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Abstract In digital furniture design, skillful designers usually use professional software to create new furniture designs

with various textures and then take advantage of rendering tools to produce eye-catching design results. Generally, a fine-

grained furniture model holds many geometric details, inducing significant time cost to model rendering and large data size

for storage that are not desired in application scenarios where efficiency is greatly emphasized. To accelerate the rendering

process while keeping good rendering results as many as possible, we develop a novel decimation technique which not

only reduces the number of faces on furniture models, but also retains their geometric and texture features. Two metrics

are utilized in our approach to measure the distortion of texture features. Considering these two metrics as guidance for

decimation, high texture distortion can be avoided in simplifying the geometric models. Therefore, we are able to build

multi-level representations with different detail levels based on the initial design. Our experimental results show that the

developed technique can achieve excellent visual effects on the decimated furniture model.

Keywords furniture design, model decimation, texture preservation, progressive representation

1 Introduction

Digitalization of furniture models has increasingly

become popular nowadays as it provides easiness and

directness for people to interactively obtain a visual

sense of the furniture that they are interested in with-

out the trouble of checking out real objects on site.

Such digital data are usually available on the Internet

or provided by suppliers in digital demos. To get eye-

appealing visualization of furniture models, skillful de-

signers often use professional software (e.g., 3D Max)

to create 3D geometric designs and define proper tex-

tures for different parts. Then professional rendering

tools are utilized to generate rendered results for users.

Commonly, the furniture suppliers maintain a large

database of furniture models, and the initial design of

each furniture model possesses rich geometric details.

A fine-grained furniture model can provide abundant

details and a good sense of reality to users. However,

the more details a furniture model holds, the more time

it requires for data loading and rendering. In real appli-

cations, it is expected to provide smooth experience for

customers to see rendered furniture models, requiring

the whole data process from loading a model to render-

ing the design to be efficient enough. To decrease the

time cost of loading and rendering a furniture model,

a reasonable solution is to geometrically simplify it by

reducing the number of faces in the original mesh. As

shown in Fig.1, if we use the software 3D Max to render

a room scene with 1 813 510 triangular faces, it will cost

9 seconds. In contrast, it only takes 2 seconds for ren-

dering when the face number (#face num) is reduced

to 418 668.

In recent decades, a lot of mesh decimation ap-

proaches have been proposed[1]. The decimation pro-

cedure is often controlled by some pre-defined qua-

lity criteria which target at preserving specific prop-

erties of the original models. Most of these approaches

only consider minimizing the geometric deviation when

simplifying the models. For example, quadric er-

ror metrics[2,3] are widely utilized in vertex-clustering

based and edge-collapsing based approaches. Progres-
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sive mesh representation[4] is also a popular solution

to get different mesh models in multiple detail levels,

which encodes a mesh model by a simplified mesh and

a sequence which records the refinement information

of the mesh. With this recorded sequence, progressive

models can be dynamically reconstructed.

#face num:
1 813 510

#face num:
418 668

(b)(a)

Fig.1. Render a room scene using 3D Max 2016 in the resolution
3 072× 2 048. (a) Original scene, rendered in 9 seconds. (b) Our
decimated result with preserved texture, rendered in 2 seconds.

Although the geometry of a model is important, it

is not the only factor that decides the rendered ap-

pearance of a model, especially for furniture models.

Generally, it is defined by both the geometric details

and the corresponding textures of the model. There-

fore, we believe both factors should be considered in

the decimation process. As shown in Fig.2, contrary to

serious texture distortion with geometric criteria consi-

dered only in Fig.2(b), a better result without visible

distortion is achieved with our texture-preserving sim-

plification method in Fig.2(c).

In this paper, we mainly focus on preserving the vi-

sual appearance of furniture models, i.e., the rendered

image for a decimated mesh from any view should get

a small visual difference compared with that for the

original mesh. To get a good visual presentation, the

biggest challenge is dealing with texture maps. Since

the texture details of a model are stored as texture im-

ages, the quality of texture mapping to 3D surface plays

a decisive role on display effects. In this paper, a new

metric is designed to evaluate the potential texture and

shape distortion on edges during mesh simplification so

that significant distortions can be effectively avoided.

Besides, when a mesh surface is parameterized for tex-

ture mapping, it is inevitable to make cuts to reduce

foldovers or high distortions, which will cause discon-

tinuities (seams) in the parameterization. For a mesh

model with multiple textures, the boundary between

two texture images will also introduce such discontinu-

ities. When edge collapse operation happens on these

seams, it will very likely lead to unacceptable texture

distortions. To tackle this difficulty, another metric is

defined to control the edge collapse of seams.

Specifically, the main contributions in our work are

as follows.

• Minimization of Visual Texture Distortion. To

produce a high-quality screen display of a simplified

model, we attempt to preserve the visual effects (in-

cluding shape and texture) at any view compared with

its original design. We propose a metric to measure the

visual texture distortion and shape deviation on the

decimated model, and by minimizing this metric the

overall display effect will be retained well.

• Minimization of Seam Stretch. For a mesh sur-

face, there may be some discontinuous texture coordi-

nates on adjacent vertices that can lead to high texture

distortion when edge collapse happens on them. We

develop a metric of seam stretch to evaluate the possi-

ble distortion and use it to decide whether a seam edge

can be collapsed.

• Novel Decimation Algorithm. By combining the

above two factors, a simple and effective decimation al-

gorithm is proposed and is able to generate the simpli-

fication of furniture models while keeping their overall

visual effects well.

