S g slo gty dabod
VEF 5l /20 0 e sppozs Jlo
FAO-FYA Glao

9 ooy LSl 58y g @S> gy sl dy ylas
(SO dolazsl ‘__g';éL,.:o))

famwgn 1S ouew "obzs 55w

VEF/ 0/ i pd )b VEY/AY /Y iedl s ol

ouS>

a5 08 yyei  Solas T)“”Ll" g @il s )13, Cogs 6l ol |y w98l 2!
5 aslo s 2oLl e SLugal [ld, salie ol 45 . canl olos adsl Ll 5 4 oy
@obadl ol obe 5o GulS el pleea VF) BIYOA slalo (b olpl slasdl
1 BgLLS glod dwlne oylo das 8 (5,8 jse cplaSols Lis gl Ll o )y
ka1 S oo (Lt (sled g3l simizen 28 Al |y Gley (s Sagd]
2ol slaBl Al s ceslil jo Sugal b8, olold /onlpby .o,ls Sosacdy dlasl>
8lall 398 Copsluzr 1ol 1l pgusye frsboos ooz oz 50 (o 605k 3k
S [ Sl oS v o i soptl &l L Gl adsl Ll d 4 e
(L2 els (2, Glo GG L/ S (3158 voy00 25 wibe) solS sla sl )by o
Sl e 3 pRUESIL g 03 S Sllugs 4 s e e SIS Cugl b sl
S 5 08 9,59, b golasdl gl sl (g2l pg3) bl ol sl e oy
Saedly kil 099 spg0 L05d (Sl L3 o AwlgEl auais I ojle o ST
S olasdl o laans lp wlg o 5958 Glacuslos BT a5 amo o Lid e ol 4o
b (i Bawails 5 bgy sla il 1 b lacasbos Sk ol Lo failes

— 59 S5alsS il islils Sl iganio (Sojslars Slosdl sy 1gandS slaosly
0, Silgy cailSs s gloms

C69.D89 ,D81 .,C61 ,C60 :JEL guivdids

(g b)) oledol  oRasls  Lolamdl  aaSasls Ll g elecie  gac T
a.googerdchian@ase.ui.ac.ir
eraunavi@ase. ui.ac.ir /ylpiol olKzils solazsl 30Siasls g o slamdl ud,l b IS &s-gal tils T






Y (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

doddo
2 bt b Bolas [all layd) dalllas & sl 5 Sopd 5o il (650
Gl aylas ol a5 e ool akd (518 b Sharn 0 )8 oS 35l 0 (bt
Slogal |8, 1o a5 das o ylid 5 Cawl 00525 ooz slaoassy Judos jo sloj
sl tsle 5 b0 sleo,exil  golisoss plie SlagSl sonzy (sbapinaw
‘SJL!BJ u-.u.».]a WJLC ) ‘SJLDOdUJJ (\CV\V /w)w) JJ‘G;L»LH..:J.»[B MLULQ)L»JP
5 ) e T ) LgL@éwL‘:: LmQT sl 6L::> Sgaze 3laie (6,5,5a 5 &)l 6'4"’)"';
(Ll pole 0 pae (ol 09 dalgss ol 5l srore Syo 4 0B i 5 0 dalgss
LIl s Sloj (6 S (STl dl ()0 50 Sl 035 i Sgiims |y (L (slas, 93
D)5 5D Gt § 095 (5 S (O dRTd G 5 (2Bl 3V Slasei] S
sLad 13 39290 j5le Slo e 2 S0 b (21515 /T Ve pinncew (092 (oS e 0l
sles 9 Bl slod (yyzean £ playgeil SaSTL f Saencdy AL 5 g pinncins Sl
S Bbld ot sl SO JBlas mils Lol 48,3 )18 Coudjge g Cowyd
5 Bolai pg 5l A6 ol Slleg LT S0s il 4 5 Lo jlo Slosl sla Sy
5 e lacSialos 5 a5 31y loduzny (99)9 Hbdbe aSCl b Cesl (g Jelse
3 ot Sasaly G (ol Jelo 08 (o o sl Lulyd 4 eles (Sl
oW sl e Stwlos coale bl )b oljenas I8 cwln 5 s,k o
5 5lal slbecilas Sl olp sale s cllil e olddis) ;o ohga sgolazil
SLogdl )b yitio ol o 55000 el ol (gl g y0 SRS il 50 55l
a0 s o g 08 cinbw g (o cooien loylnl ) eolinwl asl asls
3 6Sose sgycnlyl oed e olamdl jo suad OS] 4 cwl S aSL

! stationary
2 Lichtenberg



S sbyiags VEF 50l /20 o )lods sppaza Jlo A

5 ailoyms (2ige 31 (S Bres o & 09l Ayl e By0n Llos slocsz ez
WDl g i olyl (IS slazil

Ay gl Judo 1o ale ju ctilil Coonl o, e oS canlsl o iegh Lol GBI
5 g o9l 0,50, by e ol slaslas e o)) ol slazdl losl jo S L , golacs]
CLSSS 4 iy Oldlas boas Cwl 00,50 pwyp by Ll
ad,inn sla,lnl 5l g Wlosgs dgaome Bl Sloj (5w sl Judows L o> sewwolazdl
Ulio ode o 5liws .50 15 0,40 vy Gy lod s BBbLI sles (ygmmad Coil &,k
rogdl s slaylnl g o bl slaygesl 5l slacgomms 5l oslinwl b aS ol ol pol>
5 (28 Aoy SBLIN Gloj (6 50 SLugdl 3, sg2gpae b dg2rg Jbinds sl
k)"‘ Q.S(_so J.,.l?u GQLA.J‘ 6)‘\A§WL~MJ Lg‘)" ‘) QT)L’TQ ob; e l) L)‘)"‘ slazdl
Sl o by 1y Sapolasdl a6, penlin b w5 (36 iagsy
Sile el g 1) Sl olasdl o a8 slo Lo oS sl

Ot Slalllas 5 (6 15 Slosl 2 (55900 ¥ 2w 50 &5 Cenl 258 (o dllie L
Jelos syl g B (ol gy (Byre 0 ¥ (i 058 0 Dj90 E9dg0 b Las e
i 0 Coles 40 0gh e Judos g Sl oy slaasdl B jisu jo w0,ls olansl gl
Dl o a3l sl slaolpiig 5 lou sgaozez L0

& PR & o .
DR Aot 9 Egudge WLl ¥

gl (65925 Y/
s 5 Lo lapias ;0 o 25d 0 GBI (slodzey 5 o>yl b, 4 gl
ok 058 o odalice SVsb Sloy sbroyn (sl sadsl Ll s 4y ol 3l
5 Wl aseie SalS )T JolSs 80iS Cio s S¥olae o5 Gl (catans 1 2B winaces |
Lt ol Sloygo e (L8, Lol ansly adgl bl a0 JolS jabas QT s
| San cob bl b sloyss slalae ay b pons /yloy ,38 L oS sl ] sacms ol
Lol s o Comles 1 SLogald 5 SLogdl slapiumms Ol GolS @5l 355 oo
ol 1 SLasilid Slaptan 2 Sy L5800 s jolzme Slajys saslas
leol gl (6,955 (12958 13651) oS o Ay ploy b sl ¢ (o jebay Ol s



AN (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

et ke Dalb slaykd, cans dolas LS (sl gen & w5
L1y adsl bl ls e g Censl Ll (51,5 alad S5 51 56 1 SLogdl slapin
SR i )1y Ddesiy Sy 1 Gred 4 0 e Llid 2B
Al aile) Sz Olieds 9550 el adsl Ll il & Coslis Ll (Soe é Lol
Sz et S5l (B0 o8l Dl wile Saisd e (S5 sladaly 4 (sl
2> 5 b8 (25,8 » emitm o S USs,  S)bn oLaiBl e 5 e 92 5
OBl 29l (6955 bl ousiSel 108 gl Cunl (o 1292 (l Sl )0 455l
Slas o o )0 ongr olasdl o 1) G pdbiomin 5 e sla)ls) Juboo
5 woladl sl ol g meds lp ) o8 Glalil 5 WS e wold LSk
OB 9 L) 5) a0 il B0 ol (298 0 5LS (g Ol slasSl (Ll

