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The concept of jobs-housing balance has been adopted as an effective way to alleviate the traffic congestion, especially inmetropolis.
Amultiobjectivemodel of residential spatial distribution (MOOMRSD) is developed in this paper to address the problem of how to
locate the housing in a reasonable way when the workplace location is given. Three objectives are integrated into the MOOMRSD
and they are (1) minimizing the average commute cost from residence to workplace; (2) minimizing the total travel time of citizens;
and (3) maximizing the aggregate utility and social benefit. In addition, a multiobjective genetic algorithm (MOGA) is proposed
to figure out a satisfactory solution to the MOOMRSD. Finally, Both MOOMRSD and MOGA are applied into two cases.

1. Introduction

The residential spatial distribution has a close relationship
with commute transport and whether the residences dis-
tribute reasonably has a significant effect on urban transport
system. Urban planners have been working on alleviating
the traffic congestion by balancing the jobs and housing and
they consider jobs-housing balance as an effective policy.
Jobs-housing balance policy is firstly proposed by Cervero
in 1989 [1] and it is defined as equivalence in the number
of jobs and the number of the residents seeking those jobs
in a certain region. The goal of such policy attempts to
address the problem of traffic jams by locating housing close
to jobs. A few studies have focused on the issue of the
jobs-housing balance. However, little paid attention to how
to balance the jobs and housing, and, in other words, the
method to locate the housing has not been widely studied.
In order to overcome this limitation, this paper proposes
a multiobjective optimization model of residential spatial
distribution (MOOMRSD) for locating the housing. Besides,
the multiobjective genetic algorithm (MOGA) is developed
to figure out the solutions to MOOMRSD.

The rest of the paper is organized as follows. Section 2
reviews the literature about the jobs-housing balance and the

factors affecting the residential location. Section 3 describes
the MOOMRSD in detail. Section 4 proposes the MOGA
which is particularly used for solving the multiobjective
optimization problems. Section 5 carries out case study and
both MOOMRSD and MOGA will be applied in two cases.
Section 6 draws a conclusion.The last section is about conflict
of interests.

2. Literature Review

This paper firstly reviews the literature about the jobs-
housing balance, and it can be found that study to date seldom
paid attention to how to locate the housing according to the
concept of jobs-housing balance.Then the paper continues to
review the factors influencing the residential location.

2.1. Study on Jobs-Housing Balance. A few studies have
focused on the issue of the jobs-housing balance. Wachs
et al. [2] investigated the jobs-housing relationship over
time. Horner and Murray [3] proposed a multiobjective
approach to improve the regional jobs-housing balance. John
Miller [4], Zhao et al. [5], and Sultana [6] analyzed the
impact of jobs-housing balance on urban commuting and
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they took Virginia, Beijing, and Atlanta metropolitan area as
example, respectively. Besides, Wang and Chai [7] employed
the structural equations model to investigate the interactions
between housing source, jobs-housing relationship, transport
mode, and commuting time in Beijing. Loo and Chow
[8] introduced a geographical approach to study the jobs-
housing balance and minimum commute under different
population structures. Giuliano [9] conducted a research
on whether jobs-housing balance was an effective solution
for traffic congestion and air pollution concerns; similarly,
Lobyaem [10] studied the effectiveness of jobs-housing bal-
ance as a strategy for reducing traffic congestion. Peng [11]
applied GIS and a piece-wise, nonlinear model to empirically
analyze the relationship between the jobs-housing ratio and
urban commuting patterns.Wu [12] provided theoretical and
empirical evidence of jobs-housing balance and examined
the applicability of jobs-housing balance ratio for different
planning purpose in local context. Ma and Banister [13] and
Layman and Horner [14] proposed methods to evaluate the
balance of jobs-housing.

