
  
Abstract - We propose to use the product of a 

competitor's h-index and a weighted sum of the citations of 
its h-core patents as a Core Value characterizing the 
competitor’s h-core performance in terms of both quality 
and quantity. The key competitors are those of the greatest 
Core Values. The approach is applied to empirical data and 
compared with similar measures such as the products of the 
h-index and other h-type indices. The approach obviates the 
insensitivity problem to exceptionally highly cited patents 
and does not impose significant analytical overhead to the 
technology manager.  
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I.  INTRODUCTION 
 
 Patents assigned to the competitors are an important 
source of technological intelligence, and there is already a 
significant amount of research involving patent data in the 
various technology management tasks such as [5, 9, 10, 
14, 25], to name some notable ones. 
 Before a decision is made to enter an emerging 
market segment or to start developing a new product, a 
technology manager is often challenged by the executives 
with questions about the current state-of-the-art 
technologies, whether these technologies have already 
been patented so that there is significant legal uncertainty 
and barrier, the major players that hold these patents, etc.  
 Usually there is little off-the-shelf information 
available and the technology manager is often given little 
time in finding the answers. A simplified yet commonly 
adopted approach by the technology manager can roughly 
be described as follows. Firstly, some keywords are 
applied to patent databases and a set of patents are 
collected. Then, the collected patents’ bibliometric 
information is extracted and fed to some analysis tool. 
Finally, a number of charts or tables are produced by the 
tool. Quite often is the case that the technology manager 
then jumps to conclusions based on these coarse 
analytical results and considers those patent assignees 
holding a greater number of patents as the key players.  
 These quick-and-dirty answers are often not accurate 
and, given enough time and resource, the technology 
manager certainly can do a much better work. For 
example, the R&D spending, the number of R&D staff, 
etc. may provide more in-depth information, especially 
some key players may choose not to file patents for 
saving cost or to conceal their breakthrough technology, 

or the value of a patent is not yet manifested as it has not 
been involved in licensing deals or legal disputes. 
However, this information usually is not freely available, 
or costly in-depth research is required. What this paper 
concerns is that, if given only the free patent databases 
and limited time, can a technology manager do a better 
job in locating the key players or competitors? 
 Even though we limit ourselves to the bibliometric 
information contained in patent databases, there are 
various ways of applying this information in locating the 
key competitor. For example, if a technology is of 
importance to a competitor, patent applications in 
multiple countries are filed and therefore a sizeable patent 
family is formed, or continuous development and 
improvement is conducted and as such results in 
numerous continuing applications.  
 Here in this paper, we further limit ourselves to use 
the citations received by a patent as an indication to the 
patent’s value or quality, not only because their ready 
availability from patent databases but also because they 
are relatively more objective than citations to papers.  
 Patent citations are more objective because that (1) 
citations to patents are produced not only by the 
applicants but also by the patent examiners who can be 
considered as objective third parties; and (2) self-citation 
is rarely an issue since there is little benefit for an 
applicant to cite his or her prior applications or patents 
unless it is necessary to do so. Therefore we can safely 
ignore the impact of self-citation.  
 Additionally, even though patents do expire and valid 
patents have different remaining lives, determining 
whether a patent is still under maintenance is actually 
more difficult than we imagine. The data is buried in the 
patent databases and usually requires laborious manual 
discovery for each patent. Both factors as such are not 
considered in this paper for simplicity’s sake. 
 Based on the forgoing assumptions, we at the moment 
roughly define the key players or competitors as those 
patent assignees holding a greater number of patents each 
receiving a greater number of citations.  
 This definition is of course imprecise. As will be 
detailed subsequently, we will propose an approach that 
will give precise meaning to this definition, and this 
approach will be applied to empirical data to demonstrate 
its validity. In the process, we will also compare the 
approach with other similar measures. 
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II. h-INDEX GEOMETRY 
 

