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<3 2> tf-idf/doc2vec®] st A3 Hlw(5TA & Linear SVM 7]%)

s A JU= SEE fl-
= (Scale) (Precision) (Recall) score
High 0.59 0.76 0.67
Med High 0.17 0.06 0.09
Medium 0.18 0.07 0.09
. Med Low 0.22 0.06 0.09
tf-idf Low 0.83 0.95 0.89
Rete Accurate matches: 72.78%
(A ) Combined matches: 75.31%
ceuracy Adjacent matches: 84.50%
High 0.57 0.75 0.64
Med High 0.21 0.09 0.12
Medium 0.10 0.05 0.07
Med Low 0.07 0.01 0.03
doc2vec Low 0.82 0.94 0.88
Rerg Accurate matches: 70.11%
(A ) Combined matches: 73.19%
ceuracy Adjacent matches: 82.57%
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SUMMARY

1. Title: Analysis of SW Convergence Status of National Research &
Development Projects

2. Purpose and Necessity of the Research

(1) Background of research

o The key driver of the fourth industrial revolution is software(SW), which
enhances the productivity and global competitiveness of all industries
and leads innovation growth by solving social problems.

o0 Global markets are already reorganizing around SW businesses. As SW
Is emerging as a key capability, it is necessary to establish a strategy
for government-level R&D policies that are tailored to the current
situation, moving away from the existing R&D policies for SW industries
to develop and upgrade SW technologies such as artificial intelligence,
big data and cloud as the main players for intelligent innovation.

o Because importance of SW is increasing, each ministry is carrying out
task of convergence of SW through national R&D projects. In addition,
although SW convergence R&D survey was conducted using qualitative
methodology, it takes a lot of time and money and there are difficulties
in continuous analysis

— Statistical data for SW convergence phenomena are required by type,
such as departmental and sector, to enhance SW convergence
capabilities, but methods for automatically classifying SW convergence
R&D steps have not been presented so far using quantitative methods.
This study began to overcome this point



(2) Purpose of research

o This research is to develop a model for automatically classifying SW
convergence R&D tasks among national R&D projects to investigate and
analyze SW convergence R&D status to present SW convergence R&D
policy direction for securing SW convergence capabilities.

- Based on the criteria established in 2018, the results of the expert
Delphi survey will be used as input data to develop an automatic
classification model using machine learning and to secure basic data
related to SW convergence R&D by type for the 2017 R&D project.

3. Composition and method of research

(1) Composition of research

The method of composition and progress of this study consists of a total of
five stages.

(D (Stage 1) To analyze the current status of SW convergence R&D in
quantity, the existing research performed is organized and the SW
convergence R&D criteria are explored, and the status of SW
convergence R&D policies are summarized.

@ (Stage 2) To develop a machine learning model for automatic
classification of SW convergence R&D, the model is selected through
experimentation on three machine learning models after preprocessing
of the text related to the research summary of the national R&D
task, which is learning data.

@ (Stage 3) Using the selected classification model, the national R&D
project is carried out in 2/3/5 stages to verify the reliability of the
prediction and results for SW convergence R&D.



@ (Stage 4) Based on the prediction results of the 2017 national R&D

project, the analysis is carried out using visualization tools to analyze
the current status of SW convergence R&D by type of department,
national standard classification system, performance principal, and
stage of execution.

® (Stage 5 Based on the SW convergence R&D status of the three

types of steps, policy implications and direction of development are
derived for the activation of SW convergence in the future.

(2) Method of research

o To develop an automatic classification model for SW convergence R&D

tasks, SW convergence R&D status analysis and implications are derived
through SW convergence R&D expert consultation meetings, after prior
research analysis and experimentation and verification of various
classification models.

(D Text mining method

Each result value is compared and analyzed using tf-idf method, which
Is a representative value used to extract important words, and a
statistical value that calculates the relative importance of a specific
word in the text, and doc2vec, which is a methodology for expressing
a document as a vector.

@ Select machine learning model

A total of three models are compared. Support Vector Machine (SVM),
which refers to logistic regression, a type of classification frequently
used in binary variables with a dependent variable of zero or one, and
nonlinear problems associated with input space as linear problems in
high-dimensional space, is the method of mood classification widely
used as reliable and efficient document classification. Compare and
analyze these models to finally select the best model.



4. Main Contents and Results

(1) Introduction of SW Convergence R&D Classification Model Prediction
Results and Steps

o Two text mining techniques and three models were experimented to
distinguish SW fusion R & D stages. The performance of the model was
measured using Accuracy, Precision, and Recall and the results were
compared.

- Accuracy is conducted by combining the correct and correct matching
and the middle three steps together to consider one step, and by
adjacent matching that is considered correct if actual results and
predictions that fall by one step are shown.

[Picture 1] Model Specific Accuracy Experiment
Results

0715

(2) Text mining results

o The results of vectoring for text-type inputs used in this study show
that tf-idf is on average more predictable than doc2vec, as shown in
Table 1.



- Because doc2vec algorithms generally perform better in cases where
learning data is high, tf-idf is considered to be a relatively preferable
algorithm in current experiments where learning data are relatively
small.

- The disadvantage of doc2vec is that in the course of the experiment,
the time required to vector the input data as a whole is significantly
greater than tf-idf.

<Table 1> Comparison of tf-idf/doc2vec (5 Stage & Linear SVM)

Algorit . f1-
Scale Precision Recall
hm score
High 0.59 0.76 0.67
Med High 0.17 0.06 0.09
Medium 0.18 0.07 0.09
Med Low 0.22 0.06 0.09
tf-idf Low 0.83 0.95 0.89
Accurate matches: 72.78%
Accuracy Combined matches: 75.31%
Adjacent matches: 84.50%
High 0.57 0.75 0.64
Med High 0.21 0.09 0.12
Medium 0.10 0.05 0.07
Med Low 0.07 0.01 0.03
doc2vec Low 0.82 0.94 0.88
Accurate matches: 70.11%
Accuracy Combined matches: 73.19%
Adjacent matches: 82.57%

(3) 2017 R&D Project Prediction Results

1) Comparing the results of the Linear SVM Model

o Experimental results for the linear SVM model and the tf-idf / doc2vec
algorithm showed that the two-stage predicted value of the tf-idf
method was most similar to the training data.

o The doc2vec method produces a relatively stable model with a relatively



small skew of each stage, with a 2.75% difference in the ratio of the
low stage between stages 5 and 2. (tf-idf shows a 5.76 percent
difference)

{Table 2> Classification result summary of 2017 National R&D projects(Linear SVM)

Stage 5 Stage 3 Stage 2
High 4,012 | 7.22% High 3,022 | 5.44% | High | 9,325 | 16.78%
Med High 587 1.06% | Medium | 4,623 | 8.32% | Low | 46,241 | 83.22%
tf-idf Medium 746 1.34% Low 47,920 | 86.24%
Med Low 776 1.40%
Low 49,445 | 88.98%
High 3,499 | 6.30% High 3,005 | 5.41% | High | 8,107 | 14.28%

Med High | 668 1.20% | Medium | 4,463 | 8.03% | Low | 48,678 | 85.72%

doc2vec | Medium 1,070 1.96% Low 48,098 | 86.56%
Med Low | 1,313 | 2.36%
Low 49,017 | 88.21%

[Picture 2] Linear SVM & tf-idf’ s Stage estimating distribution

< tf-idf & 5-stage > < tf-idf & 3-stage> < tf-idf & 2-stage >
7.2% 113 3.4% 16.8%
{2 ' B.3%
_1.4% '

= High =MedHgh w=Medum MedLow m Low = High = Medum = Low mHigh = Llow

2) Comparing the results of the Multinomial NB Model

o As shown in Table 3, tf-idf and doc2vec rarely predicted the middle
three stages(Med High, Medium, Med Low), and in particular, the Med
High stages task was hardly classified.

o In both algorithms, the tasks classified into the low stages in the 5th
stage and the 3rd stage show about 90% of the early stages and about
88% of the tasks.



