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ABSTRACT 

The development of a practical technology intelligence system requires a knowledge base that structures the core in-
formation and its relationship distilled from large volumes of technical data. Previous studies have mainly focused on 
the methodological approaches for technology opportunities, while little attention has been paid to constructing a 
practical knowledge base. Therefore, this study proposes a procedure to construct a function-based knowledge base 
for technology intelligence. We define the product-function-technology relationship and subsequently present the de-
tailed steps for the knowledge base construction. The knowledge base, which is constructed analyzing 1110582 pat-
ents between 2009 and 2013 from the United States Patent and Trademark Office database, contains the functional 
knowledge of products and technologies and the relationship between products and technologies. This study is the first 
attempt to develop a large-scale knowledge base using the concept of function and has the ability to serve as a basis 
not only for furthering technology opportunity analysis methods but also for developing practical technology intelli-
gence systems. 
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1.  INTRODUCTION 

Technology intelligence is an activity that enables 
firms to identify the technological opportunities or threats 
that could affect the future growth and survival of their 
businesses (Ashton and Stacey, 1995; Lichtenthaler, 2004; 
Kerr et al., 2006). Thus, a technology intelligence sys-
tem can be defined as a computational system or soft-
ware that identified new technological opportunities, 
application areas and emerging trends and delivers this 
information to decision makers in a useable form (Yoon 
and Kim, 2012; Park et al., 2013; Chang and Fan, 2014). 
With the transformation toward a globally competitive 
technological environment, technology intelligence is 

attracting much attention (Lichtenthaler, 2004), because 
it is expected to play a crucial role in identifying new, 
promising and valuable technological opportunities and 
developing them earlier than competitors in order to be 
technologically competitive (Yoon, 2008).  

Advancement of information technology over the 
last two decades has enabled technical data to be accu-
mulated systematically and retrieved and utilized effi-
ciently. Patents, which can be accessed publicly via pat-
ent database services, are a typical type of large-scale 
technical data (Kasravi and Risov, 2007). Therefore, 
technology intelligence studies have proposed system-
atic technology opportunity discovery processes of col-
lecting and processing specific patent data. In particular, 
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regarding the textual analysis of patents, some studies 
have visualized technological objects, such as patents 
and technological key concepts related to specific prod-
ucts and technologies, in the forms of maps and net-
works to identify the competition trends of research and 
development (R&D) (Yoon et al., 2013; Lee and Hong, 
2014), technology packages (Yoon et al., 2002), and the 
possibility of patent infringement (Bergmann et al., 2008; 
Cascini and Zini, 2008; Park et al., 2012). Some have 
attempted to forecast promising technological applica-
tions and future R&D directions by applying novelty de-
tection algorithms and network analysis indicators (Yoon 
and Kim, 2012; Geum et al., 2013), and to find new 
technological items through idea generation approaches, 
including morphological analysis and technology vac-
uum analysis (Yoon and Park, 2005; Yoon and Park, 
2007; Lee et al., 2009).  

The approaches for technology intelligence have 
been conducted developmentally so far and their main 
interests have been to identify opportunities and threats 
from within specific technological fields; that is, the 
methods have focused on analyzing restricted areas us-
ing relatively small sets of patents. However, technical 
data in each field are increasing explosively and more-
over, the technical domains are actively converging into 
a new paradigm of technological evolution. Therefore, 
identifying the core information about technology op-
portunities from a large volume of technical data and 
across various technology fields is becoming a more 
important issue for the practicality of technology intelli-
gence (Chen et al., 2012). In this regard, a knowledge 
base could be a solution that facilitates technology intel-
ligence methods for identifying opportunities in the 
large-scale and wide range of patent data.  

A knowledge base is generally defined as a set of 
heuristically or automatically defined pieces of factual 
information about the world, including their hierarchical 
and associative relationships (Hayes-Roth et al., 1983). 
Therefore, a knowledge base for technology intelligence 
should consist of factual and relational information about 
technological entities, such as products and technologies, 
which are extracted and inferred from a large amount of 
technical data. Such a knowledge base can contribute 
much to both widening the identification range of tech-
nological opportunities and improving the efficiency of 
technology intelligence processes. First, the knowledge 
base allows for identification of technological opportu-
nities without restriction within specific technology ar-
eas, because it contains the core facts and their relation-
ships which are distilled from a large volume and wide 
range of technical data. Second, it is a self-contained 
database that structures the pre-processed core informa-
tion, ensuring that it is not necessary to collect and pre-
process the technical data for specific target technology 
fields every time the processes for technology intelli-
gence are executed.  

The relationship between products and technolo-
gies need to be defined as loosely-coupled, because if 

these relationship is rigidly fixed by word-level defini-
tions, it would be difficult or impossible to identify new 
technical opportunities derived from across the domains 
(Yoon et al., 2011). In addition, the information format 
for representing the products and technologies should 
not only be structured for usability of the knowledge base 
but also be able to express the specific technological 
principles and effects of the products and technologies.  

The concept of function can be a key element to 
fulfill these requirements. Considering that products and 
technologies fundamentally exist to provide desired func-
tions, the function is a powerful concept to explain the 
characteristics of a product or technology and to link 
among them flexibly (Park et al., 2013). The function 
information, which comprises the actions that affect 
objects or change their attributes, represents what a sys-
tem does or is for (Savransky, 2002). The function in-
formation appears in technical documents, including 
patents, is the combinational form of a verb phrase and a 
noun phrase, for example, ‘verb + object” (Yoon et al., 
2011). In particular, in design studies, the function has 
been one of the fundamental building blocks used to 
represent what a product and its component accomplish 
(Stone and Wood, 2000). Moreover, the functions in 
patent documents have been considered represent the 
key concepts of the inventions and the know-how and 
expertise of the inventors (Moehrle et al., 2005).  

Therefore, this study proposes a function-based know-
ledge base, as part of developing a technology intelli-
gence system. To this end, we define the product-func-
tion-technology relationship and then suggest detailed 
steps for constructing the knowledge base, using compu-
tational textual analysis of large-scale patent documents. 
This study is a novel first attempt to develop a knowl-
edge base that contains the functional knowledge of 
products and technologies from patents in a wide range 
of technical fields. The knowledge base developed in 
this study can serve as a basis for furthering the proc-
esses of technology intelligence and for implementing 
technology intelligence systems.  