 After we limit ourselves to use citation as an 
indication to a patent’s value and due to the many 
analogous features between papers and patents [18, 19], 
locating the key competitors is very similar to 
determining the elite researchers, departments, journals, 
etc. 
 There is a wealth of tools from the scientometric and 
bibliometric research. Among these tools, the h-index [13] 
has attracted a lot of interests. The h-index actually has 
already become a de facto indicator in the scientific 
community for research performance evaluation, as 
evident from the large number of articles devoted to this 
topic (e.g., the original h-index paper [13] is cited more 
than 2,000 times) and its adoption by on-line databases 
such as Scopus and Web of Science. 
 An operational definition of the h-index is as follows. 
Firstly, the N patents assigned to a patent assignee (i.e., its 
patent portfolio) are sorted in descending order of their 
respective citation counts into an ordered list {P1, P2,…, 
PN−1, PN}, and therefore C(Pi) ≥ C(Pj) if 1 ≤ i ≤j≤ N, 
where Pi is the patent ranked at the ith place and C(Pi)≥ 0 
is the citation count of Pi. Then, the assignee has h-index 
n if C(Pn) ≥ n and C(Pn+1) ≤ n. 
 Geometrically, a so-called rank-citation curve [27] 
can be obtained by plotting and connecting the points (i, 
C(Pi), 1 ≤ i ≤ N, in a smooth or stepwise manner in a two 
dimensional coordinate system where the horizontal axis 
provides the ranks of the patents and the vertical axis 
provides the patents’ citation counts. The h-index n 
corresponds to a special point (n, n) on the rank-citation 
curve. A fictitious, stepwise rank-citation curve is 
depicted in Fig. 1. 
 The ordered list {P1, P2,…, PN−1, PN} is partitioned by 
the h-index n into the set of n patents {P1,P2,…,Pn−1,Pn} 
and the set of (N − n) patents {Pn+1,Pn+2,…,PN−1,PN}, 
which are referred to as the assignee’s h-core [23] and h-
tail [27], respectively. The h-tail can be further divided 
into the set of (Nc − n) cited patents and the set of (N − Nc) 
un-cited patents where Nc is the number of cited patents 
(i.e., patents having been cited at least once).  
 Similarly, the point (n, n) also partitions the rank-
citation curve into two segments manifesting the citation 
distributions of the h-core and h-tail, which are referred to 
as the h-core and h-tail segments, respectively [16]. The 
areas beneath the h-core and h-tail segments 
corresponding to citations received by the h-core and h-
tail are referred to as the h-core area (whose sizes is 
denoted as Ac) [16] and h-tail area (whose sizes is 
denoted as At) [27]. 
 The popularity of the h-index arises mainly out of its 
simplicity. To characterize the research performance of a 
researcher, the h-index only involves two attributes: 
quantity (or productivity, a measure related to the number 
of papers published) and quality (or impact, a measure 
related to the citations received by the published papers).  

 
Fig. 1: A fictitious rank-citation curve. 

 
The h-index combines the two in a single yet simple-to-
calculate number (cf. [6, 13, 24]). Then, when we limit 
ourselves to the same two attributes of patent assignees, 
the h-index seems an appropriate choice for our approach. 
 Despite its popularity, the h-index has also received a 
lot of criticisms. By simply looking at Fig. 1, we can 
immediately understand the origin of some of the 
criticisms. A researcher’s performance is actually 
completely reflected in its rank-citation curve [16, 17], 
and using a single point (n, n) to represent the entire curve 
definitely omits a great deal of details. For example, one 
of the mostly criticized characteristic of the h-index is its 
insensitivity to some exceptionally highly cited papers. 
This is due to the h-index’s ignoring the area above the n2 
squire box bounded by the dashed line. As such, there are 
a large number of so-called h-type indices proposed to 
modify or augment the original h-index. For example, two 
of them that will be compared with our approach are the 
A-index and R-index [4, 15]. Some recent reviews to the 
various issues of the h-index and various h-type indices 
can be found in [2] and [8]. 
 The papers contained in the h-core are usually 
considered as the most visible ones or as having the 
greatest impact (cf. [4, 8]) from a researcher. The idea has 
been extended to various levels of aggregation. For 
example, the eminence of scientific journals is determined 
by the relatively most important papers of these journals 
referred to as the elite set, and h-index is suggested as one 
of the ways in determining the elite set [26]. The h-index 
is also applied to research topics and the topics with 
greater h-indices are considered as “hot” (i.e., more 
eminent) topics in contrast to the “older” (i.e., less 
eminent) topics with smaller h-indices [3]. 
 Due to the h-index’s lack of information and the 
representative role played by the h-core, in this paper we 
propose to use the h-core’s performance (i.e., its quality 
and quantity), instead of the h-index, to determine the key 
competitors or patent assignees.  
 

