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1~ Impuls Waves
2 - Correction Waves
3 - Volna, Kotyrba, Kominkova et al
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! - Event Detection
2 -Time Series
3 - Atsalakis, Dimitrakakis & Zopounidis
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2_ Self-Affinity

Sl slaidl 4 oliliad
VY e /55 ol / VA By




WY o Sy oty S 2682 5 2690 (1l b Gros (60L Jo (shuglio oy | ofylSan 5 p3b Sgauns

SN3ged 50 392 ga olacl (¥ JS2) 3,5 onalie zge; 1 )3 1) (s in 9 b laJUS13 Glgi oo « gl sl
o0 99 S okl jloged JS (Jlie (laie 4 aims so lis Dglatie gatels G o (b jleds plKia 1) zlgwl Slows
Yol Son (Ml oo 5 290 0 51093 S gt goe ol (2ol 290 9 5000 g9 Dlie b S
St o 5 e & 5 L] 4 el ol iS85 g 52, VY 51095 528 50ty ge O ool o oSt g
o 4 5 bl oS Sl oud LS5 g, W5 S0 (ol g0 rizmes s 5 Sz 290 AR ]

YooV Gz g el ) Wloads TS 55 g0 B0 4 0jisn cood )

(0834 (ol yd 3 12 1) @oadl Zlgol sl goSI JUST,3 s Lo —F JSCi
M’ Lg% ‘_ngs\.';éli Haev

gl Zlgol glogSI —¥-Y-¥
978 SlagSl09d oo el (Sl Slagkl 5 558 lagSl ol (S (sas 50 4 Dol £lsal (slagS]
Sagge wBboe ol dig) Cu D e Vg Lol by, Cuz 0 goe T a5 Conl (250 0 L5101
b S o0 S ol gy a0 gt @8Nl S Bl o aS wiie (2 ge Tty 5 A 5 S
03 S Mol g 098 o ol Foied ;08 Koo goe Vo Cond oo ¥ 0l 51 (S0 Lo gl gl Joo
Elsil (sl 05 g0 00 7S T 3530 Elgal 51 Sy plaS AS a2 55y SlagSIl ubid o 00,5 e

el o o0l i3 ¥ S 3o iy o2l sl 5yt slogSIl sl silieo

P1 o0 s SO T Pa: eé).'.'.u.f 4w oo Ps: na):.....i’ T2 T

AT csgall) gl a0l 3 piions oI T S
Seiagh slaail jxie

Sl slaidl 4 oliliad




e 5 ol Sgune | By e Cae 264 5 2Usd Audib b e (5 p50h Jdo lhaslie wyy [ IVE

97y (o5 A sogre gy st il g iy GlagSIl (AT 5 RSSO a5 el S pY
ool 5| Josszmy (Mol Slaglll w9ioe smiter Jo3 Ll @5l <S> 00 Sle a0l
sl Jals ol 53 g5 4 ol Dol (slogSl i)ls,55 5 55 (5 ks £5 5| 5 A2id 50
a5, gl g0 ,o mave 3 S5 logSl aril o Tedie GlagSl § Tmbans slagsS L ST
Toe el 5 ©)u8 ) has slagSll g ST slagSl o gl aan C 9 b @ slo oo Jold (2ge
3as &Sl (Mol Gla gl Ob l cawal Pl aisS cwl ol ool las B SIS o gty ) s ee
S R ile a0l S92y ogre A (Js3 5l Wy, st sl eIl (pl anas 5 oS USS
Pl s (ol Glagsll jasts ol Salelee glp nlply Ssbice i @ogre Lol o5y

OF iy g ooblllae BUlloce (6354l8) 30,5 cuslio (slodgm oS g (s0g20 slansy, slal ;o

Pri b ST3855 Pa: o0y S350 5 P3: adli 13555 Py onb phae
Psi pilic zgo b b Pepilibzasly Priailfes adl mhuse Psip il prbus
Py nili plisoli prlaue Protes youd gl Pi1il San elie P12l Flg el

(AT A «gdl) gl lgel oMol GbasSIl —F S

M/ Lg% L;meb Haev

1 _ Zigzag
2 _ Flat
3 _ Triangle

Sl slaidl 4 oliliad
VY e /55 ol / VA By




YO [ o B9y i Car (oUdn g b caaibs b gres (6550L Jto (cluslio awyp | ohlKen g p3b dgane

'Gaos SO -Y-Y
a4 aS Conl Gledbl gsls A pais Jold a5 col egtas rac oaSl Sl GlaeS Baes (S 0b
Joe 4y s Gres (6,500 slopin 651 o e et a0 oo |y aoslo b alBan o s o Ulgs o ;6!
&S0l g sl ol 51 a5 abl g pl (slacs0sg 5l cnlin sl 55,5055 il prae (a5 (T
S50k 5l a8 mae saSd Jile a4 (VA T e g L Sl ,SYLS (il o) oS’ oo ooliial Jow
).m)osouJﬁS.&qu_xz.?)'HSwHANNr) Ean gmac 4D 5| pols g43 WS oo oolain] Baos
5 5l 3,08 Geas o5 laaSis 5l gy 0,8ee S5 4 45 (g eb as anils glite o8] LiE 4V
sl 0a 00ls (i O S 10 le Y 90 Juli Baes (crae aSd SO 5l slaiges (Y VA Fglisls)

