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on it IS if process 

(t, w) : t E a 

process, be any 'is a 

+11, 

,Xtn ) = ) , 

11. is dwsf:n .'iw:/I, thal I.Hrll .. ~"H'·1J -tndu: "r:[ i,~ still (J. S'Il/J,<;f:/' 

"U'U"""~''''U,,,, processes 

the 

in 

49 : t E 
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a stocha.'itic p"'Oce.s8. tI, t2, ... , be any T. i.'1 a 

stocha.'1tic }l,,·O(:t:.'I,'i. 

E [IXt./2] < 00, t E T 

E = m, '<It E and mE JR 

= + t,s + t), '<I1',s,t E when,;: 

=E -E ) . -E 

50 1)roC(:'<;.'I(:." an: 

fI1H'lU,(J"1/. (J994)), or sto-

processes. 

51 is 

stocha.'1tic prvces.'1 can be 

res tricti11C 

two moments. 

not 

converge to 

process to 

a 

to ,,"'"''''11U .. 1''' averages is 

series in 

prvCl:,SS '1lJ'ith 

011 

moment is 

"'/l'rlcn,- P''OCC8S docs 

.sec 

governs 

to 

time averages a 

convergence 

processes, see 

, see 
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53 

at l'im.f: t can ht; timf:,<;. 

any time series to one nmst ensure 

senes For a .... U1UI-'LCU<CU'" account 

see 

the nn""",",''''(l COlll-

12000 

- 10000 -III 
G:I 
::::I 8000 ii 
> 
X 
G:I 

6000 "C 
.E 
0:: 
W 4000 > 
0 , 
w 
(f.) 2000 ...., 

0 
500 1000 1500 2000 2500 3000 3500 4000 

4-1 : 

1 

1. to 

series is not 

2. that consecutive 

was an 

100 
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economics are out (almost on 1'CtU17~S 

( 

1. 

2. 

on 

.u;, .. ,;r;u. as: 

the 

summary 

l't = 

went on to 

why 

return 

the retu17L time series is by: 

- '/'3,'" 1 

was case 

to 

to assume that 

can bc the 

shows the 

two reasons: 

some 

t = 2,··· , 

ovcr- time: 

returns 

on 

sta-

most current 

[t 1, t] is 

return time serio. 

: t = 1,··· , 
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0.10 

- 0.05 III 

0::: 
W 
> 
0 0.00 , 
w 
en ..., 
c 
0 -0.05 

-0.10 

-0.15 

(t) 

4-2: 

1. a constallt mean 

o. 

2. 1't to 01' to zero, Pt Pt- I are not very 

3. Pt IS Pt-l, 

an t - 1 to t. ,,.,.,,,,,,,"11 movement all 

4. 1't are 

in t-l to t. HHlvement 

on 

5. very returns are very 

returns. IS to 

tu tu 

up at very 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6. to :3 

returns were rare. extreme returns 

less extreme returns 

7. 

8. 

root test on 

4.1 

series is 

4.1: 

note 

a 

IS 

4.1 below 

returns time series: 

16« 

extreme 

to 

or 

at 

returns 
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4.4,3 llivustigatiun D[ Distl'i\mLioll for Observud Daily RntUl'lIS Tim" Serius 

Siu",' tlw ul>I;Cl'v<,<1 daily l'em"," lime &'l'ics is w~"kly 5IatioHa!'Y, thus it is rc""""w,lM to 1\."'11"'" 

that r.hi> time st>l'i~, i . .... g.xlic. 

Hi~tograIll and De.<criptive St"ti~tic~ 

ACUJIXHu!\ In Chathcltl (20111), hi"IO~am arc only usefn] if t.lw lim~ scl'ies is tUlll'cmlN.I ami 

for tlw observoo daily rdum" time scri"" ~ollljlute,1 loy EVIEWS: 

s" .. O<~ 
- '."" "",-" .. ,." _, 
..... 0.00DIl" 
... ~.., O.OC<lOO' 

..... "....." 0.""'""" . 
_~.." _0."'''''; 
SO" "'"' 0.0"""'" I Sk........ _, """ 
K'.- ".0&70' 

no", Figure \-3 "huve, the f"I1"",i"9; c·h"racLeris.tic:l art' not",l: 

I. Tlw "h,;erH'd d»ily r~('ml' ""riC>. has a "",all, bm positiw ",pall daily return "rO.1JlI0551 

(or (I.Uri5%). 

2. Tile m",lian daily r~lnrn of 0.000601 (or 0.060%) is gr~at.cr than II,,· ,m',,11 ,Iaily .. ,-(nm. 

Thi., meall" tl"'t- thl'r~ ar~ m"r~ IX"ili,"~ d"ily "flllTl~~, lonll,h~ I1Jafl,lIitmi<>. of Ih~ ll~l\al,h'~ 

da.ily re,nl1" >Ii"!> lar)l;~r th"" ,he maglJitude or the p'""iliw daily retllrn,. Th..,", th~ 

tli<lI'ilmtion f.or u\,>'<'r\'cd daily l'~tllrn~ tin ... "'Ii,,,, "100,,1<1 haw" 1""R<'1' left, ,"ill,l11m "iI\IoI 

tail. 

