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Abstract: The popularization and use of green buildings are of great significance for reducing the
carbon emissions of buildings and achieving sustainable development. Scientific evaluation of the
green building design scheme is the key factor in ensuring the popularization and use of green
buildings. To overcome the shortage of a systematic evaluation index system and comprehensive
evaluation method, an evaluation index system of green building design schemes and an evaluation
method based on the projection pursuit model were developed. First, according to the needs of
green building development, an evaluation index system of green building design schemes was
systematically constructed from the five aspects of the economy, the resource utilization index,
environmental impacts, technical management, and social impacts. The calculation methods of all
secondary indexes are provided in detail. Then, a novel evaluation method based on the projection
pursuit model optimized by the atomic orbital search was constructed. This method searches for
key influencing factors and determines the evaluation grade from the evaluation data structure,
and realizes the scientific and objective evaluations of green building design schemes. Finally, the
Nanchang Hengda Project was selected to conduct a detailed empirical study. The research results
show that the incremental net present value of the investment, the energy consumption of the air
conditioning system, and the ratio of the window area to the indoor area are the most important
secondary indexes. Moreover, the environmental impact index was found to be the most important
primary index. Via comparisons with different optimization algorithms and evaluation methods, the
superiority of the proposed model is proven.

Keywords: green building; evaluation of design scheme; projection pursuit model; atomic orbital
search

1. Introduction

Globally, energy resource shortages are becoming worse. In 2022, the global energy
shortage is expected to reach 9%, and the price of fossil energy is rising rapidly. More
than half of the material and water resources obtained from the natural environments of
human beings are used in the construction industry and affiliated industries, resulting
in large amounts of air pollution, water pollution, light pollution, and electromagnetic
pollution [1,2]. Moreover, the energy consumption per building area in developing coun-
tries is two to three times that in developed countries. Therefore, the reduction in energy
consumption from the construction industry and the decrease of adverse impacts on the
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environment from the construction industry are unavoidable problems that must be solved
for society to achieve sustainable development.

Green buildings, also called sustainable buildings, refers to minimizing the impact of
a building on the environment via creative structures and designs, and resource savings
during the building’s life cycle [3]. Compared to traditional buildings, green buildings
are able to make effective use of energy, water, and other resources, protect the health of
occupants, improve productivity, and reduce garbage, pollution, and biodegradability [4].
The promotion of green buildings is an important method to realize energy conservation
and emission reduction in the construction industry, and is also a key measure for the
realization of the sustainable development of society [5]. Unlike other developing coun-
tries that adopt international investment and international standards to develop green
buildings [6], almost all green buildings in China adopt domestic investment and domestic
evaluation standards for green buildings. For this reason, the research of this paper mainly
adopted China’s national norms.

The planning stage is the foundation of a project. The cost of an architectural design
scheme is less than 5% of the project cost, but it determines the purpose of more than 70% of
the project costs [7,8]. There was a lack of scientific (and effective) evaluation of the design
scheme at the design stage, so the popularization and application effects of green buildings
are not as good as expected. There are two principal reasons for this predicament. (1) The
evaluations of green building design schemes are very complicated and involve many
aspects, such as architectural engineering design, construction, and operation. A variety
of green building evaluation standards that have been issued only evaluated the design
schemed of green buildings from single dimensions, which could not effectively deal with
their complexities. (2) The evaluation of green building design schemes involves a typical
comprehensive evaluation problem. Commonly used comprehensive evaluation methods
include the analytic hierarchy process (AHP) [9], value engineering [10], matter–element
extension theory (MET) [11], the technique for order preference by similarity to an ideal
solution (TOPSIS) [12], and fuzzy comprehensive evaluation (FCE) [13]. However, these
methods are almost all qualitative analysis methods. These research methods are only
susceptible to subjective factors and cannot make full use of the evaluation data of green
building design schemes.

The projection pursuit model is a typical data-driven method that can directly obtain
the evaluation results from the structural characteristics of the evaluation data. PPM
has been successfully used in the decision support model for the bidding of construction
projects [14], group optimization–projection tracking evaluation [15], waterlogging risk
assessments of deep foundation pit engineering [16], and the calculation of the weights of
seawall safety evaluation indexes [17]. Solving the optimal projection vector in the PPM is
essential to ensuring the correctness of the calculation results. At present, meta-heuristic
optimization algorithms are often used to solve it. AOS was a new intelligent optimization
algorithm proposed in 2021 [18]. It is optimized based on some principles of quantum
mechanics and the behavior of the quantum atom model and is characterized by robust
optimization ability and a fast convergence speed. As the algorithm has just been put
forward, it has not been implemented in practical engineering.

Based on the preceding analysis, an evaluation index system and a comprehensive
quantitative evaluation method for green building design schemes were constructed in this
study. The main contributions of the thesis are as follows. (1) The economic indicators,
resource utilization indicators, environmental impact indicators, technical and management
indicators, and social impact indicators of green building design schemes were compre-
hensively considered to construct a comprehensive evaluation index system. This index
system expands the dimensions of the traditional evaluation system of architectural design
schemes, and effectively responds to the complexity of the evaluation of green architectural
design schemes. (2) Based on the projection pursuit model (PPM) optimized by the atomic
orbital search (AOS), A comprehensive evaluation model of green building design schemes
was constructed. Based on the evaluation of data structures, this model seeks the key
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influencing factors, determines the evaluation grades of green building design schemes,
and realizes the scientific and objective evaluations of green building design schemes.
(3) The Nanchang Hengda Project, different from the simulation examples used in other
studies, was selected to conduct a detailed empirical study. Insights are provided, and the
findings have engineering guidance value for related research.

The arrangement of the remaining chapters is as follows. Section 2 summarizes the
research work associated with this study. In Section 3, the evaluation index system of green
building design schemes is presented, and the data acquisition methods of all indexes
are provided in detail. In Section 4, an evaluation model based on the PPM optimized by
AOS is presented. In Section 5, the Nanchang Hengda Project is presented (to accomplish
an empirical study). In Section 6, the computational performances of classical research
methods and the proposed model are compared. Section 7 summarizes the research results
and lists the main limitations of this work.

2. Related Research

The research results related to green buildings mainly evaluated the design schemes
of green buildings from a single dimension, which could not effectively deal with their
complexities. Chen et al. [8] analyzed passive and active technologies for the reduction of
the carbon emissions of green buildings, and comprehensively evaluated various influenc-
ing factors, such as the building layout, building envelope thermophysics, and building
geometry. However, the economic rationality and other influencing factors of green build-
ings were not discussed. Meng et al. [19] constructed an evaluation index system for the
green renovation of existing buildings from the architectural dimension. Parallel to the
research results of Chen et al. [8], the evaluation index system focused on the factors related
to energy conservation and environmental protection without considering other factors.
Yuan et al. [10] analyzed the green building envelope from the perspective of economic ra-
tionality via value engineering and the building information model (BIM). Their paper was
not able to quantitatively analyze the value and function of the green building, which were
the two most important indexes of value engineering. Different from other studies, only
economic factors were considered; green buildings in relation to resource savings, protect-
ing the environment, and their influences on society were not considered. Omar et al. [20]
analyzed the practicality of green buildings from the perspective of improving the indoor
living environment. Acomea-Frimpong et al. [21] analyzed the economy of green buildings
from the perspective of macroeconomics, their research results were of great significance
to the green building industry, but lack specific engineering guidance values for green
building projects.