Input layer
Hidden layer

Ol su¥ 90 L Gros (omac gaSd -0 S
(Y’\‘\ gbgl)&a.b 9 C)lf nLu; ch)lf])

&l e slo Y olaws Gl Jgane cvae GloaSd b aslio )0 Gros rae aaSd Ko o )le &
G50 SSiSs onys I ely ol ) atien (el S (Bel slabs, eizmen § Sglite (g3lullad
o Slag o 5 HRe Jelod LS qolid ugeai ol atile alide pole jl glod i (g059> 50 Gres

VNN e 5 SSL «slgls e 3500) 99 oaliiul

! - Deep Learning

2 - Hiransha, Gopalakrishnan, Krishna et al
8 - Artificial Neural Networks

4 - Sezer & Ozbayoglu

5 - Aggarwal, Gupta, Garg et al

5 - Dixit, Tiwari, Pathak et al

Sl slaidl 4 oliliad




e g ol Sguns | By miie S 2N 5 2Usd sandib b Bres 6550L o (clhuglio yy [ 1T

Guwos G50l g ‘)5.“23 s oold -Y-¥-)
oz )] g &8ly 50 050 o ooliinl Baas (5,50l piuw Jawgi 4 Gl (losls [LSlu jeus
Sl Tgsae gl T 1ol ol oo ail (gam i a5 alKin 0,0 oo 455 095,01 00lo 45 G polic
"o yile a1 o Blgicee a8l (samgd 4 Gloj 9 el Tl sl T ol Hlgies 22l (sanSy (339
sl b g Sl ool £ SS 0p o0 a8 j5uts Gl 4l gomgs I Gl aziliz Ll ol

A2 o lis 1) eols gl il

[ 5] 4198
(11) [513[7] [L5]
16 3 5
Row Vector Column Vector
SCALAR (shape 1x3) (shape 3x1) MATRIX

TENSOR

00l s Lol plw b joud jLS L gamslio -7 S
(V18 Plaals g pla (295)

Blos o Gl sl Gomaiz L3l S o5 Goos T3k 50 j5ed losls LSl 6,50 a4 L
slal Goos 6550k o Sl Gras xS0k 65,0 idoly L il ok ol gadsl sleesls slal oS
4 polal (gumdns jeud laic 4 gloj (g glrosls S ol 4551 adsl sloools 4y axgi L by guts

(VN7 9ali 5 )l (5255) g co iy o8 c(gingy jomdd Oy 4 g 5 (som)lez jomadd (lsie

G0 65250k Jiluwo glgil -Y-Y-Y

blass Jo sl Lol Gl o 10 0 oo oolitinl jguis (slosls LSl 5| aae (5 S0l by, 4l 4 a2 g5 L
S Slegoge nipte galex 1285 S 4 i ol plil 4 08 estas e lais, ple &S
(o VE Tz 5 K59 50 le 005 o ol Goae (65e50k (29, damsgs 0390l

! - Tensor Data

2 - Scalar

3 - Vector

4 - Matrix

5 - Cohen, Sharir, & Shashua
6~ Zhong & Cheriet

Sl slaidl 4 oliliad
VY e /55 ol / VA By




YWY | Sy moie Caa BN 5 2Usd i b Bres (550l Jho lawslie oy | ohKon 5 pb dgane

ot 6ok L 45 55 e 1 Slogige ] i ool sl 51 (5 et it ! szt ()
2 S s el

Ly a5 0,5 oo )18 dib ol Slegoge alox 5ITUSSS p2 %0 Gazes 53)lse Mallio 4 llis (¥
Sebee ploml Broe 6Tk )
255 (o0 Ll Grae (65:50L by, b i 9 )lge (nl &5 09h o0 Lol

Groe S50k gy b aS 0l sl aib cpl 0 gk cnl Egdge Jlie jb 4 Folyg; panas (F
e b 5 ol

o1 sy —Y-Y-¥

Sl il 5 5 To Il choosi oS ool osimn Gign Sleabls G ne §| (K s s
orteis o IS 10 60 9 (5,55 L 5l o2 alBdS Jlo £ 5l 3F s il glaosls jo aid T S
o pie 5l al JSis (Jyene ol atiiS pan S el oud Jol> (5 slacd i oS
oud Slel Loosls M5 5| (o pae cojg el oo B5l0 s 5 001 uaile (b (S gl Pl
538 sl g W cil 00y0 5 65l aseid saiw) 10 ol e oo g lacis 3 oo ool cel a5 coul
(ot 6550k ol il Lz 6yl ol anils geedad b s3ls M L a5 oS aeiets wyom slaay ks
ooz (ol 00,8 (A oI (ansts anes o 3t Jlo Ve Sd iy iete |y 0T Ol &S
03551 Cawd s 1yl g (6,955 40 (looladl Bed b iy gl atdlAE g0l 13b Fonels by wiile o pe
28,5 5050 ol e w5 et Gl 90 p3e S Oy @ Olgee |y Gees 6050k o
Sl g oS ganail (b (S gl (Al p i Jole pledl b &S (e (o
G50l oo )5 g Loy ylas ganwgs aS 59, o HUaml 1l cws a8l JolSS 6ol il pis
VNN S 5 gy oS15) 5150 (6 ity 3l 5501 mees (5039 » os

CABY R (Gaitay —T-F
reetd sy Jow il a4 pladl sl sl yole ety o B 5 oyl e ool o S Ll )
b 5l 5 o)l imehy aisSaed I el 03503 Bras 65650 s s, 5l oolital b lejis s slsS|