2.2. Study on Factors Influencing the Residential Location.
The residential location is influenced by a few factors [2].
Workplace location and accessibility are commonly approved
to be two central factors. Waddell [15] examined the inter-
actions within single and dual-worker households between
workplace location, residential mobility, housing tenure, and
location choice. Inoa et al. [16] employed a three-level Nested
Logit model to investigate the relationship among the resi-
dential location, workplace, and job type. Waddell [17] devel-
oped a Nested Logit model of workers’ choices of workplace,
residence, and housing tenure to examine the assumption
that the choice of workplace is exogenously determined.
Rivera and Tiglao [18] developed a disaggregated residential
location choice, workplace location choice, and mode choice
for two-worker households in Metro Manila. Pinjari et al.
[19] proposed an integrated model of residential location,
autoownership, bicycle ownership, and commute tour mode
choice decisions. Ibeas et al. [20] used the Nested Logit
and Cross-Nested Logit models of residential location choice
to investigate the existence of spatial correlation between
different locations, such as workplace location. Cho et al. [21]
took Mecklenburg County, North Carolina, as example and
adopted both Conditional Logit models and Heteroscedastic
Logit models to explore the role of employment subcenters in
determining residential location decisions.

2.3. Limitations of Study to Date. Based on the above litera-
ture review, two limitations can be concluded as follows.

First, based on the review about jobs-housing balance
(Section 2.1), it is clear that previous studies concerning
jobs-housing balance mainly focused on the impact of jobs-
housing balance, evaluation of jobs-housing balance, and so
forth; seldom did researchers pay attention to how to balance
the jobs and housing, and, in other words, the method to
locate the housing has not been widely studied.

Second, on the basis of literature review regarding the
influence factors of residential location, especially the work-
place location and accessibility, it can be safely concluded
that most of previous studies focused on the relationship
between residential location and other elements, such as
workplace location and accessibility; however, the influence
factors pointed out have not been applied to analyze the
residential location.

This paper tries to overcome the limitations above and its
contributions are as follows.

To the first limitation, a multiobjective optimization
model of residential spatial distribution (MOOMRSD) is
proposed and it is used for reasonably locating the housing
and achieving the jobs-housing balance. Besides, the multi-
objective genetic algorithm (MOGA) is developed to figure
out the solutions to MOOMRSD.

To the second limitation, both workplace location and
accessibility, in this paper, will be adopted as chief factors and
used to locate the housing.That is, both of them will be taken
into consideration when modeling the MOOMRSD.

3. Multiobjective Optimization
Model of Residential Spatial
Distribution (MOOMRSD)

Jobs-housing balance aims at locating the housing reasonably.
In most cases, the residential areas have been given, which is
determined in the urban planning. So the reaming question is
howmany houses should be allocated to each residential area.
Under a few of constraints, MOOMRSD is used to figure out
the reasonable number of houses in each residential area with
several objectives. More details about the modeling process
will be given in the following sections.

3.1. Basic Assumption. It is assumed that a road network can
be simplified to weighed direct graph 𝐺 = (𝑁, 𝐴, 𝐿). 𝑁,
𝐴, and 𝐿 denote the points set, arcs set, and weight matrix,
respectively. The points set 𝑁 consists of residential and
workplace nodes; if the number of the points in the set is 𝑛,
then 𝑁 = {1, 2, . . . , 𝑛}; the arcs set 𝐴 contains arcs linking
residential nodes to workplace nodes or residential nodes to
residential nodes. An arc can be denoted as 𝑎

𝑖𝑗
= (𝑖, 𝑗, 𝑙

𝑖𝑗
),

𝑎
𝑖𝑗

∈ 𝐴, 𝑙
𝑖𝑗

∈ 𝐿, 𝑖, 𝑗 ∈ 𝑁. 𝑙
𝑖𝑗
represents the weight (length)

of arc 𝑎
𝑖𝑗
. Besides, the flows between nodes make up the 𝑂-𝐷

(Origin-Destination) matrix 𝑄 = (𝑞
𝑖𝑗

). 𝑞
𝑖𝑗
denotes the flow

from node 𝑖 and node 𝑗. 𝑂
𝑖
denotes the total generated flow

volume of residential nodes and𝐷
𝑖
denotes the total attracted

flow volume of workplace nodes. The relationship among 𝑞
𝑖𝑗
,

𝑂
𝑖
, and 𝐷

𝑖
is presented as follows:

