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Translation Using Relationships between Cells in a Table
Structure
Yuto Masuda
Abstract

In recent years, the number of foreign immigrants has increased due to the
increase in international marriages and the government's policy to increase the
number of foreign students. At the time of living in Japan, many application forms
are required to be filled out at government offices, but there are few documents
that are available in foreign languages, and machine translation is often used
while filling them out. Significant improvement in translation accuracy by neural
machine translation, it is becoming possible to understand written documents.
However, even if neural machine translation is used, mistranslation still occurs in
the labels of the entry fields that have a tabular structure. This is because the
labels in the cells of the table consist of incomplete Japanese that has been
omitted or split. For example, the date of birth is divided into year, month, and
day, and " H" is translated as * ‘'moon" instead of *“month". This is because
there are more bilingual data that translates " 5" alone as "moon", so neural
machine translation mistranslates "moon".

Therefore, in this research, we use the relationship between labels constructed
based on the table structure to perform translation considering the context of the
table. Specifically, we construct a relationship network between labels using
parent-child relationships and sibling relationships between cells in a table
structure, generate contexts according to the patterns on the relationship network,
and assign contexts to labels to be translated. The following two issues should be
addressed in order to implement this method.

Formalizing relationships between cells

Since there are various forms of application documents, it is necessary to
interpret the table structure without depending on the content of the table label
or the specific table structure. Furthermore, in order to generate context from the
interpreted structure, we need to model the structure in a computable formal
representation.

Giving Context Based on Relationships
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To generate the context, we need to transform the formal representation of
the structure into a contextual string. For that purpose, it is necessary to create a
context generation rule that can be matched with the formal representation of the
structure for each pattern of the structure.

For the former problem, we extract the parent-child relationship between
vertical and horizontal cells from the table and express the table structure in a
graph structure where the cell is the node, and the parent-child relationship is the
edge. First, convert the table like image to csv format to extract the structure of
the table. From the csv file, identify pairs of cells whose height and width are
greater than the height and width of the right or bottom cell, and connect them
with parent-child relationship edges to create a directed graph. Furthermore, the
sibling relationship is also extracted from the parent-child relationship.

For the latter task, we find a subgraph that satisfies the conditions from the
graphs of the extracted relations, and by substituting the node values of the
subgraph into the template, we generate a character string that serves as a context.
For example, if the parent cell is "day of the week" and the child cell is "Sunday,
Monday, Tuesday", the templates "child cell of parent cell" and "child cell of child
cell" are applied to Generates the context "H and ‘X" to avoid mistranslation of
Monday and Tuesday as Moon and Fire. In order to demonstrate the usefulness
of the proposed method, we compared it with the existing neural machine
translation using 30 application documents and confirmed the improvement by
the proposed method. The contribution of this research is as follows.
Formalizing relationships between cells

We constructed a parser that extracts the parent-child and sibling
relationships between cells from the table structure and generates a directed
graph. We applied it to 30 application documents and generated 30 connected
graphs constructed from 1275 nodes and 327 edges.

Giving Context Based on Relationships

We defined 2 context generation rules. As a result of applying this rule to the
table structure extracted from 30 application documents, we confirmed that the
proposed method improved 28 places out of 26 places where existing neural

machine translation mistranslated.
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ERT — 2O L L THWZOIFELZTORA L TWD L 2EiRE BE (2
B+ 2mHE ICEENIRO - THD. BEHEOFEFZ R TSENTIEAL
DHENEZ HDLESETN, ENENIZHEH LW FHRITEENTEHT, Google R
o AL MEERTIE T3RA) OFERRFERIT (riding) L7e>Tno. L LASK
B ENTWRWES, TRA X REASE) THhsZ b E LWEEIX