L - Classification

2 - sequence to sequence
3 - Google Translate

4 - Object Detection

5 - Event Detection

8- Zhang, Xu, Lietal

Sl slaidl 4 oliliad
VY e /55 ol / VA By




e 5 ol Sguns | By miie S 2N 5 2Usd sandib b Bres 6,50l i (clhuglio yy [ ITA

2o b oS Gloy sy slagkll pansts (soj9> )3 Slalllas 5l slo)ly Jlxl b 0)ls 3529 (ed90 iz
(YY) 'gisSle 5 Sl Sz silaae 9525 o 8 (o) 2 3590 ool 48,5 plnil o5rm (350 (slaiis,
o lglaczly ply Gasleyw S0 5o udle 650l 0,50, 5l eolawl b 5L (663 Ol poss aseid 4
5 925 s |y ol 5550 B wols a0l |, (ANN) esims a4 Jao o2 s, ol
aS a8l o ol aioges colaiwl csl 00,5 Husd L 66X Slej ax o Ll &Sl aseis gl Jow o)
3955 O3z (sotes (P ladlag; b Dl ool guiple) Canl 00,5 )25 1) o et g ik o5l
5 PL5 olKiz a9 Sl 039 Gloj oo o Jor Saslin ) 50 Sl 9 Ug)S el oI solad]
455 5 (ANN) (egian rae saSed Jos 59 bawgi o3| (arsets Ul (sammlio 4 (V- YY) Tl Sen
3 s sb a4 SNN) oy eas gaSes Jow a5 wisls olis g ozl (SNNB) ol s
i & 053 GERgh 0 (VYY) TllSen 5 (regs g3l gl el Satallss (50505 slagSl asis
Ol 4 5okt seiie B 5 asd Wy, V5 5l sy Cal o Sy Bees 555k b o e b
E5 e sy oal 5 oad me Joa mu ool il i S Beee xS0l Jo slaisag,s
SrSeslail a cimghy 10 d(VoY ) guSliSg) g dubgl ol 0oy plos S50 (i i 4 (3990 S ,d OO B
Sadgh cpl A cdile (6550l g, 3l eolatwl b (65 sla S a4 iiSTy 0 a8 el p Sluls|
S oo yre 6 pF S Sl (o s Sl ool b |, TSl s s a3 Ls lyie b el
oges LSl 4 S oLl Ll esliinl b (pms (a2 ls (st @08 oS 0l ol g
Sz Joe sl 4 pmagn 0 (V0N e 5 1sSines LS g el S plp i 5l Gl
Foan sras glaaSed jlesleial b Sl 1L e o IS0 el plos L )o sl glel slagSl parsets
Bg Joe onl lp a0 FY Coo 25 geatmslid il ol JLasl Gy slaei oSl 650 L
5 Sl Zlgel (6,95 5l ooliiul b 5L sim i 4 pl3l (Yo V) Ladsns) 5 oS ST ons e pueS YL
6385 Joe 5 5 oolittl (g (o Sl plos Ceod LI I maghy cal 5o Sl (658 5
9 Syl S odljjlone aD JHL (im0 390 00,0 O Lo £ L gl (nl o 0ad (e
b Gros 5555k (itee B3 plis G35 S e 8l g o (1 F 1) oS ol
Joe iz glacdls lawss 5 ool denloes Slulus| ol b ol o slows 5L 5551 slaosls asols axwgs g
ol o sl 5l (Sl ol e (e ploss il G5l 28> gy (i 152 LSTM (soloiiy
S b plews 5l ()l &8 > W9,y (g ;5 HLPCT 5 PCTehange jlixe 99 abre 9 Slulua| sla

- Mustafa, Ching-Yang, Makoto et al
2 - Wu, Chenglin, Xiao et al

3 - Spiking Neural Networks

4 - Liu, Tao, Yiuman et al

5 - Obaid & Pukthuanthong

5 - Photo Pssimism

Sl slaidl 4 oliliad
VY e /55 ol / VA By



https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=3269308
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=330093

VWA /e Sy ot S 2682 5 2690 1l b Gros 60k Jdo (ghuglio (s | ofylSan 5 p3b Sgauns

- slene blgs i 3 (N Fe ) Len g Sl e, Blye (s 3 i i el 0gy 138 50 s
gl aiols 13 ) 0590 1) plews Caod  cim i Sz (LSTM) B aile Saeoli oS (salidls> o )68 sla
Joe Gmizmed g o1 (ool Jow a0 G DIOp OUE (s0Y b ol 1o LSTM (5 lome 10 0,Shae 51 L §udios
Ceond sm i jokaie 4055 iagh 0 (VT v) lIKas g soue (Sl L5 ¢ 4y plioests .0 ,lsRNN
Aioges 0olazwl GRU 5 LSTM RNN ol Gras cmac 5450 £45 duw g ARIMA Joo oS 35 5l cppgScan
ol a1 (6 5 el b o plo 4 o 0b5, s ,Las ;)0 ARIMA-GRU Juw a5 a0s oo lis gl
oolaiwl b ol pl oyer el o 45 095 Sidgh 4o «(VF ) o IKes g (6B (ygh (gouiioz (s
B0 Jolis gy dw (65,0 b T cnd 508 et L g (50 Ke) Dgdl sles g oS0l 9o ledll
do,s e Eds l lis Gagh bl aS il e bty Sl ndile g aslacen (1 2S00 5 K ipaoual
S B @ S2egh 50 (OTANLLS 5 (ol o6 Rallsd 05 (65l 5 (9,8 e Slereas sl
25k DawolisS L i g GARCH (soolsils Coxin slo Jow g Baos 6,50k (64 5l oS 5 oo
b S8 (oS 5 sla o oS ol plis Geded b S (e ol 3lsl s JS e sl