(Y--F

S jdobiassl Y/¥
slazdl 5 So5d b 5By st ol glrasls 51 S (lgea TS 8olanl
oot 1 Sojed Jelod slaylnl g gbee Jool 5l S0 p0 b 3,Sag) cnl el 05,5 olx]
b oS o 0 4 Bolas glaacal b g soszmy (Sl 193l (55555 1Ll Sl
St 055> (nl 3 031 o golasdl slaosny SiE8s g5l oe 5 SEes S0
A5 0 SLogtloly Jasrd slaylid, b Jolae Jolse 51 (slas gorma (ozeon (s3Laid]
D s S Sl b (55 i o] 5| (5ot o5 e 5,5
oo slracs 5l &5i' Ll 0sls golamdl gla,lis) Ll jo é.y)..s sl Jow 5l eola!
Slste o 5 Jbo ol o wsdl 5 ot id slo ol Al (Sojdolas
sl ol g olls 205l b d aiei slawed sl Sllug .l golazdl
L oS e Glodzn byl 5l pbadise apice (Sp 0 motmdBrs
GLL sl dnlims 5 /36 sl 53lusl s ole; glais e b wiile £ la, I3l
w555 50 S8 o bl b & Sipbolail ol agdle g e 55l S
S )3 Sl GlagSl (olulds 5/ Jbo slaascs )3 (pailojlus s S /g3

1 Butterfly Effect
2 Econophysics



S sbyiags VEF 50l /20 o )lods sppaza Jlo FAY

sor Sly oz GlaaSecd &,k 5l a3 Sy sla by, (JUo sl Sl pse s3Ladl
Il oo Ll o Macdes 5 /oSl oSy azile £golasdl 5 Ku5L oo kel
ey sl )5S0 5 5y slmosls 5l osliil b Sopbolamdl .l 039 5o jlowe
9 ' O,LS) wes S 1y goladl ils sl e B oyls e sl (5,500 wiile
Sgazs Jolw gl Jow 4 el oS olazdl coew gla by, B> .(VAAY L), Ken
ast b s ‘-")"‘"L’ 9 /)35 sl Sbig 1 Joles 5590 (slayld) 1o Suydolasdlnisd o
> 906125 sad v Jlo lag o £989 (K5 Sl e S50 4 050, crl o)l
(Js e 4 1025 0 S e 58 g solanBl ol sl wile 15 ST files
il el sz lol)l S gy aSl /g edo il S lpedas Sy 8olanil
275 (PR 035wl B b oje (nl el 00,5 pal 3 ) sladl (goloy malis 85150
Sy o e 40 2L 2ol581 g (golasdl sl 6,138 Canlws S gupn jlusdicn ) jgx000ls o
S 223 o Lt oS Lla Lo 21,1 L g oot oyl (glais oS pass 3
5 b md Loy gy Coal i ls (bles «osdl Ady G 4y 25> 4 (golaidl
S5 (2528 by 5 ool ke 1 S o iy |, 5oLl sl S
o=l e Yol codlald 5 WS b, (559,058 Sojslgionl slab sl ) blssladl

RARAY< /Y@”.o S) Aad

alo yw clilal YV
seobadl w, slaazul b 1o &S el olal e o golis pulie j1 S5 dslo pus oLl
@ pothe (ol S o Wl 5 9mme (B golaBl Glagplpl S g Il A
Sgus (y9Zeed {(g0asin aslie 5l ailgs o 5 9,10 0,Lil slasle s sl s I il
S (VAFA 18 058 Jol> (590000 Sonte 9 21> 9 S50 55l e el
9 S olasdl wd) sla o (sl (B 51 (o ailo s ceBlal v,k Hlane
Ay H5ige wuilen ale s LSl fylega—ogle Joe ;o 05l 0 Cgmine S MSeES
Sl Job5 (553 prkinne (goladl ol pglas & 595 0 (558 9 00 £ 5lae g0l
bl S ams oo OLaS g oy Joo 1 Jlie yo ol adgial, 25 9 )l wlejm 25
Sl 4 gobaBl o) o g Jole L 5 9,0 5 55958 2y SUS 50 ey

1 Kellert

2 Jakimowicz



FAY (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

3T LRI bess Boes (golasl Al sOdeneds jo s Jawe ol el Log, o0
awidpinn slas,sld Lix cud b oS anwgi Jlys slayiS jo a5 Sy soyls 18
Clus 4 oladl ol o goldS Jolge 51 (S ploen asle s clilil S Cunl Sgame
&l

5 SIS sba)bdle S8 p 5 olys slasdl SedlSgs slaclns » ogdle
3 dins 3l ST ale e culsl asu il g sl o solasdl slas,liScalon
o 3l Jolge aloz 51 SgeenS glab yo Slaabll o/ Jle olud ssolasdl SIS
D98 e ilep S 1l 4 g 03,5 i ) (IS e pa (oSSl Wl
OIS Slibugs Ll 5o ehasts ille ol olnl abojl anusiJlonys slayiS 5o
sl aclas Gl golaidl slaculos Slipac ¢ golazdl

$oladl gl 5 5lusbil 5 dslo g bl SLoguil ,LiS, Y/F
ok 4 sl Stusal Sl sl slasdl o ,o (S iboyoo cuilsl e asslis
GlgSa 135l bles 1y 095 3T Wlgs e soladl wiy Lasls 5 56 &b 5l ol
o518 ke o ST 52 45 095 g Wil 0 GLS( 22 (rl 09 AL sminy Sleis
sl asls adgi g golandl o e 3t Saeals o sasul Ll SeslisS o
goladl ol s s s 5l (K(1)) ol oo Sl (] 50 oS g 0 Joko il 51,

Y(t)=A(t)K(t)“L(t)" ()

G955 L(1) raloyos <ol K(t) 45,588 A(t) 1t o)loy ,0 JSadss Y(1) ] yo &5
Al yoo Ceilsl Ol sy Aolas S Jowe ol jo Ll adgs by ale s oo g 4,8
1wl ¥ doles &y g0

K(t) = sY(t) — 8K(t) (Y)
o yos il ke dliz aole oo SVgiiasl 5 8 5 sl Sl s 25 8 ], &S



Sb- g slagiass; VEF 50l 20 o )leds sppaze JLs TAY

K(®) = f(K(1), A(D, L(1), €) (¥)

B £(K(1), A(t), L(t), €) 5 ol adsl Ll 5 SLogdl slo il € o o o5
o K(t) 51055 0 2 oo |y adsl bl 4 sl 5 a8 (sl Shg o oo
£ Sea @S en sl 5 0ud gyl 055 (das ol 5 e 1S 5is SLogl
Ay Joe Cosl slp soleiing p8 08 o ES) Solal Sllug Ceew 4 sl 0,
T Nl 095 3 ) (s 50 D8l blis oloul ole 5) (SLogisl Jolse o glgu
ol § dolas

KA, L(D,€)= aK(t)*+FAV)sin(K(D))+yL(D)+€) (*)
Ly sl Jolss o 3 o ol Sod (slas 2 o Joo STl Soo Ly

ailze (39381 39500 e 5l S er ol SLasdl glaykd) jpam 5o el oad
ES Sl e &5 3580 e (SIN(K(E)) G527 (U s e & a s
Er S igibed 30 pilbidm i 5 pliel Sblag s /ol ab) 5 o
Sllugs Bb aisls A(t) 5 K(b) & s 5 Ja e ©)908 (KI(1)) lejw oS
sl goladl wly &5 ;0 sazid;o g aleyw cublsl ol o olaglabl 5 sl

IWIREY PP

i3 Ao Y/
30 1509,0 Sllugs (gwyp & gaadd g o0 mns jaba golaidl Slosl, 3l gla Sl )0
o Srdrngi g olgw £45 51 ol sla Jow ofugds Ll w sy solazdl b, slo Juws
ol o Ll asle £ golazdl (OIS sl pxie Jas 1 g ooz ,Ld, Lo 4 oSST )
oladl sla 55 o g Sllugs a5 ols oS @SS ol o i by ol W)ls a3
Slagil g das é sla alisy yo 4L /Censs S sboailss 51 506 1,0 onsosnlin
Lol i a4 ol splaiel Sllug adgs bl aS o)l ady; goladl slo Jae g0
5l ) Saeacds by SLS o 5 sads

2 P 0y sla e 2o a5 ol LS 095 S Wlie yo (VAAY) "0 9l
5 phiel Sllugi sl 4 108 /Sy SLalSS Cles (50 5 Sboj S oz lex
Slis a5l s 5,15 i 08 (ol e A, e ()l