Qualitative methods have always been used in relevant research. This is associated
with the low credibility of research results and a large amount of quantitative data on green
building designs not being effectively used. To effectively evaluate the green performance
of building products, Huang and Wang [22] ‘set out’ from the whole life cycle of the project,
and constructed an evaluation method based on the AHP and gray relational analysis. Xu
and Sun [9] stressed the importance of developing green buildings to achieve the goal
of sustainable development and established a green building evaluation model based on
the fuzzy comprehensive evaluation. They mainly demonstrated the rationality of the
evaluation index system of green buildings but did not demonstrate the scientificity and
effectiveness of the evaluation model. The AHP, which was easily influenced by the extreme
opinions of experts, was used to calculate the index weight, so their research results were
subjective. Moreover, the FCE needed to set the membership functions artificially. Via
the decision-making trial, evaluation laboratory, and analytical network process (DANP),
Shao et al. [23] formulated an evaluation model for the development of green buildings.
DANP is a novel sociological research method but it can only use the subjective judgment of
experts instead of quantitative data. Kuo et al. [13] comprehensively utilized the fuzzy AHP
and the fuzzy transformation matrix to analyze the relevant policies of intelligent green
buildings in Taiwan, China. It was noted that the green building measures in the planning
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and design stage were superior to those in the construction or operation stage. Li et al. [11]
constructed a green building operational performance evaluation model based on the MET
and the entropy weight method. In addition, they found that the evaluation system of green
buildings was not perfect, which seriously restricted the promotion and application of green
buildings. MEF is also a classical subjective evaluation method, and the evaluation results
are easily influenced by the subjective opinions of experts. Bo et al. [7] posited that almost
all the evaluation fields of green buildings adopt qualitative analysis methods and that the
research results lack credibility. Therefore, they developed a quantitative evaluation model
via the least-squares support vector machine (LSSVM), and empirical research showed that
the LSSVM, a nonlinear modeling tool, had better evaluation accuracy.

The PPM is a typical data-driven method that can directly obtain the evaluation
results from the structural characteristics of the evaluation data. Zhang et al. [14] put
forward a PPM-based decision support model for the bidding of construction projects. The
empirical study showed that this method could meet the engineering requirements better
than the current binding decision-making methods based on the subjective evaluation of
contractors in the construction industry. To obtain information for the evaluation of the
carrying capacity of water resources from management information, Yu et al. [15] proposed
an evaluation model of group optimization–projection tracking evaluation. The chicken
swarm optimization model was compared with three other algorithms—the particle swarm
optimization (PSO) algorithm, the firefly algorithm, and the path-finding optimization
algorithm. Wu and Wang [16] effectively processed the data of the waterlogging risk
assessment of deep foundation pit engineering via PPM. PSO was utilized to solve the
complex function of the PPM, but it was not compared with the latest meta-heuristic
optimization algorithm. To improve the accuracy of seawall safety evaluation results, Lan
and Huang [17] utilized the PPM optimized by the water circulation algorithm to calculate
the weights of seawall safety evaluation indexes.

3. The Evaluation Index System of Green Building Design Schemes
3.1. Analysis of the Evaluation Factors

The traditional evaluation of architectural design mainly includes safety, economy,
applicability, and aesthetics. The evaluation of green building design schemes is also
required to consider the economy of incremental investment, saving resources, protecting
the environment, and the impact on society [7,24]. Referring to the assessment standard for
green building (GB/T 50378-2019), the Leadership in Energy and Environmental Design
building rating system established and implemented by the U.S. Green Building committee,
and the research achievements in the field of green building, the primary indexes include
the economic index (X1), the resource utilization index (X2), the environmental impact
index (X3), the technical management index (X4), and the social impact index (X5). It should
be emphasized that most of the researchers analyzed the economy of green buildings from
the perspective of macroeconomics, but a typical project was selected to analyze it from the
perspective of microeconomics, which has a clearer engineering significance.

X1 is related to the level of resource input and output benefits of green building design
schemes. The fewer resources allocated to the green design scheme, the higher the output
benefit and the better the economy. X2 is primarily used to evaluate the resource-saving,
recycling, and reuse of the design scheme, and the final harmless treatment and recycling
of wastes. X3 is used primarily to evaluate the indoor environment of each scheme. X4
includes the maturity, risk coefficient, organizational structure, and management process
in the production and construction process of green technologies adopted in the design
scheme. X5 evaluates the possible social impacts of green buildings.

3.2. Evaluation Index System

According to the analysis in Section 3.2, a comprehensive evaluation index system
of green building design schemes was constructed, as shown in Table 1. The selections of
secondary indexes were made with reference to the relevant research results, the evaluation
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standards for green building (GB/T50378-2019), and the Leadership in Energy and Envi-
ronmental Design building rating system established and implemented by the U.S. Green
Building committee. See column 4 of Table 1 for the literature basis of secondary indicators.

Table 1. The comprehensive evaluation index system of green building design schemes.

Primary Indicator Secondary Indicator Type Refs

X1: Economic Index
X11: Project cost Cost [5]

X12: Incremental NPV of investment Benefit [5,6]
X13: Incremental payback period Cost [6,25]

X2: Resource Utilization Index

X21: Rate of land use Benefit [26–28]
X22: Energy consumption of the air conditioning system Cost [29,30]

X23: Energy consumption of the lighting system Cost [31]
X24: Utilization rate of reclaimed water Benefit [32,33]

X25: Utilization rate of rainwater Benefit [32,34]
X26: Utilization rate of new wall materials Benefit [35,36]
X27: Recovery rate of construction waste Benefit [37–39]

X3: Environmental Impact Index
X31: Indoor sunshine Benefit [40,41]

X32: Ratio of the window area to the indoor area Benefit [42,43]
X33: Effect of sound insulation and noise reduction Benefit [44,45]

X4: Technical Management Index
X41: Technical difficulty of construction Benefit [46,47]

X42: Reduction of the construction period Benefit [48,49]
X43: Difficulty of project management organization Benefit [50–52]

X5: Social Impact Index
X51: Ratio of the energy consumption of the building area to the GDP Cost [53,54]

X52: Coordination between architectural modeling and regional planning Benefit [55]
X53: Effect of protecting the human environment Benefit [55]

In Table 1, a cost index indicates that the lower the index score, the better the design
scheme, while a benefit index indicates that the higher the index score, the better the
design scheme.