:1. Th~ ~\",,,h,.r,- (l~viatinlt of uL.scrvc<.\ daily r~\ urns uf (l.0 114:.!8 (01' 1.14:l%) LlIt'a,,, tloat the 

! n·\ 
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returII 

mean. 

a value 

an 11 

4. range 

means 

range. 

mean 

mean IS 

5. 

6. 

and 

is due to a 

return is 

11 

returns time series is: 

}) = max }-

= U.U6@60-

= 

returns 

returns 

away 

a 

returns 

returns with 

and 

observed n,tnrns time series is 

-1 

ret urlls 

IS 

than tlw !:orresp< 

«0 

tu 

returns. 
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lll, whieh has a 

mean 

OeelIlT(~Il(:e 

18 

may not 

to 

at the 

more 

more 

2. noted 

mean 
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kurtosis :3. This 4. noted 

.. 
I. skewness 

IS 

very returns 

time series 

returns time it is to 

returns 

may he 

1 Wi 
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1. 

2. 

3. 

(as 

returns time 

T is the 

timt' 

cannot be 

and 

nUl""."", note 

k = 1,2,'" , 

0.147 is the error UULUj''-Li> 

IS 

estimate IS 

au 

returns 

are 0.000 

k is 
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4-5: Plot 

IS a returns 

return 

returns time 4-5 
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1. not on the 

returns time series is 

2. over return 

is a returns 



Univ
ers

ity
 of

  C
ap

e T
ow

n

3. 

4. 

returns 

return to be a 

turns 

,1-0 

on tlw pru)!.;rams 

occurs over a 

means it is 

the the 

over 

a 

and 

D): 

retUl"ll is 

returns is 

that 

mean 

over 

15, 

re­

is very 

1985 to 

not 

memo!'.y 
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1. 

2. seem::; to bl~ a at 2 

presenee 

at 

the reg:re~;slO>Il 

all n: 

4.2 

returlls series 

'fl., to test 
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4.3: eXT>eclte<l 

s = 

are 

= :2 and :! 

returns series. 

log(n): 

N 

= --== = 

at 

III 

N 
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returllS 

lS 

was 
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3. a 

the 

a 

one extreme evellt to Rllother. 

at = 2BHl, whieh 

returus process 

that is 

on the above aLIU"", one can condude that the 
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thp.re is all 

to 

its 

O(;(:111'S at 
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1.6m) and 1, 

In order to as:"ess 

one 

n: 

to 

1 : 10::; n ::; 50 

::;n::; 

::; n ::; 1900 

to 50 or 

the 

Hurst over the 

,."",.,.,,,,"'"'''' over 

is as 

L 

2. 

3. 

In 

10 ::; n ::; 

50 ::; n ::; 

7(j0 ::; n ::; 1 

to compare 

the 

a 

a 

Hurst indicates a very 

made 

the retUl11S and 

113 

:2 years respec-

regres-

n 

anti-

one needs 

to 

4-~ below 

the A 1) 
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, 

I 

V-Slatil>ti~s (Raw Data vs AR(1) Residuals) 

, 

, 

Fij(\U-~ 4-1'; V_Statisti" ValeK" for LO!,-Tran8r"l'llK~1 .JSlj O\'Ul:\LL llld~x against its AR(I) 

Ik.idual 

From Fil'."r,. 4-H "bow, the fullowin!,; illt~rplx·~aL.i",," may be mall!-: 

2. Th~ linrst "Xl.OlLGllt cotillmw is also <lightly biased. 

1. SilK:" all illS valnes aI" Liase'd upwards, (hus th~ ",""liug f~"c\l"", a>; lll~,~,n,,',1 by (he 

II"f"l "XjK»J<'nl, j" sli!l,htly atl",-tcd l>y thl' I,i&;, although th,·lJius is ddinildy 1H'('''''])[. 

2. TI,;, 'W'}" I,.. calls,'(\ by the impact of hi)\hl'r fn'qu,-"m-y (~.ily) of liM ... , which ",','lllS l() 

worsen tht· imp'w( <)'[ ohort-lctllllll"'''H.ry I']'C)(:~';' ())j Il./S all .. ly,i, 

4.4.::; CUUciIlS;UllS Fro", Prulillljum"y Allaly,us of Dala 

Il·! 
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I. The distl"i!Jll{h~J for th~ (>I'$,'rvc~l (laily I'dnl'llS tillK' ool'it'S is we!l.i<iy "~ati()ll"'",Y. 

~, The ,li.,II';blll.i()ll for (!le ob'''''·wd daily r~ln!'ll titue ",'ric" i; "synuIINlk aboul its Il\~an 

,md it is skt'wed lo Ihe len. 

:1. Th~ di,trilmliml [or ~h" 01,,.,,.,,,,,1 daily r..turn" tilH~ """i"" haw a relativdy I,i!\h~,' p<'ak 

at the mea" and" mnd, Ilt'avier taillhan II~' col'r,""p(j{l(~{\)( ll<>rIlwl distriblltic~l_ 

.1. fl,,,, t() tlw la"!',e ""-lllple siz~, no C'Jl'Chl'~"n.< ,,,,,y]...., draw" (~, the sigllifi""ll<:<' of "ampl~ 

ad aud Iwd al I,,~ k b",~d 0" the d",skaI hYJ>olh""is tests, 

5. [{psul" from th~ ItjS a.naiysi, haw provided evidenc<' to ""gg<'"t that the JSE exhibit. 