Al (S sl Jae 4 cond 5 YL

o3 Jlgw -¥

il 2 Jle 4 (2855l d0o ) (hagh onl i iegh Eaose (o9 iz 4 Az gl L

oateid 5 6 5L Gloy slls Qb sanaids a4 cod oligs sonanl L aes 650k Joe LT -
Sl oler Gogl ot 3 ol SIS plaw ed slalagad ;5 53,5 USE gl glgel JiST,5 slaSl

o9k 9y -F
ool (soF 5 (&S Sl 5l (oS Ol g0 4T e (Bl sl ety (oulit g, ] el 0!
Bebes Cyme 305 (a5 Ghegh Sas Ll Grizes (TR0 (LSea 5938 Ll8) 955 o
Cend sloylogad ;o (iaohy Slaine Dol glsel slasSl (sl aisas 5] maz @ pladl bl ragsy cal 5o
S NVTA Cad Jlaged o gt b Lol (e )0 000,5 (led S0l sl oyse yo JLd slaeS 50 plow
olaar 4 phENVEe e BT gl 1) (0,00 55 ot ol Glysl oyse 3 SBS b 5l akiske
9k 4) 9B (5 pslaez aiged Voo ¥ Laax Glaide (65010 (gl 0 5 0ad 53 slasSIl 5l G ja (sl wige
b5 TP00 5k, coles 5 55250 sl g0 5l ooliul L Izl abgs o (slowiges (Wi #Y oSl o (gl puSileo
OB Saad g )6 Jold 0¥ DMl (s 9 (2SS ot 1 Ceod 4 bgype (a3 loges 5l eolin

1"MACD
2-RSI

Sl slaidl 4 oliliad
VY e/ 55 o/ VA g




Sl ol Jitio ! ST I8l 5 4 (33105 gz g 90,5 sl ¥ingio gl JI3dle 5 5l g )b o 5o
30 pole S8 ,0 VP Cd Jlogad jleads Zl sl sdiged VooV 4y by o Cond-g, (g00lo VO,YAE el
Ol g 53 JBSS sladelos o ailyy) o Bl 3 e @ azgi bl o3g (s ol Glgl e
o9y Sl eslaul 4 Wog ol (Fie ¥ slile casolil sladige .0y0 )T aises 51 SO o (g ISz
Ladigad cror el g cmnls L3l o 513 51 aS T (S5 Gl 09030 2358 ool (sl ) Goes 5550k
oS JoSid (goold dlasl s (s 9 990 ;080 5l gl brdiges oy Job a5 ey . lilad 3929
aSST ladigas Sy (mogs il 0929 Wdiged ey (o) (5 i eled 1 Doglite Sy (saiged 5| iged 12
D 5SS oSl (gl diges slass a5 e cpdy (il 0929 (Slaislge 5 oSl o (gl diges olass Jlai
o S50k 95 5 (Joe Al g 4 Sl gl a5 wl sl o) (S epat 49 S 90
sl g0 )lg |y gl sy g Jsbo b oloosls olgh co joms Lizle jo 1add a5 |12 05l oolo Ggu
K e 03 3l Geee T3k wipesl 4 (6399 Dlgae & LAt ln IS ez ) G diged

ol oad ools Hlas VS o iegh e (6,500

Deep
Learning
Algorithm

Input —» r Output

95 Al Gaes (SOl Jow -V S
)i....mjf ‘_ngd;;_élg. Horew

a5k el Dbl ganail Gres 50k Nl isel salse po Sl (e 5 (S L
Sl ol a5 el ooliiul (g5 so (amalil w93 5l pol Giaghy o (IS
Sl (S 90) a5 31 (e (sl 4 el (sanai b  Qbair sanaib S glair ganailb
(VN s pg0slzmly 5 Ghten) 400 0 (i 1) b (saiainl b alies S, A

1 _ Excel

2 - Multi Classification
3 - Roychowdhury, Sun, Bihis et al

Sl slaidl 4 oliliad
VY e /55 ol / VA By




VEY [ 85y i S 260 5 29 (s b Grae 60k Jdo (Glamglin gy 2 [ S0 g p3b dgmme

s o aies —A JSC
(VY (Lo o Gt «olo (559951 )

Lsé\.&:.]a\()L.:@UA.I.?6..\.;;&,.]96‘)‘01;\.1o)‘ooyjbswkg}i”%ﬁ\a ‘6“""4‘4’9’["0*"“5)"@‘)‘)
a5 o5l 3l 0gzge (ganl VO Gl S diged o qgananb £g5 cpl [0 0 Ol 4y Loy dalys gl
ol VO Julis (Y Giosh sledids dcgame o cpl (o aps askis |y b e gadds b w65

WDgd oo iy yal 1) ygo s g O, 4TV Ly ile yo 4

11 107 107 [0 01
0111010 0
of(o]1]1]0 0
a—(0]10]10f 1 0

() =
y BN O O L B AR 1o
Lol Lol LoJ Lo 1]