2.  RELATED WORK 

The proposed procedure is built on the function ap-
proach. Therefore, in this section, we review the basic 
concept of function and present the function-based stud-
ies of technology intelligence.  

2.1 The Concept of Function 

The function is a representative element that de-
scribes “what a system does.” The function has a long 
history in design studies, and in particular, functional 
analysis has been widely adopted in both product design 
and information system design. This approach helps 
designers break complex systems into more manageable 
parts at an abstract level; for example, product design 
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studies have used the functional structures of products 
(Gero, 1990; Umeda et al., 1996; Kitamura and Mizo-
guchi, 2004) and developed the functional basis for ef-
fective definition and reuse of product components (Hirtz 
et al., 2002). Information system design studies have 
used use-case diagrams and activity diagrams to describe 
what an information system and its subcomponents 
achieve (Bennett et al., 2006). In these studies, functions 
represent the desired output of a system (Suh, 1990) and 
have strong relationships with the objectives that should 
be achieved by the system or its components (Yoon et 
al., 2011). In TRIZ (Russian acronym of the theory of 
inventive problem solving), the function is a useful con-
cept to identify problems and generate innovative solu-
tions, because it represents not only useful functional 
relationships between system components, but also har-
mful, ineffective, excessive, and missing functional rela-
tionships (Mann, 2002; Souili and Cavallucci, 2013).  

Using textual analysis of technical documents, the 
function can be identified from the canonical form of the 
Subject-Action-Object (SAO) structure (Choi et al., 
2012; Choi et al., 2013). An SAO structure is a syntacti-
cally ordered sentence comprising a subject (noun phrase), 
an action (verb phrase), and an object (noun phrase), and 
it represents the clear relationship between a subject and 
an object using an action (Yoon and Kim, 2011). In an 
SAO structure, S and O may refer to components of the 
system, and A may refer to functions performed by and 
on the components (Cascini et al., 2004). For example, 
given an SAO structure of “soap cleans hands,” then 
“soap” is the S, “clean” is the A, and “hand” is the O. In 
this example, the objective of the system “soap” is to 
“clean” the “hand,” so the function of “soap” is to “clean 
hand.” In this way, an SAO structure contains and repre-
sents the key concept of a system. In addition, it can 
express the means-end relationship in a problem-solving 
format; the AO states the problem to be done, and the S 
forms the solution (Moehrle et al., 2005). For this rea-
son, the SAO structures found in the specification and 
claims of patents have been considered to represent the 
know-how and expertise of the inventor of a patent and 
may even reflect the key concepts of the invention (Berg-
mann et al., 2008; Yoon et al., 2013).  

Although approaches exist that employ keyword-
based techniques mainly based on statistics, i.e., count-
ing term frequencies and identifying specific terms, their 
main limitation is that they cannot distinguish the role of 
a component in a technical system (Cascini et al., 2004). 
In contrast to those keyword approaches, functions can 
provide more technical information than keyword can, 
as mentioned above. Therefore, this study adopts the 
concept of function to construct a knowledge base.  

2.2 Function-Based Studies for Technology 
Intelligence 

Research using functional analysis has recently 
been receiving much attention with respect to technol-

ogy intelligence. Many researchers have applied the 
concept of function to technology monitoring, technol-
ogy opportunity identification, functional retrieval, and 
technology roadmapping.  

Functional analysis originated from TRIZ, which 
describes patterns for solving technical problems (Alt-
shuller, 1984). Genrich Altshuller, the originator of TRIZ, 
utilized functions to develop TRIZ by generalizing and 
abstracting technologies based on extensive analysis of 
about 200,000 patents, then used the functional ap-
proach to suggest the patterned technical solutions. An 
SAO structure, which is based on the functional ap-
proach used in TRIZ, was used to decompose a complex 
system into functional relationships among the system’s 
components, and these relationships functionally organ-
ized among the components become the building blocks 
for the problem-solving processes of TRIZ (Mann, 2002).  

The theoretical foundation was formulated by TRIZ, 
whereas the practical and computational analysis of 
technical documents has been advanced by Italian re-
searchers. In order to represent the structure of a system 
in the composition of SAO structures, Cascini et al. 
(2004) developed a system called PAT Analyzer, which 
applied natural language processing (NLP) to technical 
documents in order to extract SAO structures. PAT Ana-
lyzer enables a functional search for “key concepts” ins-
tead of “keywords.” Using the functional analysis by 
PAT Analyzer, studies identified the TRIZ contradiction 
underlying a given technical system (Cascini and Russo, 
2007) and measured similarity between functional trees 
of patents for plagiarism detection (Cascini and Zini, 
2008).  

Other studies used SAO structures to measure se-
mantic patent similarities and construct patent maps and 
networks, thereby applying them to identifying techno-
logical implications for decision making in R&D man-
agement processes. Moehrle et al. (2005) suggested a 
method that profiles the technological capability of in-
ventors for inventor assessment, human resource devel-
opment, and R&D team-building. In the study, they ex-
tracted SAO structures from patents and mapped the 
patents onto a two-dimensional space by comparing simi-
larities among patent SAO structures. Others proposed 
systematic methods to identify the risk of patent in-
fringement (Bergmann et al., 2008; Park et al., 2012). 
The underlying concept behind the methods was that a 
high similarity between a pair of patents is likely to in-
volve a high possibility of infringement. Patent maps 
based on SAO structures have been applied for the iden-
tification of dynamic technological trends over time and 
among competitors (Yoon et al., 2013). In addition, 
Yoon et al. (2011) suggested a semantic patent network 
using SAO structures. They computed patent similarities 
using WordNet 3.0 (wordnet.prinston.edu), a semantic 
English thesaurus, in an automated way, and constructed 
the patent network based on the textual similarity of 
patents’ SAO structures. It was a novel approach that 
overcame the citation-lag limitation of citing-cited rela-
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tionship-based patent network analysis by suggesting 
several indices to identify the technological importance 
of patents, the characteristics of patent clusters, and the 
technological capabilities of patent applicants.  

Some studies have focused on the use of functional 
information to analyze technological contents. Consider-
ing Ss and Os as nodes, and As as links, studies con-
structed an SAO-based network and applied network 
analysis techniques to analyze technological implica-
tions of the network by using patents of polymer electro-
lyte membrane technology (Choi et al., 2011). In addi-
tion, using SAO structures of patents, studies proposed 
computational methods to develop technology trees 
(Choi et al., 2012) and developed technology roadmaps 
(Choi et al., 2013). In these studies, they grouped func-
tions (AOs) into three types, such as effect function, 
attribute function, and structural function, and identified 
products, functions, and technologies by taking into con-
sideration the types of SAO structures.  

