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Abstract 

Compared with 2D technology, the 3D visualization and 3D mapping could provide a new technical methodology for 
information visualization, knowledge visualization and science mapping. In this article, the 3D visualization and 3D mapping 
are realized by using software tools Mage and Mayavi while drawing 3D graph. The 3D graph can rotate and move in the 
space for visualizing knowledge structure, with keeping 3D drawing three theorems. Two cases are shown in the article: one 
case is the two layers network; the other belongs to three layers network. With the revealing of the 3D core structures of 
multilayer networks, the information and knowledge visualization and science mapping have the potential to be promoted. 
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1 Introduction 

Early in the 1970s and 1980s, the visualization method began 
to sprout [1-2]. Since 1990s, visualization method had its 
scientific foundation [3-6]. After 2000, the visualization 
technology developed quickly and then became a new field 
as information visualization or science mapping [7-9]. The 
visualization can be used in tracking the latest developments 
in science and technology [10], marking the growth of 
scientific knowledge [11], and supporting users in coping 
with complexity in knowledge- and information-rich 
scenarios [12]. 

In the visualization, data visualization, information 
visualization, and knowledge visualization indicate different 
levels of abstraction [10]. The networks and knowledge maps 
can be depicted differently by choosing different information 
as the network actor, e.g. author, institute or country 

keyword, to reflect knowledge structures in micro-, meso-, 
and macro-levels, respectively [13]. Knowledge visualizing 
could visualize the entire body of scientific knowledge, as 
well as a knowledge domain’s intellectual structures that 
extracts structural patterns from the scientific literature and 
represents them in a 3-dimensional (3D) knowledge 
landscape [14]. Knowledge visualizing could also visualize 
the evolving interdisciplinary areas of science, charting, 
mining, analyzing, sorting, thus enable navigating and 
displaying knowledge [15], as well as the evolution over time 
about research topic [16]. Also, the types of knowledge 
visualization included conceptual diagrams or visual 
metaphors [17], concept map-based knowledge models [18], 
knowledge network [19], and visual concept explorer [20]. 

In the studies of information visualization, knowledge 
visualization and science mapping, technology-driven 
achievements have got great progress, especially when 2-
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dimensional (2D) software has been applied, such as 
CiteSpace [7], VOS viewer [21], and so on [22]. Meanwhile, 
the visualizing tools of multilayer networks have been 
developed, such as MuxViz [23], MultiNets [24] and 
Detangler [25]. 

However, most information visualization tools focus on the 
2D structure. In this paper, following the study of Li et al. 
[26], it is suggested to pay attention to 3D visualization and 
3D mapping, for promoting information and knowledge 
visualization and science mapping. 

2. Methodology 

Science mapping provides a novel perspective to reveal the 
scientific frontiers and dynamic structure with visualization 
methods [3-4, 7-8, 27-30]. The visualization is also a possible 
application of graph drawings [31]. 

2.1. Basic Methods and Three Theorems for 

3D Drawings 

It is important to draw nodes (vertices) and edges in 3D 
space for 3D visualization and 3D mapping, It is also named 
as the 3D drawings. In the 3D drawings, straight-line 
crossing-free drawings, whose vertices are located at points 
in space, are called 3D (straight-line) grid drawings. The 
relaxation, where edges are represented with polygonal 
chains with bends (if any), also at grid-points gives rise to the 
so-called 3D polyline grid drawings. Here, a point where a 
polygonal chain changes its direction is called a bend. 
Straight-line grid drawings are thus a special case of polyline 
grid drawings. Polyline drawings provide great flexibility. In 
particular, they allow 3D drawings with smaller volume than 
that in the straight-line model. The number of bends, 
however, should be kept as small as possible, since bends 
typically reduce the readability of a drawing. If each segment 
of each edge in a polyline drawing is parallel to one of the 
three coordinate axes, then the drawing is an orthogonal 
drawing. Orthogonal drawings are thus special cases of 
polyline drawings. 

Since 3D grid drawings have straight edges and no crossings, 
the volume is the main aesthetic criterion for this drawing 
style. In other words, the most commonly used measure for 
3D grid drawings is their volume. There are three theorems 
for clarifying the key. 

