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Translation of documents based on table structure
Haruna Tamaki
Abstract

In recent years, machine translation technology has developed rapidly. In
particular, neural machine translation using neural networks has made
remarkable progress. And it was able to translate long sentences to some extent
well. As a result, various application systems using neural machine translation
have been proposed. Document translation is one of them, and it can translate
text while maintaining the format of the document. However, conventional
document translation translates tables into words. So the table context is ignored
and mistranslations occur. For example, in the date of birthday entry fields that
exist in various documents, the [ H | part of the birthday is incorrectly translated
as “moon” instead of “month”. This is because theword A | has more bilingual
dataasthe /| meaning"moon"thanthe [H | meaning"month",so "moon"
is judged to be suitable in neural machine translation.

In this study, extract relationships between data from the table structure and
use that relationship as the context of the table. In particular, extract labels that
modify the target from the table, and concatenate the target with them and
translate them. And generates translations in the context of the table by removing
the part corresponding to the heading label. There are two issues to be addressed
in realizing this method.

Identification of parent-child relationship between heading labels

Translation accuracy depends on interpretation of heading labels that modify
text in tables. Because the target remains modified to the heading label. Therefore,
it is necessary to extract appropriate heading labels and identify parent-child
relationships between heading labels.
Remove context

Need to remove heading label translation from translation result. Because the
target adds context embedded in the table structure.

In order to solve the former problem, we focus on the connection between

cells in the table. When a wide cell (a) surrounds a narrow cell (b), the element of

cell (a) is a class name and the element of cell (b) is a property, then we can assume



v

that the element of cell (a) can modify the element of cell (b). Therefore, connect
the element of cell (a) and the element of cell (b) with [ . For example,

“element of cell (a) ] element of cell (b)” . And generate the context, the
neural machine translation well.

In order to solve the latter problem, remove label translations from translation
results. When there are multiple elements, translation result of label part
are often same translation result. So the label part can be identified and
removed by judging whether an arbitrary character string is included.

To evaluate the proposed method, we compared it with Google document
translation that using neural machine translation. As a result, the proposed
method was more translated in the context of the table. So the proposed method
is effective.

The contributions of this research are as follows.

Identification of parent-child relationship between heading labels

We implemented that program identify parent-child relationships between
cells from table structure and heading labels can qualify the target.
Remove context

We implemented that program target and each cell modified by the same
heading label, separated by spaces, listing, and remove parts where translation

results match.
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iD:12, v:5E, left:5, top:2, right:5, bottom:2
ID:13, v:8, left:6, top:2, right:6, bottom:2
ID:14, v:RE - b8, left:7, top:2, right:7, bottom:2
ID:15, v:¥Ecp®, left:s, top:2, right:2, bottom:2
ID:16, viE5iE, left:9, top:2, right:2, bottom:2
ID:17, v:E&, left:1e, top:2, right:18, bottom:2

i

L

¥

L=
am =m sm =m mE mm ®
= @ N W R

¥
L=

Y

g
i 5 i

8. i L7t roo—8

9. FEINIT T 7

Riding Carzo Large | Seli-
. ) special | moving
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/ di ally|Light] di Ity|Light
Number of cars and drivers at the | Number of |medim m:v 1:11 i e madium m;pl;m penatifte Fsmall L
base of use (office) cars P N eatures| wheeled
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4.3 XIRDFrE
4.2 TIEHSUROAERIZ OV TIRAR T, HEEOFIERAERIZ A L7~V B

ENTEFIZRSTNDTED, ROT +—~ v MEHERT 572 DIZITFIRRAE R
BTV DORZIY BRRITHIT R 6720, Rl—0 R L7~V TEMiEh
A RELEOFERESL, LTINS ORPEL L TWAZ ENIEE A
ETHHw, FETIE, VA MNESERHWTTRTCOT —F TEET — X &25%
LCEST —FE2RODLFETRHL 7 VS EZREL TV D, BERIIZIE,