The previous studies described in this section have 
developed computational approaches for technology in-
telligence processes, but they have some limitations de-
spite their contributions. The limitations arise from the 
experts’ interventions and the range and volume of te-
chnical data. The previous approaches heavily depend 
on frequent interventions by technology experts to proc-
ess technical data, and do not cover a large-scale techni-
cal data set over various technical fields. Therefore, con-
struction of a function-based knowledge base remains a 
required task for the practical development of patent 
intelligence systems.  

3.  DESIGNING A FUNCTION-BASED 
KNOWLEDGE BASE 

This section defines the conceptual relationship 
among products, technologies and functions and then 
presents the structure of the proposed function-based 
knowledge base.  

3.1 Defining the Conceptual Relationship of 
Product-function-technology 

The core building blocks for the proposed knowl-
edge base are the functions. This is because the func-
tions can represent what products and technologies do, 
that is, their objectives or effects, and conversely, prod-
ucts and technologies contain their functions. By general 
definition, a product means anything that can be offered 
to a market that might satisfy a want or need. Extending 
this meaning of product from technological perspective, 
in this study we consider a product as a tangible or in-
tangible artifact that is composed of one or more core 
functions, which are achieved by technologies. Next, a 
technology lexically refers to the making, modification, 
usage, and knowledge of tools, machines, techniques, 

systems, or methods to solve a problem, improve a pre-
existing solution to a problem, or achieve a goal. In this 
research, we define it a method, process or technique 
that achieve a specific objective using other objectives, 
effects and components. That is, a technology has a core 
function and other sub-functions and structural compo-
nents to achieve the core function.  

Then, building on the concepts of products, tech-
nologies and functions, we can define the loosely-cou-
pled relationship between products and technologies by 
engaging them via functions (Figure 1). A product pro-
vides various functions and it is produced by combina-
tions of one or more technologies that perform those 
functions. Consider that product B has functions c, d, e 
and f; currently, product B is developed using technol-
ogy 4, 5, 6 and 7. An interesting feature in this product-
function-technology relationship is that a function can 
be achieved by different technologies with the same 
function. For example, function c can be achieved by 
technologies 3 and 4, function e can be achieved by te-
chnologies 6 and 8 and function f can be achieved by 
technologies 7 and 9. In other words, function c of pro-
duct B is currently achieved by technology 4, but tech-
nology 4 can be potentially replaced into technology c to 
achieve its same function. Therefore, from a functional 
perspective, we can think that product B could be devel-
oped using technology 5 of product B, technology 3 of 
product A and technology 8 and 9 of product C.  

3.2 Structure of the Function-Based Knowledge 
Base 

Previous studies have modeled products and tech-
nologies as having a tight relationship, while our appro-
ach engaging products and technologies via functions 
makes the relationship between them loosely-coupled. 
According to function-based studies, function informa-
tion is identified from SAO structures in the textual in-
formation of patents. Technically, if a product name is 
given, then we can extract the functions of a product 
from the SAO structures in the patent text, each of which 
contains the product name in its S, and the function in-
formation as its AO.  

To construct a function-based knowledge base that 
concretizes the product-function-technology relationship, 
this study designed an entity-relationship diagram of the 
knowledge base (Figure 2). In the diagram, major enti-
ties, such as products, patents, saos, atomic_aos, gen_aos, 
technologies, interrelate with one another. The follow-
ing are the detailed descriptions of the diagram entities.  

 
• Patents (patents) include bibliographic and textual 

data, and each of patents is related to one or more 
SAO structures (saos). Each product can be vari-
ously represented in the patent text, so a product 
(products) includes a representative name of the 
product and it is related to one or more alternative 
names (keywords) of the product.  
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Product Layer Function Layer Technology Layer

Product A

Product B

Product C

Technology 1

Technology 2

Technology 3

Technology 4

Technology 5

Technology 6

Function a

Function b

Function c

Function e

Function f

Function g

Function d

Technology 7

Technology 8

Technology 9

Technology 10

 
Figure 1. The product-function-technology relationship. 

 
 

Patent & SAO 
Area

Product-function-technology 
area

 
Figure 2. The structure of the function-based knowledge base. 

• Some of the SAO structures extracted from patents 
can have product names in their S. When this is the 
case, atomic AOs (atomic_aos), which are com-
posed of a verb and a noun, are created from their 

SAO structures. An atomic AO can include the func-
tion information and structural information of its 
product. In addition, because there may be atomic 
AOs that are identical semantically with one another, 
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Product DB 
construction

Patent DB 
construction

Extracting patent SAO structures

Extracting products’ atomic AOs

Generating products’ generic AOs

Identifying products’ core objective 
functions

Identifying products’ technologies

USPTO
Trademark 

DB

Google-USPTO DB

 
Figure 3. Overall procedure. 

generic AOs (gen_aos) is created to incorporate such 
atomic AOs.  
• Then, a product can be represented into a set of ge-

neric AOs and some generic AOs, which are consid-
ered to be relatively important by occurrence fre-
quency, represent the functions of the product. A 
product can have one or more technologies (tech-
nologies) and the functions of a product are achieved 
by the technologies, each of which has a core func-
tion and is represented into the composition of vari-
ous functions and structural components (technol-
ogy_composition).  

 
Constructing the function-based knowledge base 

involves storing all of the information related to these 
major entity types. In the next section, we will describe 
the steps for the knowledge base construction in more 
detail.  

4.  CONSTRUCTION PROCEDURE OF A 
FUNCTION-BASED KNOWLEDGE 
BASE 

This section presents a procedure for construction 
of the proposed knowledge base that is composed of 7 
steps (Figure 3): 1) constructing product database, 2) 
constructing patent database, 3) extracting patent SAO 
structures, 4) extracting products’ atomic AOs, 5) gen-
erating products’ generic AOs, 6) identifying products’ 
core objective functions, and 7) identifying products’ 
technologies.  