III. CHARACTERIZING THE h-CORE 
 
 The question then is how we characterize the 
performance reflected in a patent assignee’s h-core. 
Before proceeding, we like to point out that using the h-
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index to determine a set of relatively more visible papers 
or patents is by no means the only approach. There are 
various other approaches in selecting the so-called highly 
cited papers (HCPs) as a measure to a researcher’s 
scientific performance (cf. [22, 1]). We can also expect 
that some of the h-type indices can be potential candidates 
as well such as the g-index [7]. One therefore may 
question why the h-index (and therefore h-core) is any 
superior.  
 We choose the h-index as it has a unique merit. In a 
prior study [16, 17], it is pointed out that the h-index 
usually reflects the smallest distance from the rank-
citation curve to the origin, and therefore that the rank-
citation curve of an assignee with smaller h-index is 
located closer to the origin and may run completely 
beneath the rank-citation curve of another assignee with 
greater h-index, implying that the former is outperformed 
by the latter. Even though the above statement is often 
true, especially when the difference between two 
assignees’ h-indices is large enough, there are exceptions.  
 Fig. 2 provides the rank-citation curves for three 
fictitious assignees Si, Sj, and Sk having h-indices ni, nj, 
and nk, respectively, with ni<nj<nk. As illustrated, Si has 
the smallest h-index ni and its rank-citation curve runs 
completely beneath those of Sj and Sk. Since every patent 
in Si’s h-core receives fewer citations than those ranked at 
the same places in the Sj and Sk’s h-cores, together with 
ni<nj<nk, we can infer that Si’s h-core performance is 
inferior to Sj and Sk, both in terms of quantity and quality. 
On the other hand, even though nj<nk, Sj’s rank-citation 
curve does not run completely beneath that of Sk as their 
h-core segments cross each other. Under this scenario we 
can no longer confidently reach the conclusion that Sj is 
outperformed by Sk. Some additional information is 
required. 
 As mentioned in the previous section, a number of h-
type indices are proposed to supplement the h-index. 
However, most of them involves the area size of the h-
core area (Ac) such as the A-index (=Ac/n) and R-index 
(=Ac

1/2), yet the area size is notorious in hiding details.  
 Believing that the shape of the h-core segment, not 
the size of the h-core area, more accurately reflects an 
assignee’s h-core performance, we have proposed in a 
previous study [16] a shape descriptor called c-descriptor 
(short for core descriptor) for supplementing the h-index: 

.
)(

)(
)()(descriptor-

1

1

2

1 ∑

∑
∑

=

=

=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= n

i
i

n

i
in

i c

i
i

PC

PC

A
PCPCc   (1) 

According to (1), the c-descriptor is a weighted sum 
of the citation counts C(Pi), 1 ≤ i ≤ n, of the h-core patents 
{P1,P2,…,Pn−1,Pn} where the weight is the citation count 
divided by the total citation count. The c-descriptor is 
therefore a measure of the quality or impact of the h-core 
patents. Geometrically, the c-descriptor is a weighted sum 
of the heights of each point along the h-core segment. 
Since C(P1)≥c-descriptor≥ C(Pn), the c-descriptor can be 
considered as a characteristic height of the h-core segment. 

 
Fig. 2: The rank-citation curves for three fictitious assignees. 