Gl 5Ll satws 90 5l (o a ol (255 &5 ganaib 3l e S0 Ole 4 )l Gl laails )
b S olgogan aib o &y o aes o lid |y Sbgs gamasd b alies G A S all asls
(Y’ VY LQl)Lg.o.&b 9 U""'“'Q‘“J ‘UL“" ‘6)9051-?}?.‘)) MJGQ uLA.MJ ‘) r&:;\M))\)U oJ> )iié 64.0.».‘0 9 Y@M | B

! - Binary Classification
2-True
3 - False

Sl slaidl 4 oliliad



https://www.mlglossary.ir/C/classification_model
https://www.mlglossary.ir/C/class

lSan g ol Sguns | By imiie Cae 264 5 B> Audib b Bres 6550k Jto clduglio yp [ VEY

-12  -10 -B ) -4 -2 0 2
$Ugd guisaib -1 i
VY ol g o (oo «s5999l5u1 )

Pn sdib a5 by yo b1 a5 amo aseids Wb o ,65) iges 1 (gl cgamail g45 opl o cadly o .ol
3,0 LTY es yile 52 a8 Gl Lo ile VO Jolis oY) g (slodils acgamme cll> pl ;0 IV .45 L Conen

o=l ELEL[]

Sgell glyel JES18 slasSll jasd CaarGrne 550l Jaa Gl (slanslio (o) 2 JUio @ pol> nghy
Consl Jlgms 0l Fosly 2L JLis 0 Gty cpl e Oyl 4 Eel bz 5 (2Ugs ganails jl ool b
23,5 oo D5l glyel (slagtll (arsets Cazr Bros 5 T0l e Ol S5t el sl (g, et Ll a8
Orke 43,5 dalss Joo ol anaib b Jol Joo 098 oo (Brne Sglite slagan abb b Jow 93 1
Jol Joe s S oo gu abib pliz (B, @ ol jeus JlSle 4 hos 51 RS (53,5 Dbl S

Sl 00l oolo Hlas Ve IS o ieghy

D90 Ry ) Do g

Dee|
Multi Tensor LearnFi)ng
Input  —| Classification Algorithm Output

e goaiib b Guaos g mSol Joo -V JSi
gy sloadl jae

Sl slaidl 4 oliliad




VEY [ 5y oty S 2682 5 2690 (sail b Gros (60L Jo (shuglio (s | ofylSan 5 p3b Sgauns

38 (699,9 Sledlbl Koo Ojlie 4y 068 0 oolatnl HUgs gaaa b gy 5l ieeh pes Joe b o
odd osle (lid VY JSs jo gty pgd Jde 0,8 e (sainaids lgs g, 4 ol jeuss jlisle 4y oS

Bi Deep
inary T Learnin
—p (6ot ensor g
Input Classification Algorith Output

U0 guvalib b Gaos (gm0l Joo -1 S
Syl el e

P 3l o S S ao)o Yo g ao o Ve i ay Sl 5 bjsel slosls Ryl Gaes 550k e o
019 S (8l g ol jo ol colain] Baes (6 S0L bs, Izl 9 1 > RapidMiner 9.9 153l
90,5 oo dumlxa ¥ galal) 5laS 0y 5 eolitul "o Jlae 5l Joe

Accuracy= (TP+TN)/(TP+TN+EP+FN) Coo lre hrsbre J5o,8-Y (galal,
D9 (oo By y25 5 O ye0 o YU (g abal) (o e solaul (sla e
ol 00 0018 ateis " lwyd 4 aS eke” L.'éls 3,lga Slas TP2
el 0 00l aseas " are” s 4 a8 " axe” Laly o lge olass ;TNS
el ons ols s " ie oletsl 4y a5 "o Ladly 5 lge slass FP4
el o0 o3l Lanseas "eoia olonsl 4y a5 ae Ladly 5 lge Slows FFNS

S g (§ S Azl -0

Ny Pt oz 2B g 2l unaib L Gres 65500 Joe laslic ow) gk (ol Soa
Jsl Joe ol gy 5o el Sadl glsel (6555 5 (sie JUSTE slagSl et Giyb 5l plees Ik
Jbe s 9 b ozmins Dog ] 2lgal (slagSll pansis cuz o Glyi g (b pbsiz sanaib b Giegs
05231 9590 gyl lasSl asets gl O olss Tsazme 5 (Hob lss sanainb 65 S0 b Siogh psd