IU!L!',_t<'flll dt'pC"K!<·jJ("', "nd Ilt'n",' have a self-similar stl1l<'lll{"", Tlli, 1Ilt'''1I' tlwt lIlt' 

di.striuutioll [0,. ''''''''I'vwl daily ,.,.Inm" titne ,.,rk>~ will !Iol oc normally (~"tribllt"d_ 

0_ HIS almly"is hav~ further kt..lltilied a major eycle of J..np;th 2 y~ar.s and a min,>]' cycle 

within it of 1~11glll 2 montll, olJ tile JSE, !3ased un IheSt' empil'icai ~vid~m .. , """ may 

ll",I{~ III(' illlerpl't'tatiu" that, OIl aw .... i\e, til<' JSI:: hHS t1]{'{ItI<l ['Olll "" extrcllK' p<.;itivc 

lllarkN to all ~xlJ'elll~ H~ga.tiw mark~t (or vicc wl'sa) cwry 2 yea!'8, whil~ ther~ was a I~ss 

,ignitica"t curl! ewry ~ 11\01\\h", 

7, Tlw major proLkm with R/S analysis is that il does 1101 have enough statistical p<)w~r 

to reject tIl(' nnll hYI~>lh"si', TIm", " larg~ lI11mb"r of oJ.,><.'rv"tioIlS L'lvering a lOll!', tilll~ 

il,tel'val i. n''luin,,<l to ,>btain a stalistically sip,llifiumt sample Hn!'8t HI"'"~llt Th" analy_ 

sis pel'formed ill ,hi, <li.%<'l't>ltiml "",," l~'t "hI" CD lind <'oud",iw "vid(,I1~~ that tl,e]'t' is 

),\ll)(_t"l'm lll('mory in the ol_rwd daily rdurns time S('t'il'll, IlnW<'wr, thi, i, ]lui lx·.'xns<' 

\hal, \cm)(_tel'lll llH'n".'y ,k"" nnl exist nn the .1St: "t all, u111 bt'Cau3~ thert> is i{"<lllljd~Ht 

amoullt "f datu availaule (p "UI'l.><.oI'l the claim. 

K If one igl~"'~s the ~.xtreHl~ observation_, in a xI!', retums ""It"', th~ll the n'\uru, ""ill 

actually e", normally diotri].utal. Althollgh, one call justil'y ,ud] "dioll by "r!',lli,,!!; tllat 

th"",> ~xlr~IlW "hs~rvatio{l" are compal a~i wI}, {,art> ""d tim" will I", awr»gt'< I out ill alan",," 

"aUll'l~ lI"wewl', such argum~"1 woukl lw 11aw,,1 f,~' fi"ancial r~Ull'lJ" "'.'ri~$, b.><;a,,",' 

ext,.e,,]~ "IR,{, ... "ti..,,," i{ujJat,t" (l[] tilt' participallts "f llw jj,ark.'\ the 1ll"5t, Larg .. allu tUUls 

11" 
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or pfoHt" al1d )c""," may b~ ""U.'<e'<1 by lh,,,,., ~xtrc'lilP uhsl'n'atinns, In fact, oJ,,' ,'all )!;l> 

furth~r am) nl'g\1e lhal act ually on~ ,huuI,) o"ly COll<>'lltralO' (Jll tIM'S<' ,,\x;erv"'ioll' 1\.' "W' '" 

f"r[nlH' i, d~I"'r"!'~! "1" '" ie, 

4.ti Empirical I'vlarket State Partitiol1 of Observed Log-lteturns 

Serie;; 

In this .,'eli'lIi, d",rac,t<'risti,", for €VO'CY ~rv('(1 daily r~~l1nl is 'l"a.nti~,,1 ,,<ill!,; «'<'Imiea) 

anllly,i. iwlkator" TI"'Il, ~ach "hl<.>rH .. J daily r.,(lll'll will )Jf' d .. ""i~~d a. bei,,!;' in "Ilt' o[ th" 

five 1ll"I'I[N statc, ba",~1 on t),~ dl"n'd",i,ti"" that jl ~xloibil" 

A('c,~'din)l; tu Vag.." (i~j(J), tedlllie,,1 """lysis i" "I' .. fj ..... liw l",-,I in id~ntifyilJg upward lr .. ml:; 

in th" lllarkAI, if tl .. , ","rket dyuruui .. i, ii, th~ CAljWI1'lit. bnll "late, Th" """eral goal Df If'dmie~j 

au,,)y"i" i •• 'Illunllri""d by L.u, Ma!naysky, Wang (20((1) as tlw id~"l.ifi<"alifj" of i'O'!';llIRriti~s in 

financial lillie ,~ri"" by cxtracling n,,"-liJwAl' patt<'rn" fr{~n t.h~ lloi,.,-. ill th~ <lata, '1'1,,.. t,~,I" 

ur;e.<i hy toclmicnl anal),"i" i" ~"" IwetlY 11,,,1 pattern =,o!l,nition, The tochlli~al analysi, indicators 

uset! [or \h~ J>altitiolli,,~ of th~ ob"'-'l'ved d~ily r~\lll1," tim .. "..,rit'>< i, " .. killal.ed hy the softw~r~ 

