Service Creation and Research
Prediction Based on Knowledge
Extraction



Knowledge Service Engineering

» Too much knowledge

» What can we do with it?

» Create more knowledge

» Extract knowledge to create services

» Mathematical statistics to make general
predictions about future behavior




Implementations
Service Creation

Knowledge Maps for e-Learning

Patent Extraction and Trend Prediction

Research Community Prediction in
Citation Networks ik - p




Knowledge Maps for e-Learning

Jae-Hwa Lee and Aviv Segev, Knowledge Maps for e-
Learning, Computers & Education, 59(2), pp. 353-364,
2012
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Problem

» Learning from text - usually follows the

order set by the author, as with reading
books

» Create Knowledge Map
» Domain experts are needed.
» Cost of map creation is high.




Solution

» Develop a model which automatically builds
a domain knowledge map (K-map) from a
set of documents about a specific topic
using text mining techniques.




Knowledge Map
John F. Kennedy

Knowledge map about Kennedy Concept search :
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Sentences Containing ‘Kennedy’ and
"‘President’ in K-map Tools

Knowledge map about Kennedy Concept search : | Search |
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Kennedy — president
m

Upon their return, following a brief trip, they submitted a report to President Kennedy, which in proper “
chronology was the one immediately preceding the remarkable one of December 21, 1963. :|

As President, Kennedy initially believed the grass roots movement for civil rights would only anger many

Southern whites and make it even more difficult to pass civil rights laws through Congress, which was B
dominated by conservative Southern Democrats, and he distanced himself from it
President Kennedy's first reaction to the information about the missiles in Cuba was to call a meeting to
' discuss what should be done.

At the Capitol, a joint honor cordon lined the east steps for the ceremony of carrying President Kennedy's
body from the rotunda. I

o=
Although Eisenhower had allowed presidential press conferences to be filmed for television, Kennedy was the -
first president to ask for them to be broadcast live and made good use of the medium.
An hour later President Kennedy's body was taken to the Dallas airport for transportation back to Washingtor p"’f.
aboard Air Force One, the Presidential plane. )7\

Kennedy, the President’s younger brother, were en route from Hyannisport, Massachusetts, at this time.
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Sentences Containing ‘Kennedy’ and
"‘President’ in K-map Tools

Knowledge map about Kennedy Concept search : | Search |
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Kennedy - president
L1 |

Upon their return, following a brief trip, they submitted a report to President Kennedy, which in proper -
chronology was the one immediately preceding the remarkable one of December 21, 1963. ]

As President, Kennedy initially believed the grass roots movement for civil rights would only anger many
Southern whites and make it even more difficult to pass civil rights laws through Congress, which was
dominated by conservative Southern Democrats, and he distanced himself from it.

President Kennedy's first reaction to the information about the missiles in Cuba was to call a meeting tc
discuss what should be done. | Direct access to
document

At the Capitol, a joint honor cordon lined the east steps for the ceremony of carrying President Kennedy's
body from the rotunda. I

Although Eisenhower had allowed presidential press conferences to be filmed for television, Kennedy was the |
first president to ask for them to be broadcastlive and made good use of the medium.

An hour later President Kennedy's body was taken to the Dallas airport for transportation back to Washingtor
aboard Air Force One, the Presidential plane.

Kennedy, the President's younger brother, were en route from Hyannisport, Massachusetts, at this time. o
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K-map Benefits

A user can see key concepts in a domain as well as
strongly related concepts.

As a user reads, he can directly access a document he
wants from a certain sentence; in other words, K-map
can function as a search engine.

By exploring the map, a user can learn about the domain
at some level of knowledge without accessing original
documents. As a user explores a domain K-map, he can
see the holistic/overall picture.

Since a user can choose relations based on keywords, he
can selectively learn about the domain, which ishardly s
possible when learning from text.