A starting point for many results on 3D grid drawings is a 
simple fact, i.e., a straight-line drawing of a graph (on n > 3 
vertices) such that no four vertices are coplanar without 
crossings. This fact is the key to the folklore construction that 
proves that every graph has a 3D grid drawing. In particular, a 
moment curve M is a curve defined by parameters (q, q2, q3). 

It can be proved that no four distinct points on this curve are 
coplanar. Thus given a graph G on n vertices, a 3D grid 
drawing of G can be obtained by placing each vertex vi ∈ 
(G), 1 ≤ i ≤ n, at (i, i2, i3). This construction gives an n × n2 × 
n3 3D grid drawing with O (n6) volume. By placing each 
vertex vi at the grid-point (i, i2 mod p, i3 mod p), where p is a 
prime such that n < p ≤ 2n, the resulting drawing is an n × 2n 
× 2n 3D grid drawing with O (n3) volume. Furthermore, 
Cohen et al. (1996) proved that the Ω(n) × Ω(n) × Ω(n) 
bounding box and thus the Θ(n3) volume bound is 
asymptotically optimal in the case of the complete graph Kn. 
The proof of this lower bound is based on the fact that no 
five vertices can be coplanar in any 3D grid drawing of Kn. 
Therefore, each side of the bounding box has size at least n/4, 
as the following Cohen-Eades-Lin-Ruskey Theorem 
illustrates [32]. 

Cohen-Eades-Lin-Ruskey Theorem: Every n-vertex graph has 

a 3D grid drawing with O(n
3
) volume. Moreover, the 

bounding box of every 3D grid drawing of Kn, the complete 

graph on n vertices, is at least (n/4) × (n/4) × (n/4), and thus 

has (n
3
) volume. 

This construction provides a generalization of an analogous 
2D technique. 

Since complete graphs require cubic volume, it is of interest 
to identify fixed graph parameters that enable 3D grid 
drawings with smaller volume. The first parameter to be 
studied is the chromatic number [33-34]. Calamoneri and 
Sterbini [33] proved that each 4-colorable graph has a 3D 
grid drawing with O(n2) volume. Generalizing this result, 
Pach et al. [34] proved the following Pach-Thiele-Toth 

Theorem. 

Pach-Thiele-Toth Theorem: Every n-vertex graph with 

chromatic number χ has a 3D grid drawing with O(χ
2
n

2
) 

volume. This bound is asymptotically optimal for the 

complete bi-partite graphs with equal sized bipartitions. 

The main idea behind this result is similar to that for general 
graphs. In the case of complete graphs, crossings are avoided 
by ensuring that no four vertices are coplanar. 

Following the Pach-Thiele-Toth Theorem, which proved that 
the quadratic volume bound is asymptotically optimal for the 
complete bipartite graph with equal sized bipartitions, Bose 
et al. gave a generalized result for all graphs as another 
theorem [35]. 

Bose-Czyzowicz-Morin-Wood Theorem: Every 3D grid 
drawing with n vertices and m edges has volume at least (n + 
m)/8. In particular, the maximum number of edges in an X × 
Y × Z drawing is exactly (2X − 1)(2Y − 1)(2Z − 1) − XYZ. 

The above theorems are the principle theorems for 3D 
drawing, which should be taken into consideration in 3D 
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visualization. Meanwhile, in 3D molecular technologies, 
some synthetic software tools have been developed, such as 
VEGA [36] and POSMOL [37], which provide rich and 
variable references. However, in molecule networks, all 
nodes are atoms and the 3D graph expresses their molecular 
structure. On the contrary, in 3D information networks, all 
nodes focus on publications or related subjects and the 3D 
graph reveals their knowledge structure. 

2.2. Software Tools and Realizing 

Techniques for 3D Visualization and 3D 
Mapping 

In order to simplify its technical process, the common shared 
or open source software tools are chosen for 3D Visualization 
and 3D Mapping. Combining above theoretical concepts with 
practical applications, an applicable tool package Mayavi (3D 
scientific data visualization and plotting in Python, cf. 
http://docs.enthought.com/mayavi/mayavi/) was adopted to 
realize the 3D visualization and 3D mapping, and Mage (3D 
vector display program which can show "kinemage" graphics, 
cf. http://kinemage.biochem.duke.edu/software/mage.php) was 

applied to show a real 3D graph. 