VisuaDala, which is cUl'yrigh,,,d ,0 :-.Jew\\'"w 11Ilellig,'nt BlI'<ill"" ~y,t'''It", In." Tabl ... J,~ 

below summari"," thO' trdUlical imliruwr, u"",I' 

I l: ' 1 l 
( 

T .. bl" .].5, ·1 ..... ,hnif'.Il.lindi('ators fur Dail) R"turll PIll'ti[~l[li"g 

Frum T"hl~ 4,,, al~w,', llw t("<jUlieal anllly,is ill<li(~,t"rs al"i' ill(t'rpJ'e\,,] ("<:('''I'dill~ leo Vi_ 

~",.DalH liOC'I'" ~]allll"l) as follows, 

L TIl<' randDliJ walk iHd"x (IlWI) wa" d~wk)l'c(1 by Puuk", (1~!12) tv .j;"lill){llhh 1]"<'lIdillg 

Pi'jet'S fwm mndom pri' .. '~: 

1I"·'w.lil1)( 

l·au,t.Hll walk np,.,.,\,'d 

)J(i 
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2. TIl<' mLI' nr d"'lJ~e nl' nl<JUlenlnm ilk!.>X (me 1m") to idt'ntify whel, a "il'-wll ,~ ri"iug 

(;,;"iniH" nk)]lk,,,tnm) or fnnin;,; (lOlling Ul{lllwHt\1ln): 

,~ { :: 
<0 

3. 11](" ll~ t (lir.K;timtal nk,"'n .. ,,1 in<kJ< (dIH_dx) i" a tu",\"ur~ of the lot,,} str~ngth of the 

t)'~nrl: 

</m d,1 { : ~ 
<" 

l:\llllish, buy siglJal 

B=d "H th,' alJ""~ te<:hni",J analysis indicators, llJ{' ob,,,I'\'£'<[ daily r"'"n11l "",ric", will he 

pal'titj'''k'<t illto fiv~ n"'rk~t "\ .. It,,, , 

4.r.i.l St"l' 1 : Classify rctUl"U8 as Rall<loHl \Valk alill NOIl-RaIl<\OIll Walk 

Trw initial (;[il~ri"" i" \lm(, ,f a index ha.< , 'wih(~/w1'l) < I, th~ll tl".t i nd~x Gan b~ intPl'j)l"t"t"d 

as showing no lrellllillg (uVPI' \00 1< •• ,( lwo tradinl'\ d"ysj and hen,:.' we "xlX'd it to b~" random 

walk, H ... ",d on tht" stat~d ~ritt"ri,",. We ,,;o[ \],P Hlt' r,.H<lnlll walk Iog-r"lu!'H ,*,ri~;;, H",wwr, 

th(" [lW' 1l Ja'"(ju"-B"r,, v .. hw '" 11')1,111y Sil!;l ,;lkant "t th,> 5% If'wl, h~'k" jt d",," "ot have a 

nOrlw.1 <li,!)',),,,,;.,1l ~">Xpt,,·tf'<1. In O<'<wr to oblain a klg-l"'~lll'll ... ri~" ['Will R\\' t],»t h ... , a 

u"n""l dist"ibntioll , w(" haw' tn ['nl'llK~' l'E'nlOVf' "lllog_I'f't1lrlL v .. leW" thaI i, hf'y"",1:1 ;1"",1",.0 

,,,,,'iatin,," aw"y fWlll ito "",.!llpk ","'all nf -O. I )I)~ I, i. ~, 

lllrt E (- O.O li I, 0,0,]:12) 

Hmww)', Hl\ ' j ' . Jarque-Bc>m;" slill highly "iglliJi"'llt >It t.lw 570 kvd, h"11'" ,till ,l,~'" n,,1 h"", 

a nn"'ll .. l di'tr;l~'tiun, TIm., ,,~. I""'cl lo furcl"'r 1'("U1I,y,' lo>:-rrll,u'", in RWI \ ha\ 1,,," "alu" 

," 
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b~}'llld:J sliJ!l,Lmi d,'viali"us from its """'I'I~ m,'au "r -O.OOIG, i.e 

[(In E (-I).I):!'j:1,O.IJ:J-Jl) 

"" /lI~"ultln ± p. Std, llev'I<Wl) 

II nr"n"IO"I~Iy, Nil ':(, J""qne-Bcra is .till si~llific:".nl at tlw ::;% In~I, h,'"'''' still d""5 \".1 han' 

a lOonnai di"trilmti"lJ, Thus. we ll"",1 (.0 furth~r rpmovp I"g_"eturns ill j{l\'2 that ha. valur 

b<.>youd :1 ,Iaud""l ,kvi"t~"'s frolll it. me ... " of -0.0011, i.l'. 

RlV3 E (-U.0:J4i,O,O:1I9) 

Finally, R\\'3'" Jnr<J" ...... Ue1'a is not sigl\iflCalit at the 5% levd, h~II"~ it h"" a "u!'!llal <listdlmtinll. 