[REF - /NRE) 282 =5 > K, A—ORB LI~V TEMisnsELE THE)
W), RMLI7~va THEEEE) L3258, EPFRHL TV a8 L7k
AR, THEE S o TREF - /IVRE) Tl ““Large specialty / small specialty”
of the number of vehicles, [H#E/H.G%] o [HE) "#x) TIEL “Motorcycles with
the number of vehicles” &72%. WIZEHBET —F 2 KDL &, ZDHHE TIX “the
number of vehicles” WEBE L TW\WAH72, #DIRLOEHSS % ““Large specialty
/ small specialty” of the number of vehicles” 7>5FrET % & ““Large specialty
/ small specialty” of” &7¢%. FEEOFEITHERITH 11 THDH. TREF - /)
DOFIFRFE R “Bigand small” Td - 7= DIk L, #ETF1:TIT “Large specialty
/small specialty” & 72> TW5 Z ENLREFEITIANTHL LD, Fz,
ZH, M1ulcb® s L 91, RER “of 7 EOHGENK->TLE ), “special”
TiE7e< “specialty” &7 > TLEDRE, WEANZIELLTLEILALH LT
W, ROT+—~<v bk HOOMREPKLImMbH 5.

ialty"
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Z 2T, EBRIZ google R = A v MHIREZHWTHER L2 b D &, R F
EEZRWTHRR LI b o & i L7-fi R 2md. £7, sHMhicHWLERE2AFT
L7202, Web EnbH 7L e 72 % Excel 7 7 A VRO LT, 2D & &,
RO EKDOYNRZE & H 2T LT HOI, WHLIZ~LERD 5 58N
%\ Excel 7 7 A VaEH Lz, B L7 Excel 77 A4 L& H L0 L0 google
R = A2 MRBRICONT, ROBIREFT 258k L7z, LT ~rZ2 D TRGR
T L7727 ¥ A 2R L, ROXARIZI -T2 T7F A M2 L LI=H D
NEhoT-ReF o7V E LTRIR L. KRIZ, VU7 VORITEREOEDFES
LTWD b0, RFDOENAFEERETEHEDEMIDI>TT XX MRFHEA
ENTWD7RE, ROMKPIFEA THRROMRNED LR 2D L%
Mollod, BIEOMENH-T-. 2T, ALV EEREFRTOT X X |k
BRI =0y DDy DA EREH L, RPOVILVORE M T 12
DETHDHENZD, O 1ODEIMI L ODT XA FDOBPIEET D, ok
BTG ExREL, BETHZE TR 2 Ay MFRICARE R BN %
BB, £/, FETITEP LILEREZ CSV 7 7 A /L LTcb D% W THEI
ARLT.

12 (X web EOFAEFEE, X 13 13X 12 % google R = A > MEHER CTHIAR
LIEHRTHD. K2 o [5EM) TR Tam) THE) ") TR%R - /R
FHEOFEEHEZNHTINAETH L DICx L, IR ST “Riding” “Quasi-
medium type” “usually” “Self- moving two -wheeled” “Large special / small
Features” 72> C\5. TNENOIEL VIR, [EAHB®EIE] (X “Passenger

*M 5 W Ay
5 7l @ gin| @ tr'?ﬂ‘: éh =
oAl GFlg |5 n | B le | 0 | ¥ e NELE
%@T) K:Fo‘w‘é E: 7 ilF! ]E [EeEi] Eg @ 4‘2‘1: %
HE A E LT -
R AL IS
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X
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car’ [YErPI B HL | (3 “Semi-medium-sized car”, @ H®)H | |% [Ordinary
car), |H®E) “#yE| |X “Motorcycle”, [KFUEs#kHENE - /MUK ZEHBHE) X
“Large special/Small special” T& 2% DT, google K% = A MNERTIEFRD
RN BEHENTLE-TND, £2C, K12 ITRETEZ AV TERR L2
RE2X 14, H15120F L COrT. SEITERH LIV ERET LRI, RUR
HLIZNVOARTEMi SN EET DL, EETLHIEAN WG EITAET
HENVERANCTRHLIVOREZHEL. K13 £ 14, X 15 & A7
R, TRM) THE) 4w MEFR ) OFFURRITENEH “Passenger cars”
” “Semi-medium for passenger car” & 72V, FDOTRIZ
BoTefRUCEL LT WR D, Lo L, TREs-/NRe ) OFIFRGRE 13 “Large/ small”
L0 TR OEDORMIEACLE-T=. £/, @) 1L “Ordinary” (2
1T, “Normal” (B L CLE»7-. £IZTC, 7-ULEX—4F v ol
FEONEEZ Ak, ) o 1M o TEEEAE] & U CTHIRR L7RE,
“Number of ordinary passenger cars” & 72 V) RO LRI L 72 BRI 221k