𝑂
𝑖

= ∑

𝑗∈𝑁

𝑞
𝑖𝑗

, 𝐷
𝑗

= ∑

𝑖∈𝑁

𝑞
𝑖𝑗

. (1)

3.2. Objective Functions. MOOMRSD sets up three objec-
tives and they are as follows. (1) Objective 1 aims at minimiz-
ing the average commute cost from residence to workplace.
(2) Objective 2 aims at minimizing the total travel time of
citizens. (3) Objective 3 aims at maximizing the aggregate



Mathematical Problems in Engineering 3

utility and social benefit. Objective 1 reflects the individual
demand, while both Objective 2 and Objective 3 reflect the
overall interests of whole cities. However, Objective 2 and
Objective 3 emphasize the time and money, respectively.

More details about the above three objectives are as
follows.

Objective 1. Minimizing the Average Commute Cost from Res-
idence to Workplace. The function of Objective 1 is presented
as follows:

Min 𝑍
1

=
1

𝑁

𝑚

∑

𝑟=1

𝑛

∑

𝑠=1

𝑆
𝑟𝑠

𝑞
𝑟𝑠

s.t.
𝑛

∑

𝑟=1

𝑞
𝑟𝑠

= 𝑊
𝑠

∀𝑗 = 1, . . . , 𝑚

𝑚

∑

𝑠=1

𝑞
𝑟𝑠

= 𝐻
𝑟

∀𝑖 = 1, . . . , 𝑛

𝑞
𝑟𝑠

≥ 0 ∀𝑖, 𝑗,

(2)

where 𝑚 denotes the number of residential nodes; 𝑛 denotes
the number of workplace nodes; 𝐻

𝑟
denotes the generated

flow volume in node 𝑟; 𝑊
𝑠
denotes the attracted flow volume

in node 𝑠; 𝑞
𝑟𝑠
denotes the total travel volume from node 𝑟

to node 𝑠; 𝑁 denotes the total flow volume; 𝑆
𝑟𝑠
denotes the

travel cost from node 𝑟 to node 𝑠. 𝑆
𝑟𝑠
includes time cost and

monetary cost and it can be calculated as follows:

𝑆
𝑟𝑠

= 𝜑 (𝑡
𝑟𝑠

) + 𝛿 (𝐶
𝑟𝑠

) , (3)

where 𝜑(𝑡
𝑟𝑠

) is the function of time cost and 𝛿(𝐶
𝑟𝑠

) is the
function of monetary cost.

Assuming that the number of houses in node 𝑟 is equal to
the number of flow volume 𝐻

𝑟
, similarly, the attracted flow

volume of node 𝑠 (𝑊
𝑠
) is equal to the number of employees in

node 𝑠.

Objective 2. Minimizing the Total Travel Time of Citizens. The
function of Objective 2 is presented as follows:

Min 𝑍
2

(𝑡, 𝑞) = ∑

𝑟

∑

𝑠

𝑡
𝑟𝑠

⋅ 𝑞
𝑟𝑠

, (4)

where 𝑡
𝑟𝑠
denotes the total travel time from node 𝑟 to node 𝑠,

and it is made up of the travel time of each link 𝑡
𝑎
. 𝑡
𝑟𝑠
can be

calculate as follows:

𝑡
𝑟𝑠

= ∑

𝑎

𝑡
𝑎

⋅ 𝛿
𝑟𝑠

𝑎𝑘
, (5)

where if link 𝑎 is one part of route 𝑘 which links residential
node 𝑟 to workplace node 𝑠, then 𝛿

𝑟𝑠

𝑎𝑘
= 1; otherwise, 𝛿

𝑟𝑠

𝑎𝑘
= 0.