3.3. Definition and Data Acquisition Methods of Secondary Indicators

(1) Project cost.
The project cost (X11) is the construction cost of the whole building. The data can

be obtained by consulting the bidding documents and cost management materials of the
project. For the convenience of calculation, unless otherwise noted, the monetary unit used
in this article is million CNY.

(2) Incremental net present value (NPV) of investment.
The incremental NPV of investment (X12) is a dynamic evaluation index that reflects

the profitability of green buildings throughout their whole life cycles. The calculation
equation of this index is

X12 = (Q1 −Q2) ∗ F(P/A, i, N)− (I1 − I2), (1)

where Q1 is the difference in the annual expenditure of the green building, Q2 is the
difference of the annual expenditure of a traditional building, F is the unit price of the
expenditure in the later period of construction, I1 is the initial investment of the green
building, I2 is the initial investment of a traditional building, i the social benchmark rate of
return, and n is the year of buildings.

(3) Incremental payback period.
The incremental payback period (X13) is the time required for the investment recovery

increased by the green building design. The calculation equation of X13 is

X13 = n1 − 1 + |
n−1

∑
i=1

NCFi|/NCFn, (2)
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where n1 is the number of years in which the accumulated net cash flow has a positive
value, ∑n−1

i=1 NCFi is the present value of the accumulated net cash flow in year n− 1, and
NCFn is the present value of net cash flow in the n-th year.

(4) Rate of land use.
The higher the land utilization rate, the lower the building density, the higher the

green space rate, and the better the residents’ living experiences. The equation for the rate
of land use (X21) is

X21 = Vt/Vl ∗ 100%, (3)

where Vt is the designed and utilized land area, and Vl is the total land area.
(5) Energy consumption of the air conditioning system.
The energy consumption of the air conditioning system (X22) is the sum of the energy

consumption of heating for the whole year and the cooling and heating air condition-
ing system. The ratio of the total annual energy consumption of the heating and air-
conditioning system to the building area is the annual energy consumption of the heating
air-conditioning system. Its calculation equation is

X22 = Mt/S ∗ 100%, (4)

where Mt is the total annual energy consumption of the heating and air conditioning system
(KWh), and S is the building area.

It should be emphasized that when using Equation (4) to calculate the index score
of X22, the local outdoor meteorological parameters of each month throughout the year
should be adopted.

(6) Energy consumption of the lighting system.
The energy consumption of the lighting system (X23) is one of the main forms of

energy consumption of buildings during the operation stage. In case of poor lighting
conditions or special requirements, artificial lighting must be adopted to make up for the
shortage of natural light. The calculation equation is

X23 =
ϕ ∗ Eav

ηs ∗U ∗ K′
, (5)

where ϕ is the lamp efficiency, Eav is the average illuminance, (lm/m2), ηs is the average
lighting efficiency of the light source (including the ballast) in the room (lm/w), U is the
utilization coefficient, and K is the maintenance factor.

(7) Utilization rate of reclaimed water.
Reclaimed water utilization is one of the main measures by which to save water

in green buildings. From the economic perspective, the cost of reclaimed water is the
lowest, and from the environmental perspective, sewage recycling is helpful for improving
the ecological environment and the realization of a virtuous cycle of water ecology. The
calculation equation of the utilization rate of reclaimed water is

X24 =
Wm

Wl
∗ 100%, (6)

where Wm is the designed usage of the reclaimed water, and Wl is the total design amount
of water. For the convenience of calculation, all units of water consumption in this study
are m3.

(8) Utilization rate of rainwater.
Rainwater collection and utilization design are other important measures for the

sustainable utilization of water resources. The calculation equation of the utilization rate of
rainwater (X25) is

c =
Wr

Wl
∗ 100%, (7)

where Wr is the rainwater utilization and Wl is the total design water consumption.
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(9) Utilization rate of new wall materials.
The use of new wall materials can effectively reduce environmental pollution, reduce

production costs, increase the use area of houses, reduce the weight of buildings themselves,
and help to resist earthquakes. The calculation equation of X26 is

X26 =
Ut

Ul
∗ 100%, (8)

where Ut is the wall volume using new wall materials and Ul is the total wall volume, the
units of which are both m3.

(10) Recovery rate of construction waste.
In the design of green buildings, the disposal of waste generated during the construc-

tion process and the site cleaning in the later stage of construction should be planned,
and the requirements of recycling should be met. This indicator can be measured by the
recovery rate of construction waste:

X27 =
Gr

Ga
∗ 100%, (9)

where Gr is the total weight of the designed recycled building materials, and Ga is the
estimated total weight of the waste building materials. For the convenience of calculation,
all units of weight in this study are T.

(11) Indoor sunshine.
Building sunshine is very important for people’s psychological and physiological

health. The indoor sunshine design of green buildings should conform to the current
national standards, and the sunshine quality cannot be analyzed simply via the sunshine
spacing coefficient. The measurement standard should include the sunshine time and
sunshine quality. The test standards of these two indicators can be made with reference to
the relevant provisions in the code for the planning and design of urban residential areas
(GB 50180). The evaluation method is based on design drawings and sunshine simulation
calculation, and a comprehensive score is used to obtain the score of X31.

(12) Ratio of the window area to the indoor area.
Good natural ventilation design can improve the indoor air quality and thermal

environment to the maximum extent in the mode of zero energy consumption. Active
ventilation with induced airflow should be adopted in green building design. The ratio of
the window area to the indoor area (X32) is used to describe the ventilation performances
of green buildings:

X32 =
Ac

Ad
∗ 100%, (10)

where Ac is the area of the side window opening, and Ad is the floor area of the room. The
unit is m2.

(13) Effect of sound insulation and noise reduction.
Green buildings should control the indoor background noise level, and reasonable

arrangements should be made for building partitions and space functions during design.
According to the design drawings, simulation experiments of air and sound insulation and
impact sound insulation were carried out to measure and calculate the sound insulation
and noise reduction effect, after which a comprehensive score was assigned. Please see
the code for the design of the sound insulation of civil buildings (GB50118-2010) for the
calculation rules of this indicator.

(14) Technical difficulty of construction.
Due to the preliminary application of green building construction technology, it is

necessary to evaluate its difficulty and safety reliability. As there are many kinds of
construction technologies, a comprehensive qualitative index was selected. The index data
of all qualitative indexes used in this study were obtained by questionnaire survey.

(15) Reduction of the construction period.
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The construction period is an index reflecting the quality of engineering construction
management from the perspective of construction speed. The reasonable planning/design
of the construction period is a key point that the construction party pays attention to. The
calculation equation of the reduction of the construction period is

X42 =
Bx

By
∗ 100%, (11)

where Bx is the saved time limit and By is the planned time limit. The unit of Bx or By
is days.

