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- K-Fold Cross Validation
- Root Mean Square Error

- Mean Absolute Error
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3- Pearson Correlation Coefficient
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3- Bayesian Optimization
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6- Flatten Layer

7- Encoder

8- Decoder

9- Extreme Gradient Boosting (XGBoost)
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1- Batch Normalization
2- Convolutional Layer
3- Pooling Layer

4- Dropout Layer

5- Overfitting
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1- Custom Layer



VF LY Ol A YS o5leis FYo 90 Lan—) sl yas Sledbl Liags - ole doliliad
Scientific - Research Quarterly of Geographical Data (sePeHR) V0.32,No.126, Summer 2023 / Y'Y

S S aleSa 30 sl oS el ol
j‘LJ )‘ eslaal c@b “ 4}-‘53 L: J\M)L;d JJQJM 4.:?-}:
ol Bl (S 5 sl sl (Gl g IS
2 A, Jlas easl ax S1ssd e e Slae ol
ool Wl el 305 (53 gm0 a2l 022550 U el
3 5 S5, 3 0,8 S 5 MAE 5 RMSE
6@4{%@&)}?}\&1\&;}{}&:;%%}»
ar g b adl il ol Gaee (5,550 slaen, Sl
S 5 opl 5l sl s TabNet S 5 S ) sbas 45 =il
)L:M LBJ)‘ %SJS U'.’-‘ QL&M el objs JA& e
B s e ol J ol ] 2305 (65 50
23 oolpen Gres 5500 laen, S 5 (556 lund
WAL e 5 JB 2 s bl slaskae el Ll
&L@.} g;’l'i.).)‘ DL A oJL’;‘ ‘\S J}lﬂdl&.ﬁ Ca.w‘ i MAE
Do R? jlas 5 ol a3 S 51 3 SSe RMSE (sl
S5 SomS & g 5 ol Ol 16 Ld
6)[.9 é.kw)\ oslaul (ajJJ‘j CM,QE rv\; Ls LY LA_TLW.A
_Wdﬂgbl'.’. 6.:5)3 &)ﬁ\)‘ g;m‘]:.@.s‘w‘ a‘Jon

2l oslanal (636

S sl gl Coenl Jdow —0-¢
2 Sy @IS el 5 s
wS by OLg S SOl gl
o)) Gl ol pasiin andls (g g 3> 4 TabNet

LA eals CJJ: \—f,j Y-¢ u.'.’»u BE LAL;}.]J g)':‘ (\'

Jelos day Sl ) 5l (5 Dlsloes e 5 (513
(Khalid et al., 2014) L5 o3liisl ' (PCA) Lol slaad
S St sl elesl b S5 Uast 505050 L
QVSG Oals 15 o Kl ) Ol Al ol Sl
4 5l Y Sl i S 6 S sl b feate bolas
Ao e B Al 58
Steg Dl (3B Gt e ol
ol s Sl (36 S 0, 355 oS 5 o, S
Sk oS5 s bl Gl ol SIS 50y 352
Seslie 4 ¥ sl 55 g slaesls 1y 556 Gres
by al b b oSS sle S b

ol 0l

b 3U-Gros 650k (oS 5 s (gimmlie ¥
al s, S

R? MAE | RMSE
A Ty ey TabNet
v/00 o /YY /80 TabNet

(el Ghos 4 S J5)

+AY v /Y0 LV TabNet
(G DS 15 oy 0 S 5)
Yo | S 5, 552

+/094 o /YY A

G5B S5, 55

SRMSE jlae 53 plal 5 5 ¥ dsdr @ ax s

e 2l i, 4 TabNet o, Sl S 5 MAE
)L:;u 92 U'i‘ ngu.» B RGIU PSS WG R S 9g
G530 2 G sekasOLS Y sl S 5 als s
Srlr s G 6500 la i) her 4 ol S S
S )L:M BE U':jJ U'»"| Jl}w‘b J...ZLJ XGBoost L:
TabNet 5 g3l CL:;:J e S5 ool s as
L)"‘J”L“" cllolds wﬁ J.la.- BE |J.>r.ﬂ J.Lc B EW-LY
M85t Ll Jue 15 g, wb e 53 s o3y

1- Principal Component Analysis



(2—) wbdl i Sledbl iagss — ole dolilad

| O gV AP SOCK PR g IPEIRN I | FE L P PR U GWE R 5 P P S RUJCPUL ]