“Motorcycles with the

Riding Cargo Large | Self-
. ] special | moving
Larze | Quasi- Larze | Quasi- - two | Total
di lly|Light di 1y|Light]
Number of carz and drivers at the | Number of |meg mtev :m kil i medinm mtevpl':m ] rsmall . -
base of use (office) cars P N fatures| wheeled

13.1X 12 OFHFRAEF

Passenger cars

Number of Larg§ and Sem}— Normal Passenger
cars and me(?llum— medium [the light
drivers at| Number 81‘zed for number of vehicles
the base of cars p¥ehicles Ipassengerlcars used

of use

(office)
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Car number of freight

- Large
Semi- ge/ Motorcycles
Large / . . ) small : Total
. medium— Freight | quantity with the
medium— . .
. sized Normal light
sized
cargo

15. . ERFIELMEH LTRER 2

L7z, 2078, 9Lt X —07y FOEEICIIEELEETHLEWVRD. T
NIVDREDPAR TG THLHDOHEL, ROV +—< v MERFOT-DIZIET N
NOBREDOEEZM EIELZENEGHROBETHD.

FIERIC, (EEOSRICEAT HRICIREFIEZ AW EZ T, K16 (X Web
EBEG LICFEEOSMRICEAT AREZER LI-H 0, 17 1EX 16 DF %
google R¥ = AL MEFRAAWTERER L7ZfRTH 5. X 16 @ [HhfH] [/NZE
) TREE V) THFEE (BRI | IXFEEORMEEZ AT IR TH D DI L,
FHERAE F 0% “Framing”, “Hut”, “Keepinrain”, “Behind the eaves(ceiling behind
the eaves)” &7¢ V), D LEMROTNIEFHFR Lo TWDH. ENEROIEL

B MITR
FRiE & BgE |V RO R H
& 1gE W8 Eh
& BE [V [FAth
Th Fnh
ERAL—FREE |[BHE -£%L [Th [Eh U
ERREE BHe - B%FL SV |FE
mEL w=EY F¥h |0V
HE (FEXHMH) & miEY [[Eoh  [f=h#H
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VAR, TR | 13 “Framework” I/NE#H |, 13 “Roof truss”, TR £V | 1E “Gutter”,
[#FEE (fFEEKH) | 1T “Eavesback(Eavesceiling)” Tdh 5. Z Z TREFEL
Hwa &, Tty UNER) ORI L 7 -ud TR o TR0 ) o
VAR R EW) TR (KR ) ORI LT ~VUWd TRRERL) o T2 70
Ml o TR e d . FEEITREFEEZ AW THIER L7oRER 3K 18 Ta%%.’)
R EVY) 1T “Rain gutteronthethe” &7e->TEY, ROIWRITIH>TZFRIC
fbL7=Z &nbons. Lol Tl DURNEH] THFEE (BRI | @%ﬂﬁﬁﬁ%
ITZ 44 “Inspection skeleton”, “Skeleton framing shed for”, “Behind eaves
of the (eave behind ceiling)” & 72> TH Y, google K= A > FFIRROAER & 1b
RTHED D2, HBAOWVIISHIZERIZ L L2005 5. Zidi==
— 7V CEZ R T 5 L &, ROS Lo 2 HbE LD }:ﬁ‘é z
ETRRIRITRPEBERPBAE LD ThH DL EBEIND. EREIC, 71 aea
T 2O T —Fa MW TERMT 2 &, T <Tix M) 27~
ELCHEESES L “Framed framework” & 720, ORI L 7= FHRR S SR
22635, UNER) T8 #FFERI) ) “C“?b T AL 3R LaELE L C AT A
“Rooftruss”, “Eavesback(Eavesceiling)” (ZIZZ b L7zno7z. TV DERE
IZBNTH, =a— T UEEIER ORI T’?E@ﬁﬁ'ﬁ)ﬂi_ Sl Z &Itk oTT
NN DRERRY G L 7rolc, EIEAE L7 VOENEL < =2 —F L
@ﬁ@ﬁﬁf%éﬁaﬂi@%%A&kwm THRLTLESTZ ENRRTE
DIXARIZIR S T2FRICBAL Lo 7z, T O OFRRER N L K-> T L E