A >Ullllll>J.'·y "f th,> 1'1"<><"8. is givell hd"w: 

-
IlW H\\' j 1l'\\"2 RW3 , 

No, uf 01.,. !11O 8" I &l:l 8G8 

~kan -0.0021 -O.OOj(i -(!.OOl~ -(U)()ll 

Std, 0,· ... 1I.lll.~1 O.Il! !Y 1),1l1!! (Ull U3 

Sk"Wll~>S [,5132 -o.1!n:1 -0.1~"2 -0.U732 
, 
; 

I\nrt,,,;j, In,,12 ,1.:)7<4 :l.T212 3.2500 

'''njl,,~[km ,ilXi2.1!! !'tW 1 21.1 'J 3.202G 

! j'rob, 0.0000 O.lXIO() 1J.0l"1IJ U.20 IG 

Thus, w~ lak~ [(11':) "" ,,,,1' rlandnlll walk !og-r~l\]rn "",K.". Th~n, ,IK' origillallng-r{'\l1rll" ""rip., 

1",,~ th.· rand,,,)] wnlk ",rirs eallue rl"W'nhl as on,. "ll<"'·rand"", walk" serirs (NnIlH\\"), with 
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I N""RW 

r-; l). of 01" :J..t 17 

M~an 0,(11)10 , 

Std, 1J,'v_ U.Ull; 

Sk~"'nffis -l.47UH 

I Kurlo,;i, 17.XS08 

Jarquf"- [3.,ra :l:lj',9.()~ 

L .. 
I'mb 1),0000 

4.5.2 Step 2: Cl"sHify NUll-Inv '"L'tnrns ;nt" Cl,,,,,ti,,/T"allsiti<>1l and Culwr­

cut Bull/Bear 

------ -

)"'llnkt't Stat!' ,lUI <l:t ,.,,,:(mo) ~(<r uf r~t11l'l"') "Wih(.<lwrt)! 

O,IJel'cHl Llnll >0 >0 > >.0 > , 
(''']Wf(,lll B"",. <0 <1.1 -1.0 

, , , > 

l 11aol ic(lh\lLsitiuH O'! 1.1" [- j, 1] > , , 
----- ~ 

ch"r"N~ristics: 

L1<wl>1 
, 

C1LumTml":; [lnllL4 

!\(), of 01"" :m5 I :n·j7 7w 

""''''1 -O,IlI(;, , -0.000:) 0.01 j~ 

St.,L l}~v, ij,Uljj 
, 

1),lm!' O_OOT:J 

IIh1.X, -1),0014 iJ,1)fj7U U.U654 

)../ill. -0.12·14 (I,lIlH[, O,OfJOG 

Skt'wlles" _:)Jl!)(i 1).7111 L7~~7 

ICur!,,,j, I Li.',F,8.5 11.',·J;1 \l.:!fi ]·1 

.J)j "1" "" 1'1<' l''' 1501.11( !)J ~~_ IX Hi,~,{)!i 

1'",)', O.UOOO O.IIIXIU IJ.{)(){)() 
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It is illt~n'"lill'; 10 ""tt' thal lh~ [3ulll>II()(:-I"('lnrlls «'I'i,,, d,~", l~lt illch"l~ tlK' max. h>r;-J>·tm·ll 

valtl~ ill (lj'j)(illal s~ri<.,.. It is illst~ad included in CI",,,,{Il'''lI,,:I. I" th,'r~ "".nl<'tliin),; wnon)'; with 

tll~ ilLdjt:utuI's or 11J(' W'''.' w.· "l'~ d~""ill~'! 
Fi)';lH"(, (.l-!l) b~low S"'"llla,'i""" the r .. ,;nh." for lo)';_r.·lUJ'I],; ilL bulli.1! m"'rk~l ,t"t,': 

'&~. sU::L---, 

-'''' ~."'" ,<6 - 00118 .. -, '.0",,"' '"",,,,,,", , ,.,,"'" -. " 1lOIl." 
ru~ u."'''"' s .......... , ,,-, 
KuoIo>. ,.20':10' 
--'l'~·EIot, '"50 03' - o ":'0'"'' 

I. 'JlL.. di"tr'bnliojj i" ,h·,..,,110 lIlt" rj)l;ltl (i.," it,ll",,, lonl( I'i::;ht-l.ailj. 1'11;' b "Jldirlll,'d l,y 

n ,-,,,'Hi,,j"ILl of ,k"WlL"" "f !'j'!):;P 0_ 

Fi~lH'" I-I 0 1",low SlUlll!lari"." tlw ,,'snIts ful' lo~-,,·\ lll'll.; ill 1 '''''rish m"rke1. ,;tntc, 

1~0 
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~
"""." BEA" $_', "" 
0._ ..... "'" 

"-' "0"'''' .- "''',,'' r.'""","", <l.OO''''' 
............" .(J 11'." 
$1dDev 00171" 
S-"" ., """"'" 
"""""" 1< ...... 

__ ,. ...... ~'2 .. 

"'-...... ".~ 

L The ctistributj()11 is ,k~w('(l to the left (;,~, I h"l'~ is a 10l1!,- \.,[t tail) . This is confirn~xl by 

a codlki~nt of skewness of -3.10« 0. 

2. TI,,, <li"";\m!.;o,, lw:; a lIe)!,ative meall daily r~tum of -l.G7% amI" stn",lard dcv;"l;OH of 

1,~1'X "wI" tilt' Slllllpkd pCI"iud. 

