Housing Price Forecasting Using AI (LSTM)

Hossein Ziyadi

MSc., Department of Mathematical Finance, Faculty of Mathematics and Computer
Science, Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran. E-mail:
ziyadi@aut.ac.ir

Erfan Salavati

*Corresponding Author, Assistant Prof., Department of Mathematical Finance, Faculty of
Mathematics and Computer Science, Amirkabir University of Technology (Tehran
Polytechnic), Tehran, Iran. E-mail: erfan.salavati@aut.ac.ir

Mohammad Mahdi Lotfi Heravi

Assistant Prof., Department of Economics and Finance Faculty of Management, Science
and Technology, Amirkabir University of Technology (Tehran Polytechnic), Tehran,
Iran. E-mail: mahdi.lotfi@aut.ac.ir

Abstract

Objective

Forecasting the asset prices in any market is an inseparable and critical part of research on
markets. Obtaining a credible prediction of an asset's potential future price provides
valuable information for investors. Besides that, being confronted with real estate price
shocks and price fluctuations in alternative markets, determining the best time for the
investment may come up as a big challenge for any investor. Tracing the trend of housing
price changes in Iran shows that the average housing price has had a general trend close
to other prices and price indices; but the significant issue in this market is the various
growth processes and dynamics, compared to changes in other economic indicators. This
dynamic gets more complex when a variety of quantitative and qualitative data from
diverse types and from several markets are added to the model. This diversity along with
the unstructured, stochastic, and scattered datasets makes the implementation of the
model so hard to do. The main goal of this paper is to build an Artificial Intelligence
model with the most flexibility in the input part for the data type heterogeneity and the
lowest error in the output part as the predicted price. All the implemented models showed
a high accuracy on the real data extracted from the housing market.

Methods

Acrtificial Intelligence models have an enormous capacity to get a broad range of any kind
of data and process and concurrently compile them to build a valid output. This
characteristic of Al is very useful in financial models to increase the accuracy of output.
Our model is based on the Recurrent Neural Networks. Due to its capability to preserve
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past information, the LSTM algorithm was implemented as a time series forecasting
model.

Results
In this study, using diverse types of official datasets, such as the Central Bank of Iran, we

distinguish the influencing variables in the housing market and then we could predict the
average housing price in Tehran. Our findings indicate that the average housing price
demonstrates the strongest correlation with gold prices, foreign exchange rates, the
Consumer Price Index, and market liquidity levels. Utilizing these indicators, predictions
with very high accuracy were obtained.

Conclusion

Among the four different models of this research, the best prediction belonged to the
multivariate stacked-LSTM model, which was empowered by the highly correlated
macroeconomic variables. The validation of models was done by the MAPE Indicator.
Furthermore, all the results confirmed that the LSTM algorithm was highly effective in
utilizing over two decades of actual housing data from Tehran to forecast future prices.

Keywords: Housing price, LSTM, Price prediction, Time series forecasting.

Citation: Ziyadi, Hossein; Salavati, Erfan & Lotfi Heravi, Mohammad Mahdi (2023). Housing
Price Forecasting Using Al (LSTM). Financial Research Journal, 25(4), 557-576.
https://doi.org/10.22059/FRJ.2023.349924.1007398 (in Persian)

Financial Research Journal, 2023, Vol. 25, No.4, pp. 557- 576 Received: October 18, 2022

Published by University of Tehran, Faculty of Management Received in revised form: June 20, 2023
https://doi.org/10.22059/FRJ.2023.349924.1007398 Accepted: July 03, 2023

Article Type: Research Paper Published online: January 20, 2024

© Authors


https://creativecommons.org/licenses/by-nc/4.0/

LSTM (5 a0 gh mid 59891 31 00l )y Cansd (ot i

S3Lj
o=l ol olyms ST () S el i sl (PauelS pole g (b paSily ( Jlo sl 09,5 syl ol IS
ziyadi @aut.ac.ir :a.bl),

“Sloke e
Ol oyl ST ) S el imiao ol ¢ guelS pale 5 by 0aSiily o Jlo luslyy 05,8 loliwl ¢ Jgtume odiun s
erfan.salavati @aut.ac.ir :a.bbl, .l

$952 (A (Gapote0

a0l . ol el o oyl s ST () oS el ixiao oK (555l8 g ple (g e 0uSKiD ¢ Jlo g baidl 09,5 ¢yboliul
mahdi.lotfi @aut.ac.ir

oS>

Sl il sl 01 i o2l L 5 o ndibiabis Sl Sise 4 ciliie laylil 53 Cuad (b gyl 1A
2 ol )0 3Ly sl LMl 5,1 GhAS 4l (sl sl fie s 01T 3 (S szred (2 S o s
Sl e Oloj ot «Silse g)lil s lagleg 5 (e (S 9l L (S slall (udaalge @ a2 g L oS sl J
o=l il el g e Cadd Y o Mgy (aawy oGl 0l ol Gisu oyl Gl 6d gl dlasass @ (S 3 (gl Lo o
Coaid Oyt Lol 108 o (b 1) (oo 89 53 (S Caosd 00 G sla s s 5 bacunsd o L Ll yon o8 515 culS>
Jdons 3 45 355 o oy bl gg050 ol sl Sglito 3Bl (M 53,3 sla sl o ©lyueis b ausllis 53 (Koo
ilsorly 45 paalse Bl it g oniSTyy ¢ bolas (gloodld yizmad 5 xS 5 oS i (clbodls b (1o Cunsd ol
ap G (g ppigladl (it b (ogiae hon Jao S (S dlie Ban il o Sl ol sl ) (2L sl e
PR (e B (5 (SBly Slaodls b Jhe (silwodly comizmen sl (295 (A 3 S lise (568 5 (63909 (slaodl> g9

D9 )y 33l (g Ll yd )3 Juo ST sl Jimgl

(AT gy A Gy (glym g A by |y ool | Lamsg oS 45 L) 1) cublB oyl eguas Lign sla Jae 1 wig,
w30 a0l ial8l Jae @By g itz il 48 g e sl b g opl (o Slegsge y3 .S i |y bayl lojen
2 asdS oledbl bas ol a asgi LLSTM 50,68l g Cawl iS5 mas oSl 4l y g cpl o osds b
stacked-LSTM (g;Loxo jl 0 psiiodin> 5 0, x0cSS  Sloj (gla s 5l dtwd 93y 13 .Canwl o odlaiw] Sloj (glo s (s v