4.1 Product Database Construction 

A database for product name is required prior to 
identifying the SAO structures related to each product, 
because we are only interested in the SAO structures in 
which the Ss contain the product name. However, the 
product names can be variously represented in natural 
text; for example, an ‘ac-dc converter’ can be called an 
‘ac-to-dc converter,’ ac to dc converter,’ or ‘ac/dc con-
verter.’ Thus, ‘ac-dc converter’ could be used as the re-
presentative product name and the other forms could be 
alternative names that indicate the same product. In this 
regard, it is necessary to organize such divergent prod-
uct names.  

To related the alternative names of product to its 
representative name, we utilized the results of a previous 
study (KISTI 2013). This study extracted product names, 
which include single words and compound noun phrases, 
from the product dictionary of the United States Patent 
and Trademark Office (USPTO). Then, it compared the 
product names with all of the noun phrases extracted 
from patent text. The final output of the study was a set 
of unique and valid product names (168048), a set of 
representative product names (139426), and the relation-
ships among the unique product names and the represen-
tative names.  

4.2 Patent Database Construction 

Because the data source for the proposed function-
based knowledge base is patent documents, it is a pre-
requisite to construct a patent database. This study in-
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Table 1. Types of atomic AOs 

Types Definition AO composition Example  
(S = solar heater) 

Objective function 
(OF) 

Functions representing the general effect or objective that 
a product (S) provides VS’ + OT’ Heat (A) water (O) 

Reduce (A) pollution (O) 
Attribute function 
(AF) 

Functions representing how a product (S) changes a tech-
nical attribute (O) VS’ + OT Control (A) temperature (O)

Receive (A) light (O) 
Structural relation 
(SR) 

Compositional information representing partative rela-
tionship between a product (S) and its object (O) VS + OT’ Include (A) sensor (O) 

Contain (A) tank (O) 
Note: A = VS (verb representing structure) or VS’ (not VS), O = OT (noun object representing technology attribute) or OT.’ 

cluded all of the patents granted in the USPTO database 
over the period from 2009 to 2013; the total number of 
patents was 1110582.  

Currently, the online website for USPTO patent 
bulk download service by Google (www.google.com/go 
oglebooks/uspto.html) provides the raw data about pat-
ents, including grants, published applications, assign-
ments, classification information and maintenance fee 
events. From this website, we downloaded the full text 
of patent grants in the form of tagged text and we were 
able to extract the patent details, including bibliographic 
information, abstract, specification and claims, by pre-
processing the tagged textual information.  

4.3 Extracting Patents’ SAO Structures 

In this step, we extracted all SAO structures from 
the gathered patents, using an NLP tool. There are vari-
ous NLP tools available, including Stanford parser (nlp. 
stanford.edu), Proxem Antelope (www.proxem.com), and 
AlchemyAPI (www.alchemy.com). In our study, we 
used AlchemyAPI, which provides various text mining 
services, such as entity extraction, sentiment analysis 
and relation extraction. Among the services provided by 
AlchemyAPI, the relation extraction is a service for ex-
tracting SAO structures from text. In order to exploit 
this service, we used the full text of a patent as its input 
parameter and then obtained a list of the SAO structures 
found within the full text, as the result of its service exe-
cution.  

A total of 393503554 SAO structures were extrac-
ted from all of the patents. After eliminating unavailable 
SAO structures, for example, S or O is an empty string 
and A is ‘be,’ we were able to obtain a total of 173291 
660 valid SAO structures; the average per patent was 
156.04 SAO structures.  

4.4 Extracting Products’ Atomic AO Structures 

This step extracts atomic AO structures from the 
SAO structures of which Ss contain the product names 
of our product database, because we need to identify 
functions that belong to the products of our product da-
tabase; an atomic AO has been used as a concise and 
effective format with one verb and one noun to describe 

function information (Yoon et al., 2011; Yoon and Kim, 
2012).  

According to studies (Choi et al., 2012; Choi et al., 
2013), AO information can be classified into three types: 
effect type, attribute type and partative type. An effect 
type AO represents an objective or effect of its S, an 
attribute type AO represents how its S affects the tech-
nology attribute and partative type AO represents inclu-
sion relationship between its S and O. Building on the 
prior studies, we defined three types of atomic AOs: 
objective function (OF), attribute function (AF) and 
structural relation (SR). First, the OF type is the func-
tions that represents a general objective that a product 
provides and it is composed of VS’(VS = a verb repre-
senting structure)+OT’(OT = a noun object representing 
technology attribute); for example, ‘heat water’ and ‘re-
duce pollution’ for product ‘solar heater.’ Second, the 
AF type is the functions that represents how a product 
changes a technical attributes, including temperature, 
energy, length and density, and it is composed of VS’+ 
OT; for example, ‘control temperature’ and ‘receive 
light.’ Third, the SR type is the compositional informa-
tion representing partative relationship between a prod-
uct and its object and it is composed of VS+OT’; for 
example, ‘include sensor’ and ‘contain tank.’  

To computationally allocate the type of each ato-
mic AO, this study defined a set of VSs and a set of OTs 
(Table 2 and Table 3) through the examination of 5 ex-
perts who are familiar with function analysis and TRIZ. 
First, we defined a total of 23 classes for technology 
attributes, incorporating functional basis (Hirtz et al., 
2002) and TRIZ attribute schema (Mann, 2002). To this 
end, we selected the top 10000 nouns that occurred the 
most frequently in Os of the extracted SAOs. Then, we 
assigned the noun to a technology attribute class, by 
taking into consideration whether the noun is a technol-
ogy attribute. As a result, a total of 392 nouns were found 
technology attributes. For example, noun words ‘vola-
tage’ and ‘electricity’ were assigned to electrical-energy 
class, ‘rigidity’ and ‘flexibility’ were grouped into hard-
ness class, and ‘torque’ and ‘rotation’ were classified 
into mechanical-energy class.  

Second, we defined a set of verbs that represent 
partative relationship. To this end, we selected the top 
8000 verbs that occurred the most frequently in As of  
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Table 2. Technology attributes’ 23 classes 

Classes of nouns representing technology attributes 
Weight Hardness 
Surface state Sound/Ultrasound 
Density Color 
Speed Size 
Pressure Mechanical-energy 
Temperature Chemical-energy 
Light Biological-energy 
Homogeneity Electrical-energy 
Porosity Electromagnetic-energy 
Viscosity Magnetic-energy 
Resistant Vibration/Frequency 
Slope  

 
the extracted SAOs and then for the verbs with the ex-
plicit part-whole meaning, we classified them into two 
groups: include class and constitute class. For an SAO 
structure, a verb of the include class type shows that the 
O is a part of the S and a verb of the constitute type 
means that the S is a part of the O. For example, verbs 
of the include type were ‘include,’ ‘comprise,’ ‘consist’ 
and ‘encompass’ and verbs of the constitute type were 
‘constitute’, ‘compose’ and ‘construct.’ 