Objective 3. Maximizing the Aggregate Utility and Social
Benefit. Under the constraint of personal income, the citizens
make the tradeoff between housing cost and commute cost
(including time cost and monetary cost). It is assumed that
there is a linear relationship between commuters’ utility
and income. Besides, commuters who work in the same

work place have the same utility. The utility function for
commuters, who live in residential node 𝑟 and work in
workplace node 𝑠, can be calculated as follows:

𝑈
𝑟𝑠

= 𝑤 (𝑠) − 𝑝
𝑟

− 𝑆
𝑟𝑠

+ 𝜀
𝑟𝑠

, (6)

where 𝑤(𝑠) denotes the income of commuters in workplace
node 𝑠; 𝑝

𝑟
denotes the price of residential node 𝑟; 𝜀

𝑟𝑠
denotes

the random variable obeying Gumbel distribution.
Then the function of Objective 3 can be presented as

follows:

Max 𝑍
3

= ∑

𝑟

∑

𝑠

𝑈
𝑟𝑠

. (7)

Objective 3 is under two constraints and they are as
follows.

Constraint 1. From the view of sustainability, the concept
of Jobs-housing balance should be placed emphasis on, so
that the land resources can be wisely used. Jobs-housing
balance means that the commute time/distance is reasonable
and supply of houses and jobs meets the demand of citizens
well. In order to keep the jobs-housing balance, there is a
relationship among 𝑊

𝑠
, 𝐻
𝑟
, and 𝐻, and the relationship can

be presented as follows:

∑

𝑠
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𝑟

= 𝐻. (8)

Constraint 2.The sum of land rent and commute cost should
be less than income, which is presented as follows:

𝑤 (𝑠) − 𝑝 (𝑟) − 𝐶
𝑟𝑠

> 0, (9)

where 𝑤(𝑠) denotes the income; 𝑝(𝑟) denotes the land rent.
The above three objectives and their constraints are

summarized as follows:
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3.3. Traffic Assignment Model. In the MOOMRSD, traffic
flow and travel time are two basic variables which has a
significant influence on the objective values. Both of them
are calculated in the traffic assignment model. The traffic
assignment model, in this paper, firstly finds out the shortest
path for eachOD (origin-destination) pair and then loads the
traffic flow to the road network. The classical shortest path
algorithm Dijkstra is employed and the travel time is used as
the weight (cost) in the Dijkstra algorithm.

Travel time has a relationship with the traffic flow and it
can be calculated by BPR function represented as follows:

𝑡
𝑖
(𝑞
𝑖
) = 𝑡
𝑖 (0) [1 + 𝛼(

𝑞
𝑖

𝐶
𝑖

)

𝛽

] , 𝑖 = 1, 2, . . . , 𝑎, (11)

where 𝑡
𝑖
(𝑞
𝑖
) denotes the travel time on link 𝑖; 𝑡

𝑖
(0) denotes

the travel time when the link 𝑖 stays at the free flow status; 𝐶
𝑖

denotes the capacity of link 𝑖, namely, the maximum number
of vehicles passing the link 𝑖. 𝛼 and 𝛽 are retardation factors.

4. Multiobjective Genetic Algorithm (MOGA)

MOGA consists of two steps: the first step is to determine the
weight of each objective and the next step is to address the
problem by using genetic algorithm.

4.1. ObjectiveWeight. There aremultiobjectives involving the
optimization problem. To what extend does each objective
affect the optimization result should be firstly addressed.
Usually, the weight of each objective is employed to express
the contribution of each objective. The higher the weight
is, the more the objective contributes. The weight is also
used to turn the multiobjective problem into single-objective
problem. The transformation process can be presented by
(12). The objective values may vary in units and order of
magnitudes; because of this, the initial objective values should
be standardized before they are integrated into a single
objective value:

Min (Max) 𝑤
1

⋅ Obj
1

+ ⋅ ⋅ ⋅ + 𝑤
𝑖

⋅ Obj
𝑖

+ ⋅ ⋅ ⋅ + 𝑤
𝑛

⋅ Obj
𝑛
,

(12)

where Obj
𝑖
denotes the standardize value of 𝑖th objective; 𝑤

𝑖

denotes the weight of 𝑖th objective.
Then how to determine the weight of the objective is

the next question to be discussed. There are a few methods
to determine the weight, like Analytic Hierarchy Process
(AHP) [22, 23], Coefficient of Variation Method [24], Grey
CorrelationMethod [25], EntropyMethod [26], and so forth.
The AHP is adopted in this paper and the reasons are as
follows.