517200E
»
. A% a
e * -
LR ) prr
4 ;) Atia
AP A R
e » 5 &
Riw ',,_f':‘ztﬁ a3 ".,—:.'
% o e s
. 525
- h : g 4 Cee
-‘.}'"“ -,
Lol " 43 o
at
- - --
price ' ] - "
- 8° 8l ee
.2 Y by
5 - O ol
4
5
* 6
0 /325065 13 195 26

odd o lI8 ced Sl (gladhaie 4l ) Vo,
TabNet Jg, 4

Slslgiing 5 (5 S 4ot 0
SIS ad o535 S 0533155, Sl w55 L
Gl ol az g5 aosls b a4 dlie cpl s RIEAE
3 G 553k Jsltze glann s S (5,8 550 e
(ol Jad glaesls ol 4S TabNet b (5 lane
Rl bdls ol glacsle das 3l a5 col sl sl
s ui‘ BE) --’j*j‘L;" — gme w\.ﬁ; R ldlae
6%‘&2%&1&%&;#)5LW‘5MW
Wile Cad IS 36 e 38150 5l il alsls
S S 2 o SOL s s L S Ol les
St sl Caleins sd S 0 i S
SOl cead S L sl bl 515 cpalad s
laa, S L (656 Gl (ool Slaal 5 (S Ol peay
ol ;,.:SJS )‘K}A) S 9 TabNet s ng_jbt._{
el o dd atls (536 L sy b4 S

Gl 0 s o 40 4 5 L TabNet o2 5 S|
gasie 5 edis il Jde 53 (Shy n g g7
b, S1as el o) gedasolis @L:.} Ll 03 S
bl alse 3 b el sl dzea Slsbas
Aless ) 55K ol cd SIS belge 51 2t
str 5 LB b G Julse JS 5 sbe bl cdins o ol 3
A (ol (S5 G Ol gea Colis il
b 3 033 S45) 53 el Cad p NS G S
@ S5 Ui e 5 sk S St Gl S5
Caod iz ME I S (Sis (n fpee Olsisar 5
Aledalive LB Lo

5 o e Sl WA 28 5 Jsb Ll
el S 5 e il a0l sy 5 o
Lasiie 85 ol (6,68 Ciltis gladbows 5 LaOLLS
23 e 3 ph e e Tad 53 SIS U Jale
1o 1y p s 45 5 20 4 (oo s SIS0 sla S35 OLs
S 715 2 550 s b K s Lo
ool aS sy g el sls i adlee g
At i b 1 o) 53 53 SSU

0.3

0.25

0.2

0.15

0.1

0.05

0

qwqji1j_'\'3-_'j 11_{:—!;]
- ‘) a . j - o R") 9 § E Al \'] q
4 )1 ) ‘! ’ ] b,
Y q Pl 7
3
5

Sy 4 b S Caeal (gunad, laged )00,
TabNet

Ol 0 (gadkae SHul gladkn gaii V) oK s
LS)‘KWD@ﬁMw‘JJLAWW‘DM%

A3 e TabNet o, 5831 b 55 3 5Se SO



VF LY Ol A YS o5leis FYo 90 Lan—) sl yas Sledbl Liags - ole doliliad
Scientific - Research Quarterly of Geographical Data (sereHRr) Vo.32,N0.126, Summer 2023 / Y¥f

3330 Sl bl ladsly sl lextle glos el
5 sl S Gt Olatle S 03 5 il s
sl OIS 5 by G fabse 5 Sl
S Sl SH0LLL cul a5 BB oLl 5 laas S
Lo She Jhsp a ey b gos8 5L Jod 5l el se
s Ll e 5 Ve 4l ol 5L
@l:.} 53 By S 4 e YU s el S5 false
sl > Shase IS j5bay 553 LA(,;.U}Q\ O
LSL"V-:J,JjQ‘ ins L 4wlie > TabNet Gues (5 .Sob
s laesls Jltle wax 5 Conl Go iSOl Gras (5,550
w5550l S 5 MAE s RMSE [las 55 oL 351 calg )
a0 Rl S s s Sk 23Ul by, 4 TabNet
la s, in; s TabNet 4l p—%)}iﬂ 4 Sl S S
o xS 5 w20 ) RMSE = Gk ol 03
Sl a8l EalS Ao s £/710 TabNet sl o, Sl &
sl 0351 g e aw gte Gl 35 (eSOl &S
il Jed BB e o Db L300 dcnll
U‘J}u‘ E) Li"?-JU’:"JZ’ eS| S 9 60M.>Qu,.'a S el
gl Sl 4 g L clad el 5l gslias Sl
Jde 35 &) g0 TabNet 5 (530 Cl;.:.:,.d\ s S 5
S 2wl dbe 53 a S (ol eddan S LA 55 | e
G3b Sltle oS lwTsl ol SIS 50 Ll e 13
slre s pde (el L2100 235 Hles e oleSa
Oao Sl eslaal by o e a5 B L5 p s
Bl )l Jles cpl (250 B du (IS 55 S S
Dl 55 3sg ple s 4 b cpll ol s Waesls
3l 28wt slet L g MAE 5 RMSE