Keyword Extraction

If  log(N '/ n,)
t" ! ) )
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Wi : weight of term k in document i

w:k -

thix : term frequency of term k in documenti
N : total number of documents

Nk : number of documents that contain term k

Wyr = Max(Wp, 1)

b . ~
D, = ith document, i = 0,1,2...total number of the documents in K-map \“\2‘

W= Weight of term T in K-map

Wp;r= Weight of term T in Di PR
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Relation Extraction

o S
. B, ND"‘S"

I, ] = keyword pair

R;; = score of relation between word i and word |

m = 1,2,... ,Total number of documents in a map
n=1,2,..., Total number of sentences in document D,
S, = nth sentence

D,,= mth document - N\ .
NDmSn_ total number of words in sentence S,, documenthm&kﬁ s




Experiments
Categorizing Sentences

» A : Sentences that have main ideas or play a
big role in understanding the topic

» B : Sentences that support main ideas or
partly help understand the topic

» C: Sentences that are not related to the topic
or are not helpful.




Percentage of Sentences Extracted in
3% K-map

Percentage of Extraction
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Free Recall Experiment

» Participants of the experiment were asked
to write everything they learnt from the
material after 8 minutes of learning time.

» A grader who does not have any information
about groups determined the free recall
scores for all the participants.




Comparison of the Amount of Idea

Units
Group Observed Mean SD Sample Size
Document Group 15.82 5.29 17
Map Group 15.59 5.64 17

Total 15.71 5.39




Amount of Irrelevant Information

Group Observed Mean SD Sample Size
Document Group 3.24 2.44 17
Map Group 0.82 1.29 17

Total 2.03 2.28
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Results

» K-Map successfully filters out the sentences
considered not important to the main idea.

» The results show that there was no
statistical difference between the groups
recall of important sentences.

» The results showed that with K-map users
learned information that is more important,
in comparison to the information learned
with documents. '




Multilingual Knowledge
Extraction in Patents

FLOCK — Fuzzy Logic Ontology Context
Knowledge




Problem
»Decrease the decision time for patent

processing (currently 3-4 years)

»Limited to the languages and terms
the patent officer knows

Solution
» Semi-automatic knowledge extraction
for patent decision makers

» EXxtract relevant patents in multlpLe‘ - *‘*i
Ianguages W|thout the need to tranSI'aIe |




Input — Korean Patent
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Abstract
At least one portable RF communications device in conjunction with at
least two fixed-location service-area antenna stations respectively
capable of RF communication with the at least one device performs the
steps of: (I) using a portable device at a selected location to measure RF
communications signals from the plurality of local fixed-location
service-area antenna stations and electronically storing at least two of
the respective reception signal strength measurements; and (II)
monitoring a portable device location by causing the device to measure
reception signal strength associated with local fixed-location service-
area antenna stations signals, and to electronically compare these
measurements with the stored at least two measurements.
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Multilingual Model
» Web search
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Multilingual Model

» Patent offices topics related patents

Topic AAA
Keywords -

/ \ US Patents
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Multilingual Model

» Patent offices topics related patents

Topic AAA
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Prediction

It's tough to make predictions,

especially about the future
(Markus M. Ronner, 1918)




Patent Trends — Predicting New

Technologies

» 4,354,054 patents from the US Patent Office
from 1975 until today
» Goals:

» Find an equation that can predict
technology/trend

» Visualize change in technology/trend




TECHNOLOGY TEMPORAL ANALYSIS
METHOD

» Extracting Related Terms
» Extracting All Graphs (term frequency)
» Elimination Process

y=0.055558046* 1.160450815"x -0.084088217, R*<0.94

» Graph Distance (At time difference)




Patent Trend Prediction - email
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Patent Trend Prediction - email
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Patent Trend Prediction - email
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Patent Trend Prediction - email
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The 50 Best Inventions of 2009

From a rocket of the future to a $10 million lightbulb, here are TIME's picks for the
gadgets and breakthrough ideas of the year
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L] "Fifty years hence ... we shall escape
the absurdity of growing a whole
chicken in order to eat the breast or
i wing, by growing these parts
| separately under a suitable medium.”
When Winston Churchill wrote those
‘ words in 1932, in vitro meat was
u science fiction. Now a team of Dutch
n scientists is closingin on culturing
stem cells from pigs and growing
musclein a petri dish. The in vitro
meat project is the brainchild of
Willem van Eelen, a Dutch
businessman who nearly starved to
death in a Japanese prison camp and
became convinced that artificial meat
would solve world hunger.
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Patent Service
Self-Organizing Maps