[passengercar| & 72572 7L S0, EREFIECLDEROST T, £D

MEERDOAMUZ I3 1T 2 BBV A - E iR E ) 2B Th D THEHEAE 01T
b5, BHETHD EHWrT 52 LN TE Ipassenger] EHNT 252 &M
T&E7z Ty, BEREHASTHD TREZ) & VN Z) OFFRERE LD &,
Google F¥ = A v MR TCIIAK IN=SE L LT, [T TiX Twol
CHWrTEL T2 & T= (fa—n)) EHALTWD., ZoORICEAL TRE
FETIIRB A S 6, WEAE EmE E CHrcEx o b oD, [Large
car2s], [generalcar2s] t\Wo 7= L HICEHBHEREMROZETH D W5 2
ENRTE. ZnblTEVORBREZRIG L TRE L TWDIEHRE M - 7o R} &
25, ZOX) FRER O Z EMES LG SIZE o TITY . IEMS LR
W5 S, —MRBZRBEENER O 5 BEPE TR~ 5. 1EMES OHIWrX, #Hli1 & 2 %=
AR &5, TG ST R A E—F U S THOW BN RHETIETH DY, X
AROFEAVFIFHFGRE RICBN D DT, HEEOF WX 2 EIEH L TGHET 2. [5]
TG S 72N E WD IR 1 & 2 DfEE T 5. B L7 3CFE S L, BER
PAERATRNbDZ1EL, AATHLIbDE 5 &5, ABIFETIE, FHIL
DODERSE, BEALTIZERT S 2 MBEOHETITS

6.2 FIERDIEFES

AWFFEDOIERME S (Accuracy) 1, JFCONHIE LWEMZ ML T E TV 5 0%
EHMEL T, BIRRICERNE TN TN D &, MOFIERE Y ~OEFEME S T35
EEX DT 2 DOREFUTK LT 1 BREOFHEIZ T 5. L7eh> T, 8 D)
DECTZFRFRTHROLEDIEMSIT1L E720, ZOXECKT 2EERITE AT
N &l 5.

8DOT—H%EHNZT DL, Google K¥x= A MNRROIEMES X2 & L, 2
BFEICEDERESIL 4 &7 5. pidid Mgy, T8, TRA i), @
), [RKE ), VhEZ) o6, #HFIX [ Z“F), TREZ), VNEZ) ©® 3
DR R TH 5.
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B LET—% 30 2 IEMES TR L7 & 2 A Google R = A MNEIERD
S O EEIR 4.06 720, FRERTIEOFTEO VT 4.33 L o7z, FERE
L CIETIEO T NIEMICEIR TE 5 LW O R E5T-.

6.3 BIFROFTIGES

AW TOWNG S (Fluency) 1&, H77 U7=BRR O TR BEAE Lo3W)hAf)
ERMELT 5. PIEZ 3 &L, WS DR WERER 2 2lcoE 1 BT
iz NiF 5. FG S e 5B R 1 2IC o 1 BFEOFHiZ LT 5.

8 DT —ZEWNZTDHE, Google F¥ = A2 MEHERROFG S X1 & L, 17
RTRIEICL DTG ST 3 &35, gl THpe), [—F), @), A 04
O, %EX ), @) O 2 DB RT, TR IG5 Th 5.
Google K = A MEIEROFERON-A1TH) 2.46 L7320, 1R FIEOTMO Y
(359 3.16 L7x o7z, FERE L TIREFIEO T NIMGICHIR TE 5 L0 IH R %
537z

6.4 FHE#ER

30 HFDOT —X % FElDOFIETIHli L= & Z 5, Google K= A MEIRRD
FRFHIE 5.63, REFIEOFROFLEFHNIL 8.4 L7xoTz. BlFBMRARED
TV OBRIZ L > THERFEERIGEWVWRH S EB 272728 6.1 THITT- 4 2Dy
BT CERE MG 2 SR L7

UTDOER21FZZOHRTHD.

# 2 EIEEZ & OFEJRET

S5 FFEREF | BFER REERE | BFEROF
DHEED |- ﬁ‘ﬁ;%t—
)

REFE 9 8 9.2 6.6
Google 7 8 5.4 6.4
RFaxXvb
R

B 5303 % O ABER AR S L T ORI L Trbm <, TRIZH T
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FREFriziav, BB aEr, BlrBROF 3B BR AR S &0 )RR

>77.