<Table 3> Classification result summary of 2017 National R&D projects(Multinomial NB)

Stage 5 Stage 3 Stage 2
High 4,513 | 7.95% High 2,590 | 4.56% | High | 10,477 | 18.45%
Med High 9 0.02% | Medium | 4,185 | 7.37% | Low | 46,308 | 81.55%
tf-idf Medium 241 0.42% Low 50,010 | 88.07%
Med Low 109 0.19%
Low 51,913 | 91.42%
High 3,736 | 6.58% High 2,534 | 4.46% | High | 10,129 | 17.84%
Med High 0 0.00% | Medium | 3,976 | 7.00% Low | 46,656 | 82.16%
doc2vec | Medium 89 0.16% Low 50,275 | 88.54%
Med Low 200 0.35%
Low 52,760 | 92.91%

[Picture 3] Multinomial NB & tf-idf’ s Stage estimating distribution
< tf-idf & 2-Stage >

< tf-idf & 5-Stage >

0.4%

< tf-idf & 3-Stage >

4.6%
’ I 7.4%

L 0.0%

0.2%

= High = Low

= High = Medium = Low

® High = Med High = Medium = Med low = Low

(4) Results of expert verification of predictions

0 In comparison to the model’ s forecast results by performing 100
samples and validating them by SW convergence R&D experts, 86% of
the results that SW R&D experts categorize collectively and the results
from the automatic classification models

- The high level matches the two results by 75% and the Med High and
Medium levels by 16.7%. Because of the nature of the learning data,
the Med High, Medium, and Medium Low levels can be determined
that experts and classification models do not match.

o The classification model in this study tends to under-predict the tasks in



the middle (med*) phase and is more specialized in the distinction
between high and low levels.

<{Table 4> Accurate/Adjacent Match, Non-Matching’ s Number and Percentage

Exper.'t Count Accurate Matching | Adjacent Matching Non-Matching
Prediction Count Percent Count | Percent | Count | Percent
High 8 6 75.0% 0 0.0% 2 25.0%
Med High 6 1 16.7% 1 16.7% 4 66.7%
Medium 6 1 16.7% 0 0.0% 5 83.3%
Med Low 2 0 0.0% 2 100.0% 0 0.0%
Low 78 78 100.0% 0 0.0% 0 0.0%
A 100 86 86.0% 3 3.0% 11 11.0%

(5) Description of model prediction

o This study seeks to provide a basis explanation for classification in
order to improve utilization and reliability of classification models, and
uses the Lime algorithm to explain the basis for classification of tasks.

- [Figure 2] describes the basis for classification of data classified in the high
phase, which is determined at the high level because “learning” and
“big“ have a positive effect and “air® and “dest” have a negative effect.

[Figure 4] Weighted graph of each word for high step judgment
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(6) Analysis and Implication of SW Convergence R&D by Type

o A total of 55,566 prediction results from the 2017 national R&D project
will be analyzed for each of the four types.

(D Performing ministries

o (Status) The most frequently conducted SW convergence R&D based on
the five-stage classification and total research costs were the Ministry
of Science, Technology, Information and Communication (the Ministry of
Science and Technology), the Ministry of Trade, Industry and Energy
(the Ministry of Industry and Energy), and the Ministry of Small and
Medium-sized Venture Enterprises (the division). And based on the
number of assignments, they were surveyed in the order of the
Ministry of Science and Technology, the Ministry of Education, and the
Mid-term Department.

- The Ministry of Science and Technology is the most active person in
performing the high level tasks, which include more than 80% of SW
convergence R&D activities, compared to other ministries

. At the high level, the ministry conducted about 1.8 times more tasks
than the Education Ministry (2th) based on the number of tasks, and
in terms of total research costs, it accounted for about three times
larger than the Ministry of Industry and Energy (2th).

- The Small and Medium Business Venture Department is the department
that carries out the most tasks with 20 to 60% SW convergence R&D
activities based on the number of tasks.

- The Ministry of Trade, Industry and Energy (MOTIE) has found that
SW convergence R&D activities are most actively carrying out tasks
between 40 and 80% (Med High and Medium levels) based on total
research costs.



o0 (Implication) Since SW convergence is relatively not carried out in a

balanced manner compared to national R&D projects®, strategies for
revitalizing SW convergence are needed.

- The combined portion of the Ministry of Science, ICT and Medium

Business accounts for 82.58 percent of the total research costs, while
20 other ministries and agencies are very under 10 percent.

* The above three ministries account for 76.38 percent of the total research

costs for the entire national R&D project.

- Given that SW convergence has not been balanced by different

ministries in national R&D projects, policies such as planning for SW
R&D by each ministry to enhance SW convergence and planning and
support for SW convergence projects at the pan-ministerial level are
required”.

** Various statistics such as the Ministry of Health and Welfare, the Ministry

of Agriculture, Food and Rural Affairs, and the Korea Meteorological
Administration’s weather forecast models include the pilot application and
expansion of R&D incorporating SW.

@ By Project performer

o

(Status) The main subjects of SW convergence are small and
medium-sized businesses, government-funded research institute, and
universities. However, large companies, mid-sized companies and
government-funded research institute showed that their portion of SW
convergence projects was very low at less than 5 percent.

Small and medium-sized enterprises are the ones that perform the
most tasks in all SW convergence R&D phases, except for the low
level, based on the basis of total research costs. And universities were
found to be the ones who performed the SW convergence R&D tasks
most frequently in the high and medium high stages by task count



standards.

- The government-funded research institute conducted about 30 percent
of all national R&D tasks based on total research costs, but it was
found that it was not the main body that actively carried out SW
convergence R&D tasks.

o (Implication) The proportion of total research costs on national R&D
tasks 1s investigated In reverse order by the government-funded
research institute, universities, and small and medium enterprises, and
SW convergence tasks in order to promote SW convergence of the
participating institutes.

- Efforts should be made to revitalize SW convergence at
government-funded research institute that use more than 30 percent
of research funds for national R&D projects. In addition, institutional
support should be strengthened to link the research achievements of
the government-funded research institute to commercialization
through small and medium-sized enterprises, a key player in the SW
convergence project.

@ Research and development stage

o (Status) The proportion of the total research cost of the national R&D
project was high in the order of development, basic and applied
research, and SW convergence R&D was the same.

- SW Convergence R&D is believed to be a phenomenon consistent with
SW R&D characteristics, with development research accounting for 52%
or more, which is somewhat higher than national R&D.

o (Implication) It seems that SW R&D has characteristics that aim to
create products and services rather than to discover new facts that fall
into the basic stage.



@ National S&T(Science and Technology) Standard Classification System

o (Status) While some areas such as information/communications and
electricity/electronics have high SW convergence rates, the degree of
SW convergence in life sciences and agriculture is found to be
insufficient, which necessitates the establishment of policies for
balanced convergence.

- The information/communication sector is the biggest difference, with
36.7 percent, or more than three times higher than the 11.1 percent
share in national R&D projects, in total research costs for SW
convergence R&D projects.

- Electricity/electronics, construction/ transportation, culture/art/sports are
also found to have a higher ratio of SW convergence R&D compared
to the ratio of each field in national R&D projects.

- The fields of life science and agriculture, fisheries, materials and
chemical engineering show a significant drop in SW convergence
compared to the total research costs of national research and
development.

o (Implication) There is a difference in level of SW convergence between
different fields, which calls for the establishment of strategic portfolios
to strengthen global competitiveness in each sector

- It is necessary to establish strategies for promoting SW convergence by
planning tasks through SW convergence R&D and promoting related
achievements in life science, agriculture, fisheries, materials and

chemical engineering.

5. Policy use

o The SW convergence R&D automatic classification model, which is the



result of this study, enables analysis of SW convergence status for the
entire national R&D project. In addition, data-based trending analysis can
be performed annually, saving resources and time spent compared to
traditional methods of analysis using experts.

- Through this process, specific SW convergence R&D status and
evidence data can be secured and used as basic data for the
establishment of mid- to long-term SW convergence R&D strategies
and policies in the future.

- In this study, the criteria for SW convergence R&D determination were
established in a quantitative manner rather than a conventional
qualitative method, and the research was conducted based on task
information provided by NTIS in 2017 to derive the status and issues.
It also presented a policy improvement direction for the future
activation of SW convergence R&D.

6. Research Implication and Expected Effects

o This research provided a stepping stone for SW convergence R&D
analysis to continuously identify SW convergence phenomena taking place
across national R&D projects and compare and analyze trends.