It is impossible and unnecessary to draw all nodes and edges 
in one 3D graph. Thus, it is better to draw the core structure 
as 3D graph. Considering a multilayer complex network, h-
crystal algorithm had been designed [26], where h-crystal in 
multilayer weighted information network is constructed by 
combining co-citation network (layer 1), bibliographic 
coupling network (layer 2) and co-keyword network (layer 3) 
as a multilayer network, which provides an operational 3D 
graph. In the 3D visualization and 3D mapping, the nodes in 
layer 1 are set as blue ball, layer 2 green cube and layer 3 red 
cone. 

For positioning the nodes in 3D graph, we also use the 
“neato” distribution algorithm in Graphviz (Graph 
Visualization Software, cf. http://www.graphviz.org/) to fix 
coordinates (x, y) and give an artificial coordinate z (ex. the z 
of nodes in layer 1 as z1, layer 2 as z2 and Layer 3 as z3). 

The generated 3D graph can be penetrated in different 
direction, with rotation, as shown in Figure 1. 

 
Fig. 1. The 3D graph and its core, 3 projections with rotations. 

In the Figure 1, if the first projection a) is face, the second 
projection b) is a left-right turn 90o rotation of a) and the 
third projection c) is an up-down turn 90o rotation of b). 
Combing a), b) and c) three projections, a 3D structure of the 
multilayer network core can be presented. During the 
process, three theorems of the 3D drawing are kept. 

For characterizing the core structure of 3D graph, the layer 
structural parameters and total structure parameter (S) for 
measuring total nodes and edges are introduced, as follows. 

Layer structural parameters are calculated by the sum of 
layer core nodes and edges. For example, if the multilayer 
weighted network consists of two layers A, B, the sum are 
defined as 

= + + +A Ah Ad Ah AdS N N L L                 (1) 

= + + +B Bh Bd Bh BdS N N L L               (2) 

In this example, NA, NB are nodes’ symbols of layer A, B 
each with h-degree NAh, NBh, and the number of nodes, that 
node’s h-degree equals NAh, NBh, are NAd, NBd respectively. 
LA, LB are edges’ symbols of layer A, B each with h-strength 
LAh, LBh, and the number of edges that edge’s h-strength 
equals LAh, LBh are LAd, LBd respectively. If there are three 
layers, they can be respectively set as A, B and C. 

Then the total structural parameter S can be defined as the 
sum of all core nodes and edges in all layers excluding 
duplicate nodes (which equals all nodes and edges of the h-
crystal). For two layers, it is 

= + −A B ABS S S N                           (3) 

For three layers, it is 
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= + + − −A B C AB BCS S S S N N                 (4) 

where NAB is the number of same nodes of NAh and NBh, and 
NBC is that of NBh and NCh. 

The larger the layer is and total structural parameters are, the 
more complicated the network core is. 

2.3. Datasets 

The empirical data are searched from WoS, including two 
sets: (1) dataset “sm-set”, which is searched by search 
strategy TS=("science map*" or "knowledge map*"); (2) 
dataset “cn-set”, which is searched by search strategy 
TI="complex network*". These two datasets are searched in 

the database WoS (1998-2013) without restriction. Data are 
updated on Nov.19 and Nov.7, 2014, respectively. 

3. Results 

Using h-crystal algorithm [26], a 3D core of knowledge 
structure is presented, in which there are two layers for 
dataset “sm-set” and three layers for dataset “cn-set”. 

These two data sets produce two multilayer information 
networks with combination of co-citation network, 
bibliographic coupling network and co-keyword (including 
the keywords in both ID and DS records) network., Their 
main parameters are shown in the Tables 1 and 2. 

Table 1. The structural parameters of dataset “sm-set”. 

Type Bibliographic coupling network Co-keyword network 

Total number of nodes 430 1760 
Total number of edges 5650 12088 
Number of nodes in network h-core and h-subnet 15 14 
Layer structural parameters 107 63 
Total structural parameters 170 

Table 2. The structural parameters of dataset “cn-set”. 