di&&ﬁ&é%bﬁj;ﬁ&aMmé:ﬁ

(3B ol Glecssl g Dl Jold (b ladY
S8 i ol b e 13l s ssledle )
B Gl s SIS ey 355 e, S gl
5 3l isw s TabNet oS 5 ¢l ol an S
ol oslaal (gl WS 5 s AL Doglate By, g0
Gt 6530 lae, S s b5l ke ool
A i UKL Ol oS Sle YVAY glaesls
= XGBoost r—%)ji-” o SObaabsl LB (ganslio sl
03 oetle 585k slaen, S cn Sl 5l G Ol pea
S sl AT 5l s Bl g S5 il
Ol slaesls 555 » $3b-Gree S S50 S5 s
sl gbala b, Sl s (gamlis &
SIS Cengd 53 b S S 8T (suad,y ol o
<33 S TabNet o581 bave 35 35 0115 (555 S
b S5 sluas, b ol sl jasie widls ¢ 2
St g o3 g slalae ba e STaS coil O 51 (S
ol Jolse 51 am 4l 5 52 5L andl o Ll
Al 1) S Aoty Cad (SIS Jolse 5l i
st 5 B 50 SIS Julse IS5 sbes Ll s e 3
5 dsb s Shs 8 3b p 5 55 545, Llazils
Obe 03 e Coslesl (pl 2 b oSl A 50
s M U s g et SIS G S
Ol o313 4 same 55 ) Jsdr 4 4w 5 b el aziils
4 Cuwo TabNet Jho (55 0 edkasOlis a,las alS
Sl @l cpl el 03 Goer @S5k gladde Koo
5 SVl Gl o he o r:w)fj‘ ol e LS
S5k ot S Il Gl R (53 2y 5 s
6“&)}-@ J.<“.> s TabNet 3| =g XGBoost -.ils
ozt ol 2 S50 nl el 035 Jos Grme 554
& s 3wl Laasls slusS 0351 oS oS A4S o AST
o Goos 5,53k slatas Il el 5 osllas ganss
i by adS s 3 8 1 5 b e ool
bl o3laes 5 O, Sl Cead 1y Bl 48ty



(2—) wbdl i Sledbl iagss — ole dolilad

L YRR PR TIE PRI WL NI PP

adlas plnil oles plaly 50 edalis oSS
S5 Ol e ol slauly s ST Slid
o35 4 semme Sl (536 5 Grer $S0L lapn, S
U5 o ST Slidos 5 e a5 S eslind 585
Sl glade julde 53 OUGl 4 o i gbaald sl
35 gt Sulgd 53 3 S ealinal a0 o el
Slim S i daesls 4 0ley day ilsl b oS
G3bGaes 555k w S C b b s S o0
O el s e 8 Ol 4 anls slaesls s
e G Olgea 1 Sl S U Gley e

S o Sladde (6 Fmlie SIS 4 ¢ i

RES P mbe
s o p ,obl iz Ol p NS e =)
C,\.o.:.g 2 JJ'}A J“‘_}-“ M (\VOW’) ‘O ,cbb'ﬂ.n & ,.r
rg @ (ag Q):MJ?‘) J.:L>L7 JJA ‘)‘ oslaul L ug-\naﬂ
o e 5 olaBl (Ol g8 wbl doee 163,50 axllls)
https://www.sid.ir/fa/journal/ViewPaper. .- (7)2 5 ¢