! Richard Day



YAO (Sodoladl 5l 8la)) (o5 awlepw ol )18, o oS> g, sl @ las

S (LB sla obg Coueal 90,5 sbul ailive adel Lyl 10y (golasdl sl )lié,
LSl s (DI sl SLS o 6, SIS jo 1y golazdl

&g ez 5l Fodzmy Julse solow Joo slajlisle dangs b gan Slidos
L(Yeoo) ol g pos c0i0,S wyp Iy goladl Calises Slids yles il ey oy, lials
&S wisls las wglane jlail e slag i b loasle s g S5 (sloveg )5 4 Comon SIS
Sl (golaBl o) § (6,138 alo yv ;0 gl § dgame LgLa:»)}LMa ©ybele o pae
el da e DBlugs (6,5 S o slazdl S sla,bsle oS pds Lo oS

S Bz Joe (Y01) Tom 5 100, 15505 (5508 8555 55 rimizon
lacusgazme cpl a5 aisls Las g wsls dxwgs adgs o8 )b slacosgume Ly das 8
slra @oladl wiy & plr fasde e Stogdl layld) 5 golubaer &
50 0uisS e Julge lgieas 1) Gasee e O3l g olandl 8ly slacusgass 4y axgs

aS ols lis sglgu 0y Jaw jo dadas SlUaS! o Sl b sd (Y1) T obags
5 slasyz oblug & Hlal gl Jols buls o oo golasdl al) oV cepu
oo SLs 5 solazdl ady (le bageg dlasly Sy ol ol 45 090 0 e Sogd]
D2 o oS |y o,

Shlogi 3y 15 55, SOl slallas 5 Su55lgS3 Slynds G5 1 cmgs Slalllas
&l)5L8 (slac il (33,5 9,l5 L (Yo ¥F) 552 5 SOI5 raignd joboay oo S (o) oy
bo,ld) 4wl o Julge ol a5 wols lis lgw Jaw 4 Sledbl glalas 4 s
B o 1y solamdl Sllug 5l gaaz olul 45 Wgd e Lol slags;es 5 Slogal
S (0 el o]

oolwl b (Y- YY) o) e2 ¢ ° sV sl yuw Ll L8,y 5L (65l Jow &y
TopiaS 5 985L & (1 yelyb) cilil ads aoli8l as wiols flad seole Stz CilSS )

I Boum & Cass

2 Sushko, Gardini, & Puu
3 Dohutani

4 Zhang & Yuko

5 Galanis

6 bifurcation



b= g slayiags VEF 50l /20 o )lods sppaza Jlo fAS

1 odoanlic ads Sllugs b baaly (ol & o5 e yzie Slysdl clolid, ,sels ¢
3950 59 9Peedile pu pivncn SIS Slawil Slo 5 conl Salon (g loasle puo slaolazdl
R ol LQLQQS'L“’QS" 9 &_)BMT

OlSe2 § b, wile £ Slnl glaiagy nosdl 5 Sz slopasli 0 )18 s 5|
el cpl a8 Wleols ylad /oIS slasdl jo gyl asls 9,8 5 5503 b (17A9)
$le 530 6)lnl 5 1S v s Ty asly0 5 D95 plnl w595 5 0y lEpas sl o6
U5 Slalllas 13 (VWAY) 0415 cpizmas il colazdl bl slo il 5 geas ol

S 5 (53 g0 wiile fglad iy slats, ool b/ Slej S slagins

Slyp IS o) Kal) s ooidn saue 1) Hlubl (sl e g g8 bl (g,l0b 10, Slg,
el 08,5 &1 SLognl (oladl slopionw

Corler Wbl (Siigeie 5 sldiz sladae Sl O Slasdl 859> o
Y)jl:\.u) 9 L;‘.fjﬂ (Y+\+) ‘L;\:)T‘L:.wy ouls 7 ke (SCA) «wisLs! (oo (§loa> >
solie b hip Jb sbphm § ol calil ol muog 4 4(1299)
Bl JLis a1y dl oo ian Sllugs g auads (gla iyl e a5 54 g0 0Ll «¢ gommnw

GgSogl Jld; gy 50 (il g polr Dlalllas 5508 1359 slacdydg 0525 L
2 &S5 L pol> fagh snlnle 10,65 o i 4 Gl slasdl )0 aile s Ll e
Slacs y g ad e Jebos slaylipl sloslinnl § Sujd slasdl 2)25 5 5,k slas Sa)
9 109 slogb 5l 5388 srpeal Bl g (ele M cnl G5 Jlis 4 /Sl
e 5518 oladl 1o ale el Sl

o9 o9y ¥
0,10 052 oekiias 5 kiins b9 90 s Bl ald 5| el ald s ol
Ll ) s Sl Olie oS °9-~’s° ool playgesl ) spuiiiae b9 5
Wolp o097y U gl cnl 5wl (35 L&l jo sl andls 35,05 4yl
s dae 5 )bl (sl Judos auile £ ol I3l 51 Ygase podiinnn pud g y3 el (298]
g Sy s (a8 g odzmn Gl SRy (pluld 4 o5 098 e eolinal S

! Arrighi
2 Beverly



FAY (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

oiions 09, 5l rp0lo dalllae ;0 050 00 (o T (05r 250l 4 i pid 5loa,
SNYOA Gloj o3b jo Iyl jeuS olamdl 658 le s cllil e (L8, Jdow 5l
ooliiwls 9o "y sled yg05] 9 TBBLLI yg03T  BDS" (g0 s g oo oolisewsl VE+ )

il plojem jsb a1y 25l 5 £ (Lble (sla Sy s So Sl (Sae STl
ks 900
Ol ¢ e slaygesl g lews 1 a8 slaygesl o LA bl 5l Clost (I
shlo) bloyue Sloy gy ST .00,.8 oo ciatid Blo wiul )8 (G 5l Laools aS i lgnnl 58
Oleeas olodl 4 Wlg o soango b dolai slaniy, o929 sall (ol ady,
oobs s ogil slapags Lol Bua g bsle g,labl ) eal S (o
31 B Sblag & el s ;5 (G18 (aSpd (Sly 9 adsl Ll @ ol
5,5 s Ll <l & | Lol g i b (68 Lol b gl ol sl Blo
SIS et e (L8, BaeS S ot slagygeyl mbs &S 0gd Jols Lol
Sl Sy a5 098 0 bl b 4 Sley o mw Judow o LUl il pivw
obe @ sl (Bb ol ey )38 b (Siuensss g 1ibly 1mSile wila (sl
Job 5o yitie Slilug b (g5l 5o (Silotuns 235, W8 Lo Sloj (6 o /500
._\_.5‘50_, Josey] oudsodaliv o)’l:: 5o UT G)LAT)US) 9 S uLA)

= 9ly ddyy el 51 asley o glaesls (Ul Ggail sl Giegsy ool 5
s S o ok Sa¥S (sloygnil 4 Sl 53,505, b o o L S5

I Brock-Dechert-Scheinkman (BDS) Test

2 Largest Lyapunov Exponent (LLE) Analysis
3 Estimation of the Hurst Exponent

4 stationarity

5 chaotic

6 Unit Root Tests

7 Lee-Strazicich



S sbyiags VEF 50l /20 o )lods sppaza Jlo FAA

bl b alais a5 Lae oy 1wl (g bl caSls ey 50930509, yge3] oyl jlow
Ol Hgajl ol s pmizad (g o et Sloj (6 SleMol yulol o o]y Ho oSl
S o ool B 1) itie N g haw )0 lejee CwSCh g0 Ll
(Lo 5 7m ALs m) 3y Ay S92y by (y903] s s 5] 5
ool Oge3l s ol )bl Slacun Sl 0525 b (Ul 51 Sl (] Llie 4058
3l oS p-value ,lais axile . Wad o pnis (p-value) Jlaox! jlade g 5503l 8,0l
9 b blo Glaj 5pm 5 00 ) yho (58 L (A28 0 M) (53 me gelans
dhulgdy o (Sopd Bloyw cldl by plajaie Gl gl ool eolinl
oig Mg 5 bl Dl Hles (olandl laalss b by, ilags IS sl

Slagygesl plo a cas 6 5YL Lael g &80 5 o))l olazdl o IS olazdl 859> 4o
.C,wa‘)‘o)e:;ﬁ G;l.’Lo