Firstly, the AHP is a typical method to calculate the
weights and its perfect performance has been proved. There-
fore, we can safely apply the method to the optimization
problem here.

Second, several stakeholders, such as governors, individ-
uals, and property developers, get involved in the optimiza-
tion of residential optimization. A qualified weight calcula-
tion method should take the benefits of all stakeholders into

account. In AHP, the weights are calculated based on the
score of each stakeholder, which makes the weight reflect
stakeholders’ expectation roundly.

4.2. Rank-Based Genetic Algorithm (RB-GA). An improved
genetic algorithm called Rank-Based Genetic Algorithm
(RB-GA) is employed here to search for the solution to
MOOMRSD.The difference between RB-GA and traditional
GA is in the fitness function.More details will be given during
the introduction to RB-GA. Being similar to traditional GA,
the RB-GA is also mainly made up of encoding, population
initialization, fitness function, selection, crossover, mutation,
and stop criterion. Selection, mutation, and crossover are
three kinds of genetic manipulation. The process of RB-GA
will be described step by step.

Step 1 (encoding). By encoding, the solution to the problem
is translated and placed onto the chromosome. Three typical
encoding methods are available and they are binary cod-
ing, gray coding, and real-number encoding. Real-number
encoding is adopted in the case study of this paper.

Step 2 (population initialization). In this step, a certain
number of chromosomes will be randomly generated and the
population size will be predefined. Such initial population
can be seen as the initial population based on which the
population evolves.

Step 3 (fitness function). Fitness value is used to evaluate
every chromosome in the population. During the evolution,
the chromosome with high fitness value is more likely to
be kept than the one with low fitness value. The fitness
function in RB-GA differs from the one in the traditional
GA. Traditionally, the objective value will be used as the
fitness value. However, the objective values, in multiobjective
problem, may vary in units and order of magnitudes; because
of this, the initial objective values should be standardized
before they are integrated into a single objective value.
The standardization method in RB-GA is implemented by
ranking the objective values. That is to say, three objective
values of different chromosome will be separately ranked
first, and then the fitness value is the weighted sum of the
ranking of these three objective values. Equation (13) is used
for calculating such fitness 𝑆

𝑖
:

𝑆
𝑖

=

3

∑

𝑗=1

𝑔
𝑗

𝑖
, (13)

where 𝑆
𝑖
denotes the fitness value of 𝑖th chromosome; 𝑔

𝑗

𝑖

denotes the ranking of the 𝑗 Objective of 𝑖th chromosome.

Step 4 (selection). This step will select chromosomes from
population based on the fitness value. The chromosome with
high fitness value is more likely to be kept than the one with
low fitness value, and this phenomenon can be described as
follows:

𝑤
𝑘

=
𝑆
𝑘

∑
𝐾

𝑗=1
𝑆
𝑗

, 𝑘 = 1, 2, . . . , 𝐾, (14)
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where 𝑤
𝑘
denotes the probability of 𝑘th chromosome to be

selected; 𝑆
𝑘
and 𝑆

𝑗
denote the fitness value of 𝑘th and 𝑗th

chromosome, respectively. 𝐾 is the number of the population
size.

Step 5 (crossover). Crossover, which is one type of evolution,
makes two chromosomes exchange their allelic genes. In
this way, two new chromosomes come into being. Crossover
probability 𝑝

𝑐
is proposed here to determine how many

chromosomes participate in such evolution.