hfain nspection items

Differential settlement|Poor ventilation
Diacay Ant harm st Sinking floor
Diacay Ant harm Cormuption Crack
Diacay Ant harm st Pesling
skalaton i Grap Crack

Thick slate tiled roof Fading / fading] Cap Crack st

IJIstal sheet Fading / fadingmst float

Eleep in rain Jam 0 crack

Echind the eaves (ceiling behind the eaves)|Decay Leak Paeling Dieflaction
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Inspection site

behind
ceiling)

Inspection Skeleton Ant way frame D|ff§rent|al
framework orack at of subsidence of
foundation skeleton
Skeleton base Ant damage to Rust of the
Decay of frame of the
/ floor frame at . .
inspection
Inspection Damage to the
P Decay of Ant damage skeleton
skeleton
frame at the
Skeleton
framing shed |Decay of QEt damage to Rust of of
for
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tiled of the crack
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the
Rain gutter Closeed of Missing at Inspection
on the the &8 inspection crack
Behind eaves
t .
of the (eave Decay Leakage of Peeling off
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ftek : V—Ra—F

Al RBEFIYERTHMHT SV —Ra—F
import networkx as nx
import matplotlib.pyplot as plt
from langrid.clients import TranslationClient

from settings import lg_ config

gnmt =
TranslationClient('http://langrid.org/service_manager/wsdl/kyoto1.langrid:
GoogleTranslateNMT',
lg_config['userid'], Ig_ config['password'])

#---Cell 7 7 ADEF
class Cell:
def __init__ (self, id, value, left, top, right = None, bottom = None):

self.id =id
self.value = value # A > A% AZBFITE A A
self.left = left
self.top = top
self.right = right

self.bottom = bottom

def set_right(self, right):
# print('set_right:ID: {}, wv:{}, left:{}, top:{}, right:{},
bottom:{}'.format(self.id, self.value, self.left, self.top, self.right, self.bottom))
self.right = right

def set_bottom(self, bottom):

self.bottom = bottom
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# (row, col) D _LECET D&V 2 BT B
def get_upper_ cell(cells, row, col):
for i in range(row):
if row-1-1 in bottom_ index:
for cell in bottom_ index[row-1-i]:
if cell.left <= col and col <= cell.right:
return cell

return None

# (row, col) DR CHEIT D& /L % BT B
def get_lefter_cell(cells, row, col):
for i in range(col):

if col-1-i in right_index:

for cell in right_index[col-1-i]:

if cell.top <= row and (cell.bottom == None or row <=
cell.bottom):

return cell

return None

def fixed(cell): # E/L DV A XRHEE L TWDHHIE
if cell.right != None and cell.bottom != None:
return True
else:

return False

def add_node(cells, cell, graph):
G.add_node(cell.id, cell=cell) # cell & / — K& LTZ Z 72BN

# upper T ¥ OB

upper = get_upper_ cell(cells, cell.top, cell.left) # cell /& Eimd EED
ERURAR T !
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if (upper.right > cell.right) or (upper.right == cell.right and upper.left
< cellleft): # FERDOEIAMN cell ZAIEGT 5 L=
G.add_edge(cell.id, upper.id, parent="upper') # £ D& /L iZ
upper = v V& iE5
else: # LEERDEILA cell & FRIED & =
for adj, attrs in G[upper.id].items(): # £ OE/LH 5 upper =
UHREL B/ — RNl upper = v U EIED
if attrs['parent'] == 'upper":
G.add_edge(cell.id, adj, parent="upper")