aspx?id=233672
2 - Afonso, B., Melo, L., Oliveira, W., Sousa, S., & Berton,
L. (2019). Housing prices prediction with a deep learning
and random forest ensemble. Anais do XVI Encontro
Nacional de Inteligéncia Artificial e Computacional,
3 - Arik, S. O., & Pfister, T. (2021). Tabnet: Attentive
interpretable tabular learning. AAAI,
4 - Ayan, E., & Eken, S. (2021). Detection of price bubbles
in Istanbul housing market using LSTM autoencoders: A
district-based approach. Soft Computing, 25(12), 7957-
7973.
5 - Bae, S., & Yu, J. (2017). Predicting the real estate
price index using deep learning. Korea Real Estate
Review, 27(3), 71-86.
6 - Benjamin, J., Guttery, R., & Sirmans, C. (2004). Mass
appraisal: An introduction to multiple regression analysis
for real estate valuation. Journal of Real Estate Practice
and Education, 7(1), 65-77.
7 - Borst, R. A. (1991). Artificial neural networks: the

bl shae 4w ,a Bl s sl Ll Lol a3l
Grer S5k laen S ol b sy 5y S5 !
Ss o> sl s ol adls Js8 LB ke
255 oWl R, 53 4 (3B 5 TabNet oS 5 =l
) s 53 S 5 s ol b Sl s IS
S S 5 (sl e el S 5 Slaez S
MAE 3 RMSE [lxs 53 B3l 55 (556 5 108 50, 555
2 sAel sl S ol 0l sdalie Ju3 LB s s
edloas ol o3s S5 s ol Jsd B e
L 30 S5 55 (2, S g5 Sl
g Ll adl Gl Geee (5550 slapn S Geen
S 5 ol 5l s TabNet oS 5 IS ) sbas &5 ils
e S 5 Sl 3l (pl bl 03 S e g
ples olul p Goos (5550 lann s 5S35 (636 e
I ol el 423105 g 55 1 30 il (sla s
oli MAE 5 RMSE [las 55 Jsd LG 5sgr 4 i
bodies olg bl s dd oLl &S boles ool
Gl Sl ooty et b e 1Al Coeal s
St s R Slas 5 sl 4 31 3 S5 RMSE
oy feS ($350 S 4 ax 5 5 sl Ol )
phe bas Blew 5 b3l pl 4 am 55 b amd s .ol
i (sl ol pen (g3U Gl Sl eslinal gyl 5 ks
~Gres 65k oS 5 eSSl g oS A
lin gy Al a5 L Bk sl el (50
by OS5 s 500 bl 4 ol Gl 5
2 el LSS e S 3 WO oS 5 S
Geos S50 4 93U palis g LS S 5 Ry
Flos 5335 5 mw 625k pod U ol 0l G s
Gros S5k sladde 03 (2lad sl 28 oy
2k ads bade opl 3 Candad pue 1 5 K5 s
ol B a3l s 05 S Bl Sl @ ar s
S sy Bl sd e e Jh5sel B sl el
oS ol Sl S S s bedls R0 L


https://www.sid.ir/fa/journal/ViewPaper.aspx?id=233672
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=233672

VF LY Ol A YS o5leis FYo 90 Lan—) sl yas Sledbl Liags - ole doliliad
Scientific - Research Quarterly of Geographical Data (sePeHR) V0.32,N0.126, Summer 2023 / Y &

of house price: Incorporating a geographically weighted
regression approach within the Belfast housing market.
Journal of Financial Management of Property and
Construction.

19 - Nghiep, N., & Al, C. (2001). Predicting housing
value: A comparison of multiple regression analysis and
artificial neural networks. Journal of real estate research,
22(3), 313-336.

20 - Rafiei, M. H., & Adeli, H. (2016). A novel machine
learning model for estimation of sale prices of real
estate units. Journal of Construction Engineering and
Management, 142(2), 04015066.

21- Ribeiro, M. H. D. M., & dos Santos Coelho, L.
(2020). Ensemble approach based on bagging, boosting
and stacking for short-term prediction in agribusiness
time series. Applied Soft Computing, 86, 105837.

22 - Seya, H., & Shiroi, D. (2019). A comparison of
apartment rent price prediction using a large dataset:
Kriging versus DNN. arXiv preprint arXiv:1906.11099.
23 - Shwartz-Ziv, R., & Armon, A. (2022). Tabular data:
Deep learning is not all you need. Information Fusion,
81, 84-90.

24 - Souri, D., & MONIRI, J. S. (2011). Estate pricing
model, an application of geographic balanced regression.
25 - Tabales, J. M. N., Caridad, J. M., & Carmona, F. J.
R. (2013). Artificial neural networks for predicting real
estate price. Revista de Métodos Cuantitativos para la
Economia y la Empresa, 15, 29-44.