Cawl 04 oolazwl

e il el 55 pm 5 ol 655 50 L (ygmom «gmmsy gy (sloonld degoona 31 oolizl b otimgly SIS ol > slaaidly
O (Smo Caad (59 48 byt QB! Sl g el 005 oo (St i le S B 3 (S i 5 IS 56
L5 ) Caasd M Caagd 48 wm3 o i gy ol AL el oA s sy g5 (xSawo ansd (5o > (58 5
lnas s ol (slnosls ) o3bitl b Itals (sSane Caosd b |y Kol (i ¢ S5 o2 (e 3 o 5 VI (sle

el Caunddy 3b5 Hlows glacEs b ola i i (solasdl



00A Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

NS o pite L o pitoniey StACkEU-LSTM o & e sistir oy ol ol ) 08 a3l Jao oz oo 5o 108 o8 420
04 3)51)_3 5 dwbro Ut 3llas a8 o pd (1SSl b b Jse (oxiwlie] .ol 5l (Sune Cuond b (Snpd o s b o g0lasl
3 i sLaodly (gl a8 Cadl LSTM 13,630 Ggllae ohlS 5 cubls yioles o Jde dod 5 sdalcundds guls S yidie dog .ol

ol o o3l 5T slaciesd o5 jahatads ¢yl 5 S 3L damd ¢
Sloj S i e i LSTM ((Sis Cosd 1051905

Do v s 5l ealawl Ly (S e Caud (S i (V0 Y) (slpedomo (g9 pp (aibal 5 e o Sloho ¢ e 5L 2dliw!

VN VIVS bl s o )b AYF =00V .o & o)lad YO 0,95 VF+V ¢ Jlo Clisizs
VYY)l Ol oKy g e 518Kl 1L
Wev/0/ Ak ) gl (ool sdllis g4
VYN Ll )l ki ©
doi: https://doi.org/10.22059/FRJ.2023.349924.1007398



ib)lows o 2,9 &Y c‘;‘l‘euw 0094

dodio
el oad s oy g (Jlo slaylil (Sl g philbobe (5o 4 cite laylil )3 Cued (o o)l
YUl (o)) el 50 d @ u.ﬂ oy 0)9d 1 Sume Joiwe Cuaud b plows SO Joime Cuaud aSCo) il
Oiu 4S5 aad o il (amews A g Avamd) olpl 0 a8\ Oyan Slddllas )l IS Gle s (gl ksl,S
20y g (S Olodd slaist (18)5 Jlai)d b g dins p jgods g 203 B D935 malitis Ojgody (S
sebas (Slpl glalgls Sl o (Sme prew Caol 03y olaidl o 4 ) (Lo (2B 0Jgy o jd WY dgas
obe ot 9 ol aleyw Sy ehdd Sbplog 5 (ted (S 98 b (e dlaill 0 dalge 4 25 L
5 tee Lol 990 )l ond s (15w ol (IS 4l s (gl (glad e 4 ()8l pus gl a3
9008y ¢ Bolar olaedly pisred g S g oS cadite slaca b |l slaedly L aS 50d o ol
OSon it g Blge 3 g o Yl gl (gl o g (3L sladse (silwosly & oo dlge wibicslu il
Smme HL sl Saom ples 3,5 Jaid b olgs o LT a8 ol o] )13 3gmg die ol 55 45T Ju 395 o0
Sl gl (Jae 8L Jlodan Le cllds pl )0 cg) ol 5l Sy cund (gl (SISl BB co i g yoie (Joe
o) (639195 pomimd (S )il aLbIS slaadlge g pdlie 5l edlatul b ST laoyed j3 ySume Cuasd o 5 Jeizxo
g OB la gy SweSey (S Cuosd (090 (R29diz 9 S ik (sloodly (Sony JSihe @) g Hlagh
o ghuan Shgn (6y9ld (55,54 b &gl

gy 5l as yob o] g adlis Jle slalil SaSa 08 3:SlcaSs gl gaialy b couas (s9n 09 el
Loz )i iz 3l e Jlo g oolatBl gla oy Al > I (6515 el oy (osime (Bom Y8 il
ly Loyl olgs o cdid (yloj = diwgm 5 (30bal g5 31 e 3L (slaodly &S ] 5l 5g inlgs e gune jbon
0dti Oyllas 6550k 4SSl o438 elatul (hee (5 53L slapiys Nl 5l g 85l )3 Sloj gy ©jgons

& . 1 \ - W& . - .o . . . v
(it 3 S Culga b GVsb ke oS aladle (glaaSes o olaeSes & Wl glej (s (e
‘_)S“m um_e u_\.uuu» 5 ol c\d)f ).B.S)b Lngd\f.o')é Lloss d.._‘a)f )154\.3 L;’l"') L;l.bd).w

S JSb g o S i o - g g (Slojy (g Cygody (Sume Cuasd (slrodlyz Jol (5,8 @

W55 31,8 eolatul 350 i yoSl 4 93,5 3lg Cps oy
@YU plgisdn (Sme (Him 935 (o )13 oy 090 0Kk YIS (lsied (Suneipgd 28 @
9 S hloy izmen § LS § ad)e jlade (1058 Lozl 53 Cumlioo LYY plo wile g a2l

L2y )8 (o 3590 bl glajiably il g 0aiiS Bpmo daly 5 (e (S 5 glge o)l

1. Recurrent Neural Network (RNN)
2. Long Short-Term Memory (LSTM)



oT« Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

sbadn 9390000 (1258 003l (S (B 5 (90 G SRy 9 Shuogad (Suwe (SKen 1558
028 Dgus oo odliiwl ddlaio b jeud SO S Cuaud 1k o oo sl 5 65U slaciesd
b 9 oo b3Sy el 5l g bl auglie gmen (M ooladl gla Loy S

ol odlazwl BB csesils o 5L JS

g (S Aoy
Cod slaglug (N cl 3 sl 039 dalge &l 139 bl L ojlgen (Suwe I3k (o slalil )6
Slodgeo s ly 395 sl g Ngdi oo )5 355 o3be Sl Lagluwg (2l (26 Ll el I3k b 1 (g
oS g 0303 ) 4 0 3)ly (Se Sl A Bl ©lps g umd e SLST slabgi 5w )Ll
(VYAV

29 koS pulio)d (Bpas dxt 4 oS b sl Conl Bl (Brmo g (Slleys xt 93,0 5l Se &S L]
o 381 4558 0 e soladl (glaS o 135 o ¢ Sl (sl aiys o 53 (o i (VL ot &
S 4 s a3 glslo s 1ad & oS5 b K55 G 5l 30 nylails s casline (Lt o] el Wlgi o (S
s 0l LSOl slbod s g oy Mb o5,) b dlas 51 o slaylil oo b K518 bloyl s Loy olyicds
53135 00 e il 53 (§)IS 4l s &y pye il ] )3 355, b oS el 00y L a2

OSe (Byae LW pdils (il Jdoay & conl ol (8o Jlil ogias )3 1505 dagi (LLS &S
O UsS Jalse 31 lie g sasia (638 ale s slayljl 929 Jiboas o (slrle o LU (g sl 3 sl
oSy )5 o L5 (S Ll 2 o)y o (5glogm 53 g 929 el iz . lwgig 9 Sl o
375 als G 395 sy |y Sl (sladyloys Ss Sl 95 45 )03 slaiso & baleyw &5y
(IR0 (LIS 5 Liskisly, ool Las)