# lefter — - T DIEN
lefter = get_lefter_cell(cells, cell.top, cell.left) # cell /& _EdmdD /L DIE
T D&% S
if (lefter.bottom == None) or (lefter.bottom > cell.bottom) or
(lefter.bottom == cell.bottom and lefter.top < cell.top): # ZEEH D& /L) cell %
wETHEE
G.add_edge(cell.id, lefter.id, parent='lefter") # 7 @ & /v (Z
lefter = v T &3R5
else: # DTN cell LRIEGSD & &
for adj, attrs in G[lefter.id].items(): # ZH D&/ )6 lefter =
UREL B — R lefter = v VU EIES
if attrs['parent'] == "lefter":
G.add_edge(cell.id, adj, parent="lefter") # upper /= #H
J—= RO EDHY

# FRAEGEOMRO : £, EORBNLEN L TLEA%ZER.

# REEOMRROQ : b, I TET 5L OESRE S 2z 720

# BOEOMRG : 130, 0 THET 2 2L OEem S OH B RE T,
TORNER ) —FETD

# BEEOMING : B, Bl THET 5B OmEem S D078 E C5a,
TORNERN ) —RE L, Bl — REfkd 5

# LI OAEOIDTT « BEEOLD, FEEOLERIC L > TiRkE D
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# VO TImOYPDTT « FEZEO Timny, THO Rl X > TRkED

#--- CSV 7 7 A )V B FidridFx

# FILE_ NAME = 'ctest.csv'

# FILE_NAME ="EHIE R+ P 2.csv'

# FILE_NAME = "l R @ s B o6 a2 2 csv'

# FILE_NAME ="BEH 555 . csv'

FILE_NAME = "Z2EiF HEE T o mitE By
# FILE_NAME ="'7'11 7' 7 AMKHEHE  FEPH.csv'

fi = open(FILE_NAME, 'r', encoding = "utf-8")

lines = fi.readlines()

# B L7 VAT 2 Y X b BRSO B E REROE LV E T v
~

cells = [Cell(1, None, 0, 0, len(lines[0].split(',")), 0), Cell(2, None, o, 0, 0,
len(lines))] # ID=1 Ot /L idx EEB, ID=2 Ot /VidixAER

# /L ® bottom/right DA > T v 7 A

bottom_index = {cells[o].bottom: [cells[0]], cells[1].bottom: [cells[1]]}
right_index = {cells[o].right: [cells[0]], cells[1].right: [cells[1]]}
left_index = {cells[o0].left: [cells[0]], cells[1].left: [cells[1]]}

G = nx.DiGraph()
G.add_node(cells[0].id, cell=cells[0])
G.add_node(cells[1].id, cell=cells[1])

id = 2 # Node/Cell ID
row=0# 1T %
for line in lines:
row +=1
line = line.rstrip()
items = line.split(',") # 117% -4 A X— XA TXY]-> Titems U A hiZ
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(AW
col=o0# Fh %
for item in items:
col +=1
# print('row:{}, col:{}'.format(row, col))
ifitem!=":# /L OEEHA
# print('FIND:row:{}, col:{}".format(row, col))
id+=1
cells.append(Cell(id, item, col, row)) # &/ DO/ i % f#EE
left_index.setdefault(col, []).append(cells[-1]) # left 1 > 7 v
7 ANTKEHN

# NPT VO AMERET D
if cells[-2].top == row and cells[-2].right == None:
cells[-2].set_right(col-1) # — i () DOE/LDFuE
i (RO LR X Y)
right_index.setdefault(col-1, []).append(cells[-2]) # right
AT 7 ATHEAN
if fixed(cells[-2]): # B/ D> (A X) BHEE LT