FROEREELIDTIMESNZETOEAD I b, BED= 22— T L
HRPER LD 116 HTHY, 20595 7 HOENHRTE -, LN
ST, EMEIOWERIT0.6112725[F# 3]. FHIIZBWTL, BEFO=2—7
U EIER BN IR K DR WEERIZ R > 7= DT 192 fHTHY, FDHH 136 HD
WENHEGRTE 2. LR -> T, S 0ERIT 070 & 72 5[5 4].

Google#H:R

# 3 BALITLOREROIEES

REFE

=R ELLR
454 1% 116#4
3214 133444 136644
VLGS 14054 14824

# 4 BT EOHRROVE S

REFE

mEIhL  RBEHY

564 136%4 19214

Google®H:R
mmSHY 491 124144
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L2 X o TCEBICHRROBEEN M L35 L& XD, Hl20E, ARFZECliiE 1
BIfR & 7[R 5B BIRIC OV T — L A E D 3]41 L7278, b B ERIC %
WA, ETOERBRORN > TWVDH DI TR EHIMIc—&LTWns Z &
N5, TORBEEMRT 57201, —ELL_EOBLT-BR b BItR N & - 7235
A, JCORLE O FREEC LI BR O BEEEC Ko TIROM 5T RS2 E X DV
— NI EEED &, RERERMIBESS20E D ICEIRRCE AR T 5 2 &3
EEB 2 5. SROFREOFTHERBHIZFEE LT, BAIOBOBR1I LS
Molo. ZIZT, BFBEOR ERGONLHIEL LT, XEAZETORET
52 L TEA EFRRARICA BN D AREZEE S B2 5. RIFRD
BB DN — A T2 SUAIRDAS 55247 5 & — ISR E R & 72 2 rTRE M
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fo+ e

Ad BILEOBEREEHITOT S A
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/kyotol. langrid:GoogleT
ranslateNMT’ ,

lg_config[ userid ], lg_config[ password ])

#— Cell ¥ S RDES
class Cell:
def __init_ (self, id, value, left, top, right = None, bottom = None):

self.id = id
self.value = value #f 1 VR 2 D RAEHIZEERA
self. left = left
self. top = top
self.right = right
self.bottom = bottom

def set_right(self, right):

# print(set_right:ID: {1, vi{}, 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):
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self. bottom = bottom

# (row, col) D EETEED /L EET K
def get_upper_cell(cells, row, col):
for i in range(row):
if row-1-i 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) DERTEED /L EETEHK
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): # L DY A XHHEE L TLNEHHIE
if cell.right != None and cell.bottom != None:
return True
else:

return False

def add_node (cells, cell, graph):
G. add_node (cel |. id, cell=cell) # cell 2/ —FK& LTSS TIZEM

# upper T MIBM

upper = get_upper_cell (cells, cell.top, cell. left) # cell ELizD LEDEED
TILEEE
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if (upper.right > cell.right) or (upper.right == cell.right and upper. left <
cell. left): # L&D EIMcell ZAETHEE
G. add_edge (cell. id, upper.id, parent="upper’ ) # EZEBDt)LIZ upper T
i X
else: # LDt/ cell LEBDE =
for adj, attrs in Glupper.id].items(): # EEDEILA D upper T MRS
=8/ — Kl upper Ty %KD
if attrs[ parent’] == "upper’:

G. add_edge(cell. id, adj, parent="upper’)

t lefter T o miBM
lefter = get_lefter_cell (cells, cell.top, cell.left) # cell £ LIFDEIDE S
DEILERF
if (lefter.bottom == None) or (lefter.bottom > cell.bottom) or (lefter.bottom
== cell.bottom and lefter.top < cell.top): # EEDEILHcell ZAETHELE
G. add_edge (cell. id, lefter. id, parent="lefter’) # ZEEFDEILIZ lefter T
DEERD
else: # EFDEILMNcell LRESDEE
for adj, attrs in G[lefter. id].items(): # EEDEILHN S lefter Ty UHSER
St/ — FIZ lefter Ty %35
if attrs[ parent’] == ' lefter :
G.add _edge(cell. id, adj, parent="lefter’) # upper DEEHR/ — K%
WKW EHY