Aviv Segev and Jussi Kantola, ldentification of Trends
from Patents Using Self-Organizing Maps, Journal of

Expert Systems with Applications (ESWA), 39, pp. 13235-
13242, 2012



Problem

» Identify the directions in which the new
technology is advancing

» Government - Forecast main research
areas that would be beneficial to fund

» Researchers - Map knowledge and

identify possible gaps relevant to the . S ALE

advancement of science




Approach

» A model based on knowledge extraction
from patents and self-organizing maps
for knowledge representation

» The model was tested on patents from
the United States Patent and Trademark
Office. &




PATENT KNOWLEDGE
EXTRACTION

Patent Knowledge Knowledge

Existing Representation Representation

Patents

Knowle.dge Using Self- Maps Evolution
Extraction

Organizing Maps Analysis
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SELF-ORGANIZING MAPS

» Self-Organizing Map (SOM) is a type of
artificial neural network trained using
unsupervised learning to produce a low-
dimensional discretized representation of
the input space of the training samples,

called a map. (Kohonen, 2001)
» Self-Organizing Maps by key concepts in =
patents By, 3




SOM Learning Algorithm

1. ERandomuze the map's nodes' weight vectors
2. Select an input vector
3. Traverse each node in the map
1. Use Euclidean distance formula to find
simlanity between the mput vector and the
map's node's weight vector
2. Track the node that produces the smallest
distance (this node is the best matching unit,
BMLU)
4. TUpdate the nodes in the neighborhood of BN by

pulling them closer to the input vector

1. Wt + 1) = Wv(t) + @(ta(t){IDt) - W (1))
5. Increment t :andrepeat from 2 while t == 3

Wﬂ% J : ) ,-—-,.\J) : ) J : ) ' J : )



Experiments

» 81 patents from the United States Patent
and Trademark Office

» 43 top ranking context values.

The experiments included:
» Identifying the main clusters of the patents.

» Analyzing the patent maps according to‘
each context to identify meamngfg\l_—/’v P %
__con

A vezlh ™




atent Clusters




SOM College Patents
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SOM University Patents
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SOM Image Patents
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SOM Photo Patents
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Community Prediction in
Citation Networks

Sukhwan Jung

» Purpose

o To see if the structural information of a social
network can be used to predict changes in the
communities.

» To test the citation networks as a datase__t




Research Outline

» Gather data from Social Network and
create a temporal map of
concepts(communities) in certain domain,
showing how concepts change over time.

» Calculate the user movement over concept
in the next timeline; predict the
(un)popular concepts.




Data

» Citation network
» Node = Research paper
» Edge = Citation

» Nodes & Edges do not disappear in citation
network

» High Energy Physics(hepPh)
+ 30566 papers, 347414 citations

» High Energy Physics Theory(hepTh)
+ 18479 papers, 136428 citations
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Proposed Methods

3 modules used

» Node prediction module
+ Newly proposed to predict how many nodes will

appear in the future Original Method
» Link prediction module Heuristic Prediction

- Existing link prediction methods [« ]t ] ¢ ]rercommunity prediction

o Community detection module B oI BTy
+ Existing community detection methods | |




Node prediction result

» # nodes: correlation coefticient r = 0.98,
7.5% margin of error.
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Results

» Edges are predicted by Node prediction
module
o Number of edges to predict per node:

Adding 1 - too little
Adding 15 - overkill
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Results
» c-method outperforms other methods

» Performance worsens as given graph becomes
more dynamic

» Increase in data size increases performance
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Results
» Repeating each method multiple times give
predictions multiple years into the future
» Performance drop ratio is shown below

o With large graph with fine-grained communities,
nc-method is better than c-method.
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