49 3)b bl layige ;03 & Cund (038 18 ol )3 (S il &5 €8S dons e e
6290 45 Canl ] 2 om0l 53 S o i) S SlatBl )3 e (185 (] Cued glaplug g e
Ol 2 38585 Jelge 5 (olatdl (M sl it (slaluogs g (s Cuosd oy bl (59 48,8 900 Cllllas 5

2yS B (s 2y90

slaadls Jlod g calid 5y cul jl fcal (e i3u lp siyaelin bRl cn St J) (e sboasls
Ol ol =l p3 s Glli 8l 6 peSedin jobods |) (e & @2y Cliis QL (e Sl s coSune il
ol | 093 ;2 Coid (1 Lse B9y (il 3 2980 4B)S HaS D (S Cad a3l lgisdy (S Cuaid

.J{I@ Canddy 090 ylod oad plosl SMeles dlawi 090 )] 0ad sl SMoles Canid & goo



ib)lows o 2,9 &Y “jlﬁ uli:bé’ o)

15 )5 1y S (391 Kl 48 sl ] o g 313 esbasd SIS Sy lanlino 33 Sl yas by oyl
st el 5 Sao 45 JUs 3 ebiion il eSibe sl sl 3 Cend)S 5 S9 soails koo

(YN (edinygd g IS colsgue) wib 03,55 poss o5l ol 4 0y9d )] )3 Ko By

PI9
295 A o s b ] Y555 ol 11, 0585 gy (55 el Bitas 195 &S satee (ot 1 (o
il > ol yom 4 (ke 5 Cete et g T Blgiin 4 ol Shotaly g8 sl IS b e o L
Gk )0 |y pyes Loy cn VL TS oo pll o gl wdaw 13 ¢ gy (Mol Ggrie ()15 ol
el ot 5 YIS o s iomias lno oLsbpne ok ¢ YIS sly sl iyl 635y SOl iy
Johie )> oSwwe bjg> & (IS (Ve e ol (63550 SOb) djo Bpan 4 Sl i el b )lgl b oS
Slgise pyg8 ol odes (iw &5 M3 oo LS ((Sume (5003 YV 0 (j9) (Brae Clod o VI slo JS a3 Ls
355 35 o3 S 513l 53 aid 59y Ol P Yo sl e A ) cpitmen 5 Sl (Sue iS5 (U
S 2155 5 e (255 £y e WAV B VYAD (sl Jls dlold )3 igas lsias (VFo v ol Jlol Lo 5550)
Pag= 9y il Sl (Saa s )95 (liae & 0,8 glitial 95 pl Glgie (File 4 g Canl 0 VL Aol
Tl e oS 0jg> 53 (oLl (NS laculew 5155 ploi |y BT cpl U LS sl sl dsels (ogas
2 9 jbgcdl Bg) g (S g a4 (S0 (b2 3959 el & Sl 0B 0k o Jlu dlold )3 e S
ol loced (uliEl dog] e o5 4 g (S 3l 4 39)5 4 JEALS B jmo 5 IS elo s Llad tal8] censs
(el el e 35 50) Gl 0

ol ol o3, S Ly [y Yoo ¥ AV by Jlo (b xio 98 W 4 bgype leMbl  oinghy
023l s Sl e (Sike yoboty Jule (gl (e Cod IS8T sle (ks g oS am3 0
ohbgel ados jlebiad oLulid o (65505 Jalse (iman 030 oy il (69l )3 1) (e Cundd
Y+ ¥ 55 5 pmiglisl) 5,138 )5 (S oS (25 2 45 L g0 4l g kaslisS 0300 £ eSO

ot 3] el 4588 ALl Yor e G ARAY o) o) cym g o 9 Vo 08 o 13 & (5,500 dalllas
5 s3aidl 15, £y 48 ol o 5 Sl Wbl o3 S sy 3Semns s Sl ]y soluail S (gl i
i 5 ) SL5) sl il (Sen Cand (a3 gy (yboline g ite 3 0y £ 5 St 3l g0, 55
(V¥

1. Tsatsaronis & Zhu
2. Zhang, Li, Hui & Li



o1y Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

Sigod
Syt (S Vg8 090 B P 2V dryp sl Cod b (39,8 oy dlally BAS Gl (S5dAE psrde
Blg slayS g5k iy (VAN ¢ JoDo g 03l 18) 51y sl Skgiuass a5 cenla ohls atws o 5 (SKawe 3l
sl Ly Jlotgdn 50 do 503 slaadlie 18,5 ko 1 b g cal o35S )l cla Jie g odusy olas]
9 Lacuesd pdaw puiitune b5 48" Conl ol o] plane 456 Lol ¢(gu paaS” dslro Jio) 1S o pladl (odlasil (¢5g 0]
9 Bi) ol osaliiio J0B 1 S I3k Jro (NS LBl Sl 5 )3 g9d90 (nl & Cunl (S8
ol o &5 35 339050 bl s Koty o Kigd Sl 5 5 o bl Sl 85 i o1y Jlo
Ol iond Ol psd dudy g 39 0 500 py58 10 g0y ¥ (ol 38l 4 o e il 38l do > Ve aS dad e
593 ddllas )3 (WAY (Sl g 0155 (cwlie) sl 00 (U (sl 9 (o)l YIS uesd jaSli g 55l £
T weead ) (Sadmusy op e o Kol poe Ol «ieolisS 5 aedily )3 &S sl i LSl 35
Oyt g pyg5 55 Syt Hloe (/AR 4 V) (SoaecSs Lyt bls )l cdonily 55 4 cal 003 aseie 5 3)b 8

(WWAY  soutizns g gpme) Cawl 421> Dgpg (S5 poe>

S BUL
5 oSt G Ll Wad e Jlo sl il 51y Canito g gm0 S ol om b I slyls 5B atig b 5 lylss
g4 o S leys Ol 5wl (sl S5 a3l ojlgen gy cnl jl g )6 o 5 e s
1 o b 5148 el SIS By e |y Byl ol 45 (SlaigS s 3,05 Sy dlalea BB (sla ol gy
5 i el s e 3 5 M e 8y iy S5 3 o (Gllain (sl il i 4 IS e 1 ,S00S, (5o,
Silge g BB x> Opgot 15 Glnl > I la)lil 2980 SUBI (5lge sl eXigd oo Cguime 1K o)
JSb 4 o8 3,8 0Ll g (SOl 03 cplos Sl 058 Mo ) ik 4 plgioe o] alea 5148 wlodel 5529 4,
Y bl el e 5 65:50lk2) 25 oo Celled ,S0uS S ) glse

o lgmo 45 55 Ko Sl st ol (STl po 48 (e (sloae) ) (S rs 43S U oS s lan
bl 428l Blite (6 )38 51 5155 oo g Uyl s b ol 45 acesl 039 )i 45bo o (sl ol sl il 51 LS

