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ABSTRACT

In this paper, we propose KoEPT, a Transformer-based generative model for automatic math word problems solving. A math word
problem written in human language which describes everyday situations in a mathematical form. Math word problem solving requires
an artificial intelligence model to understand the implied logic within the problem. Therefore, it is being studied variously across the
world to improve the language understanding ability of artificial intelligence. In the case of the Korean language, studies so far have
mainly attempted to solve problems by classifying them into templates, but there is a limitation in that these techniques are difficult
to apply to datasets with high classification difficulty. To solve this problem, this paper used the KoEPT model which uses ‘expression’
tokens and pointer networks. To measure the performance of this model, the classification difficulty scores of 1L, CC, and ALG514, which
are existing Korean mathematical sentence problem datasets, were measured, and then the performance of KoEPT was evaluated using
5-fold cross-validation. For the Korean datasets used for evaluation, KoEPT obtained the state-of-the-art(SOTA) performance with 99.1%
in CC, which is comparable to the existing SOTA performance, and 89.3% and 80.5% in IL and ALG514, respectively. In addition, as
a result of evaluation, KoEPT showed a relatively improved performance for datasets with high classification difficulty. Through an ablation
study, we uncovered that the use of the ‘expression’ tokens and pointer networks contributed to KoEPT'’s state of being less affected

by classification difficulty while obtaining good performance.
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Table 1. Example of Math Word Problem

A cosmetologist has a bottle of 7% hydrogen
peroxide solution and a bottle of 4% hydrogen
peroxide solution. The cosmetologist needs 300
milliliters of a 5% hydrogen peroxide solution.
Find how many milliliters of each solution the
cosmetologist needs to mix together.
0.07 <z + 0.04 Xy = 0.05><300
z+y=300
axXx +bXy=cxXd
rty=c

z = 100, y = 200
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Answer
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Table 2. Difficulty of Korean Math Word Problem Datasets

CcC IL ALG514
Difficulty 2.60 3.32 4.26
Shannon 1.41 1.56 2.71
Diversity
Hellinger 0.92 0.74 0.60
Similarity
Distinct‘ word 0.01 0.04 0.19
Ratio
Imbalance 0.26 0.98 0.76
Index

1) /45 vl A9 ¥

£ AFolldE 7129 gh=o] 3t B3A BA Eo] 2d
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AL AFE $YsH3i). SHARE o] EloJElAlEo] train/valid/
test split AFoHA] o= AR, 7} vlo[HAER 53 I
o]23}o] KoEPTS] o}

—

#HZ(5-fold cross-validation)&
%2 R

St ¢ A AFEHY 45 v E A V1€ B
3 A3 5G] KoEPT7F £8i3t 418 8o &&% &9
AA| g3 Bl wsto] AFES FHES BV AR AR
KoEPT7} AR&3t stolmufetulE(hyperparameter)& o5
o Z(epoch), HiX] F7]|(batch size), AFA FH| | Z(warm-
up epoch), St5E(learning rate), HIHE H5E A9
St 7|EFog KoELECTRAQ‘r Sttt 2 HolgAl
of tiste] 100 shs ol FS ARESHRIAL, iRl 27]+= 2048
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search) ¥12|&Z o]-&sto] FAFTh /\]'7‘ ] o &2
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< A"yt d3gS9 e vRVHRAR 2, 3, 4, 5 5
Al HAE ARSFATE 1E|E B2 ZF HolElAle] A WA
A(fold 009 ¥ F3Htraining set) 7AS g (valida-
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Table 3. Experiment Results

IL CC ALG514
Log-linear - - 78.6 (0.5)
KoTAB 85.2 99.3 -
KoEPT 893 (0.7) | 99103 | 80512
(Proposed)

* Numbers within the parentheses () are standard deviations
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Table 4. Ablation Experiment Results

CcC IL ALG514

Vanilla 803 (15.3) | 77.2.28) | 42.0 (1.4
Transformer

+ Expression 96.8 (1.0) 79.3 (1.7) 47.9 (1.1)

+ Pointer Net. 99.1 (0.3) 89.3 (0.7) 80.5 (1.2)

* Numbers within the parentheses () are standard deviations
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Table 5. Example 1: Effect of Expression Token

Table 6. Example 2-1: Effect of Pointer Network

Dataset: ALG514

Expected Equation:
T, — Ty =30

12 Xz, + 8 Xz, = 1620
Log-linear ! 2

vs. Log-linear’s Equation: (Incorrect)
KoEPT 12Xz, +30 = 1620

KoEPT's Equation: (Correct)
T, =Ty =30
12 Xz, + 8 Xz, =1620

G4 EZL 0|83k KoEPTolA: Ailatel wjeiakate]
AL §AE7] W], Yo T Alo] mgo] HA|Elo] Lul
= o] =29,