 
 We can also see from (1) that the c-descriptor 
significantly favors the patents having greater numbers of 
citations and therefore the assignees whose h-core 
segments are more skewed to the left. To see this, a 
fictitious example is as follows. Assuming that Si, Sj, and 
Sk all have 3 patents and their citation counts are {6,3,3}, 
{5,4,3}, and {4,4,4}, respectively, their identical h-index 
(3), h-core area size Ac (12), A-index (4), and R-index 
(121/2) cannot differentiate them, yet their respective c-
descriptors, 54/12, 50/12, 48/12, indicate not only their 
difference but also Si’s more skewed citation distribution 
{6,3,3}. 
 One may challenge the adequacy of assigning 
significantly more weight to patents of greater number of 
citations. This is because empirical studies [11, 12, 20] 
indicated that highly cited patents are scarce and the great 
majority of patents are either lowly cited or un-cited. 
Since we are trying to determine the key or more eminent 
assignees, the patents capable of attracting more citations 
should be better recognized and rewarded. 
 After introducing the c-descriptors, we define a patent 
assignee’s Core Value as a characterization of the patent 
assignee’s h-core performance as follows:  
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We can see from (2) that this Core Value captures the h-
core performance by combining both the quantity side 
(i.e., h-index n) and the quality side (i.e., c-descriptor) of 
the h-core.  
 To see this, another fictitious example involving three 
assignees Si, Sj, and Sk having the same Ac but with 
different h-indices is provided, whose citations 
distributions, h-indices, A-indices, R-indices, c-descriptors, 
and Core Values are summarized in Table I. For 
comparison’s sake, two similar measures, the products of 
h-index with A-index (actually this is exactly Ac) and 
products of h-index and R-index, are also included in 
Table I. 
 In this example, these assignees’ R-indices and n·A-
indices cannot differentiate them due to their identical Ac. 
Also due to their identical Ac, these assignees’ rankings by 
h-index and by n·R-index (=n·Ac

1/2) are identical and these 
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rankings reflect more of the quantity side of these 
assignees’ h-core performance. On the other hand, these 
assignees’ rankings by A-index (=Ac/n) and by c-
descriptor are identical and these rankings reflect more of 
the quality side of these assignees’ h-core performance. 
The more quantity-side rankings are in reverse order to 
the more quality-side rankings. In contrast to the more 
quantity-side and quality-side rankings, these assignees’ 
Core Values indicate that Sj actually has the best h-core 
performance.  
 

TABLE I: Relevant data for the three fictitious assignees. 

 Citation 
 Distribution. 

h- 
Index (n) 

A- 
index 

R-
index

c- 
Desc. 

n·A-
index 

n·R-
index

Core 
Value

Si {10, 6} 2 16/2 4 136/16 16 8 278/16

Sj {8,5,3} 3 16/3 4 98/16 16 12 294/16

Sk {4,4,4,4} 4 16/4 4 64/16 16 16 256/16

  
 This example illustrates the Core Value’s striking a 
balance between the quality and quantity of the h-core 
performance. From the quality side (e.g., reflected by the 
c-descriptor), Sj is not as influential as Si and, from the 
quantity side (e.g., reflected by the h-index), Sj is not as 
productive as Sk. Yet, Sj’s inferiority to Si and Sk is limited 
so that after combing both quality and quantity together, 
Sj is considered as having the best h-core performance 
among the three assignees. However, if Si has citation 
distribution {12, 4}, Sj’s inferiority to Si in terms of 
quality would be so great that Si becomes the one having 
the best h-core performance. 
 

IV. EMPIRICAL RESULTS 
 

As an illustrative case, the proposed approach is 
applied to the 100 assignees having the greatest numbers 
of U.S. patents granted in the year 2009 [21], and these 
assignees’ U.S. patents issued between 1976 and 2009 are 
collected. This may not be the ideal set of data as we 
didn’t take into consideration these assignees’ areas of 
expertise and different technology fields usually have 
different patent filing patterns and citation densities. 
However, for illustration purpose, this data set should suit 
our investigation by their diverse h-indices ranging from 
161 (IBM with total 58,185 patents) to 3 (LG DISPLAY 
CO., LTD. with total 872 patents).  

In Fig. 3 the 100 assignees are decreasingly sorted 
according to their h-indices1 and arranged along the x-axis. 
Their respective c-descriptors, A-indices, and R-indices, 
due to their different orders of magnitude, are plotted 
against log-scaled y-axis. 