BDS y931 ¥/
(iid) Sl @355 5 Sl (talol sl ol 5o &5 Ceol S0l )LG (5031 S, BDS
WS (0 S8 9005 () Loy Sy 2 0 35290 Jb (Soly g Snlonds b
(Sl S &9 onoazinl) o (Sl s 2 HLaS @2)95) 428 99 (s
S 3 Slaalive @295 6920 (oead Sl el (i 9 00,5 LI ) s 053
Sl Koo Z 8, lase 4 Jow og e e cwl S

Bolai il Soopisho & ST 5 S pd b olas 5 Syp o e axile
XI=(Xe, Xet - Xemor) comont oo T {11 5o (6 pmo <52 (5l o
A SaS L (g g0 058 50 Amslime S JLS1 T 51 g g 090 0 4285 15 50
ks (S50 (b S8 & L) Lo jlop 5l gy S a0 1) Il Gl (6 1ol
bl & Gloy 6 )0 39790 Jlge 3hais N 00 5l cenl jle vm (bloe an 0,5
1wl Vg £ g 0 8 Les S¥olae e Lo Sloy (6 ym sl wal )8l L g0 M slad o



FAY (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

X'=(x1,%X2,+« ) Xm) ®)
X;nz (XZI X3, Xm+1) (?)
XIT\]n_m+1= (XN—m+11 XN-m+2/ =+ ; XN) (V)

Il ST Loyl g2y alats N-m+l ol & g moslad o 0

o S5 el Sl B Bl ey TS Koo (ol | St

G M slad o g0 4 g0 &g (aads) sdalive BN o dlols o5 casl cus s o]

Loeled s oo 5l gl o Alols s (Wl bla ol a5 0gd 0 8,5 125 o
el £ ol Tslasbnl

1

Cem = WZ#]‘ I; je () Cm.N ()
i) T if [lx™ — x| @
e 0 Oy gal e o

ul)l.i.m 9 AS‘)J w‘ Nm= N'ITH‘l /h:;\-u-“ gsi““"r@ J‘;.u‘ Cm.N(g) L?:.’.,gl)o
o5ST ol (aslie g Jiiws 20595 61)10) TID ko (5 yw S azili wsls )Lis (VAAY)
& amly (bl aw 53 (Soed JL30 L Loy m (blors an s (S JI55)
Cm,N(S) = [CLN(S)]m w)m UL"" OO /05.9 :\.]a.ab )OOy JJb|5.> ﬁ‘).g m u‘}:
MOGA UL‘“" |) )—A—"JJ J?‘Q u)L..c- Ls‘)" )L..:.c g.Bb.?U‘ )...: Um,N(S) ‘39'“’4.5‘3 oo live

Suoyp o 4 N[ Cm,N(e) - C1LN(e)m} ,lode ,asl IID Sy (6w axilx
355 0 o 4 S35 e 55 BDS (9051 86l () (50 5 0052
Wi (8)={ N*[ Cinn(e) = Cin(e)™ / omn(e)}? (0-)

+1/3%) Sl jlade 90 ol BDS 3Ll a5 Las flas wo,ls alss g0 yge)! ol
O 952y e JLSle o (S sl (a3) (Swly S a8 Sl g

! correlation integral
2 gpatial correlation
3 tolerance



S sbyiags VEF 50l /20 o )lods sppaza Jlo 4.

&bl (sladigsl g JuST 1581s 5 5l ool b 500 4L ¢ "o 158005 51 solizwl b LSS
5 Cowo 3l bbbl Jeas /e giluosly g0 ol 5l Gae L S LB g LeSS
el Slloes g, 98 (o 5Ll (6Bl gy 0 5 g s 1S5 LB

Seibld (sles (255552 o903l 7Y

B )l dslora oz ye Slej (s S0 50 0gdl By (s 61y elas ol
il Sl adgl lolyd 4 b)) 6w Somlas it Gl ilne 8 el
T ddS) el STogdl s | o bl s cotie Bgibl) S Blao g
X (1) e, X(tiam) 18l G5 M sl fo 5 Bl (sLas dlone sl . (VYA
oaiadgs Sley (6w SO Baibld e /500 Ol a4 Lol o soliwl X = [X (h)
V) Aolas &y g0d l so Cawsts Xy =F (X) Uolao b oS (g0 o pmmms G Loy
D9 g0 o 25

o = lim3iZ5 log|f (x| > 0 (M)

Beibld (Lo ST shylo (gamaia pin G el f(x) @b Hbol S (X)) ol o a5
Jsb 5o 1 S0 adsl sla s (olod (2515 (e SPLL slales .l ans 2 1
Sl o ylis Coio Dbl slos SO Jolaz 09> -\-5‘_;° &S o;lul oles
g 1owelieS o e A,y o] ey b8, co i oS el adgl bl ih 4 g
oo Gl Lol aily cuin Bebld slad SO Blas o et o5le o
S o ailid Stogil
Slade ro(my i) = TIXT =XM1 <1 e a1l S Aol L slayls 1 (s, 5]
aolee JSo a4y (gam m slad,s soiis oo jglxe bls jo a5 dn(m: ij) ! )S1s o]

dn (mii: ) =20 oY)

ro(m;i: j)

199 g0 dmline BgiLLS lgs i 51 e

IMATLAB
2 Khalil Hassam



) (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

L. (m, n) ZW (OF)

Foore S3l> bl gl Logor Lol 2ol anils (6,500 Boibld sloles /g o i
5 eadaslis sl G lp |y £ 25b oley ol el yao o] olaws g s
85 oS 6x(0) sl Ll

(OF)

L

t “'_l 152 )]

Olej el 3Lz Aok daseiie Jsb L g ol Syl g5 05555 Ay ol o0 &8
X(t) hed <l 5 X(0) adsl Il (e (BLSl g ;503 Ol 5 o & Sl Gloj 3G
w5 (1) 3l Glaj bl 58 Aalons 4y /8L (slod Alons (s 1 13,15 59
S Gl @ b Sl Sley e 2 3 oS Lo ooy fol LS (M) e bl
5 00 oolaiwl blowe d gy Hlade 3l 105l lax Slds sladcgazs solac! Lo 5l
b Gl 4 degazme y slaailie QL) 0 15T (e 4 s s ol 3 55
3929 lizee slagsng, (1) ;b oy sl sl 05500 o0l Gloj 3B by |
3 el 00 oozl Y(AMI) blie Sledbl Sl s, 51yl Alie ,5 a5 sl
b el slalop vl olalp a5 8g8 Gl 3G loy canl o 5 (o sy o2
S o ) x(tH T) 9 x(t) Sl slalo s jelaie ol 4ol Jaie 0SS 5 o Selas
Odgl g ools LSCas 1y I(x(t), x(t+1)) slea b I(T) ol oleMbl aol oo g 4285
b b w85 5 5 13T s sl el a0 B 0ol i
sl 008y 0,15 55 ol Al g0 1l 80iS Ly oS T(x (1), X(t+T)) Jslie Sledbs|
WD o iy VO Wolee S0 4

Ix()X(ET)= Trex Zyey p(x,)log 252 (10)

ey 4 PO P(Y) 3 Sl X(HT) 9 X(1) Sy Jlos! @95 p(2,¥) o o &
5955 5 50 b bigy s S5 50 e X(HHT) 9 X(1) il Jlio! glagss
Sl Sis Ll a1 s 93 o &5 355 (e el p5Y o &y S35 alaii g0 b s 50
49 u.....uf.]ol.?r.n Jdo mejwfid.@lé L \.\J‘M)f)‘)s)iu.\g.l Gi,go)’.})o ,bngb

! Average Mutual Information



b= g slayiags VEF 50l /20 o )lods sppaza Jlo fay

Say el o3V seslin (2La8 50 s D3 (9,5 gamme sl 1l canlial g
oled Ghs) 5l pole gy 5o oS 09l Ll jls s Sloy (5 sl dge bl
b oasslb> /by, ol 5o ol ool ooliiel FNN' L G35 &luwa bla o 5003
oy ST el cdl ol o 08 s o Coms 4 FNN blis s yo s blows am il 33!
285 =y 5l ol Bz ST Ll 10)ls 0529 canlivn blows am & 50 piews 3>
20 2l b ialesT o Yoens a8) aslbowl jlaie G 51 FNN blis slows o\loxes o
5 0095 ;lglyd Bolas SYMS] gl sezge (glaosls sail s (Sed o wd S oS
IS 10 QAT Solod popn .0,k 0925 M blowe v SO j0 ol 40,5 gz Sl
@ aleod (35 Soo5 b dais R glad ;0 a5 &g o (el oo ools iules
98 Oyl Alold sy ol R? & ) o assla ad,ls alold vy ladie 4 g ol @ dlaks
b' s Jdo e a4 Ll (L8 Jade 3 55,5 e &S g dalst vy [ S0Ss b oakais
0345 V1 e Vo |y sl G35 dlucan g 00 Cgunzo @' alais (TNNT) 8l doluos
Sl Sig bl a g calosls 7, aloil blowe as Claasl Jdo 4 Suop alold (ol g
ORlRI L a5 29l o Dgume (Hly plaalass salall So glp (nlpls et 3