(16) Difficulty of project management organization.
To ensure the quality of green buildings, a reasonable organizational structure and

management process should be planned. A comprehensive qualitative index is selected
because of the complexity of project management,

(17) Ratio of the total energy supply of green building projects to the GDP.
The energy consumption of the building area per GDP (X51) reflects the energy utiliza-

tion efficiency of green building projects. It is an index of energy utilization efficiency. The
calculation equation of this index (X51) is

X51 =
Bt

Pt
∗ 100%, (12)

where the unit of X51 is one ton of standard coal/10,000 CNY, Bt is the total energy
consumption, the unit of which is tons of standard coal, and Pt is the gross production
value of the green building project, the unit of which is 10,000 CNY.

(18) Coordination between architectural modeling and regional planning.
The external shape design of green buildings should be coordinated with the sur-

rounding environment, regional history, and regional control construction planning. This
index is a qualitative comprehensive index.

(19) Effect of protecting the human environment.
Because regional architecture can be regarded as a manifestation of regional history

and culture in material form, the elements of the regional development of architecture
include the traces of the continuation of history in the transformation of traditional archi-
tecture and the indicators of the effects of the protection and development of new buildings
on the surrounding human environment. This index is a qualitative comprehensive index.

4. The Proposed Evaluation Model of Green Building Design Schemes

According to the general paradigm of systematic evaluation research, the proposed
evaluation model of green building design schemes includes the following four parts:
(1) data collection and preprocessing, (2) building the PPM for the evaluation of green
building design schemes, (3) calculating the best projection vector of the PPM by AOS,
and (4) constructing the mapping relationship between the best projection value and the
evaluation grade via the interpolation method.

4.1. Data Collection and Preprocessing

Step 1. Formulate the evaluation grading standards of all secondary indicators.
According to the definitions of the 19 secondary indicators, the practical needs of

green building design evaluation, the requirements of relevant policy documents and
specifications, and the grading standards of all secondary indexes were formulated.

Step 2. Obtain the evaluation standard sample set X1.
There are few green building projects in China, and it is difficult to obtain a large

amount of data by analyzing the existing engineering cases. Therefore, via random sam-
pling in each evaluation grade interval of each secondary index, enough evaluation stan-
dard sample data were generated, and the evaluation standard sample set X1 was formed.
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Moreover, the evaluation grade Y = (y1, y2, · · · , y(p ∗ n))T of each standard sample in X1
is known.

Step 3. Obtain the evaluation sample set X2 of the object to be evaluated.
According to the data acquisition method of each secondary index given in Section 3.3,

the data of each secondary index of the object to be evaluated was acquired, and the
evaluation sample set X2 was formed. The elasticity grade of each evaluation sample in X2
is to be solved.

Step 4. Normalize the data.
Due to the complexity of the evaluation of green building design schemes, there are

great differences between the secondary index data and their measurement units, increasing
the workload of subsequent optimization calculations. Therefore, Equation (13) or (14)
was adopted to normalize all of the data:

Benefit index [16]:

x∗ij =
xij −min(xj)

max(xj)−min(xj)
, (13)

Cost index [16]:

x∗ij =
max(xj)− xij

max(xj)−min(xj)
, (14)

where x∗ij is the normalized result, xij is the original data, and max(xj) and min(xj), respec-
tively, represent the maximum and minimum values of the j-th index.

4.2. Building the PPM for the Evaluation of Green Building Design Schemes

Step 5. Projection from a high-dimensional space to a low-dimensional space. After
data preprocessing, the sample data X∗ = [x∗ij] were projected to the low-dimensional
space [56]:

Z(i) =
d

∑
j=1

c(j)x∗ij, (15)

where Z(i) is the projection of sample data in the low-dimensional space, c(j) is the
projection direction, and d is the dimension of the projection vector and the number of
secondary indicators.

The following projection index function is selected [57]:

Q(C) = LZ HZ, (16)

where LZ is the standard deviation of all data in low-dimensional space, and HZ is the local
density of all data in low-dimensional space.

LZ and HZ were obtained by Equation (17) [56,57]: LZ =

√
∑l

i=1(Z(i)−E(Z))2

l−1

HZ = ∑l
i=1 ∑l

j=1(R− v(i, j)) ∗ t(R− v(i, j))
, (17)

where E(Z) is used to represent the average value of Z(i) of each sample, v(i, j) is the
distance between the projection values of the i-th and j-th samples, v(i, j) = |Z(i)− Z(j)|,
and R is the local density window parameter, the value of which is generally taken as
0.2Lz. Moreover, t(R− v(i, j)) is a unit jump discrete function, and its value is related to
the magnitude of R− v(i, j).

Step 6. Construct the best projection function.
The following optimal projection functions were constructed [56].{

Max : Q(C) = LHz

st. ∑d
j=1 c2(j) = 1 , (18)
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Equation (18) is a typical nonlinear optimization problem, and AOS is chosen to solve
it. The square of each element in the obtained best projection vector is the objective weight
of the corresponding index, and the best projection value reflects the ranking of different
methods to be evaluated.

4.3. Title

The core idea of AOS is to simulate the transfer process of electrons outside the
nucleus between high- and low-energy states. Electrons can always find a suitable orbit
according to their excitation energy, so this algorithm has a good global search ability and
fast convergence ability. The main steps of using AOS to calculate the best projection vector
can be summarized as follows.

Step 7. Set the calculation parameters of the AOS algorithm.
The AOS algorithm requires the setting of the maximum number of generations, the

maximum number of initial candidates, the maximum number of layers around the nucleus,
and the photon rate for the position determination of electrons.

Step 8. Initialize the model.
The model was initialized via random initialization [18]:

xj
i(0) = xj

i,min + Rand ∗ (xj
i,max − xj

i,min), (19)

where i = 1, 2, · · · , m, j = 1, 2, · · · , d, xj
i(0) is the initial position of the candidate solution,

xj
i,max and xj

i,min are, respectively, the maximum and minimum bounds of the j-th decision
variable of the i-th candidate solution, and Rand is a uniformly distributed random vector
in the range of [0, 1].

Step 9. Calculate the fitness.
In AOS, the energy state of each electron is regarded as the objective function value.

Therefore, the fitness value Xk of all candidate solutions is given as follows [18]:

Xk =



Xk
1

...
Xk

i
...

Xk
p


=



x1
1 · · · xj

1 · · · xd
1

...
. . .

...
. . .

...
x1

i · · · xj
i · · · xd

i
...

. . .
...

. . .
...

x1
p · · · xj

p · · · xd
p


, (20)

where i = 1, 2, · · · , p, j = 1, 2, · · · , d, k = 1, 2, · · · , n, Xk
i is the i-th candidate solution in the

k-th virtual layer, n is the maximum number of virtual layers created, p is the total number
of candidate solutions in the k-th virtual layer, and d is the problem dimension.