S datBl ) sordtins i g waits BT Ol b (5> ¢ sam el b oy o Sl 08 2 53 ) 55 slaglugs
JLasl 1) 0aiiS3)ly 9 028 )3luo 5t ey ) 53 50 Jdl h0)3 ) @B )3 Glly Canrd i Ao )3 )l 558
e 4 (5325 > LS ol B e losd 5 VI (lay 4 )l 25 s JUS (e 058 (o0 5)) €5 Sl

L el piddi 5yl &9 alyess Jnl i bl yiin (B pae Y 50 @bl mhw doj 0yl Sy bl



4 D)LMS o 2,9 &Y “jlﬁ uli:bé’ oy

(VRAY (s g 5 ,a8)
393 2y Gyl s a4 dsols D13l glolas )l &5 il L oS0 (sow I L(VWAY ¢ 03l 5 (g ym) Silod S
(o Jom oid U85 o8 Jddan g lailpd o 53 g oS 5L > nbioe I plgal VIS o 4
503,S M) jub bacuesd Lolds yiol38l b .cdl sl il (S Jio (S ynS g ploal (Y cuowdy ]S
3929 sLa oo 1 (S ofame il 3l (698 b g oonily 53 bl sl Jljl 355 1> ()i alo o ) oy Lo yuo

ool 5yl oS I ey (Kl

W 45t
o paB ol oYL (S6ebii @15 o bl I M candlb ik oS Sl b silse sla)lil S Sos (S
23 gy |y NI ALy Sy 5 15 Lais Wlgico pygf &2 S |y 33 SIS Ao ogaies el IS ele
Casd LS Uy Ciad s ik 45 choysd 15 Lol 95 o pmins (ghyloyes VIS g JIS L2l s b
a S S aleyw 650l 5 Sl ik 3 1) 398 dilojw o5 )l hled LIS aloju )15 3929 (5 las]
5 SIS EE Mo Cuad s (oo 5l 250 Bglane (S o 51 (23S0l slo)lil 4 gl a2 s (en
{IYRF (5h39)3 9 sgw9) 3,1 55 I3k oages Jlo slaylil 150 & Csms (3b e (5 2345T

3 o a3t JLiad g o2y (Bl (LSS slapl b g o392 )b Jsbo 53 (ieddl (o)l b A
Joay e (ol pl B ik )3 el o okl 5 b 2ls dew (3> £95 sl ll J el Sl 3 sla Lo
Sl g 3)l90 4 e 4w 59y Il (sblje Sl D95 o Dgmime S oS VI T S U5
Sxdppbd 5005 gl Gloj Cudgioe 32 pas clo s e 4 dn 4 1y B CblB YUl (S 09508
3308 5 Sllle Sl 5 Jlo (638 yo Sl bags 4 s i il ) cad Mo oy cad 1l Wl e
Coasd Hlali8l o ¢l SLL (glojg) aile ¢ Jlo oLl 5l (S0 o Lol aljdl a8 sl S5 (LLS S asye

(YA 0)lg; (U g mod) 395 0 Sl Dbl 3, | 4

o Hb was s
9 u._‘ouv_@(s 4&.:_..‘(3& LS):SJL.’. 30 (Re- u;l.._wl?v.» L;chui‘:w 9 l_m_i...s\; LIPS WY SNeS L;LD:AS.QJ

S JSise laylislw lgsicdn bl o |y naSlud (] ditun sdimy (Slagtun 1 (29,5 gl win

1. Goldberg & Knetter



ong Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

Aol 0ol o3y cas (glae Gluwle > oYL Clill &S cuily 1Sy g diwgn pRdr (03105 ool slaisl
leMbl g baodly o35y (gl ) omas i )5, Baud 5 a8 Spldl sin U Sl aigS pl ol b
Y VP 395 ol (S0 pglaions

03,8yl o Stmgfy sl 1) gl 5l eslital 457 35,05 (o3b 5 (sblje Lo by, plos & o (ouae (sloaSi
Sy oS OledMbl 5l oslaiwl (HUlg (6050l ¢(gjlge Sluvbro ¢ Jas e wles 51 oslaiwl 1Sl dlos 3 funl
Dy oo (§39y9 SLeMbl ;i oLyl corge gl ) wly (g dad i o5 Cosl byl 4 vas (laaSs
aSud Sy plady sladnY ol &5 ()90 50 ey e RS ) 5L 5)90 (loj 8 (gjlge Dllxe (yiimen
(¥ &5 OIS cslomgmogund) puolion Gros (omas 88 |y ol 09y (guac

oy Sy 5 gl copple & pboodly Sla S 9 i Ole Glp (Soan (s saSd
(Vo8 & Olig) 8yl B oUlss ola o)1 3939 by g3 ol oy g 35

Al dtly ol (LB poolie 4 olej ya ) (Bolas pite o)yl 4 395 e el ol (392 (sl (S
ol iy S8 sl Jlo (> g loole cuod 4 olo (] o (Sa 131 o (Jlie (51

b Ol 0B 5 sl slaesls (Bilay 55 (iomen o LS el gl jide (SESL (oeas S0
4o cghm (93959 ol e 4 4 (293 ()l )3 4T 0,63 5b LY G Sl s (laaSid 29y 0 4
5 Ol oL @ 1) 098 (i (9399 (I3 AaBls ity ey Wlgie IS5l nas ASS 03,5 oojls 4SS
G lizee glad )5 > ols jabay Shy e LS o odlaiwl by gd9)9 5l slllos (53l (gl aladls -yl 5]
ot Sl 4SS el Se eSSl gy cnl 5l g WS e I Cueal Jlgte g (slallos slaosly L ke e

¥ o= &- PO .
(Y'V\ 3 &5 9 d)s CCya ¢9;l¢."> c%) A ‘_,’.’Lo) dlibd).w

LSTM i¥ob cioliys iil>
ol Jas )0 Lol il Saoy mdaw o b oladllid (60500 4 DB Wb ()6 Hla 5l iS5l was 4SS
ey oo Gl uxs SV gl Gdo 4y ailS (sla 63959 b Lo yo CleMbl (g5lwopudd )3 aSils (pl &S S oo
Basls iy gyl 5 EY R & oty 5 mil) 555 S8 )bB 2 pme 3 s Wy oloj > s ) g
L Sl (susio S o sl doso Ul wiles aSuls (ST o oS | il 0aiiS cuus §1 gy (psenils
Silore S LSTM jlaidla by SYob caeolisS dladls S ol |y 05 o i aiddS 10 oS5 b Cuwl (018 o2