- Using artificial intelligence technology, we can quickly and accurately
compare and analyze the spread of SW convergence on national R&D
projects every year by overcoming limitations in existing research that
estimate the overall challenges through sampling.

- In addition, text data related to national R&D projects carried out by
foreign research institutes such as NSF, DARPA, and EU Horizon 2020
can be obtained to apply an automatic classification model, and the
implications can be derived from further studies comparing the results
with the domestic situation.
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Model Data and Prediction
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Explanation Human makes decision

Z* : Marco T. R. and Sameer S., “Why Should T Trust You?” Explaining the Predictions of Any Classifier, 2016.
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T1HE%E "3t doc2vecs WEE LyglZzom M AL Az M

Els S 4] ] of]
= ST #ol x3=E 4+ oy Scikit-Learno| #|&-3F= Multinomial NB 732
=T 42 A F o E8 S5E B 0 ol #E THAES 2A
& F oy ol HolHY dEs B 7heAdel I I EERE 9 ARME
S 1#ste] B AFo) A= Linear SVMS 7|82 ndlg 383= Aog AAS
ATt

A APE 9l ALE A R He s HF=(Accuracy)9t AL =
(Precision), A d&Recal)= &&3t] At A5 vlwsAdnt. ALEe} A
HAEgo z3} HHgkel F1 H(Fl-score)olth. Zk Fx+= ofgle] F4& %3l
AMEH, = dAEE AHEE.

o
jus

2 4-11 A% %, A%, QAL Fl-score

TP+ 1IN

BEE(Accuracy) = —op ey

TP

A ™ = (Precision) = TP+ P
] P
A& (Recall) = —
Precision X Recall
F1- = 2

score Precision+ Recall

“A GA” o dig dF AAE B o <FE 4-1DF Zo] TP(True
Positive)s= A ©AZt AA A @A FAE A GAE AFT AS ov| g
TN(True Negative)> AA| A @A77} obd AxE A ©A 7} ofyeta 453 A
o]t} FN(False Negative)& A A @AY =& A GAV} ol o =3
A o)1, FP(False Positive)= A A A ©A7} ofdd A GAZ =3 AL
sty 5 2l digt As Brie 1034 AAH wrE 59 H
(repeated random sub-sampling validation)& 433l 1 HdS &4
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GE 4-1> A BA B 2 A3} 7}

o5
A T A TA X
A A OA True Positive (TP) False Negative (FN)
A TA X False Positive (FP) True Negative (TN)

A= 371x] o r =R Hch 7pA WA A o)A (Accurate Matching)
< 3 GAZ UHol 9= w@AHigh, Med High, Medium, Med Low, Low)¢]
HolHE IHE &&3ta, 43 &= STAE F&3k= Zolth

g
A 5

T WA= A% vl A (Combined Matching) 0. & A#E F 371A ¢ ©A (High,
Medium, Low)Z F&3l= Z o]t} High @42 Low ©A= e @A E 14
2 A3, Medium ©A4= Med High, Medium, Med Low ©AE Z3}3it} o
2 AFE 3GA R FEIEE o]f= Med*wHAl o] dHolEl7} SW R&D HE
7}e] Aslo] ZAF N A, o 7o] UXHA] Lo :rLﬂo]uq (28 3-3]5 #Zo]
HA7F FHA oA doA GdAE FEo] AHY] WEolt &, Med® @AE 359
THoR Fdst FAAoM SW & ATINE ﬂ%%
vtebstar, High ©A1(80~100%)e SW &Fo] % 3
F3o] dojyx] ke Hl SW R&DE 3o3l= 7
Fou|g Hog AGEH T}

HJE'

A HAE [28 4-313 #Zo] 23 vl (Adjacent match)S AA A3 oA <}
g GAZE 2HT AFdegd ge AR &Sk Aotk dF &9, 4AA
Medium ©AIQD Ao i3] o =g A7} Med High @A ol AY Med Low &
Aeltet= 17 SAT Bojzl JAAHS TAo]7] Wl ofZo] ge Ro=Z 2t
S akia=

(2% 4-3] 91 WAl A (315 dele o] Agel Medumel 7-$)

sW & R&D THA|
High Med High | Medium ‘ Med Low Low
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2 AN et AF 25 4
ERZN 7|A%ES st7] HsiAe WA g2EQ WEsE EQ st o
tf-idfe} doc2vecolgl= & &S A o
5o A3 AyE vlwstaz gt ti-idfe o8 FA4E 9
, ol doi7t £ 4 Wl

= A Al
A FAZA BwHoR st G832 YHoz I

21

Aol vlu B4 FYstaA ok

{3 4-2> tf-idf/doc2vece] &t5 Z 3 vl w(5FA & Linear SVM 7]1)

s A qu= D fl-
= (Scale) (Precision) (Recall) score
High 0.59 0.76 0.67
Med High 0.17 0.06 0.09
Medium 0.18 0.07 0.09
. Med Low 0.22 0.06 0.09
tf-idf Low 0.83 0.95 0.89
Rete Accurate matches: 72.78%
A ) Combined matches: 75.31%
ceuracy Adjacent matches: 84.50%
High 0.57 0.75 0.64
Med High 0.21 0.09 0.12
Medium 0.10 0.05 0.07
Med Low 0.07 0.01 0.03
doc2vec Low 0.82 0.94 0.88
Rete Accurate matches: 70.11%
A ) Combined matches: 73.19%
ccuracy Adjacent matches: 82.57%




<E 4-3> 9AE ALE, AL, A= ¥ (doc2vec & Linear SVM 7]&)
. B s Ade fl-
= (Scale) (Precision) (Recall) score
High 0.83 0.82 0.83
Low 0.89 0.89 0.89
20H oy Accurate matches: 86.17%
e Combined matches: 86.17%
(Accuracy) ]
Adjacent matches: 100%
High 0.64 0.68 0.66
Medium 0.52 0.39 0.44
Low 0.86 0.92 0.89
32 N Accurate matches: 76.11%
SR .
Combined matches: 76.11%
(Accuracy) .
Adjacent matches: 96.83%
High 0.57 0.75 0.64
Med High 0.21 0.09 0.12
Medium 0.10 0.05 0.07
Med Low 0.07 0.01 0.03
STA Low 0.82 0.94 0.88
— Accurate matches: 70.11%
e Combined matches: 73.19%
(Accuracy) .
Adjacent matches: 82.57%

Aol AREA, B A7} sbd diE Fee) AY Az the We s}
Al S doc2vec EaE]E Ruh tf-idf daE]Eo] HFFOoE o=Hol S A
S EASAY. doc2vece E3] S5TEA FEAA Medium3 Med Low ©@A ¢ A
UEe Ao Yes EAS B T3, A4S Fdse FAAA dF
cojol el FE(nference)o.= sl Jg dlolg HAAE HESsr] sl &
TE & AlZto] ti-idfell Hls] HAAsIA weol] HR3th= ©3o] EA43tt

doc2vec € g]&EL Iwtx oz 5 HOolHVF B Ao Hu ¢ £
g Bol7] WMol ¢ dolEs}t JrH o e AAe] AN tf-idf
7F AU o =z ¢ uiEAs dugFoZ ATHT I8 ER o]5o] AL
tf-idf AneZe BEe ANE =EHE 2L JJROR sha, 20179 =7}
ATAEAGe e o= Ao s e tf-idfe} doc2vecd] AFE nF &
Yot vw B9 ARE &2 sy

AFAA ke EF mde Low AL HolEV Aty oz we A8



=)

W AEoR o 0% FE] HHHL Hol
£ AT BT Medt HojEls F4ld &
of gledl 1 BEE WEs Yol net o

1o

@O tf-idfE= EFH th9 Med*7} Lowe} High A2 &4 2551 ot
High Medium Low
*H dolgg - 19 - 8 7 7 : 60
Ay dolg - 23 ¢ 3 0 3 : 3 : 66
@ doc2vec?] 7 $ol= Med*o] th4=7} High Bt} Low GAE EFZAh
High Medium Low
EH deolgg - 19 ¢+ 8 7 7 : 60

At dE = 294 E7Y A5 ™ Holy #=21 40.3:59.7° AL X
Sk 40.2:59.89 #EZE HAAT ol A3l AE7HY ER7l ZA sk vl &
g5 BHE A9 £ oy £F WEYAE s B High(Non-Low)
9A 7 Low BAZ 298 AT A A4S HILE Low ©A7F High 9A =
L9 Ao i Zolt