Then, the objective function value is Ek = [(Ek
1 · · · Ek

i · · · Ek
p)]

T , where Ek
i is the objec-

tive function value of the i-th candidate solution in the k-th virtual layer.
According to the law of electron transition, the electron with the lowest energy level

(LEk) in each electron orbit is the best. Then, the binding state (BSk) of the candidate
solutions and the binding energy of the atoms in each virtual layer are as follows [18]: BSk =

∑
p
i=1 xk

i
p

BE = ∑m
i=1 Ei
m

, (21)

where i = 1, 2, · · · , p, k = 1, 2, · · · , n, Xi is the position of the i-th candidate solution in the
atom and Ei is the objective function value of the i-th candidate solution in the atom.

Step 10. Update the location.
The interaction with the electron nucleus is complicated and can be divided into

three types.
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(1) Emitting photons with β and γ energies. The mathematical equation of the position
update process is as follows [18]:

Xk
i+1 = Xk

i +
αi ∗ (βi ∗ LE− γi ∗ BS)

k
, (22)

where i = 1, 2, · · · , p, k = 1, 2, · · · , n, Xk
i , and Xk

i+1 are, respectively, the current and future
positions of the i-th candidate solution in the k-th layer, LE is the candidate solution with
the lowest energy level in the atom, and the elements in αi, βi, and γi are random numbers
of (0,1).

(2) Absorbing photons with β and γ energies. The mathematical equation of the
position update process is as follows [18]:

Xk
i+1 = Xk

i + αi ∗ (βi ∗ LEk − γi ∗ BSk), (23)

where LEk is the candidate solution of the lowest energy level in the k-th layer and BSk is
the binding state of the k-th layer.

(3) There is almost no strong interaction between electrons and nuclei. The mathemati-
cal equation of the position update process is as follows [18]:

Xk
i+1 = Xk

i + ri, (24)

where each element of ri is a random number of (0, 1).
Step 11. Determine whether AOS meets the convergence condition.
We judge whether the current iterative calculation could meet the conditions (accord-

ing to the preset convergence conditions). If the convergence condition of the minimum
calculation error is met, it indicates that the AOS algorithm has found the optimal solution
for the PPM, and can terminate the iterative update and enter Step 12. If the preset con-
vergence condition is not met, Step 19 is repeated to calculate the fitness function value of
each particle.

Step 12. Output the optimal solution.
The output optimal solution includes the optimal projection direction C∗ and the

optimal projection value Z(i) of the calculation set.
Each element in the best projection direction C∗ is squared, which is the objective

weight of the corresponding secondary index.

4.4. Developing a Mathematical Evaluation Model via the Interpolation Method

Step 13. Develop the interpolation model.
The function mapping relationship between the projected value Z1(i) of the standard

sample set and its preset evaluation grade Y1(i) can be constructed by interpolation [16].

Y = f (Z1), (25)

Step 14. Determine the evaluation level.
By introducing the projection value Z2(i) of the evaluation object into Equation (25),

the evaluation grade can be quantitatively obtained.

4.5. The Implementation of the Proposed Model

The proposed model is shown in Figure 1.
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Figure 1. The flow chart of the proposed model.
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5. Case Study
5.1. Engineering Background

The Nanchang Hengda Project is located in Nanchang, Jiangxi Province, China. The
land area of this project is 85,644.00 m2, the total construction area is 297,106.02 m2, and the
green space rate is 30%. The project was established on 30 June 2017 and completed on 30
June 2020.

The investment in green buildings was 128 million CNY, and the incremental cost
of green buildings was 21 CNY/m2. The dynamic payback period of green building
investment is about 10 years.

In the green building design scheme of this project, hollow glass with a heat transfer
coefficient of 2.7 W/m2·K was selected for external insulation design, and a split air-
conditioning design was adopted. The thermal performance of the envelope was improved
by about 15%, the energy consumption of air-conditioning was reduced by about 5%, and
tricolor, high-efficiency, straight-tube fluorescent lamps, and energy-saving downlights
were selected for lighting. The ‘sanitary’ adopted a water-saving design, and the water
efficiency reached level 2. The landscaping design in the residential area adopted a sponge
city construction concept, and measures (such as low-potential green space and an ecologi-
cal retention system) were adopted to reduce the runoff coefficient from 0.9 to about 0.3.
The evaluation result based on the code for the planning and design of urban residential
areas (GB 50180) was grade II.

According to the evaluation model of green building design schemes put forward in
Section 4, a step-by-step empirical analysis of this project was subsequently conducted.

5.2. Data Collection and Preprocessing

Step 1. Formulate the evaluation grading standards of all secondary indicators.
According to the definition of each secondary index of green building design scheme

evaluation, the practical requirements of the green building design scheme evaluation
management, and the assessment standard for green building (GB/T 50378-2019), the
grading standards of all secondary indexes were formulated, as shown in Table 2.

Table 2. The evaluation grade division of the empirical research objects.

Secondary
Indicator Unit I II III IV

X11 Million CNY [100, 200] [75, 100) [50, 75) [0, 50)
X12 Million CNY [0, 5) [5, 10) [10, 20) [20, 50]
X13 Year [20, 50] [10, 20) [5, 10) [0, 5)
X21 % [75, 100] [50, 75) [25, 50) [0, 25)
X22 kWh/m2 [65, 85] [45, 65) [25, 45) [0, 25)
X23 W/m2 [8, 10] [5, 8) [3, 5) [0, 3)
X24 % [0, 10) [10, 20) [20, 30) [30, 50]
X25 % [0, 10) [10, 20) [20, 30) [30, 50]
X26 % [0, 5) [5, 10) [10, 20) [20, 30]
X27 % [0, 10) [10, 20) [20, 30) [30, 50]
X31 - [0, 5) [5, 10) [10, 15) [15, 20]
X32 % [0, 25) [25, 50) [50, 75) [75, 100]
X41 - Difficult [0, 25) Simple [25, 50) Very simple [50, 75) Simplest [75, 100]
X42 % [0, 10) [10, 15) [15, 20) [20, 30]
X43 - Difficult [0, 25) Simple [25, 50) Very simple [50, 75) Simplest [75, 100]

X51

Ton of standard
coal/ten thousand

CNY
[1, 1.5] [0.75, 1) [0.5, 0.75) [0, 0.5)

X52 - Average [0, 25) Harmonious [25, 50) Very harmonious [50, 75) Most harmonious [75, 100]
X53 - Partially effective [0, 25) Effective [25, 50) Very effective [50, 75) Most effective [75, 100]

As the case in this paper came from China, the Chinese standard was used instead
of the international standard when evaluating the standard division. The case study in
this paper does not have global scalability, while the evaluation index system for the green
building and the evaluation model based on the projection pursuit had global scalability.