26 - Talpur, N., Abdulkadir, S. J., & Hasan, M. H. (2020).
A deep learning based neuro-fuzzy approach for solving
classification problems. 2020 International Conference
on Computational Intelligence (ICCI),

27 - Victoria, A. H., & Maragatham, G. (2021). Automatic
tuning of hyperparameters using Bayesian optimization.
Evolving Systems, 12(1), 217-223.

28 - Xiaolong, H., & Ming, Z. (2010). Applied research
on real estate price prediction by the neural network.
2010 The 2nd Conference on Environmental Science and
Information Application Technology,

29 - Xu, H.,, & Gade, A. (2017). Smart real estate
assessments using structured deep neural networks. 2017

IEEE SmartWorld, Ubiquitous Intelligence & Computing,

next modelling/calibration technology for the assessment
community. Property Tax Journal, 10(1), 69-94.

8 - Chen, C. P., Zhang, C.-Y., Chen, L., & Gan, M.
(2015). Fuzzy restricted Boltzmann machine for the
enhancement of deep learning. IEEE Transactions on
Fuzzy Systems, 23(6), 2163-2173.

9 - Chen, W., An, J., Li, R., Fu, L., Xie, G., Bhuiyan,
M. Z. A, & Li, K. (2018). A novel fuzzy deep-learning
approach to traffic flow prediction with uncertain spatial—
temporal data features. Future generation computer
systems, 89, 78-88.

10 - Chen, X., Wei, L., & Xu, J. (2017). House price
prediction using Istm. arXiv preprint arXiv:1709.08432.
11 - Guan, J., Shi, D., Zurada, J. M., & Levitan, A.
S. (2014). Analyzing massive data sets: an adaptive
fuzzy neural approach for prediction, with a real estate
illustration. Journal of organizational computing and
electronic commerce, 24(1), 94-112.

12 - Guan, J., Zurada, J., & Levitan, A. (2008). An
adaptive neuro-fuzzy inference system based approach
to real estate property assessment. Journal of real estate
research, 30(4), 395-422.

13 - Jang, J.-S. (1993). ANFIS: adaptive-network-based
fuzzy inference system. IEEE transactions on systems,
man, and cybernetics, 23(3), 665-685.

14 - Kang, Y., Zhang, F., Peng, W., Gao, S., Rao, J.,
Duarte, F., & Ratti, C. (2021). Understanding house
price appreciation using multi-source big geo-data and
machine learning. Land Use Policy, 111, 104919.

15 - Khalid, S., Khalil, T., & Nasreen, S. (2014). A survey
of feature selection and feature extraction techniques
in machine learning. 2014 science and information
conference,

16 - Kim, H., Kwon, Y., & Choi, Y. (2020). Assessing
the impact of public rental housing on the housing prices
in proximity: based on the regional and local level of
price prediction models using long short-term memory
(LSTM). Sustainability, 12(18), 7520.

17 - Li, Z. X. (2007). Using fuzzy neural network in real
estate prices prediction. 2007 Chinese control conference,
18 - McCord, M., Davis, P., Haran, M., McGreal, S., &
Mcllhatton, D. (2012). Spatial variation as a determinant



(2—) wbdl i Sledbl iagss — ole dolilad

YV /o 650l (ooaS 55 ot 3] K 4 igSms 5ol (5,185 Cund

COPYRIGHTS

Advanced & Trusted Computed, Scalable Computing &
Communications, Cloud & Big Data Computing, Internet
of People and Smart City Innovation (SmartWorld/
SCALCOM/UIC/ATC/CBDCom/IOP/SCI),

30 - Yazdanbakhsh, O., & Dick, S. (2019). A deep neuro-
fuzzy network for image classification. arXiv preprint
arXiv:2001.01686.

31 - Yiorkas, C., & Dimopoulos, T. (2017). Implementing
GIS in real estate price prediction and mass valuation:
the case study of Nicosia District. Fifth International
Conference on Remote Sensing and Geoinformation of
the Environment (RSCy2017),

32 - Zaremba, W., Sutskever, 1., & Vinyals, O. (2014).
Recurrent neural network regularization. arXiv preprint
arXiv:1409.2329.

©2023 by the authors. Published by National Geographical Organization. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution-NoDerivs 3.0 Unported (CC

BY-ND 3.0)







	_Hlk101573308
	_Hlk118042253
	_Hlk101626338
	_Hlk101824092