Using the sets of OTs and VSs and the composi-
tional definition of atomic AO types, we were able to 
identify all of the atomic AOs, which each product in 
the product database has, and their types. As a result, a 
total of 63072898 atomic AOs were extracted for all of 
the products; total OFs = 46340540, total AFs = 2496600, 
total SRs = 14235758. Statistically, the average number 
of atomic AOs per product was approximately 749; av-
erage OFs per product = 550, average AFs per product = 
30, average SRs per products = 169.  

4.5 Generating Products’ Generic AOs 

Although atomic AOs are written differently, some 
of them could be identical semantically and thus need to 
be incorporated into common AOs. This research calls 
the common AO expressions the generic AOs. Beside 
the advantage of incorporating atomic AOs, generic 
AOs can act as a fundamental mechanism for searching 
similar functions from across different domains because 
they allows the concept matching at an upper level.  

To incorporate atomic AOs, this research employed 
the concept generalization. The concept generalization is 
a process to transform a word to its upper level word in 
a concept hierarchy and it can be realized by WordNet. 
WordNet is a large lexical database of English (Miller, 
1995; Fellbaum, 2010). Noun, verbs, adjectives and ad-
verts are grouped into sets of cognitive synonyms, called 
synsets. By means of conceptual-semantic and lexical 
relations, WordNet’s hierarchical and relational struc-
ture makes it a useful tool for computational linguistics  

 
Figure 4. An example of WordNet’s noun hierarchy. 

 
and NLP (Pedersen, Patwardhan et al., 2004). For exam-
ple, ‘motor vehicle’ and ‘vessel’ are the sub-concepts of 
‘vehicle’ and ‘taxi,’ ‘coupe’ and ‘sedan’ are the sub-
concepts of ‘car/automobile’; to identify common con-
cepts, ‘motor vehicle’ and ‘vessel’ can be grouped into 
their upper concept ‘vehicle’ and ‘taxi,’ ‘coupe’ and ‘se-
dan’ can be transformed to their upper concept ‘car/au-
tomobile’ (Figure 4).  

A product has various atomic AOs and thus it can 
be represented into a network that uses atomic AOs as 
nodes and their co-occurrence relationships as links, 
assuming two different atomic AOs appeared in the 
same patent have strong relationship. For solar heaters 
(Figure 5), ‘heat water,’ ‘boil water,’ ‘cover film’ and 
‘reduce pollution’ are atomic AOs of the OF type, ‘re-
ceive light,’ ‘receive ray’ and ‘transmit radiation’ are 
atomic AOs of the AF type, and ‘contain tank’ and ‘com-
prise tank’ and ‘include sensor’ are atomic AOS of the 
SR type. However, there are many atomic AOs that can 
be incorporated, so we convert all of the atomic AOs 
into generic AOs by searching upper level concepts of 
As and Os from the WordNet’s hierarchy; the generali-
zation for As (verbs) was performed using the upper 
level concept of depth 2 and the generalization for Os 
(nouns) was performed using the upper level concept of 
depth 8. For example, ‘heat water’ and ‘boil water’ could 
be converted into ‘change_state liquid’, ‘receive ray’ 
and ‘receive light’ could be incorporated into ‘receive 
radioactive_energy’ and ‘contain tank’ and ‘comprise 
tank’ could be incorporated into ‘include container’.  

For all of the products in the product database, we 
were able to generate generic AOs by taking into con-
sideration the types of atomic AOs. As a result, 7707417 
generic AOs were identified from 65072898 atomic 
AOs; the average per product = 91.56 generic AOs.  
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Figure 5. Product representation by atomic AOs and generic AOs. 

 

4.6 Identifying Products’ Core Objective Functions 

This step identifies the core functions of each pro-
duct using its generic AOs. Identifying products’ core 
functions is a preliminary step for identifying the tech-
nologies for a product because the core functions are the 
starting point for constructing groups of relevant AOs; 

each technology is structured by a group of a core func-
tion and its adjacent AOs. A product’s core functions 
can be selected from its generic AOs of the OF type. 
This is because generic AOs of the OF type represent 
general effects or objectives that a product (S) provides; 
generic AOs of the AF type do not describe the objec-
tive of their S and generic AOs of the SR type only de-
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Figure 6. Concept of identifying technologies by core functions. 

scribe structural relations.  
The idea of identifying core functions for a product 

is based on how often each function of the product ap-
pears. Our assumption is that generic AOs of the OF 
type with high occurrence frequencies have a greater 
likelihood of being core functions. However, because 
each product has a different number of generic AOs, it is 
difficult to use the absolute occurrence frequency of 
generic AOs of the OF type to identify core functions. 
For this reason, this study used a threshold value p, 
where 0≤p≤1. By setting a proper threshold value p, 
we could obtain all core functions for each product. For 
example, p = 0.05 considers the core functions to be 
those with the top 5% of occurrences for a product. 
However, it is difficult to select the core functions for 
products with small number of generic AOs of the OF 
type, so we excluded products with less than 20 generic 
AOs of the OF type.  

After trial-and-error processes, we set p to 0.02, 
and finally we were able to extract total 92930 core 
functions for 40282 product; the average per product = 
2.3 core functions.  

4.7 Identifying Products’ Technologies  

Using the core functions of each product, this step 
identifies technologies for the product. According to our 
conceptual definition, a technology has a core function 
and other sub-functions and structural components to 
achieve the core function. Building on this definition, 
we structure a technology as the composition of generic 
AOs that are adjacent to a core function.  

Given two core functions OF1 and OF3 for a prod-
uct, two technologies for the product can be identified 

by OF1 and OF3 (Figure 6). The technology to achieve 
OF1 is defined as the cluster that includes OF1 as its 
core function and its adjacent generic AOs as sub-func-
tions and structural components (OF2, AF1, AF2, SR1, 
SR2) and the technology to achieve OF3 is the cluster 
that is composed of OF3 and its adjacent generic AOs 
(AF3, AF4, SR2, SR3).  