A0 TSl ) il anilas (6,8 e gl Loyl s Alolé Jom

b'

S35 Kol pogie . ) I3

ol aixl L3> (53, 5l g LBl ]y @3 Jlase moaw gy Tl FNN b, 0
@ a0 S rble am w9 ouuSp |y o2 4 Ko dlad go Mo b cdl> glad o

! False Nearest Neighbours
2 True Nearest Neighbours
% Van Buskirk



fay (Sagedoladl 5l 28La)) (o5 aplo oo Cublil 118, o @S i) sogil a4y, las
PSS A G alady g0 Aol Suax cl> slad o b Logd o 0ol iulisl m+]
D9 s gy 190

Glales (3 Soo5 cl ailes Bl SouSs 4 Soop (Laes ahais 9o oyl S
Ll sbalaon (05 clo 2l 590 SuS 5l alais 95 (pl ST (TNN) (481
Coows 4 FNN blas slows o0 a5 s o dolol Sl U1y m ! g 49,5 blocs
S ol jo /oS Jeo o0 Coww & FNIN bl asjo blows aas (isl 316 31004 5 100
ol Bz (ST Ll 1015 8929 camlin blows dm S 50w widla o ST Sl
slaosls ol s abowl Jlade G 5 FNN bl sloss oyloeed con 00k &, lis!
3,105 392 M bloes am S5 0 oyl 48,5 gamte ) Sal g oo gs gl IS Slyls 9940
20l 98l Sl (byy Jloel 5l Jole )25 olusly aibial lade ol (sl
R PR OLQ.M“.U ujLM

25 610 5l Soso (6l laced Candy 103 slaaslion i bgm0 ol b
3 a8 QA slaglucen slass aSCol U 0gd 0 (gwyp bl Jlee sloon l5l &
Srz Slhdos iawp jho S50 4 09d e (BU S5 SLAS )3 D3l (ydgei g
el VF Wolee 7 5 & FNN 2,

Yi(t) = [y(t); y(t-1); ...; y(t- (m-))D]" (%)
9 Sl Sl LS J5 (610 Y(H)
Yi(@) =[y' @)y t-1);--;y - (m-1)0]" (\V)

b ioli8l gam m+1 slad o bl alols ST .0ib Yi(t) 4 Soop dluws S
5 bl ol pwaddl Aol au e Ll ools F) Lle glagluws pESuop cl>
1398 o0 00l Lioled 14 VA OVYolee & jgods i & mA1 g M bl slalad

Ra=Yiq [y(t+ (d- V)1 -y'(t+(d-V)D)] (\A)
Ri+1=Xa0y [y(t + (d - V)1) - y'(t + (d - V)1)]2=RE, + [y(t + m1) —
y'(t + mr) |? (19)

Oygods dlold ol glx b gom mH] g sow m slad jo bl Aol o Al
w‘ Y. Jolses



Sb- g slagiass; VEF 50l 20 o )leds sppaze JLs fay

R2,,1—R2, _ |y(t+m7)—yI(t+mr)|
2 = (¥+)
Rm Rm

31 SUEs8 CoS 052 L 0iS o dlone |) Ve Wobas Hlade m juolis 31 plaS,e (6l
8,5 15 10 L3S /w6 Dlaod 390 51,5 (V0 JI V- sgas) asbl lade SO

Rty

oy glod (yg03 ¥V

vy QT ) &S ol ‘s'sLo)' Sy S Saeands dlasl> (_g‘).; (_g)L"u.o Cow 2 sles
Coonl Pl golaidl s Jlo jsel )3 ofages baosls jo laas 2 L lauss, pslas Jdodiga o0
oolawl "o wlide wuazs hg, 5l Cawyd (sled wle g ol iagh 0 Lol
oo b ebisS 2lej s d sy N o & X (5lej 5 1451 o5 &0 s 555
G y) D5 0 03l M S 5 0 sl g 00,5 basn=N, N/2,N/4...,N/10
lode gozms ) cnl 51 S0p2 (09800 ool T s b degozmap; d & L Jobo b Sles
Sy 5l plaSie gl eST.cwli=1,..., T gm=1,...,daS o,ls pU Z 1, (0)
WD g0 dulore HLoe Blyul g Sl Jlaie m=1,2,...,d

Em=% X (M)
1
S‘L’,m = [%Zf:l(z‘r,m(i) - Er,m)Z]E (YY)
Ng o Jloy TV dolae S0 s ool suls Jlo s lade e
Yt,m = Xt,m - E, (YV)

D9l 0 Al Y Aslae & jg00 (000 ez oy (5 0951

Zem =Xt Yim (YY)

(S5 7 5Slee) dome (55kee 5l Loosls SBloaul ool hosd &old) R s

! rescaled range analysis



a0 (Sodoladl 5l 8la)) (o5 awlepw ol )18, o oS> g, sl @ las
Ry = max(Zym, Zogmy o Znm) — Min(Zym, Zamy - Znm) (YO)

Job bacgoezo,ny 10 sl g)lbe 4 boad ools ulie sy &by lade o o8 )0
e T Job b basgezoen plod (sly g oads dnloxs (Ren/Sem) Hlade pasio
33 dlona V7 Wsles & g0t (D)7 Siloe

(5). = 32t (%)

£3,5 iy a3 YV bl 5l lg5 0 1y sy sl I
Rn
5= Cnt (YV)

30 Hojl el g SOlaalis olass ng colivae € vl obide dsuzs dls I;—nol 40 aS

n

L f

bl sloy 6y o0 SLugdl Jlidy 3929 1o foe g ol S 4 el bl o
sloylnl g Sopsoladl Cozyler p st (228 Slades ol (Sopd oy
5 Sebld sls JBDS slagygesl 6554 b (el . 2dpdy plovl Godl (aseis
o)‘b).)‘se \\c’\ G YWOA O)LJ Gb)sixo

N Aoy Sl o Wgy oy 5 ¥/
Jobazcady ol syl slazdl 1o ) Sod ule s il it 5o (0,13, ko (1,
TS0 PPN ZPCUN LY g RV ol ety Sl 05 g ools wlie Kool yuals
bl el s (Gl Blzsl 5 uilyly (2alS) bnesls STy bass b oaus ol .ol
Siladleys rogdleas S o wal 3 1) Sloy (5w )0 Oldy (e lagsl 5580
2y esie Rl (e Glaggesl mlbs 2bl @xSpe)l @b 5l esls
eaws LE sbess 1) Jae sl iel,b 0,0l ol (Sow as slaosls YU uil)l
Ol cwl sl osls Lioled ¥ S o asle pus il Baliois )& Sloj (0 spuliol 0l

! physical capital accumulation



S sbyiags VEF 50l /20 o )lods sppaza Jlo far

Solgol Dllugs aSly saws oo L ans jla Do 1) ale oo clilsl IS g, Ldas o5l
Sl o 08T 55 1, (Lo 2 o3 wisle) (6, bl cnsls blis