 

                                                           
1 For assignees of identical h-index, they are further decreasingly sorted 
by their h-core area sizes (Ac). 
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Fig. 3: The c-descriptors, A-indices, and R-indices for the 100 assignees 
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Fig. 4: The Core Values, n·A-indices, and n·R-indices for the 100 

assignees (log-scale y-axis). 
 

As illustrated, the three curves manifest a general 
downward trend consistent with the decreasing h-indices, 
suggesting that the rankings by c-descriptor, A-index, R-
index, and h-index are correlated. This is indeed the case 
as the Spearman’s rhos between the ranking by h-index 
and the rankings by c-descriptor, A-index, and R-index are 
as high as 0.910, 0.838, and 0.919, respectively2. 

However the unpredictable fluctuations along the 
curves indicate that the c-descriptor, A-index, and R-index 
have captured additional information that is missed by the 
h-index. We can also see the high resemblance between 
the curves of the A- and R-indices as they are all derived 
from Ac, and their Spearman’s rho is indeed as high as 
0.979. Interestingly, some significant spikes along the c-
descriptor’s curve are often in a reversed direction from 
those along the curves of the A- and R-indices. The 
Spearman’s rhos between the ranking by c-descriptor and 
the rankings by A- and R-indices are indeed relatively 
smaller at 0.680 and 0.776. The spikes along the c-
descriptor curve reflect high skewedness and the presence 
of exceptionally highly cited patents. The reversed 
directions imply that these exceptionally highly cited 
patents, which are ignored by Ac and therefore the A-, R-
indices, are captured by the c-descriptor. 
 In Fig. 4 each of the 100 assignees is represented by a 
point in a two-dimensional coordinate system whose x-
                                                           
2 All Spearman’s rhos are significant at 0.01 level (two-tailed). 
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coordinate is its h-index and y-coordinate its c-descriptor. 
Fig. 4 is therefore a visualization of the 100 assignees’ h-
core performance where the quantity and quality sides of 
their h-core performance are manifested. 
 The two-dimensional representation shown in Fig. 4 
would be a valuable tool as a large number of 
competitors’ h-core performance can be simultaneously 
depicted, thereby achieving a overall view to these 
competitors’ relative performance. With this overall view, 
a technology manager can immediately determine his or 
her organization’s position among a group of competitors. 
The technology manager can also determine where the 
performance difference relative to these competitors lies 
and the degree of such difference. The technology 
manager can also quickly determine those competitors 
having, say, top 10% h-core performance in terms of 
quality and quantity. 
 

TABLE II: The Core Values, h-indices, Ac’s, and the respective 
ranks of the 100 assignees. 

Assignee Rank by 
Core Value 

Core 
Value 

Rank by  
h-Index 

h-
Index Ac 

CANON 1 83,260  18 92 22,371 
IBM 2 38,962  1 161 35,636 
TEXAS 
INSTRUMENTS 

3 32,148  3 141 29,274 

AT&T CORP. 4 31,524  2 142 27,957 
QUALCOMM 5 29,328  31 78 13,874 
XEROX 6 27,608  6 119 22,526 
MICRON 7 26,578  4 137 25,135 
MOTOROLA 8 24,897  5 129 22,597 
SEMICON. 
ENERGY LAB. 

9 24,684  13 102 19,148 

MEDTRONIC 10 23,175  12 103 17,861 
  

In determining the key competitors, we can sort the 
competitors in accordance with their Core Values, and 
choose, for example, the top 10 or the top 10% 
competitors having the greatest Core Values as the key 
competitor. For the 100 assignees, the top 10 assignees’ 
Core Values, h-indices, Ac’s and their respective ranks are 
summarized in Table II. 
 Together with Table II and Fig. 4, we can see that 
CANON and QUALCOMM probably are not considered 
the key competitors by conventional measures such as the 
h-index. Yet they are able to emerge as key competitors 
with their rather small h-indices (92 and 78) and, as such, 
their h-core segments must be significantly skewed so as 
to achieve significantly large c-descriptors, thereby 
compensating their inferior h-indices. By examining their 
raw data, this is indeed true. For example, the highest 
ranking patents of CANON and QUALCOMM are cited 
1,950 and 1,139 times, respectively, whereas the highest 
ranking patent of IBM (having the greatest h-index) is 
cited only 488 times. 
 