Assuming solar heaters have two core objective 
functions ‘change_state liquid’ and ‘decrease environ-
mental_condition’, we can structure two technologies 
‘solar heater tech to change_state (heat, boil) liquid (wa-
ter)’ and ‘solar heater tech to decrease (reduce) envi-
ronmental_condition (pollution)’ (Figure7). For the te-
chnology ‘solar heater tech to change_state (heat, boil) 
liquid (water)’ has OF type AOs, including ‘cover sheet,’ 
AF type AOs, including ‘receive radioactive_energy’ 
and ‘control temperature’, and SR type AOs, including 
‘include sensor’, ‘include container’ and ‘include liquid’. 
Finally, this step was able to construct the product-func-
tion-technology relationship for a solar heater (Figure 8).  

In this way, we identified and structured technolo-
gies for each product’s core functions. As a result, we 
were able to define total 92930 technologies for 40282 
products; the average per product = 2.3 technologies.  

5.  ILLUSTRATION BY SYSTEM 
IMPLEMENTATION 

To construct the function-based knowledge base 
according to the proposed procedure, we developed 
a .NET-based system using C#, a programming lan-
guage. We incorporated several external open applica-
tion programming interfaces, such as SharpNLP (shar-
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Figure 8. Product-function-technology relationship for solar heaters. 

 

pnlp.codplex.com) and WordNet.Net (opensource.ebs 
wift.com/WordNet.Net), in our system, and stored all 
relevant information in the proposed knowledge base 
using MySQL database server.  

Using our user interface of the developed system, 
we were able to determine various products’ functions 
and the technologies of these functions. For example, 
we searched the product ‘air dryer’ to examine its func-
tions and the technologies to achieve the functions (Fig-

ure 9). We found an air dryer has a total of 8 functions, 
including ‘give (supply, yield) air (air)’, ‘remove (re-
move) moisture (moisture, wet)’, ‘manage (hold) hair 
(hair)’ and ‘eat (consume) air (air)’, and each of the 
function was found to be achieved by air dryer’s tech-
nologies. Technology ‘air dryer tech to remove (remove) 
moisture (moisture, wet)’ had ‘remove moisture’ as its 
core function, 17 generic AOs of the OF type, 1 generic 
AOs of the AF type and 2 generic AOs of the SR type.  
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Figure 9. Snapshot of system implementation. 

6.  DISCUSSIONS 

In this study, first, we newly presented the loosely-
coupled relationship of products, functions and techno-
logies. Typical approaches consider products and tech-
nologies to be tightly related, whereas our study models 
the relationship between products and technologies as 
coupled loosely by engaging them via functions. To this 
end, we redefined the concepts of products and tech-
nologies form the functional perspective. That is, a pro-
duct as a tangible or intangible artifact that is composed 
of one or more core functions, which are achieved by 
technologies. Therefore, for example, if a technology has 
a very similar core function to another given technology, 
it has the potential to replace the given technology or 
could be modified and applied to produce the product 
for which the given technology is currently used. This 
brief example shows the potential of the product-func-
tion-technology relationship in technology opportunity 
analysis.  

Second, to propose a function-based knowledge 
base, this study adopted the concept of function. In fact, 
the use of functions is not a new concept; it has a long 
history in product and information system design studies. 
The functional representation can explain what a system 
does and is for at an abstract level, so it has been con-
sidered to be the core concept for describing the opera-
tions and objectives of a system in a structured way. In 

contrast to the keyword approach that only utilizes the 
occurrence information of the defined keywords, the 
functional approach can provide much more information. 
The function information clearly describes the facts of 
technological components, thereby explaining what a 
product or system does and provides. With regard to the 
ability to explain systems, there is no doubt that the func-
tion approach provides a good structural information for-
mat to abstract and represent technical information re-
lated to products and technologies. Despite this advan-
tage of the functional representation, however, there 
have been surprisingly few studies that adopt functions 
to develop a knowledge base using textual analysis of 
large-scale technical data, including patents. Therefore, 
this study employed NLP technologies to propose a pro-
cedural approach to constructing a function-based know-
ledge base. In addition, this study applied the proposed 
approach to a function-based knowledge base by using 
and analyzing large-scale patent data. We expect that the 
knowledge base developed in the present study will pro-
vide a solid foundation that contributes much to widen-
ing the identification range of technology opportunities 
and improving the efficiency of processes for technol-
ogy intelligence.  

Third, to effectively exploit the function informa-
tion, this study conducted a generalization process of 
AO information. According to TRIZ, a problem can be 
patterned and solved using conceptually similar problem 
models that exist elsewhere (Altshuller, 1984). As a me-
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chanism for patterned problem solving, TRIZ general-
izes a given problem through the problem abstraction 
process, and herein, the building blocks to model a prob-
lem are the function information that can be represented 
in SAO structures. In this study, we applied the concept 
of generalization to atomic AOs, i.e., functions or struc-
tural relations. To this end, we used WordNet’s concept 
hierarchy to generate generic AOs for the atomic AOs 
and thereby transforming domain-specific atomic AOs 
into generic AOs has the potential to support searches of 
the functions of products and technologies. Therefore, 
our knowledge base will allow for identification of func-
tion analogy among different products and different 
technologies in diverse technical fields.  

7.  FURTHER RESEARCH THEMES USING 
THE FUNCTION-BASED KNOWLEDGE 
BASE 

This study proposed procedural steps for a func-
tion-based knowledge base and according to the steps 
we constructed a knowledge base using a large number 
of patents. This study provides an important basis for 
further research that can be conducted using the pro-
posed knowledge base.  

One direct application of the function-based know-
ledge base is function searching. As mentioned, studies 
exist of function searching at the patent level, but little 
attention has been paid to function searching at the pro-
duct and technology level. There are numerous products 
and technologies throughout the world and some of 
them may employ similar functions to achieve their own 
objectives. Using a large volume of patents, the func-
tion-based knowledge base structures the function in-
formation of products and technologies over a wide range 
of technical fields. In addition, the knowledge base con-
tains the generalized functions, so a further research 
theme could be to develop a method to retrieve products 
and technologies that provide the functions given by 
search conditions.  