#face num:
1 940 676

#face num:
142 322

#face num:
142 379

(b)(a) (c)

Fig.2. Example of texture preserved furniture decimation. (a) Original sofa design with its underlying mesh. (b) Simplified model
generated by the QEM method in MeshLab software with no texture preservation, rendered in 1 second. (c) Our texture preserving
decimated result, rendered in 1 second.
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2 Related Work

Since the first algorithm to decimate general polyg-

onal mesh models proposed by Schroeder et al. in [5],

many approaches have been presented in literature to

solve this problem[6−8]. A lot of proposed solutions only

focus on minimizing potential geometric errors defined

on models which can perform well in many application

scenarios, but may fail to guarantee a good enough re-

sult in the case of a mesh model with texture appear-

ance attributes. There are some other techniques tak-

ing appearance attributes into account that are able to

conduct the appearance-preserved decimation of mod-

els. In this section, we will not aim at composing a com-

plete review of all existing methods, but mainly cover

those that are most related to our proposed approach.

Vertex clustering based approaches are usually

straightforward to decimate mesh models, whose basic

idea is to group vertices into clusters and compute a new

vertex for each cluster[9]. Although these methods are

quite computationally efficient, they generally can pre-

serve neither topology nor small-scale geometric details.

Low and Tan[10] proposed an improved approach called

floating-cell clustering which takes the visual and geo-

metric quality of simplification into consideration. To

cope with perceptual degradation, couples of internal

edges in each cluster are merged if a testing verification

based on the curvature and size is satisfied[11]. To pro-

vide a view-dependent simplification of arbitrary polyg-

onal scenes, Luebke and Erikson[12] proposed a hierar-

chical dynamic simplification framework using different

vertex-folding criteria. In [3], Lindstrom extended the

Rossignac-Borrel algorithm[9] and described an out-of-

core implementation which requires only enough mem-

ory to store the simplified mesh. Although the vertex-

clustering based approaches are efficient and robust, the

main drawback of these approaches is that it may gene-

rate non-manifold results on a manifold input mesh,

and the outputs of decimation may differ greatly on

different choices of clustering centers.

Quadric error metric (QEM) based approaches[2,13]

iteratively perform edge collapse or vertex removal

guided by the quadric error metric to reach an opti-

mal decimation. In each iteration, the position of one

vertex of an edge is replaced by that of the other vertex

or assigned a computed new position[14]. This research

thread has made significant success in the preservation

of mesh geometry, but it is still a challenge to retain

the model’s visual attributes. Regarding a color fea-

ture, an extended QEM based work[15] represents each

vertex with a 6-dimensional vector (vertex coordinates

and RGB values) for color preservation. Furthermore,

such representation can be used in arbitrary dimen-

sional space that encodes more geometric and visual

information. Cohen et al.[16] introduced the texture

deviation metric that involves the following features:

surface position, surface curvature, and surface color.

These attributes are sampled from the input surface

and used to guide edge collapse and vertex removal

in decimation. Taking a step further, Hoppe gave an

improved version of this method in [17]. Because the

curvature computation depends on the quality of tri-

angulation and the graphical models often consist of

dense triangles with a good quality, the method could

work well on the graphical models. Different from such

graphical models, furniture models often contain many

planar and cylindrical regions where needle-like trian-

gles often appear, which make the curvature compu-

tation inaccurate and unrobust. Sander et al.[18] intro-

duced texture stretch metric to chart parameterization.

By minimizing this metric it can partition a mesh into

charts with a balanced parameterization on the surface,

indicating that the texture deviation in every direction

is under control. Lindstrom and Turk[19] developed

image-driven simplification and used root mean square

(RMS) error to guide the decimation. RMS measures

the distance between images captured from the original

mesh and simplifies the mesh at the same view angle.

It aims at minimizing the metric at different angles to

retain the overall appearance of models. Yao et al.[20]

improved QEM by using the discrete curvature to re-

serve more features for mesh simplification.

Progressive meshes are adopted by Hoppe[21] to

store a mesh sequence in different detail levels. One

energy function consisting of distance energy, spring en-

ergy, scalar energy and another energy of discontinuous

curves are minimized to generate the progressive mesh

sequence. Cohen et al.[16] stored an error bound for

each vertex in a mesh sequence. Sander et al.[18] resized

chart polygons and optimized parameterization for all

meshes in a progressive mesh sequence by considering

texture deviation and stretch to obtain the optimal tex-

ture mapping.

3 Texture Preservation Model Decimation

Given a surface model together with its multiple

textures, we aim at simplifying the surface mesh while

minimizing the visual texture distortion on it. Each

vertex is defined by its 3D spatial coordinate (x, y, z)
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and texture coordinate (u, v). The 3D coordinates of

vertices and their connectivity decide the 3D shape of

the model. Mapping 2D texture images to the surface

can be regarded as a mapping: R
2 7→ R

3, which is de-

termined by the texture coordinates of vertices. Sup-

pose there are two models M and M ′ sharing the same

texture images, f : R2 7→ R
3 is the texture mapping

function for M , and g : R2 7→ R
3 is the one for M ′.

Then the appearance difference with texture E for M

and M ′ can be formulated as:

E =

∫∫

‖f(u, v)− g(u, v)‖
2
dudv, (1)

where u, v are 2D texture coordinates.

Let M ′ be the simplified model from the original

model M . Because the mapping f(u, v) has been deter-

mined when M is created, minimizing the appearance

difference with texture in (1) ideally means computing

a proper mapping g∗ such that

g∗ = argmin
g

∫∫

‖f(u, v)− g(u, v)‖
2
dudv. (2)

Since furniture models are represented in mesh format,

it requires to discretize (2) on the surface of the model,

which is not intuitive to realize, resulting in the diffi-

culty to directly determine the optimal global mapping

function g∗ on M ′. Hence, we look at building Level of

Detail (LoD) models that can be regarded as a model

sequence S = M1,M2, ...,Mn, which is derived fromM ,

produced by controlling certain criteria and ordered by

their complexity of geometry. With such LoD sequence,

it is possible to make proper selections of models for

various applications.

Unfortunately, a furniture model is usually designed

together with multiple texture images for its different

parts. Applying simplification directly to a model with-

out considering shape and texture distortion could lead

to undesired visual artifacts (see Fig.2(b)). To achieve

satisfactory visual quality, both texture maintenance

and geometric approximation are emphasized in our

edge-collapse decimation method.