In Table 1, ‘I’ means that the index reaches the basic level in the assessment standard for
green building (GB/T 50378-2019), which means that this project only meets the minimum
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requirements of green building evaluation. ‘II’ indicates one star in the assessment standard
for green building (GB/T 50378-2019), ‘III’ indicates two stars in the assessment standard
for green building (GB/T 50378-2019), and ‘IV’ indicates three stars in the assessment
standard for green building (GB/T 50378-2019).

Step 2. Obtain the evaluation standard sample set X1.
According to the evaluation grading standards of all secondary indicators in Table 2,

250 standard evaluation objects in the grade intervals of I, II, III, and IV were randomly
sampled, and the standard sample set X1 = [xij]100019 was obtained.

The evaluation grade Y1 = (y1, y2, · · · , y1000)T of each standard evaluation object in
the standard sample set is known.

Step 3. Obtain the evaluation sample set X2 of the Nanchang Hengda Project.
According to the data acquisition methods of all secondary indicators presented in

Section 3.3, the evaluation data X2 = [xij]1×19 of the empirical research object were obtained,
as shown in Table 3. The qualitative indicators were obtained by inviting 20 experts to score.
The questionnaire results of 20 experts all passed the reliability and validity tests [58].

Table 3. The evaluation data and normalized results of the empirical research objects.

Secondary Indicator Original Data Normalized Data Secondary Indicator Original Data Normalized Data

X11 128 0.640 X31 8 0.400
X12 7.25 0.145 X32 30.43 0.304
X13 9.33 0.187 X33 45.5 0.455
X21 70 0.700 X41 72 0.720
X22 57.5 0.676 X42 12 0.400
X23 4.12 0.412 X43 65 0.650
X24 18.76 0.375 X51 0.661 0.441
X25 12.57 0.251 X52 45 0.450
X26 28.02 0.934 X53 55.5 0.555
X27 13.47 0.269 - - -

The technical difference in construction (X41) was used as an example to illustrate
the data acquisition process of qualitative indicators. Because of the complexity and
novelty of green building construction technology, a comprehensive qualitative index was
selected to describe the influence of construction difficulty of green building construction
technology on the green building design schemes. Generally speaking, green building
construction technology included the new technology of foundation pit support (X1

41), the
concrete technology (X2

41), the steel bar and connection technology (X3
41), the formwork and

scaffold technology (X4
41), the building energy savings and new wall application technology

(X5
41), the building waterproofing technology (X6

41), the technology of steel structure (X7
41),

the integral installation technology of large components and equipment (X8
41), and the

computer application and management technology (X9
41).

Twenty experts scored the technical difficulties of green building constructions adopted
in certain projects. The scoring table is shown in Table 4. Columns 2–5 of the Table 4 are
language descriptions of different evaluation levels of various construction technologies,
and the data in column 6 is the scoring result of the first green building project by the
first expert.
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Table 4. Difficulty coefficient table of green building construction technology.

Typical
Technology

I II III IV
Score

Difficult [0, 25) Simple [25, 50) Very Simple [50, 75) Simplest [75, 100]

X1
41

The supporting system is
very complicated,

construction amount is
very large.

Supporting system is
complex, construction

amount is large.

Supporting system is
simple, construction
amount is general.

The supporting system is
very simple, construction

amount is small.
30

X2
41

Concrete pouring and
curing are very difficult,

quality is difficult to
control.

Concrete pouring and
curing are difficult, quality

is difficult to control.

Concrete pouring and
curing are not difficult,

quality is easy to control.

Concrete pouring and
curing are easy, there are

almost no quality
problems.

75

X3
41

Many kinds of steel bars
and complicated

connections.

Many kinds of steel bars,
connections are not too

complicated.
A few kinds of steel bars,
connections are simple

Few kinds of steel bars,
connections are very

simple.
85

X4
41

The template system is too
large and the security risk

is high.

The template system is
huge and the security risk

is high.

The template system is
simple and the security
risks are controllable.

The template is very
simple and the security

risks are completely
controllable.

75

X5
41

The construction is very
difficult, quality is very

difficult to control.

The construction is
difficult, quality is difficult

to control.

The construction is simple,
quality is simple to control.

The construction is very
simple, quality is very

simple to control.
60

X6
41

Waterproof and pipe
network structures are

very complex.

Waterproof and pipe
network structures are

complex.

Waterproof and pipe
network structures are

simple.

Waterproof and pipe
network structures are

very simple.
20

X7
41

Many kinds of steel
members, and the
connection is very

complicated.

Many kinds of steel
members, and the

connection is complicated.

A few kinds of steel
members, and the

connection is simple.

Few kinds of steel
members, and the

connection is very simple.
25

X8
41

Too many high-altitude
hoisting operations.

High-altitude hoisting
operations.

High-altitude hoisting
operations.

Few high-altitude hoisting
operations. 45

X9
41

Building information
modeling (BIM) is not

applied.

BIM technology is initially
applied.

BIM technology is
acceptably applied.

BIM technology is deeply
applied. 80

Averaging the nine scores in column 6 of Table 4 is the scoring result of the first green
building project by the first expert of X41.

Step 4. Normalize the data.
Equations (13) and (14) were used to normalize the original evaluation data in Table 3,

and the calculation results are reported in Table 3.

5.3. Building the PPM for the Evaluation of Green Building Design Schemes

The normalized 1000 standard sample sets and the evaluation data of empirical
research objects obtained in Section 5.2 were substituted into a self-compiled program
for calculation.

According to previous research results, the parameters of the AOS algorithm were
set as follows: the maximum number of generations was 150,000, the maximum number
of initial candidates was 25, the maximum number of layers around the nucleus was 5,
and the photon rate for the position determination of electrons was 0.1. In this study, the
population size and the upper limit of the number of iterative optimization calculations
were larger to ensure that the optimal solution could be found.

The convergence curve of the AOS algorithm after program calculation is shown in
Figure 2.

As can be seen from Figure 2, according to the optimization calculation process of
AOS, the best projection vector was quickly found within about the 130th iteration. The
calculation process of AOS was tracked in detail, as presented in Table 5.
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Figure 2. The convergence curve of the AOS algorithm.

Table 5. The partial iterative calculation process of AOS.

Iteration (n) Fitness (n − 1) Fitness (n) Fitness (n)–Fitness (n − 1) Result

126 59.23787871 59.23787871 0 < 0.00001 Continue
127 59.23787871 59.23800214 0.00012343 > 0.0001 Continue
128 59.23800214 59.23800214 0 < 0.0001 Continue
1000 59.23800214 59.23800214 0 < 0.0001 Stop

As can be seen from Figure 2 and Table 5, the AOS algorithm reached the minimum
calculation error requirement in the 127th optimization and found the best projection
vector. Recalculation was carried out 100 times, and the AOS algorithm found the best
projection vector after 131.54 rounds of optimization, on average. Among these 100 repeated
calculations, the best result of AOS was that it successfully found the best projection vector
in 103 generations.