Sy WA oo by glioin (ondinb b (il Geas @S0l Jow a5 col o] 5l Sl mls 0,5 )3

- Accuracy

2. True Positive
3- True Negative
4- False Positive
5- False Negative

Sl slaidl 4 oliliad
VY e /55 ol / VA By




OS5 Sl Bl oyg 5o rol slo 858 plew Cod slaloged )0 Ssdll Elsel (slagSl pantets 4 3390
AT (0 00,0 P Como S ) (3850 (2Ugd ganaib (6550 L (g S8 Jue oS (Jl> 008
sk 4 bsd Ganaib b Grae 150k Joo o5 olo (lis (Aagh @l (nlply wd Dol glgsl slagSl
2 eebls wals Bl gy (St 4 5o 9 Dol el GlagSl pasas Cu VL Iy e JB
Gl o5 Ll 5l asled oo dogi |y (2o (sanailo b Broe (550k Joe (655 IS gy ol epobil (et
bl GBise slaJoe oy O) Gl VL Como g4z 0 b st sle Joe 09> (nl slagiagh Sl
Il (St Sz (rg (e 0355 @90 (gl al I (Y1 F e 5 1550eS LS dLdg) Wk oo
SR by Bres (550l Ay, Sl eoliinl b ol glosl (6595 (tae JUST S slagSl (andeas (ol
b alio o pol> Giagh dawgi ool ail)| oligs anaib » e Joo ayled (Byme oligd gunail
ras SleaSd p (S (Joae) C8F almil ((V017) ol Ken 5 195ieS L)S Wy Loy &5 ciagl
Lol sl oo (5,155 wo 0 #Y e 90 2 j0 Como F 5 oS |z el sl el lei gl )ls (e gian
2 e (o) 28 bl (Y V) Geadiisns 5 eS|t S VLT Lasgi a7 gy b dunnlis 5o
olosls Gl ly s )0 0% oo F 5 lasl hawgi ool (Bixe Jow oS 11> o ls (6 5V lei (555 5 g,
OBl azss 53 5 lnl g Sk 009 LU & azgi b 0o S5kl (faghy 5l el Coss mlis & a2 g5 L
U9 ol (e Jow w00yl I JIGSSS s gle )l (65050 Gk 5l Ced (cn i
slologed yo JuST8 Lslo b slosfl (asets )0 o] 5 (LB QU5 & az 5 L (gl (ol 55 ouds (B yme
Ol 5l il Sges oS 4y p2mie WlgT oo 0l ol Glisl s 50 0l a8 dy sla S50 ple Caord
Olpe (Ol S (G kot bawsgs Wilgi oo Jae (nl Gwizmen 53,5 (LIS ale s sl oy a3 L0
20,5 ol s Slas ooy el 5 0ol a8 TS G dilo s J15L (VLS Lo 5 (o AT abe s sl 3500
o3 Olsl Ol 4 abiniz 5 QU lasanail leslinul b ol Bl (g2 9 Joe cnl (Byme Suls
Loy g5 o sl 0 plonil Bras (6,50l s, 51 ooliil b gl Zlsel (slasSIl arieds o9 45 oS
o397 55 S Sl tagh sl T Wl oo s ol 5o Sl 0l SS 0jgm cnl Slapol (S5
Sl o ldlbl sundinl a9, oSl 5 285 5 aST b Grae 6 53b By, 5l eolianl L oS3 oATdd

03,5 e o5 gty bwsi el s (la e a1l 4 Ldad g 0391 e Jore oy

&l Cow 4
plos Coagd 518, s goladl sl izie J1.OF 1) Wy o Sl 5 K51 w00y ey S ol ol ()
OV L) Y s ojleds VF (50,90 ( Jlo olaidl aslilad jlolys 3ly0l oyon jo ool aid iy slxS )8

doi: 10.30495/fed.2022.1933380.2445.1 + 0-\ Y0 aw \ F+\ oLl
69,55, 1 ke 5 (o5 gy (smilidiphe, (VYA Jole ()31 5 gagosms (Sl i 08 lls (¥
- i ol el eps ls asls

Sl slaidl 4 oliliad
VY e /55 ol / VA By




YE0 [ o B9y i St (oUdn g b (caaids b Gres (6550L Jto cluslio awyp | ohKen g p3b dgane

lod pal; gatesguw (VF+ 1) dlsz g 5 demallive (soblllae  Slllae Lo jaame s (s394l -
9 Seigele laSlugs lgione Jlod 1050 0l @sl o) 50 Slos ol » (e (SIS diloy
AYINY ao VF) ey dOA Bl) ) 6 oyled V5 g 090 o Lo oluatdl aslilad zgs sl
doi: 10.30495/fed.2022.691504

9 (Fyan (sras 45eh oS 5l eslitul b plow (a2l (o Gl (VTA7) 0355 (500> 9 a0 gl9d
Feoojled aoil Jlo oo olatdl aslilad (K55 w58 5 Sgeyls yzie 5,01 1 slo oo
doi: 20.1001.1.25383833.1396.11.40.1.6

6033k (St o Joe (AL (1T slezaese (i g il ol (sae s g
$olgls sl 5 oas 550k ($45d (oS 5 slaJae » WS L) Jolee gl oy JS a5l

doi: .\Ya4 )LQ,J ‘9 g J.Q} o)l.o...:) ‘)L)LQ". dbs‘ Copde g ‘stc (eI aollad .(GARCH
20.1001.1.22519165.1399.11.42.6.7

S ST e o0 ol 60,5 IS5 Julows ar yo (VYA ol (iS5

Slo g (VFr ) Lo) domme (ilin 5 dgamme ) Ceod (pumdesme (Sl hetme g (o)
I8 ke Bl ys o JSGESS Dbl e (Sgim g e IS ey Dloraal 5 (5,3,
doi: YVO-YYO ao IF-- le; (V0 Sbo) ¥ s ojled DV 0)50 ¢ Jlo olazdl aslilad
10.30495/fed.2021.687929

o N9y ot (V) jpaie G Jeelonl 5318 e (6708 «Sb g oriex e i
Y e oo o 4y k5 rad )08 oL g sl Zladl (sleislgs 51 ol b ol plgs
doi: 10.22059/frj.2020.310664.1007072 .\ ¥+ - e

iliel g (2Ll OVF ) (asd e @ g loal (Sl (o) uiye o Bloe (dalS jual iy 2
Ble DokeolisS gakidl o2 )58 0 Sa5)) plows Ceard (Soaim )0 Bros 650l S xlexe

doi: N¥-- 5ol eiie 5 ez oyled lolee Glygl Cupae 5 Jbo swaige aslilad (LSTM
20.1001.1.22519165.1400.12.48.16.6