A3d EF 2L oF A3 Ha (HlF £3)

H 2 24 Ax 24 3o dYg dolgo g vwE s tf-idfe} Linear
wHlg Bgale] AP Ak (19 4-419 [1F 4-519F 2k wlo] o
3 @A7F X=ola HolErE 7 A @Al Y2 37 HlE 1;@
Bl High GAS HighZ @A =3 Aol 1887), A Low ©AS Low
2L 58 97113—; Uelgth vl =4 $= 44 High @A JH
High®Z ZA =3 AL 271/00)a, AA) Low @A #}A)S Lowz 2

cF

mlm



1,2527} o] T}

[2& 4-4] W5 =4 Ao A4 23 (1,09471)
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H S 24 A3 A E vusRld, 594 AuAdA vF =4 Aol <&
4-4>N A 213 A o] A7) 72.78%, ¥l5 ZAH T+ 67.96%°1tF. F3t
Ml @A(Med High, Medium, Med Low)e] ARE&= vl 24 Ho] ¢ =11, A
Age NF 24 /b o v oz Jegth 3 MFES 233 FE o
% 2ol 329 JUAT 43 A T AU %@ A4} FodAT, 4
A 3RA N ke T Fol YRS % A7 WolAE 54 & Bty 2
R A »%ﬂ-smm NFe 2AHA RE Aol B0 @A AABo| 4
Haoz AAsE NFe AW, BF 2 438 AAelAE Aol o
o Ag I 5 Yk

{E 4-4> ¥l5 =24 /39 108 HF d=38 Hln (tf-idf & Linear SVM 715)

2 oA Ao NS f1-
(Scale) (Precision) (Recall) score
High 0.59 0.76 0.67
Med High 0.17 0.06 0.09
Medium 0.18 0.07 0.09
3 x4 Med Low 0.22 0.06 0.09
~ Low 0.83 0.95 0.89
< . Accurate matches: 72.78%
Qate
Combined matches: 75.31%
(Accuracy) .
Adjacent matches: 84.50%
High 0.7 0.545 0.61
Med High 0.095 0.265 0.145
Medium 0.09 0.23 0.13
HZE =4 Med Low 0.09 0.245 0.13
5 Low 0.965 0.78 0.86
o _ Accurate matches: 67.96%
REE
Combined matches: 71.81%
(Accuracy) )
Adjacent matches: 85.42%

ME 2 e Sk dlolElel Uil tf-idfE Bgskel 3 =9 o

272 AT APE E 4559 2T AP e 59AR AT A9

(Accurate match)e] 739, Linear SVM& 72.78%, A3} Z+& 3TA R FEs=

A% % (Combined match)<]
84.50%2] dA=E& AT

(o]

735

o

75.31%,

AA

% (Adjacent match)-&



(F 4-5 229 103 3+ A=, ALE, AdE @& vl
oo A e R S f1-
(Scale) (Precision) (Recall) score
High 0.59 0.76 0.67
Med High 0.17 0.06 0.09
Medium 0.18 0.07 0.09
_ Med Low 0.22 0.06 0.09
Linear SVM Low 0.83 0.95 0.89
. Accurate matches: 72.78%
Yae
Combined matches: 75.31%
(Accuracy) )
Adjacent matches: 84.50%
High 0.60 0.78 0.67
Med High 0.40 0.00 0.01
Medium 0.29 0.03 0.05
Logistic Med Low 0.34 0.01 0.02
Regression Low 0.79 0.97 0.87
_ Accurate matches: 73.29%
Rate
Combined matches: 73.29%
(Accuracy) )
Adjacent matches: 83.09%
High 0.55 0.88 0.67
Med High 0.19 0.05 0.08
Medium 0.23 0.10 0.14
Med Low 0.23 0.07 0.10
Multinomial NB Low 0.88 0.92 0.90
_ Accurate matches: 73.05%
REE
Combined matches: 75.79%
(Accuracy) ]
Adjacent matches: 85.10%
Logistic Regression< 5©Ale] wjx ZAxrl 71d £o4y Med*(Med High,

Medium, Med Low) @A 9] A d-E&(Recalle] w2 Ao =Z YelWT, A&

U= A2 & 2l vl3) AdA2 3 Al @A(Med High, Medium, Med Low)
o &3t A oA =& AE A EItheE AL 9 n] gtk Multinomial
NBe Aujd A= 73.06%clx, 2% w3 A" wjHo] 2t 75.79%<}
85.10%= 714 =2 dZFE<S YUet. olgs Z234E TFHoE AYHLS
o, Multinomial NBE 7]|&F0 2 =2 3 BH5E sty A vj3d 7 21 F
“H’é]oﬂ o A%S Hol: Linear SVME 37 3lste] F mdol AxE

vl sl A} s




A5 SW €% R&D 43 2 AF

A1A 20174 2AATALTHA L oS

0179 % =7k AT NEAY S & HA = 61,2800 &2 NTISel| A Al-g-sh=
ot dEs A T £F dolE Aot £RE AT ARRE A
&8 A7 fofwe tdy UEr % Ay mx7, dE VISR = @2
HlolElo] ol5& HlolH Futi WMA7|E Agste] WA $ A7 W& <
T EFEZE FHEAAY e o] Wy Y& 5 B AT aokre] A7
Gl Bl AAE A" 1,219719] HAAE AQsidnh. o] HHe AA HFH
© R 55566719 2017 d= Ao thste] ©AE FRE 2016 % 3124719
T AR AR EF 2l AR UrA 55,5660 = BRI ES A

AT e ARG

2017d =7k NEANG Ol U dSF2 A= dWld WA o= tf-idfe}
doc2vec ¥ ElES ®lwslr] ¢ Linear SVM £/ RdS 7|Fo2 F A%
€ =¥ Adste wastais 5“;} =T, %‘: i Hﬂ%‘ ‘%}&ﬂii tf-idf S /\}%%J
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1. Linear SVM 29| HE 3} dazlF 8 dAE 95 24

O tf-idf & 5TA &7



[ 5-1] tf-idf 5©A &+

7.2% 1.1%
| 1.3%

(SVM)

m High = Med High = Medium = Med Low

2017d =7t TN A

w75 AT
@ tf-idf & 39A 7/

~%%3ﬂﬂ§.H%H 3148

bR g

AT,

(13 5-2] tf-Hdf 39A] E/EVM)

5.4%

8.3%

m High = Medium = Low

661 =7tATANEHRAE EFI
: 83 o= Medium @A™ Y™ A 86.2%+= Low TA

5 Low

Holg2 THd =
Astoltt, v H

<G 5-1 tf-idf 59HA] Al /HISEVM)

9 A 5 H| 5
High 4,012 7.22%
Med High 587 1.06%
Medium 746 1.34%
Med Low 776 1.40%
Low 49,445 88.98%
Total 55,566 100%

<3 5-2> tf-idf 39A A F/HISEVM

=]
=

o
=
W, 5.4%=
2 &

=
-rrb‘

tjsle] High ©@AE= 7.2%, Med High @A+

1.1%, Medium ©@A= 1.3%, Med Low ©@A= 1.4%, 4™ A 89.0%+= Low ©A =

AH83ke] 2017d
ngh A o]
< A

% WA Ll
High 3,022 5.44%
Medium 4,623 8.32%
Low 47,920 86.24%
Total 55.566 100%




@ tf-idf & 294 EF

R 2 A 2ds ARt v A
55566712 HolHE EFI AdE Hel Aot AFfHo= 2017d I/ AT
AEAd ol tiste] 16.8%+= High @7, U™ A 83.2%= Low ©AIZ &7/ A
< AT F o T AFESE dolH o SW &% R&D ©AINon-Low TA)
7v ol S71gtel wet Low @Al A¢A = o] o= AR 4 Ho] S5THA
U 39A ER/Ae SW &% R&D ©AIS] FET 2dA 94 High A7} ¢
o HEE d=Hon, AtFo g Low @A 9 BE&e 7HAs AT

ge 2uAZ BHE 58 doly

il
o

[2% 5-3] tfHdf 29A ER/EW)
16.8%

<G 5-3> tf-idf 294 A /HISEVM)

