application for inversing population 
samples using the Fifth Population Census Report of Beijing in 
2000 (Beijing 5th Population Census Office and Beijing 
Municipal Statistics Bureau, 2002), which covers the whole 
Beijing Metropolitan Area (BMA). The aggregated statistical 
data in this census report ranges from age, marriage, job, 
income, ethnic, education, family, residential area, birth, and 
death, to mitigation, which provides the input data of the 
Agenter model. The inversed samples to be inversed are 
10,000. Actually the population in the BMA is far more than 
10,000, and we use this number to test and exemplify the 
model application. 

A. Data input 
An Access database illustrated is used to store the input and 

output of Agenter. The “Agents” table is the inversed samples 
using the input tables; The “Agents_spt” feature class in Point 
is the mapping results of the “Agents” table. In addition, The 
Access query module is used to validate the VBB couple type 
using inversed and statistical observed frequencies as to modify 
the RB relationship. The AgentAttrInfo table records the 
attributes inventory of samples, like their distribution type, 
relationship type, coupling type, and data type. This table 
includes 18 kinds of attribute information of population 
samples, like age, marriage status, monthly income, and 
education level. The attribute PARCEL indicates the 
corresponding parcel’s ID of population samples, and can be 
used for mapping the inversed results. The attribute “AID” 
stands for the corresponding ID of point within parcels. 

The “DA” table stores the basic information on the PDFs, 
including the name and their parameters. For example, the 
attribute INCOME accords with the Gaussian distribution, 
whose mean value is 6,000, and standard deviation is 1,000. 

The “DB_” type tables store the domain elements and their 
frequency number for related attributes. For the attribute AGE, 
its DB_ table (DB_AGE) stores every domain element in the 
NAME column and corresponding frequency number in the 
PERCENT column. 

The “RA” table stores the functional relationships among 
attributes. The “RB” table stores the inventory of probability 
relationships between two attributes. For instance, the marriage 
status (MARRIAGE) depends on the age range (AGE), and the 
living space attribute (RESIA) depends on the education level 
(EDUCATION). The detailed dependence relationship among 
population’s attributes can be obtained through the Fifth 
Population Census Report of Beijing in 2000, in which many 
tables describe the relationship between two attributes. That is, 
one attribute is divided into several intervals, the same is 
samples. Samples within each interval of this attribute are 
further divided by the other attribute interval, and the count of 



samples is provided in form of a cross matrix of two attributes 
intervals. 

The table with “RB_” records the specific probability 
relationship. The RB_AGE_MARRIAGE table in Tab.Ⅱ is the 
relationship between AGE and MARRIAGE. The column 
AGE is the ID of the attribute AGE, which denotes an age 
range. The column MARRIAGE is the probability of every 
kind of marriage status for the corresponding age range. For 
example, for people from age 25 to 29 (ID is 6), according to 
the DB_MARRIAGE table, the probability of people with the 
first marriage and having a spouse (ID is 1) is 71.9%, the 
probability of unmarried (ID is 2) 27%, the probability of 
divorced 0.6%, the probability of people remarried and having 
a spouse (ID is 4) 0.5%, and the probability of other marriage 
status is 0. 

TABLE II.  THE RB_AGE_MARRIAGE TABLE (PARTIAL) 

ID AGE(h) MARRIAGE(j) 
1 1 2 100% 
2 2 2 100% 
3 3 2 100% 
4 4 1 0.3%;2 99.7% 
5 5 1 15.3%;2 84.7% 
6 6 1 71.9%;2 27%;3 0.6%;4 0.5% 

…… …… …… 
17 17 1 60%;2 0.3%;3 0.5%;4 2%;5 37.2% 
18 18 1 50%;3 0.2%;4 2%;5 47.8% 
19 19 1 40%;4 2%;5 58% 
20 20 1 30%;4 2%;5 68% 
21 21 1 20%;4 2%;5 78% 

In addition, in order to mapping the inversed results, the 
spatial distribution layer, in which all samples are located, is 
prepared as the input of the Agenter model. In this paper, we 
use the parcel dataset of Beijing (PARCELs in Fig.1) as the 
spatial distribution layer. Since the expected inversion samples 
for testing are 10,000, which is far less than the actual 
population number in the BMA, we only choose partial parcels 
in the central city to correspond with inversed samples (see the 
grey polygon in Fig.2) rather than those in the whole BMA. 

B. Results 
The first 20 items from 10,000 inversion samples are 

shown in Tab. Ⅲ. The mapping results stored as the point 
Feature Class in ESRI Personal Geodatabase of partial inversed 
samples are shown in Fig. 2, in which every point locating in a 
certain parcel labeled in black has its corresponding 
information and can be used as the resident agent directly for 
MAS simulations. Operations like spatial analysis and statistic 
can be conducted using the mapped inversed results. 