Type Co-citation network Bibliographic coupling network Co-keyword network 

Total number of nodes 37314 2490 5401 
Total number of edges 1851616 1365837 44365 
Number of nodes in network h-core and h- subnet 30 44 18 
Layer structural parameters 372 217 158 
Total structural parameters 747 

In order to compare different results, it is noticed that dataset “sm-set” shows a two layer 3D graph and dataset “cn-set” does a 
three layer 3D graph. 

3.1. The 3D Graph of “sm-set” 

Using the h-crystal algorithm and tool package Mayavi, “sm-set” produced a two-layer h-crystal, as shown in Figure 2, in 
which B means bibliographic coupling layer and C co-keyword layer. In B layer, paper node is also link-marked by author and 
publishing year; and in C layer, keyword is marked. 

 
Fig. 2. The two-layer 3D graph of dataset “sm-set”. 

In order to present real 3D effect, the Figure 2 can also be present in another way with using Mage, as shown in the Figure 3. 
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Fig. 3. The real 3D effect of “sm-set” 3D graph. 

Combining Table 1 and Figure 2, it is shown that 15 core bibliographic coupling papers support 14 core keywords. Figure 3 
shows the visual image, where the keywords such as ‘knowledge maps’, ‘science maps’, ‘bibliometric analysis’ are supported 
by those important documents. 

3.2. The 3D Graph of “cn-set” 

Using the h-crystal algorithm and tool package Mayavi, “cn-set” produced a three layer h-crystal, as shown in Figure 3, in 
which A marks co-citation layer, B means bibliographic coupling layer and C does co-keyword layer. In both A and B layers, 
paper node is link-marked by author and publishing year; and in C layer, keyword is marked. 

 
Fig. 4. The three layer 3D graph of dataset “cn-set”. 

For seeing real 3D effect, with using Mage, Figure 4 can be transformed into the Figure 5, as shown below. 
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Fig. 5. The real 3D effect of dataset “cn-set”. 

Combining Table 2 and Figure 4, it is shown that 30 core co-
citation papers link with 44 core bibliographic coupling 
papers, and the 44 papers support 18 core keywords. Figure 5 
shows the visual image, where keywords ‘scale-free 
networks’, ‘metabolic networks’, ‘community structure’ etc. 
are supported by those important documents. 

Compared with 2D visualization and 2D mapping, the 3D 
visualization and 3D mapping can show more detailed 
information. Therefore, more “cubic” structure and its 
construction are known. 

4. Discussion 

The above 3D graphs presented in this article provide real 3D 
visualization, in which we can turn and rotate the graphs for 
viewing of different directions. With its advantages, the 3D 

visualization technology could provide following 
applications. 

(1)The 3D graphs can reveal the space structure of network 
core, which might supply a new research way to investigate 
the inner structure of information networks and other 
networks. 

(2) The 3D graphs can be applied to show real knowledge 
structure hidden in information networks, where knowledge 
generation and development might be revealed in dynamic 
cases. 

(3) The 3D graphs may push forward the development of 
visualization technologies, particularly in the studies of 
multilayer and multiplex networks [23]. 

Certainly, it also has limitations. The method of the 3D graph 
is restricted to process smaller dataset, so that we can only 
use it to show ‘core information’ or ‘core knowledge’. For 
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processing ‘bigdata’, more efforts are needed in order to find 
other ways. 

5. Conclusion 

3D visualization and 3D mapping of knowledge structure can 
be realized by 3D graph technology developed in the article, 
on which the examples of core structure of multilayer 
information networks at both two-layer case and three-layer 
case are shown. Meanwhile, the three theorems of 3D 
drawing are kept. 

As the 3D graphs can show detailed structural information, 
the real knowledge structure and its construction can be 
visual presentations as space images. It is expected that the 
visualization technology is useful in 3D graphics, particularly 
for 3D visualization and 3D mapping such as molecular 
structure and complex network. The 3D visualization and 3D 
mapping could stimulate and promote the development of 
information visualization, knowledge visualization and 
science mapping. 
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