=% i iy
High 9,325 16.78%
Low 46,241 83.22%
Total 55.566 100%

® High = Low

@ doc2vec & HTHA EF

HEsE 9% dauglFoE docZvecs
o Y oA A A vuE st g <

37 Linear SVMS AF&3tth th&e s A 2 E5F Sh58 Holg
2985 ARE-5le] 55566719 H|olE

o
-2
=

do

e

5
Gl



[719 5-4] doc2vec 5THA #-R/(EVM)

6.3% 1 99
2.0%
2.4%

<Gt 5-4> doc2vec 5A| A S/RISEM)

24 A & v &
High 3,499 6.30%
Med High 668 1.20%
Medium 1,070 1.96%
Med Low 1,313 2.36%
Low 49,017 88.21%
Total 55,566 100%

m High =» Med High = Medium Med Low = Low

AzHoz 20179 F7tAF LA thste] 6.3%% High ©A|, 1.2%%=
Med High @A, 1.93%+= Medium ©A|, 1.4%= Med Low @A, U™ A 88.21%=
Low @AZ &7/3 A& i‘f‘ﬂf’é 4 o} o] AxtE 39A EFo uvstd oA
3] Med*¢] Ho]E]E0] High =+ Low ©AE o]%3 Aol tf-idfS A3
5o vl A or A ‘*/l 3101137} o5 AL AT = Utk 1
o2 Linear SVM Z=de] 7§, 50A £ 4B st doc2vece] H
AR WEHI Y FOoRE B F ‘E‘r a8y Aded AH} o] docZvece
A3 dolg HAE HEsstEH W B2 A3 Azl a7HTE @Ho] 9
=3

i

[

® doc2vec & 39A BEH

3HAIR ER7E 58 HolHE W BdS AEste FYg b
= ot A#d o2 20179 =7t N d Aol o

Med* &7, Ym=A 86.6%+= Low GAZ EF3H
f-idf& AH&-3F A3 At 7o Fdste]

ekl =t
daeeel Aoz A% FEE AUBE £ A

b
©
r1r oy
o



[713 5-5] doc2vec 39HA| &HSVM)
5.4%

8.0%

= High = Medium = Low

® doc2vec & 2¢+A B F

22 doc2veco @ W EISS HlolE Y 2vtA BF AT
I+= 14.8%+= High @A, U™ A 85.2% = Low GAZ &

9lct,

[713 5-6] doc2vec 29HA] &FESVM)

14.3%

® High = Low

<3 55> doc2vec 39A| #A| S7RISEVM)

L T
High 3,005 5.41%
Medium 4,463 8.03%
Low 48,098 86.56%
Total 55,566 100%

2 Bl Aol

8 AL FAY

<3 5-6> doc2vec 29HA| A </RIFEVM)

A oA 4 Ll
High 8,107 14.28%
Low 48,678 85.72%
Total 55,566 100%

P o




2. Linear SVM 299 €| AE ulo]y BE wp¥o] H|w

5-7>& oA A3 tf-idf/doc2vecd} Linear SVM Z&o] A8 2
o2 Y Aol

o <F
HE FTEH

<

(E 5-7> 201795 Z7lAFENETAA B A3 Q9F (Linear SVM)

S 3TA 227
High 4012 | 7.22% High 3,022 | 5.44% | High | 9,325 | 16.78%
Med High 587 1.06% | Medium | 4,623 | 8.32% | Low | 46,241 | 83.22%
tf-idf Medium 746 1.34% Low 47,920 | 86.24%
Med Low 776 1.40%
Low 49,445 | 88.98%
High 3,499 | 6.30% High 3,005 | 5.41% | High | 8,107 | 14.28%
Med High 668 1.20% | Medium | 4,463 | 8.03% | Low | 48,678 | 85.72%
doc2vec | Medium 1,070 | 1.96% Low 48,098 | 86.56%
Med Low | 1,313 | 2.36%
Low 49,017 | 88.21%

tf-idfll o] AxS Be 584 EFoA+= dolg M7t Auiroez AL
Med* ©A12] ©lo]E]7} High & Low ©AZ 4 o539 eS ¢ & Ut
ol BhF Edo] HlolH Y o] W B/ A3 Ax=E 7
Eo] 7Hd Z]EZQ] kg o=z QlAHA o FAo ot A
Low, Medium, Med High @Al &35t HiolHE o Beo] FESI X
FE 39St Aotk gy B AFdA 83 20169 % F7FAFA A
o EE X9 A4S IHste Zlo] wl oE e, FF ATl A 20161
2017 =7tAF/NERAE S5 HolEE AMESt I o]F AREE AT AT
HAE FAsk] ol s HIAE S AT 5 A= Aol

E
£
10 oy
i
k]
ic)

[N

3A BERoAM= MBS dadsd] wep ofghe] A= AAT, Ao
= High @Al= oF 54%, Med® @A= < 8.3%, Low @A= o 86.6%= 7=
A¥ES HAt & A7 HHo| w7 tATNEAGANA e SW Y A=E T
otalr] §1&k ZolBg oF 135% FEe HAEo] SWE T A7MLs 3

3 Aoz Aud % Utk

3

.

)
DN
i
2
I
el
g3
Y
e

16.78%7F High(Non-Low) ©A=, YmA A<



83.22%7} Low ©AIZ #EBHUAT. <3 dlol¥ oA High(Non-Low) ©A7} 40%
AEE At Fdd Edo] Lowol| A¢A = o7t A Fi sfLHo] 5

WA 39A Rl s Lowe] HlFo] wol voldl AL Selstlh

tf-idf thAl doc2vecg AF&3 ZAf-ol= FASH AAE At} doc2vecd] 7
T @A Y Holdlr EFetal X3 @Ao] AU eE HA st St
At 28A Atele] Low @AY Hl& Zfol7F 2.75% Hioll WA &= 82 =
dole ¢ ¢ gt tf-idfe) A= I Zolrt ok 5.76% HEE LERGT

Holu} docZvece.® W A9 A3 Fdol @ Bt @A 9 Ao
o

o = —?Lo}i oFA A Q1 aﬂl" 3 F Je EAS Ry =3 9A U &7
S4E Med® @A dlo]El7} High & Low ©AE X3 o] TAste] Axr})
=== &% & 4= 2t} Linear SVM Edo M = tf-idf ®2]o] sk dlo]E 7}
7HA EA S wrYstal 1o, doc2vec WAl o2 W E S} dlolEeol diste] 3
A & 20AIZ o =3 Ay Ho) b ARl W olgta #ad 4 9l

3. Multinomial NB 2€¢] #Wgsg ¢uelF R GAE o= 23

D tf-idf & 594 BF

oS tf-idfE &83le] 2017d 55,566712] A wlolEld thale] 59A F
HE 273 o= Aot

(29 5-7] tf-idf 5%HA 72(MN\B)

0.4%

| oox (G 5-8> tf-idf 5] | SH1Z0NB)

2 L L T
High 4,513 7.95%
Med High 9 0.02%
Medium 241 0.42%
Med Low 109 0.19%
Low 51,913 91.42%
Total 55,566 100%

® High = Med High = Medium Med low = Low



2017 =7k Al ol tisked High @AI= oF 7.95%, Med High @7AI=
0.02%, Medium A= 0.42%, Med Low ©@A|= 0.19%, Y™ = 91.42%+= Low ©
AZ &7 AT

@ tf-idf & 394 B&F

$e 3WAE BRE A58 HolHE AR mUS A 20179
55566710 T/lATALHRAE BRE Aotk ABRHOT 456% High v
Aol T, 7.37%% Med* @AW Urlx] 88.07%E Low BAR EHF A2 %<l
@ & Ytk

[13 5-8] tf-idf 39A] 7<MN\B)
4.6%

7.4%

<3 5-9> tf-idf 3TA A /HIS(MNB)

@ | #s | us
High 2,590 4.56%
Medium 4,185 7.37%
Low 50,010 88.07%
Total 55,566 100%
s High = Medium = low
@ tf-idf & 29HA #F
go 2w PRE S5d dolHz TAW wdL AEEd UuA

9
55,5661 9] HlolHE &/ ZHAE HQ Aot AI{Ho=Z 2017d FI7IAT
MEArel thake] 18.45%% High @Al Uelx 8155%% Low WAZ BR§
AL FAT % Yk