V. SUMMARY AND DISCUSSION 
 

In this paper we have proposed a new index called 
Core Value to characterize a patent assignee’s h-core 
performance in terms of both quantity and quality 
calculated as the product of the assignee’s h-index and c-

descriptor. From (1) and (2), the c-descriptor and Core 
Value can be easily obtained as by-products when a 
technology manager iterates through an assignee’s 
decreasingly sorted portfolio to determine the assignee’s 
h-index. We have also used empirical data to illustrate the 
difference of the c-descriptor and Core Value against 
some conventional h-type indices and similar 
characterizations based on the h-type indices. 

We have demonstrated the use of the Core Value in 
the paper using empirical data. However, due to the page 
limitation of the paper, rigorous analysis of the property 
of the Core Value is not covered, and the validity of the 
Core Value and the ranking it achieves should also be 
verified against some firm-level innovation or R&D 
metrics. These could be desirable topics for future study. 

We have also noticed that the conventional definition 
of the h-core is not accurate. The h-core is considered 
conventionally as containing the papers or patents ranked 
ahead of or at the same place as the h-index. An 
alternative way of determining the h-core is to include the 
papers or patents whose received citations are more than 
or equal to the h-index. For example, an assignee has 5 
patents with citations 5, 3, 3, 3, and 1, respectively, and 
therefore has h-index 3. The conventional h-core contains 
the first 3 patents whereas the alternative h-core contains 
the first 4 patents. We think the alternative h-core is more 
reasonable since there is no point ignoring one of the 
three patents that also receives 3 citations as the other two. 
Therefore, another topic for the future would be to adapt 
the c-descriptor and the Core Value based on the 
alternative definition of the h-core. 

The approach proposed by this paper is rather 
simplified by considering only the number of patents and 
their citations, and a technology manager should utilize 
this approach with its limitations in mind. For example, as 
mentioned in section I, patents do expire and valid patents 
have different remaining lives but both factors are not 
considered in this paper. A more elaborate approach 
would be to remove the expired patents from the portfolio 
and apply some discounting scheme based on a patent’s 
remaining life. Additionally, competitors usually have 
several lines of products and patents in different 
technological areas should be treated separately, not 
altogether. Also, different phases of a technology’s life 
cycle may also involve different patterns of patent filing 
activities and citation densities. All these factors should 
be carefully weighted so as not to make misleading 
conclusions. 
 

REFERENCES 
 
[1] D. W. Aksnes, “Characteristics of highly cited papers,” Res. 

Evaluation, vol. 12, no. 3, pp. 159–170, 2003. 
[2] S. Alonso, F. J. Cabrerizo, E. Herrera-Viedma, and F. 

Herrera, “h-Index: A review focused in its variants, 
computation and standardization for different scientific 
fields,” J. Informetr., vol. 3, no. 4, pp. 273–289, 2009. 

[3] M. G. Banks, “An extension of the Hirsch index: Indexing 
scientific topics and compounds,” Scientometrics, vol. 69, 
no. 1, pp. 161–168, 2006. 

Proceedings of the 2012 IEEE IEEM

675



[4] Q. L. Burrell, “On the h-index, the size of the Hirsch core 
and Jin's A-index,” J. Informetr., vol. 1, no. 2, pp. 170–177. 

[5] R. Chao and E. Loutskina, "How Complexity Impacts R&D 
Portfolio Decisions and Technological Search Distance", 
Darden School of Business Working Paper No. 1917607, 
2011. Available at http://ssrn.com/abstract=1917607. 

[6] R. Costas and M. Bordons, “The h-index: Advantages, 
limitations and its relation with other bibliometric 
indicators at the micro level,” J. Informetr., vol. 1, no. 3, 
pp. 193–203, 2007. 

[7] L. Egghe, “Theory and practise of the g-index,” 
Scientometrics, vol. 69, no. 1, pp. 131–152, 2006. 

[8] L. Egghe, “The Hirsch-index and related impact measures,” 
Annu. Rev. of Inform. Sci., vol. 44, pp. 65–114, 2010. 