'1.;:;.3 StL'P 3: Clnssif,y Chautic/Transitiun l'etn .... s illtu Chautic 'mol Tnll~~j... 

tiD" 

110 orrl<:r \<, ;'\Plltify daily return" tlmt exhibit" d,,,rud,'rislK:" of ( 'h", ,tic aHd Trallsit;, oj L lll"rkd 

sl"te, til<' vulatility """><,;"""'! with ~",:h daily )"<'Im" b rf!f]uin'd 1.0 I,.. <»1111'11["1. TI",., h<>[o'1' 

the filterill),; crill-r;'", il"'l' b,' "1-'1'1;"<1, lin ~xpl"mt()ry in"''''t;),;fLli"" nlJ til<' di,triiJllti"lla11''''1'''r­

tit's of yu)'ctilily "f prigi""1 log_TN nTn ",,)if« is "''1U; relL r;gllr~ ·I_I! b.·I()w _ho"," II,.. h'K- r('\nn] 

volatili,y ""';"" ,·"Ien];.!e..! "'ing the tC,(]lIlic"J "n"lysi,. illdi""l<>r "olalilil!f<': 

111 
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000 

I 

"' co'j 
0 

- o ,).1 

" "' "' ~ 8.83 
" 

" c 
0 , 
0 

• 
0 
> 

Fig.-ur~ 4-11: V"latili[,y """j." A",)datt'<l will! Orij\iual Daily Rerum" 

:lll(JO u))til th~ end of I]lt' "allLl'lH l'~riod_ 

volatility ""ri,,", 

1 21 

s.,u .00lOG""T 

""""" ",,"'" co.-.t..,. <20(; 

",~ , 0,00'"" 

~- 0."""""" 
~- o""1X)) , 

"-" oem,,,, : 
,<0 c- o"""',, ; 
""OW"" .. '"'''''' I .'- ~, "'.Il I .-. n"",,. - ,-
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From fi)!,llt<· 1·12 >Ll"-,,,~, note that til<' cu<'flici~lJt of ,h'WHt'", "r :l.2H i" co",;,lt·r"hl." I"r~'" 

thaI! thal [Dr lIlt" ",.',,,al tlh.triLnti"n, It is sh·"",,,1 ttJ tl ... ri)(hl. 

Ba. .... d tlll th~ t 'o"'lml.,,<1 ,taily volatility ,...ri"", the fol\..",·i,,~ tilt "t'in)( "rill'ritJl! will I~· appli"d 

ill ordn to ~l"Htify daily r~t1U"lk' 1]1a( "xhihil, chan",l"!'i",,,, ,,[ d,,,,,tic "ud lmHsitim, m,u'kd 

V olLo!(1'd dm <Ix I f'oc{mo) ;; (..,. of return.'l) rw;h(slwd) 

Chwlti(' >m"",,+S.D. 0'1 I O'! [-1. 11 > , , 
- -

i f'ransi l ioJj Vth~7"",i.w' 01 I U'! [-1, 1 I > j 
-- ._ .. 

follow,,,1'( dlarack ri,ti':ll: 

Clw'<llicSO" T .... n8SDa 

:-On of Oil .. :H, 1110 

"'h,Jj U,oolH -U.l)(~I" I 
Std. 1)",-, U,UltiG 11.10:; l i 

.- ... 
Skeww'" 11.5,!Ul -U,l!i:J!) , 
[(nrt<J,i, ~.7:;ll 7.iil~2 I 

.Jarqn~-B('ra H.H-J j l~o.J.J I 

prot" O,ooOU i O.OO(){J I 

\\',. n"t~ tlHIl Cha<ltj<oSIl .. 1",,-<, mOI"{, DI' It'"" "r" 1,illl(~1,,1 hi,t<>,OPllIl 

I-'il\"'" I-I:) h~low "mUll""'j,,", ,Il<' ,"{'""lts In,. \..)!,-rctlll"llll ill the .,J",,,\i,' lllaJ'kO'l "(~[,~: 



Univ
ers

ity
 of

  C
ap

e T
ow

n

...... ~"AOS 

-"" """""."'" ,,, 
••• 0.0<17" ... - o OOC<<3 

"-~ .-~ ........"", -0 ''''''', 

" ,. '.010..," .-. a,..,,,:, 
K''-'. . """', 
, .. qy<-.... ., . ..,,, -. oO'''''''''" 

F'i)rll't' 1-13: I!i"to~ral1l awl o.'scripLivc SLati,li"" [0" CHAOS lc~-I'Nnrn 

2, Tt,,· '"ean '1'lIlru i< U.18% with" "tmklanl df'"jHti(J1I of 1.b,j'Yc uW',' tIl<' """'1']"<\ pN~ld. 

i" rdkd~(1 by a mllll",l'aliwiy low ~XCE"" kllt'c,,,,b "f I_j,; , "ill(,,' UI!' ~xtr(,l11~ "''jl,;,ti,-~ 

'1'llll'll" Cllllnot I,., ""'''l'ktdy l",laIlCl'(ll,y exll'eme l~",iti", l"l'tnrH<, 

4,5.4 Step 4: Cl"s.~i(y '1'r""1<i1iol1 rotlln,s iut" RaudOl" \Va]k awl 'Ihw Trall­