3.1 Shape Approximation

Edge-collapse based mesh decimation selectively

merges the edges of the mesh to give a simplified out-

put. When edge collapse operation is applied on an

edge denoted by (v1,v2), a new vertex vnew is gene-

rated to replace v1 and v2 (see Fig.3). As explained

in [2], it is problematic to simply set vnew to either or

their average. We notice the fact that a change on v1

will make an impact on all its one-ring faces, shedding

light on our consideration that this influence should be

incorporated in our formulation. We define w(·) as the

weight function that is a monotonically increasing func-

tion with regard to the area S of triangular faces, and

df (v) as the point-to-plane distance of vertex v to face

f . The 3D spatial coordinate of vnew is computed by

minimizing the following formula:

Eshape =

∑

f∈NF (v1)∪NF (v2)

w(Sf )df (vnew)

∑

f∈NF (v1)∪NF (v2)

w(Sf )
, (3)

where NF (v) represents the one-ring faces of vertex

v. It is apparent that a large triangular face makes a

stronger influence on the determination of vnew due to

the definition of w(·). The comparison in Fig.4 proves

the positive impact of the weights. For texture coordi-

nate of vnew, it can be decided with the same weights in

(3). In practice, it turns out that assigning the texture

coordinate of the closest vertex on the original surface

to vnew is already good enough for most applications.

vnew

v1

v2

Fig.3. Edge collapse operation based on Eshape.

(b)

(a)

(c)

Fig.4. Decimating a dinosaur model using different weights in
(3). (a) Original input model. (b) Result with w(·) = 1. (c) Re-
sult with our weight choice w(S) = S. Our result demonstrates
a better shape restoration.
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As illustrated in Fig.3, we determine the new ver-

tex by minimizing the energy function Eshape defined in

(3). The smaller Eshape is, the closer the new vertex will

be to the original model. In contrast, if Eshape is too

large, the computed new vertex will be far away from

the original model, leading to the poor preservation of

local geometric features. In this case, the corresponding

edge will be forbidden to be collapsed.

3.2 Seam Stretch

Seams are defined as the edges indicating the inter-

section of two different texture images (refer to the red

edges in Fig.5). The vertices on seams contain multiple

texture coordinates for different textures. As shown in

Fig.5, edge collapse on a seam or an edge with one ver-

tex on seam can cause significant texture distortion. An

intuitive solution to overcome this is to fix such edges

and only allow the rest of edges to collapse, which will

unluckily induce two problems (see Fig.6): 1) the rate

of simplification will be negatively affected, and 2) the

edge collapse in other regions may cause texture distor-

tion.

Collapse
v0v1

Collapse
v0v3

v2

v0 v1

v3

Fig.5. To collapse edges related to seams causes high texture
distortion.

To properly handle seams, we first define our col-

lapse rule: for a seam edge (v1,v2), the collapse ope-

ration makes it degenerate to either v1 or v2. It is

obvious that the collapse on two connected seam edges

with a small angle will not lead to large distortion (even

no distortion if they form a straight line). More specifi-

cally, for seam edges (v0,v1) and (v1,v2), a collapse

operation on (v0,v1) makes it become v0. It is straight-

forward to measure the deviation as:

Eseam = 1 +
(v0 − v1)

T(v2 − v1)

‖v0 − v1‖ · ‖v2 − v1‖
.

(b)

(a)

(c)

Fig.6. Comparison of fixing seam related edges and collapsing
seams properly. (a) Input design and its mesh. (b) Result by
fixing seam related edges. (c) Result from our seam collapse
strategy.

For a general edge with none of its vertices on seams,

collapse will not lead to texture distortion around

seams. Any edge with only one vertex on seam-s is for-

bidden to collapse. Therefore, given an arbitrary edge

v0v1, we finalize Eseam as:

Eseam =











0, general edges,

1 + (v0−v1)
T(v2−v1)

‖v0−v1‖·‖v2−v0‖
, seam edges,

∞, others.

(4)

3.3 Model Decimation

Our decimation approach takes both shape approx-

imation and seam stretch into account, leading to our

edge collapse metric as a combination of (3) and (4):

Eedge = λEshape + (1− λ)Eseam,

where the parameter 0 6 λ 6 1 weighs the contribu-

tion of Eshape and Eseam (λ = 0.05 in our setting). We

summarize our algorithm as follows.

• For each edge, vnew is computed by minimizing

Eshape. Eseam is also determined.

• Eedge is exploited to decide the priority of collapse.

The edge with a lower value will be assigned a higher

priority, while the edge will be forbidden to collapse if

its corresponding energy Eedge is infinite.

• Edges are collapsed based on their priority, and

their spatial and texture coordinates are updated ac-

cordingly. For seam edges, they are updated following

the rule in Subsection 3.2; for general edges, we obey

the strategy detailed in Subsection 3.1.

Designers often design mesh models with symmetry.

As shown in Fig.7, the texture coordinates of vertices v0

and v1 are identical. When (v0,v1) is collapsed from v0
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to v1, it produces a triangular patch that has the same

texture coordinates on its different vertices, resulting in

a huge texture stretch. Let Ω be the set of edges where

there exist vertices with the same texture coordinates

to their two vertices (two end vertices of the edge) in

their one-ring. We define δ as a symmetry factor for

edge (v0,v1):

δ(v0,v1) =

{

∞, if (v0,v1) ∈ Ω,
0, if (v0,v1) /∈ Ω.

By incorporating this factor, we rewrite the edge metric

as:

Eedge = λEshape + (1− λ)Eseam + δ.

Fig.8 shows the new formula successfully handles the

texture stretch on the bed model.

Mesh

Collapse

v0v1

Simplified
Mesh

Texture Image

v2

v0

v1

Fig.7. Collapsing an edge with symmetric texture coordinates
causes huge texture stretch.