Step 6 (mutation). Mutation, another type of evolution,
makes one or more genes in the chromosomes change to
another genes carrying different information. Similarly, the
mutation probability 𝑝

𝑚
is employed to ensure the number

of chromosomes taking part in the mutation.

Step 7 (stop criterion). Usually, two stop criterions are used
in the GA. One is about the maximum iteration, the other is
about the fitness value. Both of them can be predefined.

5. Case Study

The application of the MOOMRSD proposed in this paper
has significant social benefits. As discussed above, the
MOOMRSD ismainly used for locating the housing based on
the concept of jobs-housing balance. When the MOOMRSD
is applied into the urban planning, the residential spatial
distribution will be much more reasonable and citizens can
really benefit from it a lot. For example, citizens, who live
in a city that has a balance between jobs and housing, can
dramatically reduce their travel time and cost.

In order to examine the applicability of bothMOOMRSD
and MOGA, two case studies will be carried out. In Case 1,
the total number of jobs is fixed, but the capacity of each
workplace node is unlimited. InCase 2, both the total number
of jobs and the capacity of each workplace node are fixed.
A simplified road network showed by Figure 1 is used for
case study. The network is made up of 12 residential nodes, 4
workplace nodes, and direct arcs between two nodes. Besides,
the total number of jobs is set to 2000 and these jobs are in 4
workplace nodes. The length of straight line and oblique line
are set to 100 and 141, respectively.

5.1. Case 1. In Case 1, the total number of jobs is fixed,
but the capacity of each workplace node is unlimited. The
problem to be addressed is to figure out both the number
of houses in each residential node and the number of jobs
in each workplace node, which can be illustrated by Figure 2
transformed from Figure 1. It can be seen from Figure 2
that 2000 jobs will be firstly allocated to 4 workplace nodes
and then the jobs in each work node will be assigned to
12 residential nodes. Thus, the sum of jobs in 12 residential
nodes is equal to 2000. It is assumed that the number of jobs
in each residential node is equal to the number of houses;
therefore, when the number of jobs in each residential node
is figured out, the number of houses will subsequently be
determined.

1 42

121115 16

13

3

6 145

7 98 10

Workplace node

Residential node

Figure 1: Simplified road network.

O
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2000

...

...

Figure 2: Transformed road network in Case 1.

Table 1: A table filled out by a professional researcher.

Objective 1 Objective 2 Objective 3
Objective 1 1 2 4
Objective 2 0.5 1 2
Objective 3 0.25 0.5 1

5.1.1. Preparation. By using MOOMRSD and RB-GA, the
problem stated in Case 1 can be finally solved. The objective
weight, encoding approach, and the primary parameters in
RB-GA are specifically pointed out as follows.

(1) ObjectiveWeight.TheAHPmethod is adopted to calculate
the objective weight. Ten professional researchers are invited
to give the weight of these objectives. They have to fill a table
showed by Table 1. Take Table 1, for example; the research



6 Mathematical Problems in Engineering

0.1 0.1 0.1 0.1 0.10.2 0.2 0.2 0.2 0.2

Workplace
zone 1

Workplace
zone 2

Workplace
zone 3

Workplace
zone 4

0.40.3

Workplace zones

· · · · · · · · · · · ·

Figure 3: Encoding approach in Case 1.

considers that the Objective 1 is two times as important as the
Objective 2, so he fills 2 in the corresponding blank. On the
basis of the 10 tables scored by the 10 professional researchers,
the final objective weights can be calculated by averaging
the weight given by these ten researchers. The weights of
Objective 1, Objective 2, and Objective 3 are 0.2, 0.5, and 0.3,
respectively.