Sroed i OV ) Sl s g 0l )3 cse wogls (Slals (LS illogl ¢y phoesme
50599 ¢ s Cu e Olalllas dolilad . Groe 5,50k g ARIMA oS 5 Jow 5l oslaul b (pgS ey
doi: 10.22054/jims.2021.52374.2488 .\ ¥ - - QL’.L....;U A7 ol (RS9

2 Ghgy S ALY ) (B GleasS Sl g e gole ¢ Gl (695 05 sas o0l laxe
SID.oo9n <y Hell m haS el Ced G Gl Sex e SSL
https://sid.ir/paper/902028/fa

S STl e e Sl Elsel Syl (Glo OTAY) (g0 ¢l e

(¥

(f

»

(
4

A

A

(-

o\

Ay

13) Aggarwal, A., Gupta, I., Garg, N., & Goel, A. (2019). Deep Learning Approach to Determine the
Impact of Socio Economic Factors on Bitcoin Price Prediction. Twelfth International Conference

on Contemporary Computing (IC3). (pp: 1-5). d0i:10.1109/1C3.2019.8844928

Sl slaidl 4 oliliad
VY e /55 ol / VA By



https://dorl.net/dor/20.1001.1.25383833.1396.11.40.1.6
https://dorl.net/dor/20.1001.1.22519165.1399.11.42.6.7
https://www.magiran.com/volume/173724
https://www.magiran.com/volume/173724
https://doi.org/10.22059/frj.2020.310664.1007072
https://dorl.net/dor/20.1001.1.22519165.1400.12.48.16.6
https://doi.org/10.22054/jims.2021.52374.2488
http://dx.doi.org/10.1109/IC3.2019.8844928

e 5 ol Sguns | By miie S 2N 5 Usd sandib b Bres 6,50L o (clhuglio yy [ VET

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)
26)

27)

28)

29)

Atsalakis, George. S., Dimitrakakis, Emmanouil .M., & Zopounidis, Constantinos. D. (2011). Elliott

Wave Theory and neuro-fuzzy systems, in stock market prediction: The WASP system. Expert
Systems with Applications, No 38, 9196—9206. doi: 10.1016/j.eswa.2011.01.068

Cohen, N., Sharir, O., & Shashua, A. (2016). On the expressive power of deep learning: A tensor
analysis. COLT, vol 49,1-31. JMLR: Workshop and Conference Proceedings

Dixit, A., Tiwari, M., Pathak, H., & Astya, R. (2018). An Overview of Deep Learning Architectures,
Libraries and Its Applications Areas. International Conference on Advances in Computing,
Communication Control and Networking (ICACCCN), Greater Noida (UP), India, 293-297. doi:
10.1109/I1CACCCN.2018.8748442

Elliott, R. N. (1938). The wave principle, reprinted. In: Prechter RR Jr (ed) 1994. R. N, Elliott’s
Masterworks.

Fama, E. F. (1970). Efficient Capital Markets: A Review of Theory and Empirical Work. Journal of

Finance. 15 (2),383 - 417. doi:10.2307/2325486

Frost, A. J., & Prechter, Robert. R. Jr.(2001). Elliott Wave Principle: Key to Market Behavior.
Published by Wiley.

Hiransha M. E. A., Gopalakrishnan, Vijay., Krishna, Menon., & K.P, Soman. (2018). NSE stock
market prediction using deep-learning models. Procedia Computer Science, 132, 1351-1362. doi:
10.1016/j.procs.2018.05.050

Kyu, Beom. Lee., & Hyu, Soung. Shin. (2019). An Application of a Deep Learning Algorithm for
Automatic Detection of Unexpected Accidents Under Bad CCTV Monitoring Conditions in
Tunnels. International Conference on Deep Learning and Machine Learning in Emerging
Applications (Deep-ML). doi: 10.1109/Deep-ML.2019.00010

Liu, Qingfu., Tao, Zhenyi., Yiuman, Tse., & Wang, Chuanjie. (2022). Stock market prediction with
deep learning: The case of China. Finance Research Letters. Volume 46, Part A. doi:
10.1109/Deep-ML.2019.00010

Mustafa, Andy Ali, Ching-Yang, Lin., Makoto, Kakinaka. (2022). Detecting market pattern

changes: A machine learning approach. Finance Research Letters. Vol, 47. doi:
10.1016/j.frl.2021.102621

Obaid, Khaled., Pukthuanthong, Kuntara. (2020). A Picture is Worth a Thousand Words:
Measuring Investor Sentiment by Combining Machine Learning and Photos from News. Journal
of Financial Economics. Volume 144, Issue 1, pp 273-297. doi: 10.1016/j.jfineco.2021.06.002
Poser, S. (2003). Applying Elliott Wave Theory Profitably. Wiley. ISBN-10: 0471420077.
Roychowdhury, S., Sun, D., Bihis, M., Ren, J., Hage, P., Rahman, H. H. (2017). Computer Aided
Detection of Anemia-like Pallor. Computer Science, Computer Vision and Pattern Recognition,
Vol, 32. No, 8, PP: 128-139. doi: 10.48550/arXiv.1703.05913