(b)(a) (c)

Fig.8. The edge collapse metric without considering symmetry
generates unwanted artifacts on the bed model. By incorporat-
ing the symmetry factor, it gives satisfactory decimated result.
(a) Original model. (b) Decimation result without symmetry
factor. (c) Decimation result with symmetry factor.

4 Results

4.1 Implementation

We have implemented our decimation technique in

C++ on a PC with Intelr Core i7-8700 3.5 GHz, RAM

16 GB, and NVIDIA Geforce GTX 1060 6 GB. All re-

sults in this paper are rendered with 3D Max 2016.

As introduced before, a specified criterion must

be given to determine whether an edge can be de-

generated. Suppose E∗
shape is the maxima among all

{Ei
shape} on the model edges, only the edges in the set

{ej | Eshape(ej) 6 αE∗
shape and Eseam(ej) 6 ε} may

collapse in the decimation process. We set α = 0.9 and

ε = 0.1 for all furniture models in our implementation.

However, different thresholds may induce different re-

sults. The smaller α or ε is, the more details the deci-

mated model preserves. Fig.9 shows an example using

different thresholds to guide the decimation on a wolf

model.

#face num:
8 744

#face num:
2 439

#face num:
2 571

(b)(a) (c)

Fig.9. Decimating the wolf model using different thresholds. (a)
Original model. (b) Decimation result with α = 0.9 and ε = 0.1.
(c) Decimation result with α = 0.75 and ε = 0.1.

Users are also allowed to specify a target face num-

ber for simplification. Suppose nf is the face number

of the original model, n′
f is that of the simplified model

and ne stands for the number of the edges which can

be collapsed. If nf − n′
f 6 ne, we will collapse nf − n′

f

edges referring to their priority. Otherwise, each edge

in the set will collapse.

4.2 Experimental Results

Our developed decimation technique has generated

high-quality results with various furniture models.

Fig.10 shows a simplified bed model with a flower pot

on it. Clearly, the flower pot as a small feature is well

handled by our method, resulting in a very good ren-

dering output. Many furniture designs contain com-

plicated geometry for aesthetic purpose, which brings

difficulty for algorithms to deal with. Our method can

successfully process complex designs as shown in Fig.11

and Fig.12. Besides, there are some furniture models

that can be decimated a lot because of their simplic-

ity. A high rate of simplification will provide significant

efficiency improvement. The examples in Fig.13 and
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Fig.14 demonstrate the effectiveness of our decimation

algorithm to reach this goal, where the face number is

reduced to 10% in both cases. Besides, our method can

be applied to decimate graphical models with proper

settings of the parameters as shown in Fig.4 and Fig.9.

(b)(a)

Fig.10. Bed model with a flower pot. (a) Original model. (b)
Simplified model generated by our approach.

(b)(a)

Fig.11. Table model with complex geomtric details. (a) Original
model. (b) Simplified model generated by our approach.

Progressive Decimation. We can apply our proposed

approach to build a progressive model sequence of deci-

mation. Fig.15 shows an example of a progressive mesh

sequence for a bed model iteratively generated by our

technique. The provided statistics proves that less sim-

plified results achieve better appearance preservation

while more decimated ones can be rendered with much

less time. This enables users to pick proper model based

specific application needs, i.e., for those where efficiency

is more important, the models with less faces can be

loaded, and vice versa.

(b)(a)

Fig.12. Big cabinet model with rich geomtric details. (a) Orig-
inal model. (b) Simplified model generated by our approach.

(b)(a)

Fig.13. The face number is reduced to 10% on this chair model.
(a) Original model. (b) Simplified model generated by our ap-
proach.
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(b)(a)

Fig.14. Another greatly simplified chair model. (a) Original
model. (b) Simplified model generated by our approach.

4.3 Verification

Evaluation. The RMS error is adopted to evaluate

the appearance quality of the decimated models. As

explained in [19], the difference between two images of

the original and the simplified model is computed in

order to measure how well the appearance is retained.

Suppose there are two images Y 0 and Y 1 with an iden-

tical resolution m × n, then the RMS error is defined

as:

dRMS(Y
0, Y 1) =

√

√

√

√

1

mn

m
∑

i=1

n
∑

j=1

(y0ij − y1ij)
2,

where y0ij and y1ij are luminance pixel values of cor-

responding images of Y 0 and Y 1 respectively. A small

RMS error indicates a high-quality visual restoration of

a rendered decimated result. Table 1 demonstrates the

RMS errors for part of our results in this paper, showing

that our approach can achieve excellent visual results

on the decimated furniture models compared with their

original inputs.

(b)(a) (c) (d)

(f)(e) (g) (h)

Fig.15. A progressive model sequence is built from a sofa model. (a) Original input with 2 137 284 faces. (b) 1 882 564 faces with RMS
error 0.246 7 and rendering time 10 s. (c) 1 602 989 faces with RMS error 0.239 8 and rendering time 8 s. (d) 1 246 795 faces with RMS
error 1.073 7 and rendering time 6 s. (e) 1 002 041 faces with RMS error 1.625 2 and rendering time 5 s. (f) 670 586 faces with RMS
error 3.797 4 and rendering time 5 s. (g) 300 546 faces with RMS error 7.421 9 and rendering time 2 s. (h) 152 471 faces with RMS
error 12.382 7 and rendering time 2 s.
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Table 1. Numerical Summary of Our Results

nf n′

f
RMS Resolution t

Fig.10 341 804 72 253 9.975 0 800 × 600 3.392

Fig.11 516 070 189 100 7.505 4 800 × 600 4.895

Fig.12 578 048 114 859 5.246 5 800 × 800 6.705

Fig.13 43 096 4 014 8.460 4 800 × 600 0.552

Fig.14 332 134 36 154 8.796 0 700 × 700 3.797

Note: nf and n′

f
represent the face number of the original model

and the decimated model respectively. t is the running time of
decimation in seconds.