We suggest that a second methodological theme us-
ing the knowledge base is to develop a new method for 
technology opportunity discovery. This theme should be 
supported by semantic textual analysis, i.e., semantic 
similarity measurement of functions. The functions pro-
vided in different products and technologies could be 
semantically similar or the same, but they could be rep-
resented using different terms. The similarity measure-
ment technique between functions will allow the func-
tional similarity measurement of technologies, and even 
products. Therefore, it can work as a fundamental me-
chanism for a technology opportunity discovery appro-
ach that starts with defining a given technology or prod-
uct. Firms have their own existing technologies and 
products, and they could explore the potential applica-
tions of existing technologies and products, and search 
for external technologies to improve their existing pro-

ducts. Such an approach based on firms’ existing tech-
nology and product portfolios will contrast with most 
previous approaches, which have focused on identifying 
new technologies that have not been developed and on 
forecasting new emerging technologies.  

Third research theme could be to develop an ana-
lytical method for identifying convergence technology 
opportunities. Our knowledge base contains massive 
number of products, their functions and their technolo-
gies, and they all are structured in the form of textual 
information. Several data mining techniques, such as 
association rule mining and collaborative filtering, which 
extract patterns and strong relations from very large data 
sets, could be utilized to further the automated discovery 
processes of convergence technologies. Association rule 
mining is a technique for discovering interesting rela-
tions between variables in a large database and collabo-
rative filtering is a recommendation technique for mak-
ing automatic predictions about the interests of a user by 
collecting preference information. Therefore, an analyti-
cal methods could apply these data mining techniques to 
the information contained in the knowledge to suggest 
new types of potential products that can be further de-
veloped based on a given product or technology, and to 
provide newly deliverable functions of the potential 
products to R&D planners and experts.  

8.  CONCLUDING REMARKS 

Rapid transformations toward a globally competi-
tive technological environment are now driving firms to 
propose competitive products and technologies for their 
sustainable development. However, the activity of pro-
posing competitive products or technologies tends to be 
limited by psychological inertia on one hand and by lack 
of knowledge on the other (Cascini et al., 2004). Al-
though, for these reasons, methodological approaches for 
technology intelligence processes haven suggested, few 
studies have dealt with the construction of a knowledge 
base that can act as a basis for the practical implementa-
tion of these approaches. As part of tackling a technol-
ogy intelligence framework, this study proposed a func-
tion-based knowledge base. 

The main contributions of this research involve 
both the academic and industrial perspectives. From the 
academic perspective, this study is the first to link be-
tween products and technologies from a functional per-
spective, which enables us to conduct cross-divisional 
technological analysis by redefining the conventional 
tightly-coupled and domain-specific definition of prod-
uct-technology relationship to the loosely-coupled and 
fact-oriented relationships. In addition, the proposed 
knowledge base can lead to various technology intelli-
gence methods and systems using function-based patent 
analysis. From the industrial perspective, the proposed 
knowledge base can be used in practical intelligence 
systems as an enabling tool that can effectively deal 
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with large-scale technical data in a wide range of techni-
cal fields, as well as reduce or eliminate the need for 
expert intervention during the information processing, 
which may affect objectivity and credibility of the tech-
nology intelligence system.  

Despite these contributions, some aspect need to be 
further addressed. First, this study proposed how to con-
struct a function-based knowledge base, but did not deal 
with the applications of the knowledge base. The pro-
posed knowledge base plays a basic role for methodo-
logical applications for technology intelligence, so fur-
ther research will develop technology opportunity dis-
covery methods using data mining techniques, including 
collaborative filtering and association rule mining. Sec-
ond, the volume of the patent database should be ex-
tended. This study, as a pilot, collected patents from a 
limited scope; we collected 1110582 patents granted in 
the USPTO database over the period from 2009 to 2013. 
Therefore, the patent database should contain large-scale 
patent documents over a wider period in order to in-
crease the practical feasibility of the proposed knowl-
edge base. Third, as mentioned, the fundamental limita-
tion of the previous technology intelligence methods is 
their lack of practicality. The proposed knowledge base 
here can play a critical role in solving this shortcoming. 
Implementation of software systems using the proposed 
knowledge base will deliver practical benefits to tech-
nology intelligence processes.  

ACKNOWLEDGEMENTS 

This Research has been performed as a subproject 
of project Development of Information Analysis System 
for Exploring Future Technologies and supported by the 
KOREA INSTITUTE of SCIENCE and TECHNOL-
OGY INFORMATION (KISTI). This work was suppor-
ted by Basic Science Research Program through the 
National Research Foundation of Korea (NRF) funded 
by the Ministry of Science, ICT & Future Planning (No. 
2012R1A1A1039303).  

REFERENCES 

Altshuller, G. S. (1984), Creativity as an exact science: 
The theory of the solution of inventive problems, 
CRC Press. 

Ashton, W. B. and Stacey, G. S. (1995), Technical intel-
ligence in business: understanding technology thre-
ats and opportunities, International Journal of Te-
chnology Management, 10(1), 79-104. 

Bennett, S. and McRobb, S. et al. (2006). Object-oriented 
systems analysis and design using UML, McGraw-
Hill Berkshire, UK. 

Bergmann, I. and Butzke, D. et al. (2008), Evaluating 
the risk of patent infringement by means of semantic 

patent analysis: the case of DNA chips, R&D Ma-
nagement, 38(5), 550-562. 

Cascini, G. and Fantechi, A. et al. (2004), Natural lan-
guage processing of patents and technical docu-
mentation, Document analysis systems VI, Springer, 
508-520. 

Cascini, G. and Russo, D. (2007), Computer-aided analy-
sis of patents and search for TRIZ contradictions, 
International Journal of Product Development, 4 
(1), 52-67. 

Cascini, G. and Zini, M. (2008), Measuring patent simi-
larity by comparing inventions functional trees, 
Computer-Aided Innovation (CAI), Springer, 31-
42. 

Chang, S.-H. and Fan, C.-Y. (2014), Analyzing Offshore 
Wind Power Patent Portfolios by Using Data Clu-
stering, Industrial Engineeering and Management 
Systems, 13(1), 107-115. 

Chen, H. and Chiang, R. H. et al. (2012), Business 
Intelligence and Analytics: From Big Data to Big 
Impact, MIS Quarterly, 36(4). 

Choi, S. and Kim, H. et al. (2013), An SAO-based text-
mining approach for technology roadmapping using 
patent information, R&D Management, 43(1), 52-
74. 

Choi, S. and Park, H. et al. (2012), An SAO-based text 
mining approach to building a technology tree for 
technology planning, Expert Systems with Applica-
tions, 39(13), 11443-11455. 