>liti"l1 

1. Randum Wall, (lil!":!), 

I ~l 
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,hould Ie''',",' ,j.' witit tlw I~_""lUm """i'''' ~Imt i. ill a trallsiti,,!] "t"[.<,, which ,ho"l<1 hm'e 

all \ll,iful'llL di'lril",~i"JL_ H"w~\'e," ,,'ll' T,-""",S{J,, "",.i,," ,till h"" a no<maI ,Ii,tributi<l" l(~)kj"" 

hiswgnull, Sill'" ",m or a Inrg<' lIumL~r "I' nlli!'orllL di.;triiJLltiol'" will Kiv!' .1''''' a normal ,Iiseri­

bntin" (unclpar' "pri!'} thi,!), Wt' ll"X( attempt to ,IS<' voI"tility 01 ,'and"m w"lk IO)l;-I~'(m'u, tu 

"'parate ()m all Ih". "ul"IllaIIy <li,triLut",II<>)(-l"t'lunl' out of our Tn]'nsSD" ""ric!;, It js It"),,,] 

that by roc"mLining vari",," c'~lll)Ql,.,nt norm"l dbtributi[)ll' "'" will ~"t th". d".sirNI ullilorm 

rlislrihuriOlL But, it is 1I0t yN dt'tt'l'llllll<'<l wlml the volatility of a random walk N'turn .1)O"ld 

repl"""lltati W or what tlj~ raml",u walk voblili ty sIlL .,Id b,,_ 1'1,.,,,, we cl ...... ,ily th" IOll;-l'etm n, 

of our T'-an.,S Dr: series oc-<:<Jl'tli a!1: to whid. S.D.UIt':! interval does tIl<" volatility of tl,., .. etU\"llS 

fall into, Ini lia]]y, 'w I","<i ti[)" SD startin!', fmllL IJ a",l ilLt:r<'",inl', at in<, .. "mml.s 01 O.~ ~ S D HIV' 

and I:"t tl", following l-"';llI~", 

N".RWI "csRW~ Ne~nW3 

, Volatili\y [0, (1,00,;2) [0,00;,2, 0.0 I 0:)) [0.0 I 0:). 0.0 15.';) 

'I" uf Ol,s, 70; Ill; 22U 
-- -

Ski,,, 
, 

-1J.UI)()(j -IUIIXJ" -0,(1007 
-

I 
- -

1 St,\. o.cv, ; O.OI);J~ U.OOi~ 11.0080 

~·l>Jx_ 0.OJ75 U,o.l:11 IJ.02Utl 

xliu, -O.Ol~; 0.01~5 -0.1)273 

Sk"WlL,",' -IJ,Ji'H7 -IJ,O"I);l -0_3443 
-

I("n",i" 1.·"l~2j 7Jil1G2 3,2231 

.Jnrq1k'-Ekm ;UI4:1~ 'l1l7,'):)2-1 4_9331 

Proh, (J.OUl)() (l1X)()!1 (l.O849 .. ------.J 

1>'.D.[<I1-'3, 

2. ",'sR\\":J ha" " LLon,,"] distl'ilmli'~l, "ill'"~ ,.1 tiL" "51,, Si!',llificalll'> h'\',,1 it., ,/a-l'<I'I.'-I1<'I"" 

statisti"" vah". "I' -J.'I:l:lJ i, n()t. ,il'.nifk .. nl, 

12" 
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3, Ndth,'r ,<".RW] nOl' NesRw2 s .. rit'S hm'~ a m>r!llui (1;"lribHtj"tJ. Both haw a "mci, hj~h.'r 

I<H"t''';;8 dwn;l, thus """ mOI-':- higlK'r p"ak0l1 thall nurmal d;,[.r;j,Hti()'L lI()w."'~r, !\,,,HWI 

eased un the "1.,,r,' oLst'tvatiou,;, We "hall further d""iry N"sRWI and NcsR\\"2 I,y part;_ 

t.ionillr,; [0, S D RID) iu\o flOnr "'In,,) ,u b-iu\,'rv",,- Wc obtain th~ followilJg ,,,,,ul.s: 

Ne,R\VIl N"",RWI2 NesRW~1 '<,-,,;HW2~ 

Volatility [0, IWl~(;1 (0.!)(t2(;, (UHJ~~] (0.00,,2, O,OO7~] (0 ,ill7~, 0.0 I Itl] 

Nu, of 01",. 
, 

11-1 0·13 68~ 4:29 

M~all -O.1JOO9 -0.0f.KXi -ij,om:! -JUHljO i - -

St,L D~". O.ill1~ 0,0010 O.IJOi;j 1J.1)(17R 

Max. O.IXIIi.'l 0.0173 O.0-t:J2 O,O:l:l1 

Mill. -o,om) -0,0187 -1l.()21l!l -0.0·183 

SkrWl~,"5 -0,8:;:),(; I -1J.1ii.-'" -OG!IOI -0.,,:127 

/("" \,1<\;, I.HJ5 ,1.~70-1 
, 

7,71:i!J5 r;.f)()ii~ 
-~ ... -. 