1. Goodfellow, Bengio & Courville
2. Limsombunchai, Gan & Lee

3. Bishop

4. Yu, Jiao, Xin, Wang & Wang

5. Hansson & Rostami



£ b)w o 2,9 ALY &‘;’Lo U&.jbd' oo

ods b o] i a5t 4 Cond SleMbl 4y awyiwd 9 (5lwopdd clp a5 cunl S 5L as S
(YN < gil3) ol

oy 3 wliig y
Ol QYL 4 (S Caosd sty ) e (62,509 D) pogdle Wl e 3 )8 Limgly LB > Siagg
ldllas jlodlil (gly oizmen 105] Cmddsy (Sme 5L 1 (slaslingdly 13 31 b aiS (ool S8k
2 odlaiwl 3y50 (glodly G g 0yl buog Cuble waliie (slad 1uis g ladolliad 5 allis jg50 9 (slaibuls
Gl oS ol s b Jae (g5lwosly

5 Olej dn dly piie S lysdn (e Caid i sl 0l plsl Cllllas )3 (IS g0
052 el 0a 8 as8)S L ey Sloj Sy e Sln el laliue plgisa (155U (s3latdl gla )9S
Obej diwgn (Solad wuld 4 bgye sbaisu w5 3)b (Jad (95 Slapisn ob dliws (ol (e & )90

LS oo Sloj o (e SBUSg) (5ilwodly dxis |y ol &5

s Caosd it 512 LSTM ko

slwoilyys Bayb jl e lad dadls Lais (gl o5 ol PBLSTM Sl S (Jgame (S Jh (oas 8508 S,
bl slaplS )3 (639)5 Allid 5 (ot (SS9 LSTM sl ST (63908 jobods S (6 35 o 048 (20
Gaedily sl Sunly 455 4l o 08 Jie Vs puue (b 1) GledMbl oyl Gl o (Solwdy cad aswis
VY 55 5 g5 e0) 455 on L 5 by |y Jlosl

A4

rd I-\
A Ledet]l | A
N Bg. Vi

Vector
Transfer

Concatenate Copy

LSTM a8 (5 ylowe -} JSoi5

1. Xiao
2. Chen, Wel & Xu



o Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

Camwdygd SleMbl ide camge 4 3,5 (o plxl (silold )b )l @i 2 )3 LSTM 2,681

oS e |y L e 35 3] 6yt AM] i 45 sl ) LSTM 58 13 s plS 3045 oo
) S g pio e (6)de 45 3,5 n ol AgeSins (g3l b @5 ' ogal b B o ) o3lizl b st oyl
Sgymp Sl Lo ld @l L g pU (e 4 sl )3 53 &5 Canl GlMbT Sloyjgyas ipgd 08 oo sl
S0 L 3959 4500 3 4 ol (A aom s (rgs L pled] cae bodls (3,5 33 g pIS 295 plod
2 398w il Jld @l b oS Cusl (293 jluie (3)5° pasiidie )l pIS 3y o0 Pl WSgeSiw silu L8

= g Y .
(Ve cspmel g )ln) 3,5 0 Pl (293 45wy

fr=o0 (Wf [h;_l] + bf> Forget gate ()
t

C = tanh (We [h;_l] + bc> New Informations
t

=0 (Wi [h;_l] + bl-) Input gate

t
C=fOC1+i;OC
0;=o0 (Wi [h;_l] + bo) Output Gate

t
h’t = Ot . tanh (Ct)
P LSTM Soly y b g diiwd oas 4805 SO lidgd w0l )5 gladon )d 51 S§ o oS cal S5 LS

o ol ) @Sid Jl ool (293 S o ph8l o )6l ] 4 uate Mols’ ras b e Jols I Jos

P9 e dnela b Bons SOMMEX b g 3)ly " Juate SIS g &Y

stacked-LSTM s yloxo
ol Stacked-LSTM L)l oy y53,0)LS 0 5l (o cawl aidl dnwgs  595UgS luS )5 g lap,d ;5 LSTM aSis
(Y7 ‘Adl)m 9 ) dou 00 Sbul LSTM  Jgexe (slaaSis &Y Y adodes jl (gyloxe 0y
sdaliin 4 jo b len .Cowload ailiS Liole 4 4Yed ses L Stacked-LSTM Juo SO Y S5 )
2 455 oo ol Jolize o o5 5 13 5wl &Y ola &Y (g5 i 5V Sa (395 d9ie
;

1. Forget Gate

2. Input Gat

3. Output Gate

4. Fully Connected

5. Rabbyaet al.

6. Karevan & Suykens



4 D)lows o 2,9 &Y ‘Jlﬁ uliabé oy

C19-re f.\_S)b pus: 1) 4.;[.?» dl_ﬁ).uu.p L L;.’.L"’LSJS)S )'| oslwl e b8 LSTM dl_m@ cOﬂl » O”él
daS s ol o S e eolaiwl Bua mb o i (lp Al b Sl a5 6 st Jloj (sla gy
9 )LslS) cewlaodly 3,8 ' g5l 0955 g (63959 E95 ;0 badd a )] Cglas 4 34 o S o piesi> LSTM

Y Zz
(VoYY @ plagS s

stacked-LSTM S (sS'gly 45 Sledbl ol o .Y JS5

0395 39 w2 3390 oSS
dbre gy 250 (5135 ol ol 850 bawgi (3blio (Se (slacad (:Sile M ()05 b
Sedsime (slianj gy yie S Jigyd g A > Cuagd lawgie o5 sl Gjgo (l 4 (105 48 S a3l
Dyden Lasl anle (id 5 (Juad ©)g0 93 4 olies S8 VY bl (S5 (Sl

9 Y LYY Jlow jlojl 90 50 e (ol dalo yid g (Jad slaodld £43 50 o (igh cpl o
Cpioads ol 00 odlizil ol ol 150 5l Gleas YIS cloy (a3 ls slaosls JUST 0 VFee B AYAA e
odd <l ol (635 0 b gl 1Ml g )l cund g (Sl o (bl Sloj (glag w4 bgiye polie

ol

R sadl

Solad! saidl
Jde Ve dad )0 aS (glaigSay fuwl 0399 A g Ar (glaard I iaS jluus Vo dad )d S Cuadd adls Slyuss &

Gl ol ol VY L;).m Old Same Cuond ko ¢ Jlo Vo yp 50 e dad g3 40 g and gl plp ¥ e ls

1. Reshape
2. Katiyar & Borgohain



o1 A Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

Jlw 0 1) e (isu 50 Cuosd S )i i (o9 Cawl 03l8] BT VYYA Jlo 0 Sie Cuoud i (eSS
u)@ Q_JM».Q(\M) 451)] 9 u.iu.}.a) u;u.:‘)ﬁl )l Res, 9\\”/\5’ JL» Jo cu,i.m.o p«w& S))J w&} a0 g 'W‘ﬁ‘a')?f Jals YWWAY
8y90 L lojp 45 pudgm ol VWA Jluw 3 1) Codd dgmo (oo )loa (peizmen .l oaldl slasl iy opl )
Jl_w 0 us;m Coud LSJ‘—“")')\” )1 O dgro 3)9.) L)JPT ] u‘)" ‘_,’.Lo Jy L)"))‘ u@lf 9 u’.wh.w A_JY9>U
Ao Oy ah ialS Coge a8 wsb ansly polkae 1y sl atuslen ail e selyd (choyd A e o6 Dgng b
O Sl Bblie 1 Gluasd 5 Sa o slapled bl (o938 i) ygods oSams Jlik 3 o il 5 00 p3 e
3 obomen (Soas s alplo I o sladsl s (inls 539 b a8 39 oo odnliie pistod .ol 4Bl gy
g Sloa s g YIS slpy bl s (4o A0/0F) (oYU jlows (Siuspd &5 slasSas fcul 039 ]38l s
Ay ) (ed Ol o) Je o WP UIVAY o Jlo Aol o (Soas pdaw .l odd j)85 o jasls
2 dlaidl M ola psio 0 wad Slpss Lol LY 51 (S5 Gle o S Conl aiiily (g pReuia Ady b jad L
s ol SlacS35 51 o o8 5,8 Pl oJgicsn o8 St s 3090 o J o35 | an sla Lo
g0 el 5l yen (eolaidl (M sla sl ple g (Se (a3 ld pdaw > (e b8l o 5] ea YTV