# REBEDHRD : £, LOEILHLESL L TELEER.

# REBEDHIRQ : Lil, ELTHET HEILOFECHSEBZEL

# REBEDHERQ : £il, EDTEIT D EILDBOESIOALKRETNE, TOEILER/
—kETD

# REBEDHRD : £il, £DTEIT D EILOBOESOANELES, TOEILERTB/
— k&L, B/ —FZE#REATS

b LILOBRDRDOS : LEOHIRD,, AEOEIRICE>TRES

t CIILDOTIHRDROT  EEDOTinh, TEOLHIZE>TRES
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#—— CSV I 7 A ILH D FdriAd

# FILE_NAME = ’ctest. csv’

# FILE_LNAVE = ' REABREF=E EIHE2 csv

# FILE_NAME = "Bl REREMERTEE EIHE osv

# FILE_NAME = ' EEFREfE B osv'

# FILELNAVE = ' 2B EBEF(CHET HEHE EHE csv
# FILE_NAME = "simple_table. csv’

# FILE_NAME = ' AZFEZ 2. csv’

# FILE_NAME = " EXIIBAZRFHFES 1. csv

# FILE_NAME = " EXIIBAZRFHFES 2. csv’

#— EERICHW=CV 771U

# FILE NAME = ' R&EEEEE(CRHT 5EHE. csv'
# FILE_NAME = "{XRFRZEEE. osv'

# FILE_NAME = ' B tfREEAZEE. csv’

# FILE_NAME = ' v > JHAZE csv’

# FILE_NAME = ' A > BT HHRER. csv’

# FILE_NAME = ' BR5EFFEEFERFEE. osv'

# FILE_NAME = ' REE{TEHREE. csv’

# FILE_NAME = ' RERHE. csv’

# FILE_NAME = ' REIFFRHREHBREE. osv'

# FILE_NAME = ' fEfR{EXBAteDEEHE. csv'

# FILE_NAME = ' fElfMESFE LR S
# FILE_NAVE = " {8 5RTSERBEHE. csv'

# FILE_NAME = 'S EHEIEREBAEE. csv’

# FILE_NAME = "{EEREXIEEXERTERES. csv
# FILE_NAME = ' EXFBEEDIERE. csv’

# FILE_NAME = "B EE. csv

# FILE_NAME = ' BsfESVENFSIE. osv'

# FILE_NAME = ' BEEEMASRITHES. csv'

# FILE_NAME = " {F=Fith. csv’

csv'

i
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# FILE_NAME = "{EENEEREE. csv’

# FILE_NAME = "JHAZRETIIEHE. csv’

# FILE_NAME = ' JKERIREEHEEE. csv’

# FILE_NAME = ' BiF53EBARRATEREHE. csv’

# FILE_NAME = ' EISEi5{EARREEE. csv'

# FILE_NAME = " iuIEsRFi@EABRESE. csv

# FILE_NAME = "3RI EHE. csv

# FILE_NAME = " @I L SETEHE. csv'

# FILE_NAME = ' SEEZ k(R - REBFLB/HZ. osv'

# FILE_NAME = "EiEZE 1. csV’
# FILE_NAME = " E:EZE 2. csv'

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

lines = fi.readlines()

tRELI-ELERNTHIUR L. RENOREBERERDEILEEY
cells = [Cell (1, None, 0, O, len(lines[0].split(,”)), 0), Cell(2, None, 0, 0, O,
len(lines))] # ID=1 ®EJLITEZLEER, D=2 DEILIIHEER

# )LD bottom/right DA Ty o R

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

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

id = 2 # Node/Cell ID
row=04%# 1Tho 42
for line in lines:

row += 1
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line = line. rstrip()
items = line.split(",”) # 1 fTEFARR—XTRERY>T items J X FZHKA
col =0 # Flhmor4
for item in items:
col += 1
# print( row: {}, col:{} .format(row, col))
if item!="": # LIDEEZRR
# printC FIND:row: {}, col:{} . format(row, col))
id += 1
cells. append(Cell (id, item, col, row)) # I DELIGFZHET
left_index. setdefault(col, []).append(cells[-1]) # left 4 >FT v RIZ