7.2 Z2IH HE®3

3 KoEPT7F 838 ZQIE YELIE= Hdo] IRt
o tiofiA sk T o ZRIE Y EYIE BoiA EAY ¥
£ HAE 54tk A9 A g-§ohs T diE A
St=g S50l Hrt. ofgh BHAlS A&t HAAAE T
T o Aok QF7F Aol & Stk ofo] itk AAE
T Ao 2 &3 ZI3s 2435 23 KoEPTE T Az}
T5otAY 22 Eote A7t 71 BEo vl Hoh=
o] gRIFQIL}. E3] olgjgt 2QIE YE A EAL Al

O & dk7t &2 folEAlQl IL, ALG514°14 KoEPTY
A5 gRAto| 3A 7]od%t Ao g Helth Table 63} Table
79 AHE 53] old H&5S BRI & 9l

Table 6 tha3t 22 EAof gt Atk T 9] T2
2701tk A WA =91 0.5810] F HAf 529 0.3333HE Hgt
2 110t} 22 5=0F & 5 77 Fotofet’ o] A=
71& HEQl Log-Linearol| A T A4k} A4S &5 Fof
A FAE ZATE Aot & WA FA AAReh= At
‘0.3333'0] Fo] Qlojof SHAITE 55 AARRReE Fo Qlofof
g ‘11°0] Al 1 &Hjo] et E3F 55 AAARY] mdAka}
2 EAo) S5HAT, 4] Aol EE Qs 27 A
3 9t ol EAlO 545k Tk 2 giEo] HAst
FAlR & 4= 9tk 7|29 B mdo] A sl5H dlolH
o] 245l "lEglogul AR EAS BRT 4 Qo=
g 1, o]t Alle mEo] A1 Ap4lo] 53t
HE30] w27 oA A F A m] ALkt FAof A
Fo Fgele ARl 2E HSAZ AL & 9tk

Table 7+ o3} 22 EA o] gt AAlc: ‘sAo9 &
FA= 49 kgolth. A&ol9] F5 A= 44 kgolth. 4ol+=
ggolur}t dupt FALA] Fatofat’ o] dAlE 7|E BE
Ql KoTABo| A4S o] 22| 23t i Agoltt.
KoTABZ o] AtgloflAl @Alo] gt A A o AR 49°
S A¥otA] Fotal A WA o Aikt glo] Akt =PIt
Table 7914 o]& Aty &Y ¥l ko2 BASIAL. E3]

It

2

L

o

Dataset: ALG514
Expected Equation:

z, tx, =27

0.5 Xz, + 0.3333 Xz, =11

Log-linear
vs.
KoEPT

Log-linear’s Equation: (Incorrect)
z, tx, =27
0.5Xx, +2 =11 Xz,

KoEPT's Equation: (Correct)
z, tx, =27
0.5 Xz, +0.3333 Xz, = 11

Table 7. Example 2-2: Effect of Pointer Network

Dataset: 1L
Expected Equation:
- 49-44 =g,
Vs. KoTAB's Equation: (Incorrect)
KoEPT O-44=z,

KoEPT's Equation: (Correct)
49-44=uz,

KoTABY %ol HolEAl & 1LY shg Igoll A T A4t
A 3 HAE 7 A WA=, KoEPT+ 221E
YEYIE ARSFo =N o]d 2FE0] EolE° ¥ FET
2 5 e ved ZAes fwoE

E3E ablation study9] A% AioAz SRIg £ Y%
o], oj2}& Hlo|E M YsE ERIE HEYAY A5 7|o=7t
A=, ol FA19] AQ1E netsty] Yol 7 Aol &
FH=E ok AR F 25 1= 7P 2 HSE AA
k= Shannon T X9t v W E A} 5t ch Table
8 &9 tlo|HAER BF 4= 7/35t= 7 X xe] A3t
ZrS 218 4= 9t Table 894 &Q1E 4= 9J5o0], ZJ¥E
HEZ7} 3A 7]ofsk= IL¥ ALG514+ Shannon T34
o] CCol H|sf AHHLE =A Ueht= HolgAloltt. o]
Zhol =rh= A2 HolEAl QoA A9 14 B4l B o
AEFL W ANREC] Tt A HAL Aves AS
ougitt. wetA olF B EZIH HEYITL A5 of

& TAIENA HALAES] A7} o] B A whetE|ofof 5}
A& gEotHA ol sdEE 2RSS HeAlAR ds
FAol AASHA 7143t A o 4= Qo

tlo

4y
Jy

Table 8. Details of Dataset Difficulty

CC IL ALG514
Shannon 1.41 1.56 2.71
Diversity
Vanilla 803 (15.3) | 77228 | 420 (1.4
Transformer
+ Expression 96.8 (1.0) 79.3 (1.7) 47.9 (1.1)
+ Pointer Net. | 99.1 (0.3) 89.3 (0.7) 80.5 (1.2)
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