M 555 pasls lee (Soascs Loy dlady o Sloa o il (o S5 &) 2259 b a4 A3
Dy s L;).o; D5k 9oy el BB 205k AFe e 9 WA gl Jlo (sliwl 4y o5 (glaigSay s Hl,8

4SS (gyobd foiwl 0dgy S YL an Blaie j5 And pl )0 (B0gw (i ¢yl 9 Mb asll
S o pilo S 3 |y pesie o 4 bgrye logadls coolail (NS (sl ygS b (o) Jloal doxs lgicas
At YU s (Siaspd plie b psiio dod jd o33l a3 Koy 259 ) do g b abdy 0,8 4o lg5 0
o L s (S 0 Slosi 5 YISl pasls ool sy BB I godgn ol e b
il Sk 1) 5 il daly 42 py5 5 I Sl b g Mg en 45 )1 (Sups

(Nl pze g Glods o YIS glog aslls Yo Mb yuxie ¥ L o050 Sine Cosd (1Klee (23l puioron
Staon) Y3 Caa (1233 WU (St ) Mo Cam i e (licsn 35 (3 5 25 (s St (St
Ly (Ao )0 AVIPA (Siison) (Sodd jlade 5 (1oyd WAVY  Suwpn) Sless o VI gloy o lis 1oy AA/VA

355 o3lil (s Cund sty opiinriz o (6 ST (slyr Jin slopite lgises



4 D)lows o 2,9 &Y c‘_;"ue ul.@,saé’ otA

VEo o BIVYY Jlo 51 5Summo Caod 31 5350 (530l WS (glb paiio Simutod (ot silo ) Joois

M_LIQ OIL_REV INCOME usD GOLD CPI HPI

av/EA a./24 a¥/\yY AA/YA aa/vA AA/YY Voo HPI

a/of ay/A AY/Ad Av/IAS as/ay Voo AA/YY CPI
as/y AIAY aV/oF aa/vy Voo sy RRVAVA GOLD

av/e¥ A/¥FA av/ay Voo aa/vy Av/IAF AAYA usb

AAYY av/vy Voo ay/ay ayV/of aY/AD a¥/\y INCOME

a¥/.s Voo av/vy AV/¥A ANAY ayv/A q./5 OIL_REV
Voo a¥/.# AAYY av/sy az/y aa/os aY/eA M_LIQ

UI)Jl ‘_5);)4 g{)l) 9 )LQT )g),c dl.mb.)‘.) L: ML’?LO é«.m

o 53k 05y sl
(0 axi0 S (g00313) () s (¥Swno Caoud it iy 51y Stacked-LSTM 4 .Y
had &0t Cusliyd 53 (6350 SOL pizmad g lul el 50 ()bl Gloj (s slmodly SaSay Al yo ]
Wl 0del Cawddy Saune Cuosd (gly anlo i
Wer Jlw LBAYM Jlw 5leplitd o (G5 mmo dly @peyio po Cand (5650ke Jols (gl conls @
N P S P
Ve JLo B ATYY JL 5l el rtd b sSme 15y qopopin o Consd (0o Jols o sy @
el Sy olo by g0,
(VF+- L IYAY) 3T Jlw dw caadd jd lilo o g Lad igs b dasMo Canlind g3 o )3 a8 4565 )]
S5 odgdme U1y bjgel (clmodls Sl do B¢ b0l (claodls 13,8 mumds ;> D oot 4 Sl 03l] 5las]
s WU A o JLu claodls j1VFe s LAYAA claoaly (gl Jlio jobds (030,800 S 398 w4
VBTV ooy (gl eoppiomon 1 plonl dgsline ol oVl €85 b g oolizl V¥ oo Jlo clacuosd i she
A ool VY e Sawie ¢l QA LYY glaodls
a g b omen 509 U5 S g o Bil )3 (giled Ikl 4 dpodls Biluil 4 LSTM (39 (ol iy
2 B> Gl gl g oals i yaiil g (g3loil plgieds LSTM Jao 4y (63955 8] (sl 5 Sloj (slocs o conlo
adam jluaies L gepoch Y.+ g batch Size 32 L .ai Jao 3)lg U Y &ygods bl o o ol oulas



oy« Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

(ology anlg) Y€+ v Jlw ol fSuume (3o (st vt 9 (28lg (SRCuowE duny o I JSUS

Al bl 3550 5 dnle ¥ I b celmodls sauia

(ologi 3Te) VE++ Jho 3l o5 (sSumo (Sl mi sl 9 (o2l (S Ceond duung o £ S
Oyl el 3550 5l anle & Jlgi b claodls sxue
L5 s 2h e ( Juad Canld (slp 0o )3 AFIVE 5 dale £ cunld (gl ao ) AY/FY o i Cdd

asln ) das Sl 5 Coagd i iyt 0ot Consd 4md Ky 1 i oleMlbl Lais 5 LSTM

(0 patiosiay (gW0313) ()l R (ySwmmo Caond (3Rl st iy (5152 LSTM 850 .Y
Slej sy 03> Jio ol Cwlnd 95 oo o3litul 0 puxie Ain (639)9 L StaCked-LSTM a5l Jae opl )

5| yxio dw ol polde &S .ol VFe e BAYYY Jlo jl dale (ius & )ygody (dimly jusie dw) )l Cuasd 1ko



£ b)w o 2,9 ALY &‘;’Lo U&.jbd' ov)

1 Bl o it (] (S 9 (S w2 51 i 3383 (2315 (sl ol 05 5kl (63950 SO (sla 35
Oy b b cand dw Job )3 09 o dlaxMe 0 IS5 )3 &S 5k plen 38 sdnlidie (g5 oo lagel 4 5
Loyl dan 53 p)y95 sboml el g3 (o3l 0y b (S8 Gizmen Cuwl 03,8 48 Sue il & Cond (St
052 2la)lib as cowl Jb jo cplicanl ol ply VWY dad dw Job 0 (Soad poe &S (gysbdy il 00