[9] L. Fleming, "Recombinant Uncertainty in Technological 
Search", Manage. Sci., vol. 47, no. 1, pp. 117–132, 2001. 

[10] L. Fleming and O. Sorenson, "Technology as a complex 
adaptive system: evidence from patent data", Res. Policy, 
vol. 30, no. 7, pp. 1019–1039, 2001. 

[11] B. H. Hall, A. B. Jaffe, and M. Trajtenberg, “Market value 
and patent citations: A first look,” NBER, Cambridge, MA, 
Working paper 7741, 2000. Available at 
http://www.nber.org/papers/w7741.pdf. 

[12] B. H. Hall, A. B. Jaffe, and M. Trajtenberg, “The NBER 
patent citations data file: Lessons, insights and 
methodological tools,” NBER, Cambridge, MA, Working 
Paper 8498, 2001. Available: 
http://www.nber.org/papers/w8498.pdf. 

[13] J. E. Hirsch, “An index to quantify an individual’s 
scientific research output,” P. Natl. Acad. Sci. USA., vol. 
102, no. 46, pp. 16569–16572, 2005. 

[14] A. Jaffe, "Technological Opportunity and Spillovers of R & 
D: Evidence from Firms' Patents, Profits, and Market 
Value", Am. Econ. Rev., vol. 76, no. 5, pp. 984–1001, 1986. 

[15] B. Jin, L. Liang, R. Rousseau, and L. Egghe, “The R-and 
AR-indices: Complementing the h-index,” Chinese Science 
Bulletin, vol. 52, no. 6, pp. 855–863, 2007. 

[16] C.-H. Kuan, M.-H. Huang, and D.-Z. Chen, “Ranking 
patent assignee performance by h-index and shape 
descriptors,” J. Informetr., vol. 5, no. 2, pp. 303–312, 2011. 

[17] C.-H. Kuan, M.-H. Huang, and D.-Z. Chen, “Positioning 
research and innovation performance using shape centroids 
of h-core and h-tail,” J. Informetr., vol. 5, no. 4, pp. 515–
528, 2011. 

[18] M. Meyer, “What is special about patent citations? 
Differences between scientific and patent citations,” 
Scientometrics, vol. 49, no. 1, pp. 93–123, 2000. 

[19] M. Meyer, and S. Bhattacharya, “Commonalities and 
differences between scholarly and technical collaboration,” 
Scientometrics, vol. 61, no. 3, pp. 443–456, 2004. 

[20] M. E. Mogee, “Using patent data for technology analysis 
and planning,” Res. Technol. Manage., vol. 34, no. 4, pp. 
43–49, 1991. 

[21] Patent Technology Monitoring Team Report, “Patenting by 
Organizations 2009,” USPTO, Alexandria, VA, 2010. 
Available at  
http://www.uspto.gov/web/offices/ac/ido/oeip/taf/topo_09.
htm. 

[22] R. Plomp, “The significance of the number of highly cited 
papers as an indicator of scientific prolificacy,” 
Scientometrics, vol. 19, no. 3, pp. 185–197, 1990. 

[23] R. Rousseau, “New developments related to the Hirsch 
index” (in Chinese), Sci. Focus, vol. 1, no. 4, pp. 23–25, 
2006. An English translation is available at 
http://eprints.rclis.org/6376/. 

[24] R. Rousseau, “Reflections on recent developments of the h-
index and h-type indices,” COLLNET J. Scientometrics 
Inform. Manage., vol. 2, no. 1, pp. 1–8, 2008. 

[25] T. Stuart and J. Podolny, "Local search and the evolution of 
technological capabilities", Strategic Manage. J., vol. 17, 
no. S1, pp. 21–38, 1996. 

[26] P. Vinkler, “The πv-index: a new indicator to characterize 
the impact of journals,” Scientometrics, vol. 82, no. 3, pp. 
461–475, 2010. 

[27] F. Y. Ye and R. Rousseau, “Probing the h-core: An 
investigation of the tail-core ratio for rank distributions,” 
Scientometrics, vol. 84, no. 2, pp. 431–439, 2010. 

 
 

 

Proceedings of the 2012 IEEE IEEM

676



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