(713 5-9] tf-idf 29A] 7~ZMNB)

<G 5-10> tfHdf 29A A <R15(MND)

A A 5 s
High 10,477 18.45%
Low 46,308 81.55%
Total 55.566 100%

= High = Low

@ doc2vec & HHHA BEF

Y oA AT A HluE st g5 =92 Multinomial NB 23
g3ota, WEstE 93 dagFo=® docZvecs ARERE & BRI A
g 2o Ax44o2 201739 I A FAdAA G tiste] 6.58%+% High ©
Al, Med High ©@Al= 0%, Medium ©A|= 0.16%, Med Low ©A= 0.35%, 4™
2 92.91%= Low ©AE 73 AL A & Arh

[72% 5-10] doc2vec 5THA] 7<=(MNB)

<GE 5-11> doc2vec STHA] 2| < HIMNB)

L E N
High 3,736 6.58%
Med High 0 0.00%
Medium 89 0.16%
Med Low 200 0.35%
Low 52,760 92.91%
Total 55,566 100%

® High = MedHigh = Medium = Medlow = Llow



® doc2vec & 39A BEF

ok

SHAZ E7d Sts& HolHE T} Rl AMEstel L3t b
= o

AH oz 20179 =7MAT ) RFA o ko] 4.46%E High BA, 7.0%%E
Med* ‘:‘rﬂl U= 88.54%= Low GAR BF3 AL I 5 Q) o] Adx
-idf & A3 A3 Aol Ao FTUste] WES g Fe] HolE AT

og o mm e oF 4= 9T}

T

[29 5-11] doc2vec 34| T=2(MN\B)
4.5%

<GE 5-12> doc2vec 3THA| | 4/ HIE(MNB)

@A A & H| &
High 2,534 4.46%
Medium 3,976 7.00%
Low 50,275 88.54%
Total 55,566 100%

® High = Medium = low

©® doc2vec & 2¢A EF

$& doc2veco. 2 WEETE HlolEo 2¢A BEF AAES Hol Aot ZA
I 17.84%+= High @A, Y™ A 82.16%+= Low GAE E7/3 As AT -

AT



[T13 5-12] doc2vec 224 7-ZM\B)

<3 5-13> doc2vec 2A A /RIS(VNB)

oA A 5 e
High 10,129 17.84%
Low 46,656 82.16%
Total 55,566 100%

® High = Low

4. Multinomial NB 2d¢] €l AE nlo)yd BF v Hlm

S (FE 5-1405 oA AHE tf-idf/doc2vec &1 e]=3} Multinomial NB
2 %3to] Ay AFAE FIFHOFE QoF3 Aot

<E 5-14 20179 = =71d7/1d A 7/ 23 8 9K(Multinomial NB)

S2A 3¢A 2tHA
High 4,513 7.95% High 2,590 4.56% | High | 10,477 | 18.45%

Med High 9 0.02% | Medium | 4,185 | 7.37% | Low | 46,308 | 81.55%

tf-idf Medium 241 0.42% Low 50,010 | 88.07%
Med Low 109 0.19%
Low 51,913 | 91.42%
High 3,736 | 6.58% High 2,534 | 4.46% | High | 10,129 | 17.84%

Med High 0 0.00% | Medium | 3,976 | 7.00% Low | 46,656 | 82.16%

doc2vec | Medium 89 0.16% Low 50,275 | 88.54%
Med Low 200 0.35%
Low 52,760 | 92.91%

Multinomial NB 2@ 5@A ool A tf-idfe} doc2vec EF Med* ©A <
=S Ao a7 Rale Ao =2 et E3] Med High ©AY FAE A9




BRSA 2@ o2 Uit =@ F dudSdd 2F seds 3u 7
Bold Low €A FET A%} oF 00% U} oF 8% 4 4 A8 Bol
3 900 20169 5 delelell Wk Low BAZSl AFe] Ba £ Aol 3
= Qo 2ARY

tf-idf o] Ao A 2+A 2} 5A 2] Low @A o] thsk Hl-& 2ol 9.87%°] L
doc2vece 10.75%2] =}olE& H. a1, bAoA = doc2vec tf-idfoll W3] Med*
A g dFe A Xt AR Yewt IE=R J|ASSE Y
(Multinomial NB/Linear SVM) 2 ®l &g <8 &(tf-idf/doc2vec)d] wxat H&E 2
3, 7|AEE 2d 2= Linear SVM3} tf-idf W4l o2 wWE 53 tlolgd| thatd]
2HAR A 53 Zlo] 20161 =7HATINEAEAA BB F=3 St HlolEH %
7HE FARE 29E =2 Wity 3dd ¢

A2d o3 U3 AEI} HAF

2016\ =/ AFANRTAA F 3214709 HA HAEE 9F volHE 5
1AStE R4S 20179 =717 Al & i es A 83t oS A3E =
sttt ol HolAe B dAFtolA A B/ 2P 4F AR5 HAFs
3 d2E nlojyd WMo tf-idfE &8sty EF =@ Linear SVME
A3 F, 1009 F2&
nd o oS diet vwstarat g

N

_llN

RS

ol

CA|\"

o mor N,
ofo
rok
2

4

5}

dutr o g FE F=ZL5 s 71A 71EAQl W

N

(Simple random sampling)e]t}. 13y E =

SW & R&D ©A S5HS EF v Zart 3l

(Stratified sampling)& &8stz sttt S FEHLS ZHTEES 7435
gt ARE FE A Hrgste] FAH =9 o 2

Hom A ArHellqt, 2015). 53 FE= s 20173 =7FA TN LA
oM dF8E T A7 F3F U AT U&o] EAsHA g2 AAE
55,5667 0] sl o od)] =% SW &3 R&D @HAE 722 <& 5-15

N _m, [‘lo
e
i,
5|
5

o — Ho
ol

rZ o g

g
ofv e Xy

2

14) 20189 A3 A7 A, HAF 7|FoE 15.9%, & A7H 7IFSE 16.3%7F SW 8% R&D #A
A A2 ZAEG7IAT LA A o SWEgHell #3F 7, SPRi, 2018)



{F 5-15> HAs5<e A% 22 F= ¥4

BE 23 99 53t Wi BE 3394 | mEo 3]
A 4 SW g3 R&D @A (5 57H) SeFEY 10074

ny,  hsd €99 #& =
N JA AA 5 (65,56671)

n : AA FE 5 (1007)

—

N, hZol Q= AA 7a 5

L SW &% R&D @A & (F 571

o]“7 Ja=3

(£ 516> A58 T8 ==

SW §& R&D &7 BE
High 8
Med High 1
Medium 1
Med Low 1
Low 89
Total 100

= High = Med High  » Medium = Med low = Low
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1009 8 AA iz AErke] HEs A 5-141¢} Z1 4
ndol Av= [19 5-15]9] EXE Rt} High A= A&7t B/ 2d
o Zo] % /M= T3ttt 13y HAE7H7F Med High, Medium ©AIZ <
3 FA7F AeE BEE mdle 14X Y 9AZ o251 YR = Low

AR AL R &3t AE7H7F odg Low DAV 57 mdo) Hl3) 12.4% *%
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A=
A
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(2% 5-14] A&E71e) A5 B= [ 5-15] =Y o= &=

m Hi u Med Hi u Medium = Med Low = Low
gh g m High = MedHigh = Medium = MedLlow = Low
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Hoh 24 ASe A8l 57HA dAZ 723 A27ke] g 27 240
1

d=g AFs FA 2E Ao sHFet= A WA, 2HS ) SANRA o
F ASR g3t A wlA, 294 o)t Aole wFA KI AR HE
Al Moz TR AErt 3w AAE Age® By, Add £F 2
o wjA A#AE vz By <E 5-10F Zo] £F mde] Low BARE #HGd
AL AEZIE B Low SAE #osiith. High @AE dE7ke] ddst £
F 2do] 75% ¥X3Y 3, Med Highet Medium @Al 16.7%7F ¥X& A<
& Ak

