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ABSTRACT

Research and development projects in railroad domain are different from those in other
domains in terms of their close relationship with laws. Some cases are reported that new
technologies from R&D projects could not be industrialized because of relevant laws restricting
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them. This problem comes from the fact that researchers don’t know exactly what laws
can affect the result of R&D projects. To deal with this problem, we suggest a model for
law retrieval system that can be used by researchers of railroad R&D projects to find related
legislation. Input of this system is a research plan describing the main contents of projects.
After laws related to the R&D project is provided with their rankings, which are assigned
by scores we developed. A ranking of a law means its order of priority to be checked.
By using this system, researchers can search the laws that may affect R&D projects throughout
all the stages of project cycle. So, using our system model, researchers can get a list of
laws to be considered before the project they participate ends. As a result, they can adjust
their project direction by checking the law list, avoiding their elaborate projects being useless.
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(Table 1) Number of Target Acts

Domain Number of Acts
Territory
Distribution
Traffic 10
Railroad 8
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(Table 4) An Example of Relations
between Legal Terms and
Statues Defining Them

Legal terms | Statutes defining legal terms
A 124253, 126039
C 105231
E 114352, 149203, 150326
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A |ST| x | S| matrix where d; is 1 if i-th term is ST is defined by j-th statute

in S, otherwise, 0.
A |ST7;| % |S| matrix where dijk is 1 if i-th term in S7, is defined by j-th statute

A set of statutes, which defines at least one term in ST.
in S, otherwise, 0

An ordered multiset of words appeared in a given document.
An ordered set of sections belongs to the given document.
An ordered multiset of words appears in k-th section in SC
A set of statute terms from V, which appears in SCW,.

A set of vocabularies appeared in W.

(Table 5) Notations and Definitions for Symbols
A set of statute terms from V.
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SCW,
ST
ST,
={d}

Notation
D= {dij}

D,
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(Table 6) Notations and Definitions for Unit Score Measures

Notation

Definition

CScore Centrality score of I-th statute term in a given set, ST.

clis j, §) = d, ; <t fidfG, j. S)

Relative contribution of the j-th statute in S, through the
i-th statute term in a given set, ST.

cli, ji b S) =d; <t fidf i, j, S)

Relative contribution of the j-th statute in S, through the
i-th statute term in a given set, S7;.

en(iy, j, §) =d, ; X CSeoreli, ST) Xt fidf (i, j, S)

Relative centrality-based contribution of the j-th statute
in S, through the i-th statute term in a given set, ST.

eni,j, by 8) = df; < CSeore (i, ST) <t fidf(i, j, S)

Relative centrality-based contribution of the j-th statute
in S, through the i-th statute term in a given set, S7,.
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HE2 4870(61%)01H, F WA AH %H"J
‘uEstE A 2o A/sE 5gAA 71

dH(High-Speed Passenger/Mixed Train Tech-
nical development) oA A X HF 737
=, Aol dldslE W2 1271(16%),

o sjgahs WHS 971(12%), -4 5ol g
st WE2 5270(71%) o]t}

As& Ass7] Aal ‘w9l (Rank) &2 3

Of

7+ A 8E- A3 & (Average Precision-Recall)’
Z A ARES AHEETE A AR A5
Hel =9 32 v 7 7R AlEskE T 7t
Z} ‘At ddele HEHe =59 '3

A &1 (Average Precision-Recall)
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A mpol e A=A A o] A9 7870
WHgol bk =& o]&ste] 78H 9] HEE
I Q@ ES At ol B e A
A EZ AFEste Aol A 8 (Precision)&

Artste s dlld MEdS 71Eo2 o4 =9 W
B T Al e HE o] aE Antste
 dld HEY A Rank) 2 o] AXta)

{0

O

e

], A8 & Recal)2 Atstel = T B S
NEo & =9 HE T AR g
Fo] Mg Al sk i HEe]