5
add_node(cells, cells[-2], G) # /L% 7 Z 72BN
# LIRS B O TERET D
for cell in cells: # FHOBAL O FAZiHE @RRO LR
£0)
if cell.bottom == None and cell.top < row and cell.right
>= col:
cell.set_bottom(row-1)
bottom_ index.setdefault(row-1, []).append(cell)
if fixed(cell): # E/ADM>f (A X) BHEE LT
5

add_node(cells, cell, G) # &/L% 7 F 7B
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# EBETOVILOAERET D
upper = get_upper_ cell(cells, row, col)
if upper != None and upper.right == col and cells[-1].right ==
None: # FEOWR LD E Yik /L OIS LU
cells[-1].set_right(col) # M4/ DLAMmZHE (RO L D)
right_index.setdefault(col, []).append(cells[-1]) # right 1 > 7
> 7 A&
if fixed(cells[-1]): # LA DU (A X)) BEELEZD
add_node(cells, cells[-1], G) # &/ % 7 Z ZIZEMN

# EATOVNLO Pz RET D
lefter = get_lefter_ cell(cells, row, col)
if lefter.bottom == row: # D/ O Fifi & ¥kt /L O R
LW
if col in left _index:
for cell in left_index[col]:
if lefter.top <= cell.top and cell.top <= row and
cell.bottom == None:
cell.set_bottom(row)
bottom_ index.setdefault(row, []).append(cell)
if fixed(cell): # B/ DMU>H (A X) DHEE

add_node(cells, cell, G) # /L% 7T 7T

fi.close()

#--- B LB —ERR
for cell in cells:
print('ID:{}, v:{}, left:{}, top:{}, right:{}, bottom:{}'.format(cell.id,
cell.value, cell.left, cell.top, cell.right, cell.bottom))
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#- R LT T 7Dy U—EFR
#print(G.edges())

#--- WE LT 7 7 OHFA

#plt.subplot(121)

#pos = nx.spring_layout(G, k=3.0)

#nx.draw(G, with_labels=True, font_weight="bold', pos = pos)
#plt.show()

#--- FHRRALER
foriin range(3, id+1):
source = G.nodes[i]['cell'].value.replace(' ', ").replace(’ ', ") # FFRxf
ZD T IV H NG
result = gnmt.translate('ja', 'en’, source) # FHFRxIGRD T~ L OFIFRAE
X

path = max(nx.all_simple_paths(G, i, [1, 2]), key=lambda x: len(x)) #
&) — R DR NS A TS

context =" # {9 % STHRA DA%k
for id in path[-2:0:-1]: # & /XA DA
context = context + G.nodes[id]['cell'].value + '®'
context = context.replace('', ").replace(" ',") # Y:f§ - DAEAERE
if (context[0:-1] !="):
contextResult = gnmt.translate('ja’, 'en’, context[0:-1])
else:
contextResult ="
concat = context + source # SR E 7 ~L % diE

concatResult = gnmt.translate('ja’, 'en’, concat)

print('ID: ' + str(i))
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print('SOURCE: '+ source)
print('SOURCE_TRANS: '+ result)
print((CONTEXT: '+ context[0:-1]) # B D [D] ZFRUNZCTFH 23

print('CONTEXT_TRANS: '+ contextResult)

print('CONCAT: '+ concat)

print('CONCAT_TRANS: '+ concatResult)
print(")

A2 XIRZRET HY—Ra—F
from langrid.clients import BindingNode, TranslationClient

from settings import Ig_ config

twtd_ client =
TranslationClient('http://langrid.org/service_manager/wsdl/kyoto1.langrid:Go
ogleTranslateNMT',

lg_config['userid'], Ig_ config['password'])

rabel_source ="

main_source ="

sub_source ="

#print(twtd_ client.translate('ja’, 'en', main_source))

#print(twtd_ client.translate('ja’, 'en’, sub_source))

sumi_source = rabel _source +'?®' + main_source
sum2_source = rabel source + '?d' + sub_source
#print(twtd_ client.translate('ja’, 'en’, sumi1_source))

#print(twtd_ client.translate('ja’, 'en’, sum2_ source))

#FERT — B RPN L

trans1_source = twtd_client.translate('ja’, 'en', sumi1_source)
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trans2_ source = twtd_ client.translate('ja’, 'en’, sum2_ source)

def list_ difference(listu, list2):
result = list1.copy()
for value in list2:
if value in result:

result.remove(value)
return result
l1=trans1_source.split(' ")
l2=trans2_source.split(' ")

result = list_ difference(l1, 12)

print(result)
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