TABLE III.  THE INVERSED RESULTS (PARTIAL SAMPLES AND 
ATTRIBUTES) 

KEY_ID AGE SEX EDUCATION PARCEL TRAVEL

1 52 Male Junior High 
School 259 Bus 

2 47 Female 
Technical 
secondary 
school 

197 Car 

3 23 Male Junior High 
School 338 Car 

4 53 Male Junior High 211 Bus 

KEY_ID AGE SEX EDUCATION PARCEL TRAVEL
School 

5 32 Female Primary school 248 Car 

6 47 Female Junior High 
School 90 Bus 

7 19 Female Primary school 51 Bus 

8 51 Male Junior High 
School 117 Bus 

9 30 Female Junior High 
School 320 Car 

10 29 Female Junior High 
School 237 Car 

 

 
Figure 1.  The spatial distribution of partial inversed samples 

C. Results validation 
• Different methods are used to validate the inversed 

results since various approaches are applied to inverse 
attributes with different coupling types of distributions 
and relationships. 

• Type VAC. For example of the attribute SEX, the 
number of inversed male samples is 5,004 and female 
is 4,996, which accord to the uniform distribution. As 
to the attribute INCOME, we use the non-parametric 
test (one-sample K-S) method supposing the inversed 
attribute INCOME accords with a normal distribution. 
The mean value is 5,993.93 (6,000 as predefined), and 
the standard deviation is 989.99 (1,000 as predefined). 
The two-tailed (Asymp. Sig. (2-tailed)) significance is 
0.657, and then the original hypothesis is accepted. 
Therefore, the attribute INCOME accords with the pre-
set PDF. 

• Type VBB. For instance of the validation of the 
attribute EDUCATION, the maximum error (21.21%) 
is from the education level of “junior middle school”, 
while other education levels are well fitted. It can be 
overall accepted. In order to improve the degree of 
fitness between observed and inversed results, given 
that the attribute EDUCATION is calculated based on 
the attribute AGE, it can be achieved through adjusting 
the VBB relationships. The validation method of the 
attribute with VAB type is the same with VBB since 
the inversion process of DA depends on that of DB. 

• VBC type. The attributes with this type of coupling 
strategy are determined by the aggregated statistical 
data, enabling it being in accordance with the original 
observed distribution. 



• Type VCA. For the attribute “TRAVEL”, the inversed 
samples completely correspond with the pre-defined 
decision tree. 

• Type VCB. The attribute of this type is not involved in 
the experiment. Theoretically, it can be 100% in line 
with the pre-set dependence relationship between the 
attributes according to the inversion approach for the 
attribute of this coupling type. 

In sum, the validation of attributes of the 10,000 inversed 
samples is in accordance with the pre-set distribution type and 
relationship type, as well as common sense. It is in accordance 
with the aggregate statistical input data, as well as the 
dependence relationship among attributes. The largest error 
rises from attributes with VBB coupling type, which is only 
limited in partial domain elements (like “junior middle school” 
of attribute “EDUCATION”). 

IV. CONCLUSIONS AND DISCUSSION 
We proposed the Agenter approach in this paper to inverse 

individual samples using aggregated data and common sense. 
The aggregated data is used to model the distribution of 
attributes as well as relationship among attribute for samples 
inversion. Totally 9 types of inversion methods incorporating 
distribution with relationship are developed using the 
aggregated data. This approach is appropriate for the data 
sparse situation, especially in China. It can make full use of 
existing statistical information, surveys, and common sense to 
inverse the attribute values of samples, which is proved to be 
accurate in statistical level. The inversed samples can be 
further mapped as the input agents for multi-agent systems. 
This approach as a primary exploration can in some degree 
solve the bottleneck problem of MAS based simulations in the 
data scarcity context. This approach is also simple and easy to 
repeat in practical applications. 

The inversed samples generated by our proposed approach 
are not the exclusive set although they obey the existing 
aggregated characteristics. When the inversed samples are 
applied in MAS simulations, we can inverse numerous pairs of 
samples, run MAS with each pair, and regard the mean result 
of all pairs of simulations as the final simulation result to 
reduce the uncertainty of applying the Agenter model for MAS 
models. In the next step, we like to retrieve the relationships 
among attributes through mining the observed statistical data, 
and update relationships for better fitness between observed 
and inversed data. Moreover, the relationship between 
samples’ common attributes (like demographic attributes) and 
spatial attributes (like the location, area, orientation, and 
planning conditions) will be investigated to improve the 
inversed samples’ quality. 