(2) Encoding Approach. Real-number encoding approach is
adopted here and the encoding approach in Case 1 is showed
by Figure 3. There are 52 genes on each chromosome. As for
the first four genes, they carry the information about the
weight of 4 workplace nodes. For example, the weight of first
workplace node is 0.1, so the number of jobs allocated to
it is 200 (=2000 × 0.1). The subsequent 12 genes carry the
information about the weights of 12 residential nodes linking
to the first workplace node. For instance, the weight of first
residential node is 0.1, so the number of jobs allocated to it
is 20 (=2000 × 0.1 × 0.1). Similarly, the weights information
related to rest of workplace nodes is stored in the subsequent
genes.

(3) Primary Parameters in RB-GA

(i) Population size: 200.
(ii) Maximum iterations: 200.
(iii) Minimum change of rate: 0.05.
(iv) Mutation probability: 0.01.
(v) Crossover probability: 0.01.

5.1.2. Performance Assessment. The performance of the
MOOMRSD and RB-GA in Case 1 is as follows.

(1) The Performance of MOOMRSD. Those three objectives
(average commute cost, total travel time of citizens, and
social benefit) are chosen as the parameters to assess the
performance of MOOMRSD, since they can reflect the
MOOMRSD’s ability to find out a solution meeting the
requirement of jobs-housing balance.

A comparison between the solution found out by using
MOOMRSD and 100 solutions generated randomly is carried
out. Being similar to the fitness value calculated by the
MOGA, the values of three parameters will be firstly ranked,
and then they will be integrated into the aggregate value,
which is calculated by (12). If a solution has a high aggregate
value, it can be concluded that the solution is balancing the
jobs and housing well. Figure 4 demonstrates the comparison
result. It can be seen from Figure 4 that the aggregate value of
the solution found out by using MOOMRSD is much higher
than the ones generated randomly. Therefore, it is clear that
the performance of MOOMRSD is good and MOOMRSD
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Figure 4:Comparison between solutions calculated byMOOMRSD
and generated randomly in Case 1.
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Figure 5: The average fitness value of each generation in Case 1.

was able to figure out a solution meeting the requirement of
jobs-housing balance.

(2) The Performance of RB-GA. The performance of RB-GA
is evaluated by the average fitness value of each generation.
In Case 1, the average fitness value of each generation is
demonstrated by Figure 5. It can be seen from Figure 5 that
the average fitness value grows significantly from generation
0 to 120, and then it keeps stable. That is to say, the best
solution is found out in the generation 120. Therefore, it can
be concluded that RB-GA has the ability to gradually find out
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Table 2: The number of jobs in each workplace node.

Workplace node ID WZ1 WZ2 WZ3 WZ4
The number of jobs 384 336 869 409

the best solution, and it performs well when it is applied to
solve the model of MOOMRSD.

5.1.3. Results. By using the RB-GA, the number of jobs in
each workplace node and houses in each residential node
can be simultaneously calculated. The detailed results are as
follows.

(1) The Number of Jobs in Each Workplace Node. The number
of jobs of workplace in workplace nodes 13, 14, 15, and 16
are 384, 336, 869, and 409, respectively, which is showed by
Table 2.

(2) The Number of Houses in Each Residential Node. The
number of houses in residential nodes 1 to 12 are 152, 157, 180,
128, 177, 171, 167, 172, 178, 184, 160, and 171, respectively, which
is showed by Table 3.

(3) The Objective Values. The values of Objective 1, Objective
2, and Objective 3 are 2.97 × 1010, 20307854, and 60364,
respectively.

5.2. Case 2. In Case 2, both the total number of jobs and
capacity of each workplace node are fixed. The problem to
be addressed is to figure out both the number of houses in
each residential node, which can be illustrated by Figure 6
transformed from Figure 1. It can be seen from Figure 6 that
2000 jobs have been already allocated to 4 workplace nodes
and the number of jobs of workplace nodes 13, 14, 15, and 16
are 300, 600, 400, and 700, respectively.The jobs in eachwork
node will be assigned to 12 residential nodes in a proper way,
so that the number of houses in each residential node can be
known.