2 w1011 Ca) 9 (S 5ad Aula e H-«H-‘ g

—.—-@gguqﬂu“m
X 1390
Y 182772000000 0.8
151

(o) 4t e it
-

05}

0
1350 1360 1370 1380 1390 1400 1410
S

ol Slazdl o S5ud Bulo s el e i, L ¥ S

b it ol ety & polie Lioled bouglnl o S058 Ale ps il &gy loges

32Uk &S e o plas 1y aas Gllegs 9 4055, sl 5l Slodusen (5o3) ans id
AVYY BAYOY) canss slaans o .l gl ploladl o o) g S Jelse Jolss
Kz ) o bl sbrcalon 5 i sbaosls ibeos Base ale o caslil W,
i A 5 L) (55Lasl 1 3505 5 WHY 5 Sim ol 8,5 S raou
Ol Esl o )l ke s e Saiar 0y Cge ssa By 5 53] GRS ) ks vl
b Ble & 05 (ol (ol DL 5 Cl e I L lojee VYOV o W,
SOgme N9y ATA: 480 4 39,9 b 3,5 )5 slasdl oo slaide & | (w25 LB
3l om oia s Medlirs slaps,d wats ol axlse o ol b )18 4l
Gloyw 5 5)9L8 4 cwywd NYAA B AYAD ol ;o ool (l)sds (slaaclialad
(Sl sl o cd Sl el L ey ol Slejes 10,8 dgue | (215
0,99 oyl Lol Aile pus Sl o wgsre S8l Coge g 0l malS 1) 65l slaalyo
250 ol Gyl 5 o8 slaaslys 4 ol ol olasdl g lisle Sl sanesplis
Slrcwlos 5 i Caad Cdge Doy 4> ST VA A2 0 Ll Gy slaalSs
o Leey2d als o WA Jlo 5o (g ko p (s GR1B1 Grge Jlo (ol
s S5Ldl 055 5 5 25 wad Sllugi Lol NAYAY )0 by 51 G50l 295 5]
L 2l dleyw Q2 kesas Jalge (pl 08 Joed )18 4k Lo 40 1) SLS o



fav (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

il 55 | olal W slacisbew @ ogad (i slael &l oSl b
—0985 (5T dar 09 olren (g pamle o AT Slojea LT ans 4 049 0,5
L oS 5,50 ol pomas |, o sLolis j2alS g Sl ool 6,005 50 IO 1TA] ,5 19
oy <Ll g paad S8l /(2B IS Ak 29,5 9 Jbo lam 2 wais
Pl o s 4 (Sawly poogdle Jolpl sladl a5 was o las &gy ol 20,5 ol

ol gl (olasdl g (il 1 (oulbw) AV slagl

(Lee-Strazicich) guajl yuwl— J 9>lg &disy (yg03] £/Y
gl Osail 31 sale s Bl e ) lajs o (2Le (g2 s5bie
b @olae yge)l gols .o solisl (5, bl canSls ,bsls Ll L (Lee—Strazicich)
5009 axlg dly gl s 1o (g ol a5 0ls HLas Y Jguz 10 sdelcansds Sle M
oS 0 Bl o sy e ol iy 0 6,8 Jolis Jlael 51 un Lol £ebilel

Lee- ;yg03l pgo s 5l g <ol (I(V)) Jol a0 Jols jo o) SUbe sacasjlis
A oolanwl (gl Sl alass g0 L Strazicich

V Joox
LSl S b gl J (Ul pgojl @l
xS g gl oll  axis chw  Lee— oygajl oylel P
Jlssl sls L PP Jee! & o Strazicich
Y
s bl ey ¥/EV4 pac o NYEY TN calsl 8
S e ble (log(PC))ale s

()

i glaandly tace

BDS (yg03 /¥
ol 00l ¥ Jgo 10 BDS (905! (slovans b



b= g slayiags VEF 50l /20 o )lods sppaza Jlo faA

¥ o
BDS 5ol o
i (IID) Jaiaws 5 231eSs ao395 syl eosls  Hp
R T ~Eov-3 R - COW PISUFCOR DY P-SORIS YL CEPIRARVIDRVEIWORE | | DAY N = O}

o551 51 ol s sl ond 48,5 15 15 o700 @ (5, lolins grbas syges] Cl 4o
Jsoz 53 sl bzl S8 ule pos ceslil e 42 8 ol 23,0 Loliss 51,2 BDS

sl o | ¥

Y Jgo
BDS 5451 Js! 9, qots
m= m=Y m=Y bloo aas olass
A/ 11/0A YY/¥- BDS ¢y50)) &)Ll
o) i o) JLo.a‘ub.w

(p-value)

p- lade s(m=4 g m=3 /m=2) blxs slul oled o /358 Jooo b jwluly
Ol gl (ol 0gd 00 o 4us)d pl by googs /00 (5 lobas xhaws 31 S value
Shlo 5 S )10)95 2 TID wiol 3 G sla S 5l asdllass 9o Sloj (5w &5 wrd o0
285 Glly (s sl rizen ol (3t b (o) (Fontly L
ol 00l 035l ¥ Jgazr ,0 ()l 9 2855 plowil 525 p90 by, 4 BDS (903l 4 Jlos



¥4 (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

f Jgo=
BDS (5050 p33 s, gl

blxo o m=2 m=3 m=4

C(mn) YAZYAR 7. 8V/FA 1 AYNY

C(m,n) /AR Al LYYNY YA

(Sdes) Differen LAY YAIAS YANial
obylg AR T4 AR 44 /oY

Lo Gl =il 7.« /AY YAVAR! TANE
z-state </YY /N A+ A

Jbezz! ol o) ofee o)

A o Lol 10lSu035 Jho @ poas g g0 slasl jo 7 8,Lel polie 1398 Jgazr Lo
p-) Jlo! Jloke am dw y 0 spied Cul Hloliae 9 YU e o] Jlade p,le>
Sbslo 0959 9 BDS (yg05] 0 ho 05,8 5, duge a5 o b,l55 +/+0 5 S (value
9 o apline LQQT{Q dh il Ll g oS o (5o,m IID w65 51 aslo yow eisli!
33T sl Lol ol s 0 5o omoaa e L3I 85 sl 55 oL
slod ogalwile £ JaSo slogygasl sl sl o5Y (29l (sla S5 Jelo sy oo
g oolaiwl by g, plw g BebLI

Sl glod yg03l F/F
Sl & o e & 55 BDS (sel 5 Cond Slogtl Ll 1 as1d s 1
5 s SLogl ool slp Sl 03 IS e & e s Slogd]
oalil .5 56 (sLad (53lujl /Bl sles riampn slad (yazen 1 JeSe (slagygas]
&S5 L @l Ol 5lu atin Ligy gy o )0 SLLI (sled azsl Log
58 slad jo (w)ls adel Jlade ;o oS s Sl ol o a5 Slo i) Holowe sl
S5 Sl ol (s ol g bagns 21,515 8o Las Bl oo plgs oo
Comla Gl s G5lets 5 o2 & So05 lajlae STy Cond 1 fiils s
Sl slales azilar 098 0 (650l SPLLL (Slod Lawgs sadsl Ll 2 & s
bt ol A1 0080 ) s adgl Ll )3 (S g ois o5 G500 il Sotie
S 3o Sloj e (eldsz gt Seb & ol B iad valsS Sasin (loy ST



Loy slayiags VEF 50l /20 o )lods sppaza Jlo O

L5 Sl pstcie sl0ls 0 S & S ol 50 el Ssliio Wals’ (L Slej oo
Se05 s e SOl (o aBly yo Ll woyy BB Bell) sled e
s sob & loy IS L alol (nl g Wadise 90 K0Sy 5 Oley SIS L oo &
Sl adgl Ll 4y s Sl Gl 1 B9ibld slos (2555 boe (13!
o S 4251000 (LiS ) s (6 s dmten Ol Sl 3B (iomen a8 oo
Slod (258 ) Awlee Lpes oI5 55T 50 40,10 Bebld sl m ol 4 s(go m
lod (RS azila ol gl ;0 (WA L he) S o ColiS Syl
e 45 083 o dmtd (i B BPLL sle Gl jlade 5l 555 B8LL
Cowl ool lls Cz ol 51 Sbej (5w Sl clin 13U loy Ll Lol STLogll
o g3lwib 5B slad yo b sl yls p Slanss sog Ol S>oF lade ol STas
535 g gt syt 5 0 iy B S o 10 ol 5 il o 4yl
b 105 Sl 5 5y nlials IS el 1/ Blie 3 g ST s
S9ge SIS Siusly g ool e ool wie Slije g Sledbl 5l g bas polocins))]
oley bl Log waless ISl LB Slawlrs /azess)o ¢ Sgui o0 438,5 oaual baosls o
Golle l 03ls 58 (YY) (2w )0 &5 95 low /ol gl sl cenln 30
S5 S slr At Sloj 23 Glrme s, nl el & 48,5 ol AMI g,

el ol s ) lade saile pw Lol s

Average mutual information

0 1 2 3 4 5
Time delay

AMI s, 8 conlivo 5 Lo sl 1 s

Sl 00l solazwl L3I Llucon u.:).u_f.:o)_' o9y )'l o A bloro s o] ‘_gb_)
W] Cawdds ¥ ooue L")z")-.’ )‘..Lii.o u.:‘ /(Y—\ﬂ) B IR YR W ool C)‘“’ Sy u*"“")% Ny