The optimal projection direction was a∗, and the 19 elements in a∗ correspond to the
19 secondary indicators. Squaring the values of the 19 elements in a∗ provides the weight
calculation results of the 19 secondary indicators, as reported in Table 6.

Table 6. The weight calculation results of the secondary indicators.

Secondary
Indicator

Corresponding
Element Weight Ranking Secondary

Indicator
Corresponding

Element Weight Ranking

X11 0.2610 0.0681 6 X31 0.1747 0.0305 17
X12 0.3207 0.1029 1 X32 0.2764 0.0764 3
X13 0.2175 0.0473 11 X33 0.1713 0.0293 18
X21 0.2138 0.0457 12 X41 0.2652 0.0703 5
X22 0.2800 0.0784 2 X42 0.2204 0.0486 9
X23 0.2702 0.0730 4 X43 0.2411 0.0581 7
X24 0.1372 0.0188 19 X51 0.1931 0.0373 15
X25 0.2346 0.0550 8 X52 0.1990 0.0396 14
X26 0.1778 0.0316 16 X53 0.2034 0.0414 13
X27 0.2181 0.0476 10 - - - -

The weights of the first-level indexes can be obtained by summing the weights of the
second-level indexes under each first-level index. After calculation, the weights of the five
first-level indicators are as follows 0.2183, 0.3502, 0.1362, 0.1771, and 0.1183.
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Among the secondary indexes, X12, X22, and X32 had the largest weights. Connecting
with the green design practice of architectural engineering, this result had good interpretability.

Green building design is considered as adding a green building design to traditional
building design. This part often increases the initial total investment of the construction
project but reduces the use cost of the building in the operation stage. From the research
field of microeconomics, the incremental NPV of investment (X12) could well characterize
this imbalance. In engineering practices, the incremental NPV of investment, which shows
the economic rationality of the green building design scheme, is the most important factor
for the owner to decide on the green building design scheme. Therefore, it can be explained
that the weight of X12 ranked first.

Energy consumption of the lighting system and air conditioning system (X22) are the
main types of energy consumption in the building operation stage. The air conditioning
system uses more power, accounting for about 65% of the total energy consumption [59],
which is also the main operating cost of the building. X22 also reflects the thermal insulation
performance of walls, the design of the thermal insulation performance of buildings, and
other factors. Therefore, it is reasonable that the index weight of X22 is very large.

The ratio of the window area to the indoor area (X32) is a contradictory indicator. The
larger the value of X32, the more the area of windows in this design. In the operation stage
of a building, the energy consumption lost through windows is about 50% of the total
energy consumption of the building [60,61]. Therefore, with the increase of X32, the cost
of the building construction and the energy consumption of the air conditioning system
would obviously increase. Meanwhile, the larger the window area, the better the living
experience of building users. Therefore, the unbiased ratio of the window area to the
interior area is the key point of the design scheme decision and evaluation.

5.4. Developing a Mathematical Evaluation Model via the Interpolation Method

The best projection value of 1000 sample sets calculated in Section 5.2 was taken as the
independent variable, and the preset evaluation level of 1000 sample sets was taken as the
dependent variable. The function image was drawn and is presented in Figure 3.

Figure 3. The map of the evaluation grade and the best projection value.
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Using the piecewise linear interpolation algorithm, the mathematical evaluation model
of the empirical research object is constructed as follows.

Y =



1 z ≤ 0.915
1 + z−0.915

1.693−0.915 0.9147 < z < 1.693
2 1.693 ≤ z ≤ 2.303

2 + z−2.303
2.979−2.303 2.303 < z < 2.979

3 2.979 ≤ z ≤ 3.611
3 + z−3.611

4.192−3.611 3.611 < z < 4.192
4 z ≥ 4.192

, (26)

The best projection value of the empirical research object was found to be 4.4571.
By introducing 2.451 into Equation (26), the Y of the case in this paper was 2.219. So
the evaluation grade of this project was found to be between grade II and grade III. The
evaluation results of the proposed model were basically consistent with those based on
national standards. However, the model proposed in this paper had better resolution, and
could clearly and accurately define the evaluation grade of the design scheme.

6. Discussion
6.1. Computational Performance of Different Optimization Algorithms

To verify the computational performance of the AOS algorithm selected in this paper,
two classical meta-heuristic optimization algorithms, PSO and GA, were selected for
comparison and verification. See [15,62] for calculation parameters of the PSO and the
GA. All three algorithms have been repeatedly calculated 100 times in the same running
environment. The calculation results of the three algorithms are shown in Table 7.

Table 7. Computational performance of different optimization algorithms.

Computational Performance AOS PSO GA

Computation speed
Best result 107th 132th 174th

Average result 131.54th 197.39th 284.08th
Worst result 154th 274th 402th

Stability
Variance of the fitness 0.0000074 0.0000684 0.0001974

Variance of maximum projection value 0.0000120 0.0000769 0.0001026
Variance of optimal projection vector 0.0000032 0.0000107 0.0000184

In Table 7, in terms of computational performance, AOS found the best projection
value of the case study object in 131.54 generations on average, while PSO and GA found
the best projection values at 197.39 and 284.08, respectively. In terms of computational
stability, the three variances of AOS were smaller than those of PSO and GA.

Therefore, AOS had better computing performance than PSO and GA. This was similar
to the previous research results [18]. However, these research results proved the superiority
of this method by solving classic simulation examples. In this paper, the method was
applied to specific engineering data, and the analysis of engineering data proved that the
method had better computational performance than the PSO and the GA.

In addition, in this case study, the computational performance of PSO is slightly better
than that of GA. This is similar to the previous research results [63–65], which proved the
correctness of the calculation results in this section.

6.2. Computational Performance of Different Evaluation Methods

To verify the advancement of the evaluation method proposed in this paper, three
classical methods (the AHP [9], the TOPSIS [12], and the FCE [13]) were used for compara-
tive analysis.

The 20 experts who determined the scores of qualitative indicators in Section 5.2 were
randomly divided into four groups, and the four groups of experts scored the importance
of each indicator. The weight calculation results based on the AHP were shown in Table 8.
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Table 8. The weight calculation results of the four groups of experts are based on AHP.