Comparison. We compare our approach with the

QEM method based on discrete curvature[20], the QEM

method with texture[15], and the QEM methods with

texture implemented in MeshLab software. Fig.16 and

Fig.17 show the comparative results of a giraffe model

and a bed model respectively. Table 2 shows the corre-

sponding numerical data, where nf is the face number

of the original model. n1, n2, n3, and n4 are the face

numbers of the decimated models using the method in

[20], the method in [15], QEM with texture, and our

method, respectively. R1, R2, R3, and R4 are the RMS

errors of the method in [20], the method in [15], QEM

with texture, and our method, respectively. From these

two examples, it can be seen that the method in [20],

[15], and QEM with texture will generate appearance

distortions, and they cannot properly handle symmetric

textures. In contrast, our texture-preserved decimation

approach can keep the texture appearance quite well on

the simplified models with much less faces.

4.4 Limitation

We suffer a limitation that is shared by many other

simplification techniques. As explained in Subsec-

tion 4.1, a guarantee on the satisfaction of user-specified

target face number is missing in our method. When the

specified target exceeds the maximum number of col-

lapsible edges determined by our approach, it will not

be able to give an expected result. In some cases, an

iterative strategy could be used here to partially tackle

this issue, i.e., building a progressive mesh sequence.

(b)(a) (c) (d) (e)

Fig.16. Decimated results of a giraffe model by different meth-
ods. (a) Original model. (b) Method in [20]. (c) Method in [15].
(d) QEM with texture. (e) Our approach.

5 Conclusions

When we tried to simplify a furniture design, not

only its mesh but its texture should be considered. In

this paper, we developed a novel technique that is able

to produce the texture-preserved decimation of furni-

ture models, which can be exploited to build progres-

sive mesh sequences for various applications. Two met-

rics are formulated to evaluate the potential texture

(b)(a) (c) (d) (e)

Fig.17. Decimated results of a bed model by different methods. (a) Original model. (b) Method in [20]. (c) Method in [15]. (d) QEM
with texture. (e) Our approach.
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Table 2. Comparison with QEM Methods

Resolution nf n1 n2 n3 n4 R1 R2 R3 R4

Giraffe model (Fig.16) 400× 800 8 720 1 414 1 414 1 414 1 414 19.068 7 13.895 8 13.606 3 12.284 9

Bed model (Fig.17) 800× 600 387 224 81 000 77 444 81 000 70 968 24.628 5 19.394 0 13.519 7 11.266 2

distortion on edges, which are combined to determine

the priority for edge collapse. Our experimental results

showed that high-quality model decimation is achieved

on different types of furniture models.

Future Work. There are several potential improve-

ments that we will try out in the future. First of all,

the current formulation in (3) to compute the vertex

position acquires a straightforward strategy, which is to

minimize the sum of weighted point-to-plane distances.

There exists the possibility of incorporating other geo-

metric properties (e.g., length, curvature) to achieve a

better result. Second, as illustrated in Subsection 3.2,

any edge with only one vertex on a seam is not allowed

to collapse in our present setting. We would like to in-

vestigate a solution to collapse these edges which can

help further simplify the models. Third, our method

mainly focuses on decimating single-mesh models. In

many applications, furniture models consist of multiple

physically connected mesh patches rather than a single

one. We would like to investigate the extension of our

current technique for such a case.
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gon Mesh Processing (1st edition). A K Peters/CRC Press,

2010.

[2] Garland M, Heckbert P S. Surface simplification using

quadric error metrics. In Proc. the 24th Annual Conference

on Computer Graphics and Interactive Techniques, August

1997, pp.209-216.

[3] Lindstrom P. Out-of-core simplification of large polygonal

models. In Proc. the 27th Annual Conference on Computer

Graphics and Interactive Techniques, July 2000, pp.259-

262.

[4] Hoppe H. Efficient implementation of progressive meshes.

Computers & Graphics, 1998, 22(1): 27-36.

[5] Schroeder W J, Zarge J A, Lorensen W E. Decimation of tri-

angle meshes. ACM SIGGRAPH Computer Graphics, 1992,

26(2): 65-70.

[6] Luebke D. A survey of polygonal simplification algorithms.

Technical Report, University of North Carolina at Chapel

Hill, 1997. http://citeseerx.ist.psu.edu/viewdoc/dow-

nload?doi=10.1.1.104.3802&rep=rep1&type=pdf, Sept.

2019.

[7] Lubeke D P. A developer’s survey of polygonal simplifi-

cation. IEEE Computer Graphics and Applications, 2001,

21(3): 24-35.

[8] Talton J O. A short survey of mesh simplification alg-

orithms. Technical Report, University of Illinois at Ur-

bana-Champaign, 2004. https://pdfs.semanticscholar.or-

g/ddc3/59b398e5c7d95ceb4015e65ad4e103d669dd.pdf, Sep.

2019.

[9] Rossignac J, Borrel P. Multi-resolution 3D approximations

for rendering complex scenes. In Modeling in Computer

Graphics: Methods and Applications, Falcidieno B, Kunii

T L (eds.), Springer, 1993, pp.455-465.

[10] Low K L, Tan T S. Model simplification using vertex-

clustering. In Proc. the 1997 Symposium on Interactive 3D

Graphics, April 1997, pp.75-82.

[11] Reddy M. SCROOGE: Perceptually-driven polygon reduc-

tion. Computer Graphics Forum, 1996, 15(4): 191-203.

[12] Luebke D, Erikson C. View-dependent simplification of ar-

bitrary polygonal environments. Technical Report, Unive-

rsity of North Carolina at Chapel Hill, 2006. https://app-

s.dtic.mil/dtic/tr/fulltext/u2/a446958.pdf, Sep. 2019.

[13] Li Y, Zhu Q. A new mesh simplification algorithm based

on quadric error metrics. In Proc. the 2008 International

Conference on Advanced Computer Theory and Engineer-

ing, December 2008, pp.528-532.