Sezer, 0.B., & Ozbayoglu, A.M. (2018). Algorithmic Financial Trading with Deep Convolutional
Neural Networks: Time Series to Image Conversion Approach. Applied Soft Computing Journal.
doi: 10.1016/j.as0c.2018.04.024

Volna, Eva., Kotyrba, Martin., & Jarusek, Robert. (2013). Multi-Classifier Based on Elliott Wave's
Recognition. Computers and Mathematics with Applications, Vol 66, 213-225. doi:
10.1016/j.camwa.2013.01.012

Volna, Eva., Kotyrba, Martin., Kominkova Oplatkova, Zuzana., & Senkerik, Roman. (2016). Elliott
waves classification by means of neural and pseudo neural networks. Springer, Published Online,
3 march. doi: 10.1007/s00500-016-2097-y

Sl slaidl 4 oliliad
VY e /55 ol / VA By



https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
http://dx.doi.org/10.1109/ICACCCN.2018.8748442
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22A.+J.+Frost%22
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Robert+R.+Prechter,+Jr.%22
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.procs.2018.05.050
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
https://www.sciencedirect.com/journal/finance-research-letters
https://www.sciencedirect.com/journal/finance-research-letters/vol/46/part/PA
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1109/Deep-ML.2019.00010
https://doi.org/10.1016/j.frl.2021.102621
https://doi.org/10.1016/j.jfineco.2021.06.002
https://arxiv.org/search/cs?searchtype=author&query=Roychowdhury%2C+S
https://arxiv.org/search/cs?searchtype=author&query=Sun%2C+D
https://arxiv.org/search/cs?searchtype=author&query=Bihis%2C+M
https://arxiv.org/search/cs?searchtype=author&query=Ren%2C+J
https://arxiv.org/search/cs?searchtype=author&query=Hage%2C+P
https://arxiv.org/search/cs?searchtype=author&query=Rahman%2C+H+H
https://doi.org/10.48550/arXiv.1703.05913
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.camwa.2013.01.012
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068

VEY [ o Sy miin Caa BN 5 2Usd cadib b Bres (6550l Jho lawslie oy | ohKon 5 pb dgnne

30) Wu, Chih-Hung., & Fang, Wen-Chang. (2011). Combining the Fuzzy Analytic Hierarchy Process
and the fuzzy Delphi method for developing critical competences of electronic commerce
professional managers. Qual Quant, Vol, 45, 751-768. doi: 10.1007/s11135-010-9425-6

31) Wu, Jibin., Chenglin, Xu., Xiao, Han., Daquan, Zhou., Malu, Zhang., Haizhou, Li., & Kay, Chen. Tan.
(2022). Progressive Tandem Learning for Pattern Recognition With Deep Spiking Neural
Networks. Transaction on Pattern Analysis and Machine Intelligence. Vol, 44. No, 11. doi:
10.1109/TPAMI.2021.3114196.

32) zhang, C., Xu, L., Li, X., & Wang, H. (2018). A Method of Fault Diagnosis for Rotary Equipment
Based on Deep Learning. Prognostics and System Health Management Conference (PHM-
Chongging), Chongging, China, pp: 958-962. doi: 10.1109/PHM-Chongqing.2018.00171

33) Zhong, G., Cheriet, M. (2014). Large Margin Low Rank Tensor Analysis. Neural Computation, 26
(9), 761-780. doi: 10.1162/NECO_a_00570

Sl slaidl 4 oliliad
VY e/ 55 o/ VA g



https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068
https://doi.org/10.1016/j.eswa.2011.01.068

Financial Economics
Vol. (18) Issue (66) Spring 2024

Abstracg

https://doi.org/10.30495/fed.2023.1975811.2863

A comparative study of deep learning model with binary and
multiple classification to predict stock market trends by
detecting fractal patterns based on Elliott wave theory.

Masoud Nadem !
Yahya Kamyabi 2
Esfandiar Malekian 3

Received: 11 / December / 2023 Accepted: 02 / February / 2024

Abstract

One of the popular but complicated methods in technical analysis is the Elliott wave method. In this
method, the most important part is to recognize the main trend patterns of the market, which is a difficult
task due to the fractal structure of the market. But like other fields, the use of artificial intelligence in the
field of financial forecasts has also become widespread. Therefore, it seems that the use of artificial
intelligence in Elliott wave analysis is attractive. Therefore, in the current research, by introducing a deep
learning model to predict the market through the detection of Elliott wave patterns, it has been investigated
and compared the power of the model in two modes of binary and multiple classification. In this research,
for 15 considered patterns, 1002 examples of stock price charts of companies present in the Iranian stock
market in the 11-year period from 1390 to 1400 were collected and labeled, and finally for recognition as
input to the deep learning algorithm with Recurrent neural network model was used in binary and multiple
classification modes. In this research, RapidMiner 9.9 software was used to design and implement the
model, and accuracy criteria were used to determine the power of the model. The results show 18%
accuracy in pattern recognition in multiple classification mode and 61% accuracy in binary classification
mode. Therefore, the power of the deep learning model in detecting the fractal patterns of Elliott waves
and as a result predicting the market trend is significantly higher in the binary classification mode than in
the multiple classification mode. Therefore, the present study recommends the use of deep learning model
with binary classification to detect fractal patterns of Elliott waves.

Keywords: wave patterns, fractal, Elliott waves, deep learning, binary classification, multiple
classification
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