FE o] AL
=9 ol gk WMXl Hpo] e A
A AN e] A3k <Table 7>3 2on,
E = R S ST RO ]
uF o] Ab= <Table 8> YER} gt} WP
Ae 959 Fol7] Wit 74 A%
o] &= Aol o= AL UrEMU%,
RE FoAM 7P T2 Ak g Ao
A8t} ‘only relevant’ A3} ‘relevant+nor-
2 A} g S

rQL'
i)

it

il
g

=1 AE

l

mal AT BE Z2AA A

o] 4B AL & F vk

(Table 7) Performance of Rank Sum
(Title: Advanced Energy
Bimodal KneelingCar
Development)

Rank Sum
Score

(measure) only relevant
relevant | + normal

1. CN_SUM 398 542.5

2. CN_SUM_SC 413 545.0

3. CN_SUM_AVG_SC 415 540.5

4. C_SUM 575 765.5

5. C_SUM_SC 552 706.0

6. C_SUM_AVG_SC 546 634.5
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(Table 8) Performance of Rank Sum 10>of Yel} 2l A

A B A5E A
(Title: High-Speed CN 7Ald A ZL9 Ao

. . = ‘C AE AxY
Passenger/Mixed Train o . N
Technical Development) Aot AUACRE w55 ¢ F Utk
ok Sum <Figure 5>¢} <F1gure 6>& 24z} @ okA 9}
Score only relevant #AE HEEY AYEYL AdEY HIE
( )
fHcAstre relevant | + normal a9 AEo|t}. <Figure 5> A ‘CN_SUM ©]|
1. CN SUM 216 3450 H&l], ‘C_SUM_AVG_SC's} ‘C_SUM_SC'7}
2. CN_SUM_SC 200 331.0 ATA 0 B Aso] WolFth= AL ok 5= olr}
3. CN_SUM_AVG SC 212 339.5 L3 <Figure 6>& ¥, CN_SUM_SC ¥4
4. C_SUM 270 439.0
= o Asidl gl ‘C_SUM Wwie] A
5. C_SUM_SC 230 3975 o] & J Ejo o 2 9) [CRlE
=1 0] = °
6. C_SUM_AVG_SC 253 4145 o2 st el See < st

A=)
Eaﬂ’ % 1/\6] ZUJ/‘E' rgl_og‘

AL #1252 Asol TF-IDF

-

¢

se Ao
1

A A5 AL <Table 9>9F <Table TR

(Table 9) Performance of Average Precision-Recall
(Title: Advanced Energy Bimodal KneelingCarDevelopment)

Score Total average Top 10 average Top 20 average
(measure) precision recall precision recall precision recall

1. CN_SUM 0.550 0.780 0.956 0.231 0.845 0.372
2. CN_SUM_SC 0.538 0.772 0.942 0.227 0.813 0.354
3. CN_SUM_AVG_SC 0.533 0.770 0.908 0.213 0.787 0.340
4. C_SUM 0.465 0.677 0.808 0.186 0.709 0.304
5. C_SUM_SC 0.464 0.691 0.713 0.168 0.672 0.306
6. C_SUM_AVG_SC 0.466 0.694 0.777 0.172 0.659 0.277

(Table 10> Performance of Average Precision-Recall
(Title: High-Speed Passenger/Mixed Train Technical Development)

Score Total average Top 10 average Top 20 average
(measure) precision recall precision recall precision recall

1. CN_SUM 0.31 0.767 0.434 0.233 0.467 0.408
2. CN_SUM_SC 0.357 0.785 0.775 0.333 0.646 0.491
3. CN_SUM_AVG_SC 0.343 0.771 0.725 0.325 0.607 0.470
4. C_SUM 0.264 0.705 0.345 0.150 0.347 0.300
5. C_SUM_SC 0.344 0.751 0.786 0.316 0.633 0.462
6. C_SUM_AVG_SC 0.343 0.739 0.723 0.300 0.591 0.437
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