[14] Schroeder W J. A topology modifying progressive decima-

tion algorithm. In Proc. the 1997 IEEE Visualization, Oc-

tober 1997, pp. 205-212.

[15] Garland M, Heckbert P S. Simplifying surfaces with color

and texture using quadric error metrics. In Proc. the 1998

IEEE Visualization, October 1998, pp.263-269.

[16] Cohen J, Olano M, Manocha D. Appearance-preserving

simplification. In Proc. the 25th Annual Conference on

Computer Graphics and Interactive Techniques, July 1998,

pp.115-122.

[17] Hoppe H. New quadric metric for simplifying meshes with

appearance attributes. In Proc. the 1999 IEEE Visuali-

zation, October 1999, pp.59-510.

[18] Sander P V, Snyder J, Gortler S J, Hoppe H. Texture map-

ping progressive meshes. In Proc. the 28th Annual Confe-

rence on Computer Graphics and Interactive Techniques,

August 2001, pp.409-416.

[19] Lindstrom P, Turk G. Image-driven simplification. ACM

Transactions on Graphics, 2000, 19(3): 204-241.

[20] Yao L, Huang S, Xu H, Li P. Quadratic error metric mesh

simplification algorithm based on discrete curvature. Math-

ematical Problems in Engineering, 2015, 2015: Article

No. 428917.

[21] Hoppe H. Progressive meshes. In Proc. the 23rd Annual

Conference on Computer Graphics and Interactive Tech-

niques, August 1996, pp.99-108.



1268 J. Comput. Sci. & Technol., Nov. 2019, Vol.34, No.6

Zhi-Guang Pan received his B.E.

degree in intelligent science and techno-

logy from South China University of

Technology (SCUT), Guangzhou, in

2018. He is currently a Master student

in the School of Computer Science and

Engineering at SCUT, Guangzhou. His

current research interests are geometry

modeling and processing, 3D computer vision, and image

processing.

Chu-Hua Xian is currently an

associate professor in the School of

Computer Science and Engineering at

South China University of Technology,

Guangzhou. He received his Ph.D.

(2012) degree in computer science

and technology from the State Key

Laboratory of CAD&CG at Zhejiang

University, Hangzhou. He was a postdoctoral researcher

in The Chinese University of Hong Kong from Nov. 2013

to May 2014 and from Sept. 2015 to Apr. 2016. His

current research interests are image processing, intelligent

computer graphics, geometry modeling and processing,

and 3D computer vision.

Shuo Jin is an engineer at Blue-

Fire AI, Hong Kong. He received his

Ph.D. (2016) degree in mechanical

and automation engineering from the

Chinese University of Hong Kong, Hong

Kong, and his B.S. (2010) degree in

information and computing science

from the Department of Mathematics

at Zhejiang University, Hangzhou. His research interests

include geometric modeling and processing, and natural

language processing.

Gui-Qing Li received his B.S.

(1987) degree in mathematics from the

University of Science and Technology

of China, Hefei, M.S. (1990) degree in

mathematics from Nankai University,

Tianjin, and Ph.D. (2001) degree in

computer application from Chinese

Academy of Sciences, Beijing. He is

currently a professor in the School of Computer Science

and Engineering at South China University of Technology,

Guangzhou. His main research interests include digital

geometry processing and reverse engineering.



JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY

Volume 34, Number 6, November 2019

Data Management and Data Mining

HybridTune: Spatio-Temporal Performance Data Correlation for Performance Diagnosis of Big Data Systems . . . . . . . . . . . . .
. . . . . . . . . . . Rui Ren, Jiechao Cheng, Xi-Wen He, Lei Wang, Jian-Feng Zhan, Wan-Ling Gao, and Chun-Jie Luo (1167)

An Efficient Framework for Multiple Subgraph Pattern Matching Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jiu-Ru Gao, Wei Chen, Jia-Jie Xu, An Liu, Zhi-Xu Li, Hongzhi Yin, and Lei Zhao (1185)

Interval Estimation for Aggregate Queries on Incomplete Data . . . . . . . . . . . An-Zhen Zhang, Jian-Zhong Li, and Hong Gao (1203)

Adversarial Heterogeneous Network Embedding with Metapath Attention Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Chun-Yang Ruan, Ye Wang, Jiangang Ma, Yanchun Zhang, and Xin-Tian Chen (1217)

Modeling Temporal Dynamics of Users’ Purchase Behaviors for Next Basket Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pengfei Wang, Yongfeng Zhang, Shuzi Niu, and Jiafeng Guo (1230)

Artificial Intelligence and Pattern Recognition

Large-Scale Estimation of Distribution Algorithms with Adaptive Heavy Tailed Random Projection Ensembles . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Momodou L. Sanyang and Ata Kabán (1241)

Progressive Furniture Model Decimation with Texture Preservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Zhi-Guang Pan, Chu-Hua Xian, Shuo Jin, and Gui-Qing Li (1258)

Weakly- and Semi-Supervised Fast Region-Based CNN for Object Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Xing-Gang Wang, Jia-Si Wang, Peng Tang, and Wen-Yu Liu (1269)

Computer Graphics and Multimedia

A Geometric Strategy Algorithm for Orthogonal Projection onto a Parametric Surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Xiaowu Li, Zhinan Wu, Feng Pan, Juan Liang, Jiafeng Zhang, and Linke Hou (1279)

Artistic Augmentation of Photographs with Droplets . . . Mo-Han Zhang, Jin-Hui Yu, Kang Zhang, and Jun-Song Zhang (1294)

Automatic Diabetic Retinopathy Screening via Cascaded Framework Based on Image- and Lesion-Level Features Fusion . .
. . . . . . . . . . . . . . Cheng-Zhang Zhu, Rong Hu, Bei-Ji Zou, Rong-Chang Zhao, Chang-Long Chen, and Ya-Long Xiao (1307)