Secondary
Indicator

Group 1 Group 2 Group 3 Group 4

Weights Rankings Weights Rankings Weights Rankings Weights Rankings

X11 0.0522 9 0.0580 9 0.0193 16 0.0407 11
X12 0.0821 3 0.1100 1 0.0852 3 0.1222 2
X13 0.0431 13 0.0854 4 0.0338 13 0.0832 4
X21 0.0364 16 0.0530 11 0.0449 11 0.0317 13
X22 0.0919 1 0.1040 2 0.1080 1 0.1279 1
X23 0.0372 14 0.0547 10 0.0470 10 0.0925 3
X24 0.0541 8 0.0505 12 0.0285 15 0.0342 12
X25 0.0899 2 0.0643 6 0.0323 14 0.0279 15
X26 0.0745 4 0.0324 13 0.0562 9 0.0311 14
X27 0.0665 6 0.0706 5 0.0870 2 0.0228 17
X31 0.0498 10 0.0992 3 0.0625 8 0.0448 9
X32 0.0659 7 0.0151 17 0.0175 17 0.0200 18
X33 0.0258 18 0.0180 15 0.0705 7 0.0439 10
X41 0.0445 12 0.0588 8 0.0375 12 0.0574 7
X42 0.0671 5 0.0592 7 0.0754 6 0.0276 16
X43 0.0490 11 0.0173 16 0.0794 5 0.0158 19
X51 0.0283 17 0.0261 14 0.0817 4 0.0597 6
X52 0.0367 15 0.0133 18 0.0167 19 0.0686 5
X53 0.0049 19 0.0100 19 0.0168 18 0.0480 8

It could be seen from the calculation results in Table 8 that the calculation results of the
AHP—based on the different four groups of experts—were quite different, in particular, the
weight of AHP based on Group 2 was quite different from that of other groups. According
to the investigation of the calculation process of the AHP, it was found that an expert
in Group 2 thought that the X31 was very important, which led to a big deviation in
the calculation results of the AHP in this group. In addition, in the process of the AHP
weight calculations of Group 2 and Group 4, the consistency test was not passed once, and
the consistency test was passed only after re-conducting the questionnaire survey. The
calculation of the index weight based on the AHP method had the disadvantage of a large
research workload.

When the proposed model was used to calculate the index weight, the index weight
could be obtained directly through the structural characteristics of the evaluation data of
the green design scheme. The calculation results were stable, and there was no need to
conduct the consistency test and questionnaire survey many times.

Both the FCE and TOPSIS need to determine the index weight by the weight calculation
method. To avoid the influence of the weight calculation results, FCE and TOPSIS adopted
the index weights calculated in Section 5.3.

After calculation, the memberships of the green design scheme of Nanchang Hengda
Project to the four evaluation grades based on the FCE were 0.178, 0.343, 0.274, 0.151, and
0.054, respectively. According to the principle of the maximum membership degree, the
evaluation grade of the green design scheme of this project was II, which was consistent
with the evaluation result based on the proposed model. However, the index system
constructed in this paper was complicated, including 19 third-level indexes, and the calcu-
lation process was complicated when using the fuzzy comprehensive evaluation method.
Moreover, the fuzzy comprehensive evaluation method needed to preset the membership
function in advance, and different membership functions or multiplication operators had
significant influences on the calculation results of the fuzzy comprehensive evaluation
method. The evaluation method based on the PPM directly obtained the evaluation results
of the green design scheme from the data structure. As long as the evaluation data were
determined, the best projection vector and value were unique.

The calculation principle of the TOPSIS method was to sort multiple schemes by the
distance between them and the optimal solution (the worst solution). This method had
the advantage of sorting several schemes at the same time without the preset evaluation
grade. There was only one empirical research object in this paper, so the upper limit of the
evaluation set of level IV was taken as the worst solution. The green design scheme level of
the empirical research object was determined by calculating the distances between levels I,
II, III, and the worst solution. The calculation results showed that the distance between the
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empirical research object and the worst solution was 0.5418, which was in the comment
interval from the second grade comment set to the worst solution [0.4741, 0.6118]. So the
calculation result based on TOPSIS was grade II, which was consistent with the calculation
result based on the projection pursuit model in this paper. However, using the TOPSIS
method to sort and analyze an empirical research object and various evaluation grades lost
its computational advantage.

6.3. Impact of the Evaluation Index System on the Evaluation Results

The rationality of the evaluation index system has an important influence on the
system evaluation results [66,67]. However, at present, there is no universal and unified
evaluation index system for the green building design scheme. Moreover, the case project
selected in this paper was located in China, so it was difficult to directly adopt the green
building evaluation standards of other countries. Therefore. This section mainly studied
the evaluation index system proposed in this paper and attempted to find the minimum
index system.

The minimum index system should meet the following two conditions. (1) All sec-
ondary indicators should be the key indicators that affected the evaluation results. (2) The
evaluation result of the minimum index system should be the same as the original eval-
uation result. For this reason, this section continuously deleted the indicators with the
smallest impact weights until the evaluation results were biased.

According to the research results in Table 6, the weight of X24 was the smallest. Firstly,
X24 was deleted and the calculation was made again. The calculation results are shown in
row 2 of Table 9.

Table 9. Influences of the different evaluation index systems on the evaluation results.

Deleted Indicators Optimum Projection
Value Evaluation Grade The Minimum Index

Set or Not?

X24 3.471 2.104 No
X24, X31 3.832 2.433 No

X24, X31, X33 4.541 2.680 No
X24, X31, X33, X51 5.048 3.157 Yes

After calculation, it was found that after deleting X24, the index weight of X31 was the
smallest, and the evaluation result remained unchanged. Therefore, this article continued
to delete X31, and the evaluation results are shown in row 3 of Table 9. It should be
emphasized that the proposed model was data-driven. When the evaluation index system
changed, the evaluation data would also change. Therefore, the best projection values based
on different evaluation index systems and the projection value intervals corresponding to
different evaluation levels in Table 9 might be different.

After several rounds of analysis, the index system after deleting X24, X31, and X33
was the minimum index system. It should be emphasized that the minimum system of
indicators found in this section was only applicable to case objects.

7. Conclusions

As the world faces resource shortages and environmental deterioration, green build-
ings are important measures that could be used to achieve energy conservation and emis-
sion reduction in the construction industry, as well as socially sustainable development.
Accurate evaluation of green building designs provides an important foundation for the
normal construction and efficient operation of green buildings. After analyzing the charac-
teristics of the comprehensive evaluation system for the green building design scheme, a
set of comprehensive evaluation index systems (of green building design schemes) was
established. The index system includes 5 first-level indexes and 19 second-level indexes.
The data acquisition methods of all secondary indexes were given in detail. A novel evalu-
ation model based on the PPM optimized by the AOS was constructed. In this paper, the
Nanchang Hengda Project was selected to conduct a detailed empirical study, the most
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important first-level indicators and second-level indicators were found, and the evaluation
grade of the green building design scheme of the project was determined. Compared
with the PSO, the GA, the AHP, the FCE, and the TOPSIS, the proposed model proved to
be effective.

The main limitations are as follows. (1) This paper only selected the green building
project from China as the case study object; projects from other countries should be selected
to carry out case studies in the future. The evaluation rules of green buildings in other
countries should be selected for case analyses. (2) The evaluation index system constructed
was not universal, so developing a more universal evaluation index system is a future re-
search direction. (3) In future research, more multivariate heuristic optimization algorithms
will be applied to the optimization calculation of the projection pursuit model.
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