5 (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

3 el 9 paw olul sl Bebld sles /s S8 jslre 4 ol Adllas (o Lol
a9 ) 5oy 3B (sl & B sled 158 55 bl I sl o0 delone
0dl 0310 755 B Jgdm j0 aS oul 0)57)_3 F o olul glp solgsds 4 33 g Y Ao bl

0 Jso
Spibld 905l i
(m)blxo vz m=2 m=3 m=4
Bobld sles (S5 < /NOY «/NY </

S sl 5 Sl gl wloads Sygls oo lialayi b olie a5 553 Jso o
edo o8 el colie 5 Sz (gous /Y bl ans sl 4 sB8LL sled (5 S5
o F g ¥olul sly lade (ol sl aslo yos clil paze Sloj 6y (SLogdl 5 oSors
Glales 51 S 51 s blrs s ;2 50 Liad ol S (s00s Leon 4 00 5,91
oS Cewl 5 domio 13 K0S 5l e 95 ()99 ;bLeS ABL Sl (30 L SgibL
&5 lad 53luil S Colan SLogil 5 Jasd (65l Ceons 0 | s Wlgi o0
Gy Sy a5 020 o 5LiS g 00,5 ol )8 1) ool Swlus jbsls dualie ol
Ll FaeS 1y ool Yo, Slgy il L piman .l s i g ooz 4L, s Sbs;
los Judots b gl (ol sl s )0 Slogl )1, 0925 10 2155 45 s o LS |,
lood ol 15 BDS (905l 5 LU

SR ool yge Sloy laggym (SLasgdl et sl Gilre Olsied Cusyp slod
S5l oS 5 pins (335 Slogdl plie o)l sl (55kne 500 Oyle 4 0,5 0
L JES ceols (6lyls wl 3 G (oKanls a2 o 5 sl Sl stl (glagtiannn JLS)S 0ny
ISy 5 o ot s (ol 8l M 5 polie (VAR ST g23) 5 o (5 ol
5 aloyw cBlil pite Sloy w0 sl RRgR (rl 3 sadelnl Slasle ulul

! Poincaré Map
2 Devaney



S sbyiags VEF 50l /20 o )lods sppaza Jlo oY

Sl ol el sael Cawsas /Y Cawye sles lade k50 g0 Sloj o3L 50 4l Sl
Ol Sbey (6 s Voo wial)d ogs Solai,ne dacmoylis syl JI 3V« /0 o5l 0 a5
5590 Ohle 4 ogls Vs Sley (g ol 5o D SV gbs AlSl> Bgg g el Al
SYsb ley S sl 3L el g 05l sail polie oyl 3G Laosls 4838 ol
LRl &Lmu.a.ma 9 é’L‘Jj ).»."L’U?U LS’LO) S od..js JL> )Ld) ’Q"‘)"L"’ «.\JLDLSQ FKY
socs ylis s Jeol> Bl sles (yge;l 5145 (slasess 8gdleds samas cpl wo,ls 1,8
bz g Sl Sha0y50 Sloj 8590 )0 wlepu Bl pite Sloj 6w 392295

&S o Vs ol @S soladl ol b Jas 8 g ooy

SRR 9 S B
Bolo j CuBlil yuiite Sloj (gm0 Ao il ® 10 09l (Slo Sy gwyp & ol Al
ble Ggeyl zubs Lol aBlo n VF ) BAYOA Shej o3l jo /ol pl olasdl o S55.8
Pl 5l &5 39 aloyw Sl faie Sby s Al (pblepae samslis
oiles a1 093 )Ll Jlasly sl S 5 o Blo gelans 4 Gloj (g o 13l (68 2l
sla Sy 0529 Sloj v Jol &5pe Jol& » BDS Qﬂsﬁﬂ ]
/o Jlisl maw b bl ol plas a5 (g 9bas 10,5 auli |) osls o Jad 8
bl 5o 039y dilo oo SN Sloj (63 53 0z 5 (S e Laly) 9529 B yLis
oS ol las Beibld gles oS5 (2l 155 Gloj (sym k8 (SLogdl )y
20l b goil ol @l sl 1955 29T sla S 51 arle e culal Gloj (e
& o )18, (VL Colis 5l S scalbide slal ;o Sebld sles (555 St
bos o3l )3 uinl p ogdle L3gr lalpd cpl 5o Slpnss Saeady Sl g adgl Ll
Y lade sl asBls 1y Do SV gl Aladl> g 09 Solai,d e oLyl 4 aS Con o
Sl g oeads Aadl> g basmo L a5 sl Cawsds aile ps cuslsl Sloj (g Sl
sles 5l lade ol el ale puo cuilsl aol 3 4o oacal polie o aindS polie asg5 o8
@l )00 aloyu cllsl Sloj (g )18, (g dolal 5 Sz TR EPO
3929 00 LAS ey (slad § SgbLI (slas (slaygeil p wST L osst s Angs ol
553 Slej 03k 50 /(o] (ble pf; &) s e Bl e Gloj (6,8, » gl
S o Ul ] Byl pos el ()l 0 (o gme (o gl o 0 o 0l 5 003

0yl ol pl slasdl  galds” cdVYs aw zls oyl



B-Y (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

sl ;o 18 G)lubl oo olpl Gloyw cilil xn Sl g o
IR 3855838 9 (sl Ao 5570 oS Lo (s 1003 0 92 y9omeeilSS
oo Bil55 0 (5,1 258 SUSL Slyesi b a8 8 LSS (gLl assile) (Jasys
a5 4565y Led 1080 Faw (s o9l Gl 4 g osls jeue Slimu slaaslinl 5l
Ol olazdl jo ol 7 )lae Scowad Jow o Jlsl sl 3 ol &ged YF (idu o
VA a0 )0 bz doaid 9 (YU 1zl B) VWA a2 10 aslo s o)LL 0l
g o Dgmne JU ol 5l fue slges

ble cam o 48111 (ol L iyl ) ol lacusdle dalllas ol gl
o ol & s ST line 2 1055 5 g ey L (5,
= 4 Lo oy ol 5B sl o Tl Glandle sgrg Siled oSl s
398 i (99,5 ,L8) (I(1) = 1(0) o) 22l 00l Lo yalls jo Slej (5 5T
Gl o «alig Glaoiler o2y el e & s 5 sonzmy (Sl
39ble ol s 51 el g0y 109 sl cilises slacdle ;8 Wl o e
Ol olasdl 1> aas o rudgs asdl ol Lail adls ja8ls sasay (pl b (g,
&35 0555 5 Bgy S5l L o)lsen 15,5l bawi glaaslyy sl 2l of) e
S o0 Olgs

Iy SlyeSe 0 iy slrosls Comnl  cgids alo oo il Sy (6 ym (SLugl
o O sladae pincms 3L gt Soals a8l 1) a8 (o0 (Las b
lr el 5L 1A b (09l o e iz 1 e JoSo @ g 3l Codgams
2 Sl 5 Jlsen |y lie & 33l (ol Vgane (i (slo oo il
53958 3 15 Sy s lon (el SOales il 3 45 Jlon s 535 o
55 i plosgig 5 plial sl b, & ol S
Olnlobadl g bl slag] o md Al a5 was o (LS Ry (nl isaez 5o

(\

(¥

(v

b sdh lod )0 &5 (ol ey S5 90l Sllugi b ()8 ey )53 0iibe)
<<s_im3) B ‘5u...Ja4 ‘5;|).Ai>» aQ <<‘)fw.’.]a.9 &5)‘“.6&‘“"*:*‘» )‘ Sa:gb‘)[;g JLL\.:‘
cuilil slaas > o ol slasdl a8 codd 51 Sl pol> iogh mbs .S s wal