Computer Networks and Distributed Computing

Security Attacks in Named Data Networking: A Review and Research Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Naveen Kumar, Ashutosh Kumar Singh, Abdul Aleem, and Shashank Srivastava (1319)

An Efficient Approach for Mitigating Covert Storage Channel Attacks in Virtual Machines by the Anti-Detection Criterion.
. . . . . . . . . . . . . . . . . . . . . . Chong Wang, Nasro Min-Allah, Bei Guan, Yu-Qi Lin, Jing-Zheng Wu, and Yong-Ji Wang (1351)

Theory and Algorithms

Tightly Secure Public-Key Cryptographic Schemes from One-More Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ge Wu, Jian-Chang Lai, Fu-Chun Guo, Willy Susilo, and Fu-Tai Zhang (1366)

2019 Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1380)

2019 Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1384)

JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY5O�Å�ÆEâÆ�6
Volume 34 Number 6 2019 (Bimonthly, Started in 1986)

Indexed in: SCIE, Ei, INSPEC, JST, AJ, MR, CA, DBLP

Edited by:

THE EDITORIAL BOARD OF JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY

Guo-Jie Li, Editor-in-Chief, P.O. Box 2704, Beijing 100190, P.R. China

Managing Editor: Feng-Di Shu E-mail: jcst@ict.ac.cn http://jcst.ict.ac.cn Tel.: 86-10-62610746

Copyright c©2019 by SCIENCE PRESS, BEIJING, CHINA and

SPRINGER SCIENCE + BUSINESS MEDIA, INC., U.S.A.

Sponsored by: Institute of Computing Technology, CAS & China Computer Federation

Supervised by: Chinese Academy of Sciences

Undertaken by: Institute of Computing Technology, CAS

Published by: SCIENCE PRESS, BEIJING, CHINA

Printed by: Beijing Kexin Printing House

Distributed by:

China: All Local Post Offices

Other Countries: ORDER DEPT., SPRINGER, P.O. BOX 322, AH DORDRECHT, THE NETHERLAND

Available Online: www.springerlink.comISÚ�ëYÑ�ÔÒ: CN 11-2296/TP ISeu�Ò: 2-578 RMB U150.00