5.2.1. Preparation. Being similar to Case 1, both MOOMRSD
and RB-GA are applied into Case 2 and the number of houses
in each residential node can be figured out. The objective
weight and the primary parameters in RB-GA are the same to
those inCase 1. Only theway how to encodewill be discussed.
The encoding approach in Case 2 is similar to that in Case
1. The difference between these two cases is in the weight of
workplace nodes. Briefly, there are four genes carrying the
information about the weight of workplace nodes in the front
of the chromosome in Case 1; however, there are no such
genes in Case 2. Figure 7 shows the encoding approach in
Case 2.

5.2.2. Performance Assessment. The performance assessment
in Case 2 is similar to the one in Case 1; the performance of
the MOOMRSD and RB-GA in Case 2 is as follows.

(1) The Performance of MOOMRSD. Figure 8 shows the
comparison between solutions calculated by MOOMRSD
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and generated randomly in Case 2. It can be seen from
Figure 8 that the aggregate value of the solution found
out by using MOOMRSD is much higher than the ones
generated randomly. Therefore, it also can be concluded that
the performance of MOOMRSD in Case 2 is good.

(2) The Performance of RB-GA. Figure 9 demonstrates the
average fitness value of each generation inCase 2.On the basis
of Figure 9, it is clear that the average fitness value goes up
dramatically form generation 0 to 50, and then it keeps stable.
That is to say, the best solution is found out in the generation
50. Therefore, it can be concluded that RB-GA has the ability
to find out the best solution gradually.

5.2.3. Results. By using the RB-GA, the number of houses in
each residential node can be calculated. The detailed results
are as follows.

(1) The Number of Houses in Each Residential Node. The
number of houses in residential nodes 1 to 12 are 152, 157, 180,
128, 177, 171, 167, 172, 178, 184, 160, and 171, respectively, which
is showed by Table 4.

(2) The Objective Values.The values of Objective 1, Objective
2, and Objective 3 are 2.99 × 1010, 20305991, and 60000,
respectively.
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Table 3: The number of houses in each residential node.

Residential
node ID RZ1 RZ2 RZ3 RZ4 RZ5 RZ6 RZ7 RZ8 RZ9 RZ10 RZ11 RZ12

The number
of houses 161 156 145 208 161 201 144 156 159 159 197 151

Table 4: The number of houses in each residential node.

Residential
node ID RZ1 RZ2 RZ3 RZ4 RZ5 RZ6 RZ7 RZ8 RZ9 RZ10 RZ11 RZ12

The number
of houses 152 157 180 128 177 171 167 172 178 184 160 171
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Figure 8: Comparison between solutions calculated byMOOMRSD
and generated randomly in Case 2.
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Figure 9: The average fitness value of each generation in Case 2.

6. Conclusion

The concept of jobs-housing balance is adopted to opti-
mize the residential distribution. As previous study seldom
focused on balancing the jobs and housing, as well as

applying the factors of workplace location and accessibility
to locate the housing, a multiobjective model of residential
spatial distribution (MOOMRSD) is developed in this paper.
MOOMRSD takes different stakeholders into account and
aims at optimizing the residential distribution under a few
objectives and constrains. Minimizing the average commute
cost from residence to workplace, minimizing the total travel
time of citizens, and maximizing the aggregate utility and
social benefit are there objectives in MOOMRSD. In order to
solve the model effectively and efficiently, the multiobjective
genetic algorithm (MOGA) is developed for figuring out
the solution to the MOOMRSD. In the MOGA, Analytic
Hierarchy Process is firstly applied to determine the weights
of three objectives and then the multiobjective optimization
problem can be changed into single-objective optimization
problem, which makes the solution procedure much simpler.
Besides, in order to overcome the shortcoming of traditional
genetic algorithm, the Rank-Based Genetic Algorithm is
proposed to tackle the problem of different units and order
of magnitudes of objective values. Finally, both MOOMRSD
andMOGAare successfully applied to two cases.Therefore, it
can be seen thatMOOMRSD is a qualifiedmodel for resident
spatial optimization and MOGA is an effective algorithm to
search for the solution to MOOMRSD.
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