B 5-17 A&7F A= 71+ A WA, A wA, ¥ w5 vlF

ST N 3 Ui A wA H] oj%
U5 H % U5 H| % 45 u| %
High 8 6 75.0% 0 0.0% 2 25.0%
Med High 6 1 16.7% 1 16.7% 4 66.7%
Medium 6 1 16.7% 0 0.0% 5 83.3%
Med Low 2 0 0.0% 2 100.0% 0 0.0%
Low 78 78 100.0% 0 0.0% 0 0.0%
2Ll 100 86 86.0% 3 3.0% 11 11.0%

g A A FAZ % AL JEbdH, Med Highe}
o 23 F 2do] A dARE 4
st™ Med High¢} Medium

23 A F AEV} AAE A AR BE3 Ao g

SAlE HEVEe B R A#yt dAske A2Z UEou Med Low ©
Ae AEE7E 00 Ae & T AUtk ol& T3 £ AFoA /MEdd 275 =22
o] Med High, Medium, Med Low ©Al°l sFsle AAE GOy oz 3H435H
o Sl AFE Btz AGd 4 Qo



< 5-18 @A AdsE, Adx: A5 JAE7F 39 715
o= oA A3 -&(Recall) A9 & (Precision)
High 0.75 0.75
Med High 0.17 1.00
Medium 0.17 1.00
Med Low 0.00 0.00
Low 1.00 0.88
| 0.86 0.86

7 E2do] dXste 237 AUt ol F&f AL £F 5 Z¥ 2 High
ot Low @AIE F&st= 2o 2o ¢ S3FEHATy add - St

2 ATl AHER A =Ss WS Sl ARSE= HolHYE &3] 74
ol L A dolEZE mE HolH AFs 9t TEF DAV 2 W 9§
Fomg A3E A= 2y AAl AFelM s Duto] xAbdA AEE
3124719] 20169 % A7 ARE &Y UHoJHE A3t 35T RIS AMESH
of oF 204 el Esl= 2017d= A o e =g A=sgct 1 2

=
I, 20163 = HlolE el Fét= Y AHES 20179 = HolE el tisiA 7|
Q ]

st Ae Rt A 2E BE A A% 253

of oA AFE el BHozE B FeHAT A HolHel sl

BBty YE BF ATE 4EFANUE 0 19 e BRe AV P e
% o ®ohd % sl Holn

Q7% F UAuE e ER/719 &&= &
=

a8 EE & A7 e Lime dadss &8st 4% 7les 7T
Lime2 4= HOHE HAAA 7FHAM dFo] oA Ma=AE AAFo=H
54 dell e 27719 Aol t dES Axsks stz e AWA



olth. Lime= AH&str] s WA tadt 22 H7AE AREsteioF

from lime import lime_text
from lime.lime_text import LimeTextExplainer

3 Limed] A&S afiA= E7F7)7) predict_proba S-S X AajoF sk,
| g3 Linear SVM2 ©] 34E A YstA| &=t ol 3 312

2 dY9 EFVIE AMESt wxt AS(cross validation) = T3E T+ U=
CalibratedClassifierCV Z# 22 ¥ = WH-ES AFSSHAT

HotE A4% F wAAFE A% BFIE YPshe stolZaiele dgsta
7 Aol hste] Limed 2 g3tel MYIES PG
MR J)se BR7) 2ol TEH oo g HsHEE @ Wel U
wl$ wlAdgH ot oo 2 o

1 High @4

=< High2 E7F" o" dolgd thste] Limes o] &3t /2 A
E A3k Aot oS drelA B <& 5-199 o] “learning” , “big”
“machine” , “real” T3 & TojEo] Fojzx dHolHE HighZ EFHA
e b FARZoE A8 AL AT 4 Aok wkA - “air” 9F  “dust” e
thoj= High @AI7}F old Aoz

J JFE FUOU, FHHOL A §F WolEe)
Nel=rt BAYHOE s]dF ol B slei=nth U5 HohA Highz Hes
NS FAT 5 Utk o] AE FAYOE SWe 43T HAF Heses
Aot JuH o I T



<3 5-19> High @A #Acte] tig 7 ©@oje] 715X

g 2] lge 23]
learning 0.12228990403 manual -0.0453623161
big 0.12225027321 user 0.0451530031
machine 0.10009845616 indoor -0.041682817
real 0.09246689101 citizen -0.031306297
data 0.07081077260 forecast 0.0300156063
air -0.0693695643 extraction 0.0288781918
prediction 0.06220993747 fine -0.028046126
predictive 0.05156741569 effectively 0.0279486047
dust -0.0498424672 track -0.026384558
eye 0.04628498173 disease -0.017569984
Sum of positives 0.799974037 Sum of negatives -0.309564131

AA FRANE BURE 7FOR FRE MY L ZOZﬂfﬂ tolg 71F
o2 grEest JYIE 49S HAFES itk ok (1Y 5-171S el A
BQl HAE 28 ARE olgsly] HA s Aze 71%35-& 252 )
Aste] TPz AFAT Aot
(1% 5-17] High &7 Bl tfgk 2+ gole] 7153 =
Local explanation for class High
learning e —
big [—————————e—
machine [
real |
data e
ar [
prediction ]
predictive [
dust | ——
eye N
manual =
user (——
indoor [ ——
aitizen I
forecast i
extraction _
fine [—
effectively i}
track .
disease =]
-0.075 -0.050 -0.025 0.000 0.025 0.050 0.075 0.100 0.125




2) Medium A

2 Medium HAZ 7 dolE o tiste] Limes o] &3ty £F
o ZAE AWFT Aot oAF AHeld E¥  “module”, “3d”,
Z

i
2
g

“verification” , “platform” &3 #Z2 ©ojEo] Fo% H°olHE Medium ©
AZ E7EHA ste H 38F o= 2483 AS AT o+ don, FHZHo=E
A3t T@olE9 Z|HEHT FobA

2183 @59 Vo Ert RAAFHCoR 7
Medium SAEZ A EA5S &1

(& 5-20> Medium @A Tcto] tidt zZF o] o] 715X

Nge 27 719e 23]
final 0.0935922364 build 0.0366459599
module 0.0639409427 strategy -0.0351667732
simulation 0.0580278540 internal -0.0329895472
improving -0.0531898945 plan 0.0312001756
improvement 0.0528218853 agency 0.0278509482
3d 0.0487457561 user 0.0270339848
assessment -0.0482455391 external 0.0262400789
verification 0.0439077128 improved 0.0239093026
platform 0.0390640581 general 0.0229560725
safety 0.0373600040 university 0.0229497142
Sum of positives 0.65624668613 Sum of negatives -0.1695917540

[2% 5-18] Medium ©A <& dlo]gol g 2

Local explanation for class Medium

final
module
simulation
improving
improvement
3d
assessment
verification
platform
safety

build
strategy
internal

plan

agency

user

external
improved
general
university

0.10

o
=1
o
=]
(5]
o
=1
=]
&
o
o
{=-]

-0.06 -0.04 -0.02 0.




3) Low A

< Low @AZ &7Fd o¥ dloly o] tiste] Lime ¢agF< ]85t
7Y oAE A% Aon. A5 AWl BH

“pressure” Y “surface”
o Z& ©@oj7t Low AR EFHed sAHAY 9ds st A,
“improved” S& E3 ©@ojrt RFAHA A4S stal S & 7 UTH

719 = SR 719 = SR
pressure 0.0590075800 applying -0.0094257811
surface 0.0571764849 purpose -0.0091321177
improved -0.0356741240 general -0.0072524397
quality 0.0239722605 reduce -0.0061681157
manufacturing 0.0130632380 equipment 0.0059466727
effective -0.0127704719 pre 0.0058260425
treatment 0.0121673984 rate 0.0053487635
management -0.0117756953 applied 0.0051853217
processing -0.0113881923 shape 0.0051742794
product 0.0111785289 property 0.0033539172
Sum of positives 0.2074004876 Sum of negatives -0.1035869377

[29 5-19] Low @A o= dHolg o that A4

pressure
surface
improved
quality
manufacturing
effective
treatment
management
processing
product
applying
purpose
general
reduce
equipment

pre

rate

applied

shape
property

-0.04

Local explanation for class Low

—0.02

o
=]
[=]
o
=]
1]
[l
g

0.06




Low @A &£3t= dlolE&= Med*u High ©A|¢F @] ofjHl ER oz 2l3)
Low GAIZ E/FH7IEtE 3483 a3 F483 gQlo] & Aol glo] ZaF
zREE A9 OREolT. 3, Med*u} High 942 B5H7) ojge dolH
7} A=2E Low 9AE B NSRS