	JCST2019年封面6.pdf
	2019-6-7-9597
	2019-6ml.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /-
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeDevanagari-Bold
    /AdobeDevanagari-BoldItalic
    /AdobeDevanagari-Italic
    /AdobeDevanagari-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeNaskh-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackoakStd
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-LightIt
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EccentricStd
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /FangSong_GB2312
    /FencesPlain
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Frutiger-Cn
    /Futura-Condensed
    /Futura-CondensedMedium
    /FuturaLT-Condensed
    /FZBSJW--GB1-0
    /FZBSK--GBK1-0
    /FZBWKSJW--GB1-0
    /FZBYFKSK--GBK1-0
    /FZBYKSK--GBK1-0
    /FZCCHJW--GB1-0
    /FZCCHK--GBK1-0
    /FZCHSFW--GB1-0
    /FZCHSJW--GB1-0
    /FZCHYJW--GB1-0
    /FZCQJW--GB1-0
    /FZCQK--GBK1-0
    /FZCSJW--GB1-0
    /FZCSK--GBK1-0
    /FZCYJW--GB1-0
    /FZCYK--GBK1-0
    /FZCYSBK--GBK1-0
    /FZCYSCK--GBK1-0
    /FZCYSK--GBK1-0
    /FZDBSJW--GB1-0
    /FZDBSK--GBK1-0
    /FZDCJW--GB1-0
    /FZDHTFW--GB1-0
    /FZDHTJW--GB1-0
    /FZDHTK--GBK1-0
    /FZFGJW--GB1-0
    /FZFSJW--GB1-0
    /FZFSK--GBK1-0
    /FZFYSJW--GB1-0
    /FZGHTJW--GB1-0
    /FZGLJW--GB1-0
    /FZHaoTJW--GB1-0
    /FZHCJW--GB1-0
    /FZHCK--GBK1-0
    /FZHJJW--GB1-0
    /FZHLJW--GB1-0
    /FZHLK--GBK1-0
    /FZHPJW--GB1-0
    /FZHPK--GBK1-0
    /FZHTFW--GB1-0
    /FZHTJW--GB1-0
    /FZHTK--GBK1-0
    /FZHZGBJW--GB1-0
    /FZJTJW--GB1-0
    /FZJZJW--GB1-0
    /FZKANGJW--GB1-0
    /FZKANGK--GBK1-0
    /FZKATJW--GB1-0
    /FZKTFW--GB1-0
    /FZKTJW--GB1-0
    /FZKTK--GBK1-0
    /FZL2JW--GB1-0
    /FZL2K--GBK1-0
    /FZLBJW--GB1-0
    /FZLBK--GBK1-0
    /FZLSJW--GB1-0
    /FZLSK--GBK1-0
    /FZLTCHK--GBK1-0
    /FZLTCXHJW--GB1-0
    /FZLTDHK--GBK1-0
    /FZLTH7K--GBK1-0
    /FZLTHBK--GBK1-0
    /FZLTHCK--GBK1-0
    /FZLTHK--GBK1-0
    /FZLTKHK--GBK1-0
    /FZLTKSK--GBK1-0
    /FZLTSK--GBK1-0
    /FZLTTHBK--GBK1-0
    /FZLTTHCK--GBK1-0
    /FZLTTHK--GBK1-0
    /FZLTXHK--GBK1-0
    /FZLTZCHK
    /FZLTZCHK--GBK1-0
    /FZLTZHK--GBK1-0
    /FZLTZHUNHK--GBK1-0
    /FZLXTJW--GB1-0
    /FZMHJW--GB1-0
    /FZMHK--GBK1-0
    /FZMWJW--GB1-0
    /FZNBSJW--GB1-0
    /FZNBSK--GBK1-0
    /FZNSTJW--GB1-0
    /FZNSTK--GBK1-0
    /FZPHTJW--GB1-0
    /FZPHTK--GBK1-0
    /FZPTYJW--GB1-0
    /FZPWJW--GB1-0
    /FZPWK--GBK1-0
    /FZQDFW--GB1-0
    /FZQDJW--GB1-0
    /FZQKBYSJW--GB1-0
    /FZQTJW--GB1-0
    /FZS3JW--GB1-0
    /FZS3K--GBK1-0
    /FZSEJW--GB1-0
    /FZSEK--GBK1-0
    /FZSHHJW--GB1-0
    /FZSHJW--GB1-0
    /FZSHK--GBK1-0
    /FZSJSJW--GB1-0
    /FZSJSK--GBK1-0
    /FZSKBXKJW--GB1-0
    /FZSSJW--GB1-0
    /FZSSK--GBK1-0
    /FZSTJW--GB1-0
    /FZSTK--GBK1-0
    /FZSXSLKFW--GB1-0
    /FZSXSLKJW--GB1-0
    /FZSYJW--GB1-0
    /FZSYK--GBK1-0
    /FZSY--SURROGATE-0
    /FZSZJW--GB1-0
    /FZSZK--GBK1-0
    /FZTCGHFW--GB1-0
    /FZTCGHJW--GB1-0
    /FZTJLSJW--GB1-0
    /FZTYSK--GBK1-0
    /FZWBJW--GB1-0
    /FZWBK--GBK1-0
    /FZXBSJW--GB1-0
    /FZXBSK--GBK1-0
    /FZXDXJW--GB1-0
    /FZXDXK--GBK1-0
    /FZXH1JW--GB1-0
    /FZXIANGLJW--GB1-0
    /FZXKFW--GB1-0
    /FZXKJW--GB1-0
    /FZXKK--GBK1-0
    /FZXQJW--GB1-0
    /FZXQK--GBK1-0
    /FZXSHJW--GB1-0
    /FZXSHK--GBK1-0
    /FZXZTFW--GB1-0
    /FZXZZBJW--GB1-0
    /FZY1JW--GB1-0
    /FZY1K--GBK1-0
    /FZY3JW--GB1-0
    /FZY3K--GBK1-0
    /FZY4JW--GB1-0
    /FZY4K--GBK1-0
    /FZYBKSJW--GB1-0
    /FZYBXSJW--GB1-0
    /FZYDCHK--GBK1-0
    /FZYDTHJW--GB1-0
    /FZYDTHK--GBK1-0
    /FZYDZHK--GBK1-0
    /FZYHJW--GB1-0
    /FZYTJW--GB1-0
    /FZYTK--GBK1-0
    /FZYXJW--GB1-0
    /FZYXK--GBK1-0
    /FZZBHJW--GB1-0
    /FZZDXJW--GB1-0
    /FZZDXK--GBK1-0
    /FZZHYJW--GB1-0
    /FZZHYK--GBK1-0
    /FZZJ-ZZGKTFONT
    /FZZQJW--GB1-0
    /FZZQK--GBK1-0
    /FZZYFW--GB1-0
    /FZZYHTJW--GB1-0
    /FZZYJW--GB1-0
    /FZZYK--GBK1-0
    /FZZYSK1--GBK1-0
    /FZZYSK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HoboStd
    /HoeflerText-Black
    /HoeflerText-Italic
    /HYa0gj
    /HYa1gj
    /HYa2gj
    /HYa3gj
    /HYa4gj
    /HYa5gj
    /HYa6gf
    /HYa6gj
    /HYa7gj
    /HYa9gj
    /HYb0gj
    /HYb1gf
    /HYb1gj
    /HYb2gj
    /HYb3gj
    /HYb4gj
    /HYb5gj
    /HYb6gj
    /HYb7gj
    /HYb8gj
    /HYb9gj
    /HYc1gf
    /HYc1gj
    /HYc3gj
    /HYd1gj
    /HYd2gj
    /HYd4gj
    /HYe0gj
    /HYe1gj
    /HYe2gj
    /HYe3gj
    /HYe4gj
    /HYf0gj
    /HYf1gj
    /HYf2gj
    /HYf3gj
    /HYf4gj
    /HYf5gj
    /HYf9gj
    /HYg1gj
    /HYg2gj
    /HYg3gj
    /HYg4gj
    /HYg6gj
    /HYh1gj
    /HYh2gj
    /HYh3gj
    /HYh4gj
    /HYi1gf
    /HYi1gj
    /HYi2gj
    /HYi3gj
    /HYi4gj
    /HYj2gj
    /HYj4gj
    /HYk1gj
    /HYk2gj
    /HYk3gj
    /HYk5gj
    /HYl1gj
    /HYm1gj
    /HYm2gj
    /HYm4gj
    /HYm5gj
    /HYm6gj
    /HYm7gj
    /HYn1gj
    /HYn3gj
    /HYo1gj
    /HYo2gj
    /HYo3gj
    /HYp1gj
    /HYq1gj
    /HYq2gj
    /HYr1gj
    /HYr2gj
    /HYr3gj
    /HYt4gj
    /HYx1gj
    /HYx4gf
    /HYy1gj
    /HYy2gj
    /HYy4gj
    /hzgb
    /Impact
    /KaiTi_GB2312
    /Kartika
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LiSu
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MesquiteStd
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadArabic-Bold
    /MyriadArabic-BoldIt
    /MyriadArabic-It
    /MyriadArabic-Regular
    /MyriadHebrew-Bold
    /MyriadHebrew-BoldIt
    /MyriadHebrew-It
    /MyriadHebrew-Regular
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NSimSun
    /NuevaStd-Bold
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuevaStd-Italic
    /OCRAStd
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Raavi
    /RosewoodStd-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SRegular
    /STCaiyun
    /StencilStd
    /STFangsong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