Choi, S. and Yoon, J. et al. (2011), SAO network analy-
sis of patents for technology trends identification: a 
case study of polymer electrolyte membrane tech-
nology in proton exchange membrane fuel cells, 
Scientometrics, 88(3), 863-883. 

Fellbaum, C. (2010), Wordnet, Theory and applications 
of ontology: computer applications, Springer, 231-
243. 

Gero, J. S. (1990), Design prototypes: a knowledge re-
presentation schema for design, AI Magazine, 11(4), 
26. 

Geum, Y. and Jeon, J. et al. (2013), Identifying techno-
logical opportunities using the novelty detection 
technique: a case of laser technology in semicon-
ductor manufacturing, Technology Analysis and 
Strategic Management, 25(1), 1-22. 

Hayes-Roth, F. and Waterman, D. A. et al. (1983), Buil-
ding expert systems, Teknowledge Series in Know-
ledge Engineering, Reading: Addison-Wesley, edi-
ted by Hayes-Roth, Frederick; Waterman, Donald 
A.; Lenat, Douglas B, 1. 

Hirtz, J. and Stone, R. B. et al. (2002), A functional 
basis for engineering design: reconciling and evol-
ving previous efforts, Research in engineering De-
sign, 13(2), 65-82. 

Kasravi, K. and Risov, M. (2007), Patent Mining-Dis-



A Function-Based Knowledge Base for Technology Intelligence 
Vol 14, No 1, March 2015, pp.73-87, © 2015 KIIE 87
  

 

cover y of Business Value from Patent Repositor ies. 
System Sciences, HICSS 40th Annual Hawaii Inter-
national Conference on, IEEE. 

Kerr, C. I. and Mortara, L. et al. (2006), A conceptual 
model for technology intelligence, International 
Journal of Technology Intelligence and Planning, 
2(1), 73-93. 

KISTI (2013), intelligence system development for in-
formation analysis, Daejun, Korea Institute of Sci-
ence and Technology Information. 

Kitamura, Y. and Mizoguchi, R. (2004), Ontology-based 
systematization of functional knowledge, Journal 
of Engineering Design, 15(4), 327-351. 

Lee, J. and Hong, Y. S. (2014), Business model mining: 
Analyzing a firm’s business model with text min-
ing of annual report, Industrial Engineeering and 
Management Systems, 13(4), 432-441. 

Lee, S. and Yoon, B. et al. (2009), An approach to 
discovering new technology opportunities: Key-
word-based patent map approach, Technovation, 
29(6), 481-497. 

Lichtenthaler, E. (2004), Technological change and the 
technology intelligence process: a case study, Jour-
nal of Engineering and technology Management, 
21(4), 331-348. 

Mann, D. (2002), Hands-on systematic innovation, Creax 
press Belgium. 

Miller, G. A. (1995), WordNet: a lexical database for 
English, Communications of the ACM, 38(11), 39-
41. 

Moehrle, M. G. and Walter, L. et al. (2005), Patent-based 
inventor profiles as a basis for human resource de-
cisions in research and development, R&D Mana-
gement, 35(5), 513-524. 

Park, H. and Kim, K. et al. (2013), A patent intelligence 
system for strategic technology planning, Expert 
Systems with Applications, 40(7), 2373-2390. 

Park, H. and Yoon, J. et al. (2012), Identifying patent 
infringement using SAO based semantic technolo-
gical similarities, Scientometrics, 90(2), 515-529. 

Park, H. and Yoon, J. et al. (2013), Using function-
based patent analysis to identify potential applica-
tion areas of technology for technology transfer, 
Expert Systems with Applications. 

Pedersen, T. and Patwardhan, S. et al. (2004), WordNet:: 
Similarity: measuring the relatedness of concepts. 
Demonstration Papers at HLT-NAACL 2004, As-
sociation for Computational Linguistics. 

Savransky, S. D. (2002), Engineering of creativity: In-
troduction to TRIZ methodology of inventive pro-
blem solving, CRC Press. 

Souili, A. and Cavallucci, D. (2013), Toward an auto-
matic extraction of IDM concepts from patents, 
CIRP Design 2012, Springer, 115-124. 

Stone, R. B. and Wood, K. L. (2000), Development of a 
functional basis for design, Journal of Mechanical 
Design, 122, 359. 

Suh, N. P. (1990), The principles of design, Oxford Uni-
versity Press New York. 

Umeda, Y. and Ishii, M. et al. (1996), Supporting con-
ceptual design based on the function-behavior-state 
modeler, Ai Edam, 10(4), 275-288. 

Yoon, B. (2008), On the development of a technology 
intelligence tool for identifying technology oppor-
tunity, Expert Systems with Applications, 35(1), 
124-135. 

Yoon, B. and Park, Y. (2005), A systematic approach 
for identifying technology opportunities: Keyword-
based morphology analysis, Technological Foreca-
sting and Social Change, 72(2), 145-160. 

Yoon, B. and Park, Y. (2007), Development of new 
technology forecasting algorithm: hybrid approach 
for morphology analysis and conjoint analysis of 
patent information, Engineering Management, IEEE 
Transactions on, 54(3), 588-599. 

Yoon, B. U. and Yoon, C. B. et al. (2002), On the 
development and application of a self-organizing 
feature map-based patent map, R&D Management, 
32(4), 291-300. 

Yoon, J. and Choi, S. et al. (2011), Invention property-
function network analysis of patents: a case of 
silicon-based thin film solar cells, Scientometrics, 
86(3), 687-703. 

Yoon, J. and Kim, K. (2011), Identifying rapidly evolving 
technological trends for R&D planning using SAO-
based semantic patent networks, Scientometrics, 88 
(1), 213-228. 

Yoon, J. and Kim, K. (2012), Detecting signals of new 
technological opportunities using semantic patent 
analysis and outlier detection, Scientometrics, 90(2), 
445-461. 

Yoon, J. and Kim, K. (2012), TrendPerceptor: A pro-
perty–function based technology intelligence system 
for identifying technology trends from patents, Ex-
pert Systems with Applications, 39(3), 2927-2938. 

Yoon, J. and Lim, J. et al. (2011), Ontological functio-
nal modeling of technology for reusability, Expert 
Systems with Applications, 38(8), 10484-10492. 

Yoon, J. and Park, H. et al. (2013), Identifying techno-
logical competition trends for R&D planning using 
dynamic patent maps: SAO-based content analysis, 
Scientometrics, 94(1), 313-331.  

 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