A0+ U2 M T = deH, o
PN
T

AT,

_‘?-l_
BR BH7E dX@tin 2

L=



A6 SW &3 R&D F+3E £ 2 AAA

A1A N8

2 Aol A= tf-idfe} Linear SVM =& %‘f%fﬁ s ERVIE &85ty
20173 71T A = o= A9y E2AEE =
AARE FIEE YFro dFE EXstaA o f3EE &

228 2|35 Business
Intelligence E& &-&3t A4sdnt. AR 1a st FIFE 2> SW
¢ R&D GAEGCHA &2 STHAR F&3te 4R 3 FA, 13713487

SEFERE, ATNLY GA, AFALE Y FA, ATAYRY AF S
TRol hE BAe A 2 542 Auug @t sJEHow f¥Ew
AR FAATALAG) 4] v BAL 8 A Fo F ATH G
A, W FA 5L ANT H, A Fsh F ATH SRIA SW §F R&D
A 54e HolFEh o]dd @F BAH 4TS B SW $F 1L
Qe 4% A9 SW S REDS) BHHE ANT + AT

A2d F8 7FE £4 UHE

L =3 B4

2017 Ao 3y S 55556712 =T7MATNEAGAA = 23709 F-A oA
THEAT. A4 A A ﬁﬁﬂ Ao N B F A A B HE2 o}
?f <3 6-1>3 Zoh HA Arbel]l ik dRbAQl AFS duEd, 3sr|eH
HEAR(olst A7 Z T2 Al o F dAFHIE M ‘1%2‘11, A =
1550571013 F AFHI A= 6= 3,596 Wolth AT AL R(e]3F 4F

qiyol AL A &£ FFOZ 456440 = AFHI I 4% 632090 Qo

O

op

R

FAe W F AT oF 109 9 AL & 5 A FAATARHA
% A7H WEe o 39 Ao AR WAAY W F AP} olnth o

39 o]} =2 Holt.

15) Microsoft Power BI Desktop ZZ 138 &

o



<F 6-1> FAHE F A58 ¢4 2 #3A 5, B =9
i I A5y FA(Y) A () WA e 23A(Y)
st & HEAY 6,359,607.124,981 15,505 410,164,923
AP EARFI H 4,631,998,522,672 4,564 1,014,898.888
ZAHIR] 7] A8 1,714,635,946,815 9,015 190,198,108
ey 937,545,632,695 13,591 68,982,829
ZEPEY 575.778.889,978 662 869,756,631
BB H 529.462,938,381 2,396 220,977,854
[ oF 2 AbEL 529,081,141,333 1,048 504,848,417
L EX S 333,000,550,000 4,569 72,882,589
A 272.326,116,199 664 410,129,693
LA ZAAEY 232,391,142,570 1,944 119,542,769
7141 118,080,716,000 188 628,088,915
ok P ek T 87.687,497,000 119 736.869,723
A A 84,981,615,000 323 263,100,975
Al S o] oF & A 81,600.616,266 588 138,776,558
HATE M 9 H 3] 50,407,038,000 108 466,731,833
AR 34,325,413,571 100 343,254,136
A HHA 20,641,521,420 63 327,643,197
25121 A 15,929,544,000 48 331,865,500
3l oF A AMA 10,587,967.000 29 365,102,310
7R 7.793,756,000 36 216,493,222
7B R A 2 3,205,000,000 2 1,602,500,000
E5|3 2,160,000,000 1 2,160,000,000
LR RAA 1,876.,000,000 3 625.333.333
A 16,635,104,689,881 55,566 299,375,602
7k Baje) 59A TR oF BF AdolA A = 7] A9 T 2A
of thet W& [ 6-1]13 Za, & A4 &A 7|&2 [I2F 6-2]d4 &
A+ ok
16) & A7vles AREATFR) AAE FHE 3 FHoZ, JHRHEIZ = A7 dE I3t

rr



[ 6-11 FAE 52 & AFHEFA [O27 6-2] A8 594 T8 AHNF
T 7%, 4 D ATH 71, A9 T

TSVCS @High @Low ®Med High ®Med Low @ Medium TSVCS @High @Low ®Med High ®Med Low ®Medium

ST A @

B A F 712 F AFH J)FeE SW g3 R&D IS AmEy
(28 6-313 [ 6-5], [28 6-1113} o] A 4 7]F+2o 2 Highet Med High
83 Low BAE A7|AERAA F33 A7t M 2o F AFw J)E
& A7) AHERI} Highet Med Low, Z18]al Low ©AA HIFo] 713 & A

o= qg}uq EAAQ AL HA7|AEFER7} High GANA A & 71F02 2
AR B2 HFS AASE algFol vla of 18H] A= w2 AAE st
AL, & L? | SHAE AR AW B2 ARG vl oF 38 A=

= %9&% AATD Y AT I BA A7} @ 2AA 0

F271 QW 503 27159 A%, Medium?} Med Low ©HAolA] et
A $7F b B vEe AAS AL dvs SHE BATh F A7 7]F
Ae 57k 2E SACA 3WAR 2L HFS AXESAT 3A FE R B
o F ATH ZHA AAsHE HIFo] B olfE FVIR HAT Hw
ATulE o 19 9H% Yo' H@ APH FEI} 2] W Byse Ay
o dodth ¥¥, AU FYsE FA FE A Z/FATANLALAA

FJ
>_ﬂo

O:l:.‘
ol

= Yz 2o aﬂrxﬂe TPt Jon, SW g% R&D @A NAE AA| + 7]
l':‘._

0o = High¢} Low A ol A AR 2 & HSs At FAE YEst
F AN VNFo2E GAYEE 4HK T2 6, THAAE AT Utk F, BF
&= F3d3ts SW &3 R&D HA| & Bou AT F AFHI7E 7] d&



of AH V|Fo B2 E HFE AAFA g ASE YERTH

AF 3= Med High, Medium® Med Low ©AA A 71 SHAR &
Ao 2 Yehgoy F AFH 7]Eo 2= Med Highet Medium ©ANA 7F4
2 BT E AAT AR 2AE QY High, Med Low, Low @AM E & A
TH 7|02 P EIF F HAZR 2 vFES AAST Ju o] BES PR
HA e Het AFHIE 109 o2 HAY Ht A7 oF 3u] o] AolE
Hol7] fj &<l AS=E FZHT

AEstd, Fr|AEREE SW 83 R&D &50] 80% ©]4<el High @A A
E 7HE ol s e FAHE YR, APEeE T AFH VEeE
SW & R&D &5o] 40~80% Atold HAE 7M &3 Fdqste= FAZ =
AHE AT =3, F71RE B4 ¢ 7]FoZ SW §F R&D #Fo] 20-60% B %
A FAAE 7 ol Fdste= FAE UENTH

[19¥ 6-3] High-#A (A ) [1¥ 6-4] High-HA (A 1))
. 5,
EE 1000 o 04F
: T
500 W 02z
[1¥ 6-5] Med High-# (A ) [2% 6-6] Med High-3-3]( 1))

TSVC5 @Med High
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(22 6-7] Medium-5-*1(ZA )

TSVCS @
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(29 6-9] Med Low—5-(ZA )

TSVC5 @Mead Low
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[Z2% 6-11] Low-3A (A )

TSVCS @Low
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L5 AR NGt o o o A
o =3 ol P iyl Pt
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(29 6-8] Medium—+-*]( 1))

TSVCS @nmeadium

10042
) I I .
2 ok o o a2t
o P * o & AE
R B 55 s

[28 6-10] Med Low-- (A -4])

TSVCS @med Low
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S 5" g 7% L B
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T7tATNEAAE s 237 FA el A FAE SW s Al BlE
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% E L% kB B Lk k% R A R Ca
R B % i \‘\* Y S e R a2 s B % & % Ry
AT Y B R : LA A SN @
hed % N G ¥ A2 %
72X R 3 e 57 a 057 Ok
o > RSP
Q‘-\' ; o) a ‘\fé‘
'§,.
R RHESWEEMAHE e5HE @AY HE

SW &% R&DE & d7Hl 5 FAE vHlFL A7|ATH, AdRE, S715
Lo & Ao® ey Aoy 19 200 A A, SW &% R&D
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