! Multiple Attractors
2 path-dependent
3 Chaotic Signature



by slyiagsy VFF bl 20 o)l o Jlu O-¥

S 0 o2l Sy e Edal SeSs A «l S aalad (6,108 Canlown

b sranogi 9 60 2,15 ks #
2 ok 6L pikene (lpl slamdl dloye cBLIT s SLogtl (LS, plubs
gl Ll ) s 80l1 398 ol s Cl p g e gsbow Slocsz ez
oulS sla el 5o (52 Tl Sl & ans s Jlats Cpil 4l fs lyeey
ST sl b (g o 5olss ()1 slaailS b/ Sllle (518 vope &5 wibe)
g oy e ps SOl sy CiS3L Sl g 0058 Sllugs 4 (oSl
6 o5l go 5T 1) GISL 5 (2005 0,50, b (goladl (slacusbow sl )21 po3) sadls ol
XTSRS 7Y o] e Jgrg COW] P FIRVR WA
Slp 55 slacaslos BT a5 ams o lid it (ol 50 Saeasds AaSl> 999 spgo
5 be slalod 2 soe b bacwln (b s nlpbe taile o L sladl jo laans
slooszlez 5l ool yulul (e 5 pgmpe Sl sladae & adl Sawsl,
Sgiudg 555 g0 15 ) 1) (L8 slacnbiw Jas sl SIS A gy 058 (6,18 B0
ghie S )0 bais & 1) )55 ol ookl b (65550 SSL oS oo Jos o 050 o0
Jolis Cdel b Jow ool aiS 0 J oS 5 6,108 Gun Sawacds Sy yuww jo &L o>
S gy 55 0t 5 o sl Bl 1 L slails ks e
B slo)lpl (65554 )50 sDaeaids )0 s Al g Gl Cole pgas
Sl (5815 e 5t  lelind il sl i) 2
P38 b By olzl Vsl S o Cugi Lol dgesy s 5 sl D1 o,
Weadan 3155 b 1055, slajlh 1o 5033 | slile b 1339, sl o &5 T daiogs
Sl G9ie ool NS SpSslr )Tl St sla il 2lsd ) el
ol ool Lol 09 Jlab (Gibld sles ke aile) ool sl asls Lolul
1 HBly byt T wle) oS sla sl wo) Lol L« ale ps S50 b
Sl slo ) b oo o 5 olir b bl 5 rcim 5 55 0le o

! Dynamic Inflation Targeting Frameworks
2 Self-Adjusting



00 (Sodoladl 5l 8la)) (o5 awlepw ol )18, o oS> g, sl @ las
3l 6xSele sl plmss; (plalaia Wy oo (aiod ;o Sl (sles Al wiils)
polie rubow sloosz oz (b ratie jsbas .m0 )| sl 1 4 s 055
S Wl 525 Gerdle GrSok (S @ sI0E8 Slapenile Jolis fosil 4
N sl azls / Su,l sleosls jleolawl b aes oS |y tas e Ollug oy
JS:>) Random Forest Jow abe) (ile (5,500 sloJow /o9l slo ozl 4
_acly abisls) LSTM Jaw b (s Sbol, S Lils3l) XGBoost Jae (2ol
et 1y 535 s bl 3 & 3935 (slasSI b e el (((SolssS
b o sl aslol b dig) 5T a5 wimo e ok IS el 4 Loy ol L0
i ol 4 5 s S sl ol (e )05 be s o] JLo T S
Caslons 2l ) Sou 3235 0300 £ 5 G201 Jo) (SLelodl az im0 Sl 9 995

5 Syl ol 51 i e (Sls

ke y30j] 5 Sgibld olos Ko 4 swac slodSid gxel,bl 05l (VWA L (g he
ol gl SASES sy bl 5 oyl oKt (0] i) lS Aaby L) sl o555 ol

seobazdl (IS Jaw S jo goladl gyl asls gui aids (V19) .o s Bolo e /S,
YFoY o V¥ 0,90 ssoladl gjlidas 4,uis

e plas o o o188 g So5d sl Ll g, ol L(\WWAP) L& s som> g 0 15Uy
pole O)lig cole Ulio 15)lo alo

ous aislu o, 5 b > (slad K5 0 oloj diwgn (slopine 0 033l S . (VWAY) .z soolS
PSS gringee 00SES1S s b i ol8slo (0] gl Asli,LL) 155 695 L

3 Pk eg S
.golazsl

oSils () ol IS BabLL) gl 4,5 5,5, b (OPEC) i 4ol sl S
bl 0,5 s elazrlosle 5 olusdl saSiils b ooy

! Extreme Gradient Boosting
2 Long Short-Term Memory



S sbyiags VEF 50l /20 o )lods sppaza Jlo b-#

Brock, W. A., Scheinkman, J. A., Dechart, W. D., & LeBaron, B. (1996). A test
for independence based on the correlation dimension. Econometric
Reviews, 15(2), 197-235.

Brock, W. A., & Hommes, C. H. (1997). A rational route to randomness.
Econometrica.

Devaney, R., & Keen, L. (Eds.). (1989). Chaos and fractals: The mathematics
behind the computer graphics. American Mathematical Society.

Garcia, M. M., Queral, R., Sanz, P., & Vazquez, F. ]. (2004). A generalized BDS
statistic. Journal of Computational Economics, 24(3), 277-300.

Giannerini, S., & Goracci, G. (2023). Entropy-based tests for complex
dependence in economic and financial time series with the R package
tseriesEntropy. Mathematics, 11(3), 757.

Galileo Galilei. (1618). II Saggiatore. In S. Drake & C. D. O'Malley (Trans.),
The controversy on the comets of 1618 (5th ed., pp. 67-85). University of
Pennsylvania Press.

Gleick, J. (1987). Chaos: Making a new science. Viking.

Gallegati, M., et al. (2011). The Crisis of 2008: Structural lessons for and from
economics. Cambridge Journal of Economics.

Holden, A. V. (1986). Chaos. Manchester University Press.

Lorenz, E. N. (1963). Deterministic non-periodic flow. Journal of Atmospheric
Sciences, 20, 130-141.

Lorenz, E. N. (1979). Predictability: Does the flap of a butterfly's wings in
Brazil set off a tornado in Texas?

May, R. M. (1976). Simple mathematical models with very complicated dynamics.
Nature, 261(5560), 459.

Mantegna, R. N., & Stanley, H. E. (2000). An introduction to econophysics:
Correlations and complexity in finance. Cambridge University Press.

Lichtenberg, A. J., & Lieberman, M. A. (1992). Reqular and chaotic dynamics
(2nd ed.). Springer-Verlag.

Li, S. (2013). FNN: Fast nearest neighbor search algorithms and applications
(Version 1.1). Retrieved from https:/ /cran.r-
project.org/web /packages/FNN /index.html

Patricia, F. (2002). Newton: The making of genius. Columbia University Press.



B-Y (Sojedobassl 5| 8o,) (Soied ey SB35, 5 oS 5, gl a1

Strogatz, S. (1994). Nonlinear dynamics and chaos.

Sandubete, J. E., Belefia, L., & Garcfa-Villalobos, J. C. (2023). Testing the
efficient market hypothesis and the model-data paradox of chaos on top currencies
from the foreign exchange market (FOREX).

Sornette, D. (2003). Why stock markets crash: Critical events in complex
financial systems. Princeton University Press.

Mathematics, 11(2), 286. https: / / doi.org/10.3390 / math11020286

Van Buskirk, R., & Jeffries, C. (1985). Observation of chaotic dynamics of
coupled nonlinear oscillators. Physical Review A, 31, 3332-3357.



S sbyiags VEF 50l /20 o )lods sppaza Jlo O-A

Journal of Monetary & Banking Research
Vol.18, No. 65, Autumn 2025
pages 307-327

Chaos Theory, Governing Dynamics of Physical
Capital Accumulation
(An Approach from Econophysics)

Ahmad Googerdchian' Seyedeh DelAra Mousavi?
Received: 2-Mar-2025 Accepted: 10-Aug-2025
Abstract

The term "chaos" can be used to describe the behavior of a turbulent and seemingly
random system that is highly sensitive to initial conditions. There are two types of
chaos: deterministic and non-deterministic. Deterministic chaos represents the erratic
motion of nonlinear systems governed by specific laws but yielding unpredictable
outcomes due to sensitivity to initial conditions. In contrast, non-deterministic chaos
arises when the equations governing a system's evolution are unknown, and its chaotic
behavior results from uncertainties in the governing laws or the influence of random
factors, leading to rapidly diverging trajectories. In both cases, the system remains
predictable in the short term but becomes highly unpredictable in the long run due to
its inherent complexity. This study examines the chaotic behavior of capital
accumulation as a key factor in economic growth dynamics. Additionally, the chaotic
fluctuations of capital accumulation can impact credit demand, banking liquidity,
interest rates, and investment flows, thereby complicating monetary policymakers'
decision-making processes. To analyze this, time series data on capital accumulation
in Iran’s economy from 1979 to 2022 were examined. The results of the BDS test

confirm the nonlinear behavior of this variable. The calculation of the Lyapunov
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exponent further validates the chaotic nature of the time series. Moreover, the Hurst
exponent test indicates that this variable exhibits long-term memory.
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