REFERENCES 
[1] Ballas D, Clarke G, 2000, “GIS and microsimulation for local labour 

market analysis” Computers, Environment and Urban Systems 24 305-
330 

[2] Beijing Fifth Population Census Office, Beijing Statistical Bureau, 2002, 
“Beijing population census of 2000” Beijing: Chinese Statistic Press (In 
Chinese) 

[3] Brown D G, Robinson D T, 2006, “Effects of heterogeneity in 
residential preferences on an agent-based model of urban sprawl” 
Ecology and Society 11(1) 46 [online] URL: 
http://www.ecologyandsociety.org/vol11/iss1/art46/ 

[4] Crooks A, 2006, “Exploring cities using agent-based models and GIS” 
CASA Working Paper No.109. Centre for Advanced Spatial Analysis, 
University College London 

[5] Crooks A, 2008, “Constructing and implementing an agent-based model 
of residential segregation through vector GIS” CASA Working Paper 
No.133. Centre for Advanced Spatial Analysis, University College 
London 

[6] Crooks A, Castle C, Batty M, 2008, “Key challenges in agent-based 
modeling for geo-spatial simulation” Computer, Environment and Urban 
Systems 32 417-430 

[7] Deadman P J, Robinson D T, Moran E, Brondizio E, 2004, “Colonist 
household decision making and land-use change in the Amazon 
rainforest: an agent-based simulation” Environment and Planning B: 
Planning and Design 31(5) 693-709 

[8] Hanaoka K, Clarke G P, 2007, “Spatial microsimulation modelling for 
retail market analysis at the small-area level” Computers, Environment 
and Urban Systems 31 162-187 

[9] Hynes S, Farrelly N, Murphy E, O'Donoghue C, 2008, “Modelling 
habitat conservation and participation in agri-environmental schemes: A 
spatial microsimulation approach” Ecological Economics 66 258-269 

[10] Langford M, Unwin D J, 1994, “Generating and mapping population 
density surfaces within a geographical information system” The 
Cartographic Journal 31 21-26 

[11] Li X, Liu X, 2007, “Defining agents’ behaviors to simulate complex 
residential development using multicriteria evaluation” Journal of 
Environmental Management 85 1063-1075 

[12] Li X, Liu X, 2008, “Embedding sustainable development strategies in 
agent-based models for use as a planning tool” International Journal of 
Geographical Information Science 22 21-45 

[13] Liao Y, Wang J, Meng B, Li X, 2010, “Integration of GP and GA for 
mapping population distribution” International Journal of Geographical 
Information Science 24(1) 47-67 

[14] Mennis J, 2003, “Generating surface models of population using 
dasymetric mapping” The Professional Geographer 55(1) 31-42 

[15] Miller J E, Hunt D J, Abraham J E, Salvini P A, 2004, “Microsimulating 
urban systems” Computers, Environment and Urban Systems 28 9-44 

[16] Orcutt G, 1957, “A new type of socio-economic system” Review of 
Economics and Statistics 58 773-797 

[17] Parker D C, Manson S M, Janssen M A, Hoffman M J, Deadman P, 
2003, “Multi-agent systems for the simulation of land use and land cover 
change: a review” Annals of the Association of American Geographers 
93(2) 314-37 

[18] Pudney S, Sutherland H, 1994, “How reliable are microsimulation 
results? : An analysis of the role of sampling error in a U.K. tax-benefit 
model” Journal of Public Economics 53 327-365 

[19] Robinson, D T, Brown D, 2009, “Evaluating the effects of land-use 
development policies on ex-urban forest cover: An integrated agent-
based GIS approach” International Journal of Geographical Information 
Science 23(9) 1211-1232 

[20] Shen Z, Yao X, Kawakami M, Koujin M, 2009, “Simulating the impact 
on downtown of large-scale shopping centre location: Integrating GIS 
dataset and MAS platform as a case study in Kanazawa city” 
Proceedings of CUPUM09 (HK) 

[21] van Sonsbeek J M, Gradus R H J M, 2006, “A microsimulation analysis 
of the 2006 regime change in the Dutch disability scheme” Economic 
Modelling 23 427-456 

[22] Wu B M, Birkin M H, Rees P H, 2008, “A spatial microsimulation 
model with student agents” Computers, Environment and Urban 
Systems 32 440-453 

[23] Zhang H, Zeng Y, Jin X, Yin C, Zou B, 2008, “Urban land expansion 
model based on multi-agent system and application” Acta Geographica 
Sinica 63(8) 869-881 (In Chinese) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