# EDHBHET S EILDERERET D
if cells[-2].top == row and cells[-2].right == None:
celIs[-2].set_right(col-1) # —Df (k¥ DLEILOLEIHEHETE (fE
ROLBEROLY)
right_index. setdefault(col-1, [1).append(cells[-2]) # right 1 > T
U RIZHESHR
if fixed(cells[-2]): # EILDWEOAH (Y4 X) HPEELEL
add_node (cells, cells[-2], G) # &I ZES S5 TIZ:EM

# EIOLEET D EILDOTIHERET S
for cell in cells: # EEDEILDOTiHZHEE @EROLBROKLY)
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): # I DEOAH (A4 X) AEEL=L
add_node (cells, cell, G) # ®ILZEST S TIZEM

t EBEPOEILOEHERES S

upper = get_upper_cell (cells, row, col)
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if upper != None and upper.right == col and cells[-1].right == None: # E
BEOvILOARE DZEILOERNF L LY
cells[-1].set_right(col) # BFLILDEIHREEE BEROLY)
right_index. setdefault(col, [1).append(cells[-1]) # right 41 >FTvo R
[ZH& N
if fixed(cells[-1]): # EILDWEOAH (Y4 X) HPHEELEL
add_node (cells, cells[-1], G) # I ZES S5 TIZ:EM

# EBEDPDEILDOTIHRERET S
lefter = get_lefter_cell (cells, row, col)
if lefter.bottom == row: # ZEDEILOTiHE LZEILOTIHAFLLY
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, [1).append(cell)
if fixed(cell): # £ILDEOA (A4 X) AEEL=L
add_node (cells, cell, G) # I ZESJ S TIZEM

fi.close()

t— BHELE=tEILO—ERT
#t for cell in cells:
# print(C ID: {}, v:{}, left:{}, top:{}, right:{}, bottom:{} .format(cell. id,

cell.value, cell.left, cell.top, cell.right, cell.bottom))

t— BELEITS IO Yy O—EBERT
print (G. edges ()

B— A TL—320HhEDRIZRTEL
def iterator_length (iterator):
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item_list = []
for item in iterator:
item_list. append (item)

return len(item_list)

— BELEITITDOHERL

plt. subplot (121)

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

nx. draw (G, with_labels=True, font_weight="bold, pos = pos)

A.2 XARERBRUH A
#— BRALIE

for i in range(3, id+1):

source = G.nodes[i][ cell ].value.replace(C ', "').replace( ', ') # EHiRxt
ZOSNI)LERF

result = gnmt. translate(’ ja’, 'en’, source) # EHERMERD S ANILDOEERER

#print ( aaaaaaaaaaaaaaa{} . format (source))

path = max(nx.all_simple_paths(G, i, [1, 2]), key=lambda x: len(x)) # &/ —
Ko DRE/NRFIE
print (“ID: {}, path:{}”. format (i, path))

context = '’ # {+INI B XARFADZEH
for id in path[-2:0:-1]: # ZRE/NADFE|E

context = context + G.nodes[id][ cell ].value + ' @’

parents = next (G. successors(i))
if iterator_length (G. predecessors(i)) > 1:

for kyodai in G.predecessors (parents) :
if kyodai != i:
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context = context + G.nodes[kyodai][ cell’].value + ' &’

print (context)
context = context.replace( ', '’').replace( ', ') # FA - 2ATHAERE
if (context[0:-1] !=""):

contextResult = gnmt. translate(’ ja', 'en’, context[0:-1])

else:

contextResult
concat = context + source # k& 5N EELE

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

print("ID: " + str(i))

print ( SOURCE: '+ source)

print (" SOURCE_TRANS: "+ result)

print ( CONTEXT: "+ context[0:-1]) # R&ED D] ZRLN=XFIIEET=

print ( CONTEXT_TRANS: '+ contextResult)

print ( CONCAT: '+ concat)

print ( CONCAT_TRANS: '+ concatResult)

print(")

for value in G.predecessors(i):

print( ID: {}>F/ —K:{} .format(str(i), value))

plt. show()

A-34