Slasls Jw:)) (flfﬂ?\/aﬁ/\&) ).3]).3 Vooo dgl> )51»34109 u&.‘m

1200

1000

600

200

o
1372 1374 1376 1378 1380 1382 1384 1386 1388 1390 1392 13%4 13%6 1398 1400
ol A indh g — ]

i (s — pid Sl s s St 5 TS gy bt — ) (et i (e

oS 5150 (e3laiBl (MS s ad bl Sl (g pw 0 SO
(anleT sWro,95)) dus solwes — VFVY @by Jlw

2 s e ol 008l 3l A1l dw polie ,d cnad ins 30 bl ol dgpuie a5 jgb ol
Laodls | g w20, 03503 59 Lian Sudp B 1y bgel (slmodly Sl s b o bjge] (claodly 13,8 s
u|9_._cd._’ )l.)).g k_§; Cygods ) L;LD:D.)‘D ;JL.A Lﬁ‘)" 2Dy 0 AARE JL» SR ‘5').5 WA G YYY LSLQJL»

LA d.iwu .))]3 633)9

'_and_X1 gold_X2 USD_X3 liquidity_X4 cpi_X5

| 12,409 180 4,128,055,000 1.493

| 15,400 224 4,813,500,000 1.814

) 21,900 267 5,498,945,000 2.135

| 28,400 337 6,184,390,000 2.456
Price Gole CPI Price Gold Liquidity CPl Price Gold usp Liquidity cPl
Yand X1 x2 X5 Y and_X1 X2 X4 X5 Y and_X1 x2 X3 X4 X5
36,300 124 00 1493 39,200 15,400 4,813,500,000 1.814

t,

stacked-LSTM o 41 3959 S 8 patio e (52031 JSUS pnts T IS



ovy Ol 5 (6L /LSTM Egman (pigd nid 15! 31 03] b (\Sino Ceond oty

aS 3)lg S5 g a0 83k (gjlwd Il b dodly 53l 4 LSTM gy (olus Judods 568 (glaodls all

5> b bl Stacked 4Y £ el o adam jluaigs Lepoch Y-« j5 4 V& lade batch size b .uloss

D)8 St 295 ol CEL LY Jlo o Jae g 00 ol cunld

(Ologi Cognluo 9219) Y€+ + Yl ()l 25 (PSuamo (385l0 (i yint 9 (2Bly Crod duany o .Y JSUd
el Ll 5550 5 35 50 Sl VLo cloodls :asie

Sk o 1

02l g e el (ol (slmodls g o300 (sloodly degazro 93 4 laedls coyile (453 (sl o
Bly (slwodly jladie a s> dx b Jae g ke &S 3510 00 g990 cul 4 b Jae ol (o lizsl ¢ ol
\(MAPE) Lt sllas, a8 ao )y u5Silie danyline oy yias 5 (SO el v cdulos] (slaodly dcgammo ;3 3¢90
|y i a8 duolie Sl cgpuw 0 a5 canl wlide 4 )] gsanly (asli cpl 5l eslil o je
S5S a il il sla o (sl

n
MAPE = 100% <Z |Pp1”ediction - Pactual ) (Y a]a)‘)
n

P actual

i=1

Gl 0ads a5 5 Jgdo ;0 dllis (pl 43 0ad (g5lwosly sla Jio slad polie duslio

AR5 5 oyl slol 35 pe (srdls b ouwd (g5lw a3l s Juo s amglie Y Joun

stacked-L STM stacked-L STM stacked-L STM
8 putilo S 8 i S 8 o S
anle & g b glaoals W@l & Jlg b gbeodls Wl ¥V Jlg b gbeodls o> £g5
Jop ¥/eY do > FI0A Jo > VYF MAPE ¢lls

1. Mean Absolute Percentage Error



4 D)lows o 2,9 &Y ‘Jlﬁ uli.:bé’ ovy

Ogzed adlia (il 5 oad S5 imgh dindin b lasje (slaodly (139381 b g5 o0 dlanMe &S jobo len
ks ols; w Cuond Cuildyy Alols 2535 b g dnle & g b sla o dunlio jo aSSla by (iol38] wauwsce

S 5 A
odizl ) Cad (s sl oSems Ceadd Sloj (6w silworly ly cuslio Jao (Bl imgly S ol Ban
wolbas Jho gty LSTM a8 50 bl LIS ol (el cambio )il Lody L1iS5h e (sldSicds 595
Jols oYL 5 b Sue Ceosd i ol o] dad 5> cglie o3l dcgasre dw (gjlwodly I L g o]
sleadls aleMbl il sl o b as 2 Stacked-LSTM o psiiodis Jio 4 Gleite i (o ke A
35 €83 93,8 a8l o ey 4 Mo g )l Jro (s5lse slaylil slapadls § (Sad g p)95 (gores csolad]
Ao 53,8 Dyle U Sie Cuaud e gl DS 9 4SS LB Jao S5 bl o dlds cpl (60,8 cuonl il
ObIS ko b 5 LSSL (BuiS g g g casl Jlil ol pledicd dan (sl (e ik (olsl (sl 3>

W9 ooy 393 (Sl Jidod sl Jae cul ) il e

il pj b 4 plgl sbadleiidn

e Jolys L5 3505 n slaitr ) ) amlaosls oS o st o) sla i o (i Syin )
S5 poe 5l b el bauyed laglojl 03y (slaolSely STl ol o5 slaosls cuils
g oMl Jdo i (610 D9 sl (bjel (claodls

(s 3bLie 06Nk 0l 50 (50ke sl (oliad Al 3ble 3 Cad (b Cylil w dxg b Y
ceel Gabay (Jie layio b pl ols py8 o a5 098 Jao 3)ls Ly d (slaslys slaodly KaSTL
b el gl €83 5 wlyeSl 2L Gl

VLI L (st o c3uos adSid (s pllas] Cas 4 bl fowl ond odly ol s (glp Joo cpl ¥
S o 3 LS 5 ol Jue ], ol )9S Gl glajed (aba8LS] b o e dyae (S 08
Sy ol S adedos )3 90,8 s

&b
b e Casls ol (dSu il awyp g el 3 Jo2 (6yldbe a,las o903l (VWAY) domes (oMol Ui o Me  JSss oMl
SYO-Y-0 ‘(Yﬂ) A ‘JJLAB/d.owajX .E)lf dLbJJ.A )l odlaw!

Ol @3y SSb eyl oolatd] gloyusio g o yasls (choyod (sl (5,155 (V= VYY) ) (635 00 SO



ove Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

FAF-PAL (¥) V4 ¢ o cliir. MSVAR-EGARCH us ;|

sloing iy Syl L s (ol slatdl ) (Suass ad) g pye8 dlaily (WWAY) 55 ¢ poudizns §)hduo dows ¢ g
BN (F) A ofylol dams? 5 i) (ol

0009 Pl Ceod g (St 0 (Sohae Ghoh 2 (e S Je &)1 gy (W) Lojtnes el e 5y

Sy B9Slo g 3l odlil byl pl slaidl 13 (o) 5yl 5 BIKS BI pwy 0 (WYAF) i (03 f6ao ¢

IENA (V)Y cdrog g (g pdoliy doliliad

o3lejledgd was - (651 iS5 Jde o (Glhuslie wyy (IYAY) dudye 0yly) (U ¢ ep ] Olasd ¢ o
FOA-YYQ (V) VY ( Jo cliizg Mo S ST clasls)l 3 88l coosd i 50 (b3 o g

YWY (V) BY (oolats] colidog Sl Jg odty o olpl 53 py95 LTLOWWAY) de] o S5 ¢ ppnes 5 wlis

5 BMN) 0555,,S5 _asb (i oL dagliio (V¥RA) L, ol ( Sl (5o yp8 Lhsm e IS codlol 215 colsgus
-Y;Y_Y‘\:A ‘(\“) Y\ cg/[d Qlﬂ.‘.ﬂ}c}; 2 ‘.O‘)..Qf‘ ).Q(\;: ')s»wh )])’l{ ).) ()l:».)_ wf‘.g

dolil ab. i3 pe g 85 (glayeutS 1D Shwe Cuasd g p (S0 Sl oy p (WWAY) oyl o JoeMo ¢S e ol LB

ol Sl S e il Sl g (oolaid] clo msls cloyod (glo 5,055 (Ve = VYYY) o)yl Sl Sy

iladio  —ale dolid 28 .l 05 b 3D Scmo Cogd y 5o Jolge oo L(WWAF) o (1090 £y yuo ¢ Somgo
AYV=V-Y (X)) Qg galeatd]

References

Abbasingad, H. & Teshkini, A. (2005). Isinflation a monetary phenomenon in Iran? Journal of
Economic Research, 39(4), 181-212. (in Persian)

Bishop, C.M. (2006). Pattern recognition and Machine Learning. Springer Press, 225-290.

Central Bank of Iran (1993-2022). Nationa Economic Indices Periodic Survies. Official
Publications of CBI. (in Persian)

Chen, X., Wei L. & Xu, J. (2017). House price prediction using LSTM. The Computing
Research Repository (CoRR-2017).

Edlami Bidgoli, G. & Bagjalan, S. (2008). Test of the quantity theory of money in Iran and
examination of the effectiveness of price stabilizing policy with GARCH models.
Economics Research, 8(29), 205-225. (in Persian)



£ 0,lowd Y0 0,90 VLY ( Jbo Olidog oYo

Eyvazloo, R., Edlamibidgoli, S. & Khorsandi, A. (2019). Comparing repeated sales indices
(BMN and Case-Shiller) in real estate markets in city of Tehran. Financial Research
Journal, 21(3), 348-363. (in Persian)

Gholizade, A.A. & Mollavali, T. (2012). The effects of liquidity on housing price fluctuationsin
oil-producing countries vs. other countries. Quarterly journal of economic research and
policies, 20 (63), 83-104. (in Persian)

Goldberg, K. P. & Knetter, M. M. (1997). Goods prices and exchange rates: what have we
learned? Journal of Economic Literature, 35(3), 1243-1272.

Goodfellow, I., Bengio, Y. & Courville, A. (2016). Deep Learning. MIT Press.

Hansson, F. & Rostami J. (2019). Time series forecasting of house prices. an evaluation of a
support vector machine and a recurrent neural network with LSTM cells. Uppsaa
University Thesis. May 2019.

Heidari, M. & Amiri, H. (2022). Inspecting the Predictive Power of Artificial Intelligence
Models in Predicting the Stock Price Trend in Tehran Stock Exchange. Financial
Research Journal, 24(4), 602-623. (in Persian)

Hosseini, S. S. & Mohtashami, T. (2008). The relations of money growth and inflation in Iran
economy; interruption or satiable? Quarterly Journal of Economic Research, 8(3), 21-42.
(in Persian)

Jahangiri, Kh. & Hoseini Ebrahimabad, S.A. (2022). The Study of Monetary Policy, Exchange
Rate and Gold Effects on the Stock Market in Iran Using MS-VAR-EGARCH Model.
Financial Research Journal, 19(3), 389-414. (in Persian)

Karevan, Z., Johan A.K. & Suykens, J. (2019). Transductive LSTM for time-series prediction:
an application to weather forecasting. The official journal of the International Neural
Network Society, 125(7567).

Katiyar, S. & Borgohain, S. (2021). Image captioning using Deep stacked L STMs, contextual
word embeddings and data augmentation. National Institute of Technology, India
(Preprint submitted to ArXiv on Feb 2021).

Limsombunchai, V., Gan Ch. & Lee, M. (2004). House price prediction: Hedonic price model
vs. ANN. American Journal of Applied Sciences, 1 (3), 193-201.

Mousavi, M. & Doroodian, H. (2016). The determinants of housing prices in Tehran. Quarterly
Journal of Economical Modeling, 9(31), 103-127. (in Persian)

Rabbya, F., Tua, Y., Hossena, |I., Leg, |., Maidaa, A. S. & Hei, X. (2021). Stacked LSTM based
deep recurrent neural network with Kalman smoothing for blood glucose prediction. The
University of Louisiana at Lafayette, Lafayatte & University of Pennsylvania,
Philadelphia, USA (Preprint submitted to ArXiv on Jan 2021).

Shams, Sh. & Ngji Zavareh, M. (2015). Comparison Between the Hybrid Model of Genetic
Fuzzy and Self - Organizing Systems and Linear Model to Predict the Price of Gold Coin
Futures Contracts. Financial Research Journal, 24(4), 602-623. (in Persian)



ov1 Olso2 5 (63U /LSTM Soman (pigh ai 155! 31 03lkwl U (e Cuond g vt

Tsatsaronis, K. & Zhu. H. (2004). What drives housing price dynamics: cross-country
evidence. Bank for International Settlements (BIS) Quarterly Review, 65-78.

Statistical Center of Iran (1993-2022). Economic Indices and Households Income and
Expenditure Periodic Survies. Official Publications of SCI. (in Persian)

Xiao, F. (2020). Time series forecasting with stacked Long Short-Term Memory networks.
Presented for Toronto Transit Commission Nov 2020.

Yu, L., Jiao, C., Xin, H., Wang, Y. & Wang, K. (2018). Prediction on housing price based on
Deep Learning. International Journal of Computer and Information Engineering, 12(2),
90-99.

Zhang, H. Li, L. Hui, E. Ch. Li, V. (2016). Comparisons of the relations between housing prices
and the macroeconomy in China's first. second- and third-tier cities. Habitat
International. 57, 24-42.

Zobeiri, H. & Nademi, Y. (2015). Exchange rate gap effect on unemployment rate in Iran using
Markov-switching model. The Quarterly Journal of Planning and Budgeting, 20 (1), 109-
136. (in Persian)