J 1t1', fl1<'-B"nl ~fdW ,1(;,17G'1 ; ,(1),,:Jl J 1r)~,7JO.l 

Pmh. 0.(0)1) 0,00)) 0,00011 0-.00-00 

!'ro\n th .. ahovr tabk In' note tlK' followiug 

L '<e>;RWI2 returns ha; .1", high~r vulatility and it" max. and miu, Yah", is ,,1;0 t he max, 

and min, valU(' ')[ N~sR\\"l. Th,!', thi, i, W1l5i,trllt wi th uur illt.n;li,)]) ,hat \lw hi~IK'l' 

tl,~ v(\lat;lily. th,-' IlH'''' (')(tI"'lU~ th~ k>g-I'Hnl'll will l\{', Both Ne,){WII 1\",1 N .. , ll\\'n 

"", ,warly '."'lLany <1i,lribm.,,1. It i, not <lne tu th,' lWI\' "xu .. lTw o),,,·rvatiolTo (i,e, th., 

n""x. "II(I wi". uf P1'(m"SD". 

2 Bowe\'or, 11K' int uitim' that higl,,, .. \rola\ility "l]()ukl I'wdn~c n)ol'" crlr~llI~ l'eml'llS did lIot 

Illater;,~ise fur l\,,,,R\ Y21 (lower vlOlatility alld "OIltaim lllill:, of Tr<1nsS D,,) ""d N~,;R\\"Z2 

(hilSlwr volat ilit}' ""d omta; ,,5 Illin, of' Tm".,S TJa) ".-.ri,,,,- Th.,,,, lwn ",'rio:-" al"n 11,," tlw 

Illoot "1>:""I"1'"(j,,,,, (GAA a"tI I~!J l'C'l"div,·ly). th1), Ilwn' i, furtl"'r iIlVC,"ig1lliulI 11<"'<.1,,,) 

fu,' lbi, p"rl "r lb,' uri!,:ill"llo;;-,,~tul'll" "·r~·'. 

l:l(j 
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-i.G.G Stup:J; Colllhinillg- NesR\-V:1 "ud R\-V3 

Figur,' !-) .! below oHIIlllluri",." lll,· r~",ll, (,,"n "'Hnbinillj\' t.h,· n""lom wHlk part or )o?;-rl"tul"lIs 

'-"!I_R"''''' "" JSE_OVER 

I. 

I. ~~ ';'i",,, 
Ob_.,.,. 1 0 .. 

' ...... , -1,00""" _, ,l.000Ill> 

",""mum ° 02W);! 
......." . ..." ",,0>0'''' 
"'0 D<v. 0010000 
.......... _01"'" 
""""", '.J1"OO'O 

How~v("r, tht, Jar'lut"-Ikra "l~ti>li~ i8 still sli!'Jltly si?;nifIclIm at t)". ~% lew!. Blll, th'" 

di$tribnti"" cml h~ tHk~n as snflicieHl ly uurum!. 

)~7 
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~'c---------------
$«_ TR'"" 
$""" .•• " .. 
~""'" ."" . 
,- ..,.[''0'''' - ,).,.'11''''' 
-~ 0,","'" 
~ _0 "'"", 

'"~ G."'"'''' --- -,.""'"" <,- . "", ... , -.- "'''.'71' 
-~ O~, 

From Figure ·j-i5 above, tlj~ fullowillg cha.r»<;l<'!·isti"" an' !~,\i<.>.~l; 

I Thc· wean is v~ry ,mall but n,,~ali v(> at -0.05% with a stalldard d('viatioll "f O.f>l;'1,. 

,. .. tums. 

4.6 Fitting (I Stable Di;.;tributiull tu Daily Return in Each ),1al"-

ket State 

4.(,.1 A Review ,,1" SLlt,h, <listJ"il"ltiUl1~ 

Definition 50 (Infillite Divi,;ihility) The chamd~.-i..,ljc P"'.:!;"" "I f1 "",dom varia"" J) ;.< 

rP "" (J>"J", \:I jfl/cy,,-n 2: L 
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7! be n i. i. d. random <Px. If 

j=l 

then 

= (<Px)1I . 

it IS ron1"""'" to an in terms 

n-I 

s- ) 
j=O 

t-s 
=--

n 
n ~ 1, ~ < t. 

57 at!: 

son 

teristic t:;.{;/.JUI'~t;I~~ 

+ -1-

o:,!3 ~ 0 and and 

on at x = O. has 

1. un iic1ni-a:I:is x > 0 and x < 0, 

2. lJ!(x) -;. 0 al, Ixl -;. 00, 

3. I} < 00. 

Let be a mndom with 

and'rl sets i. i. d. mndom { } each 

sauw I:n,unu"',, a.s • 3 conl.tants an > 0, that 

12!:l 
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i..." ha:ilc a 

A 

( 

have a 

(0) - E ) 1 

{ e:Ep [1 - tan } ,i10.=/=1 
- 1) 

exp - hOI [1 + IOJ] } 0.=1 
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a E (0,1J is 

p E 1, 1 J is 

, E is sca.ll: 

<5 E i..., 

It not it." z. 

5' 0:, ,,6) = 5' ; 0:, 1, 

63 ~/."·"·.I.1.IJ"IL is fI.':luu:n as: 

=5'(X;O:, 1, 

ways 

ence, some 

pro!2,1"am. 

a Illore 

is a variation 

64 a,p, " the 
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tion ill by: 

0: E (0,2] is 

J3 E 1, 1] is 

"Y E (0, 'tS 

E 

to (20tH) , ,',' (OJ 0:, "Y, are as 

1. fuuctions 

are contillllUU8 ill all four 

2. 0: a as measnres 

two are 

={ "Y ,if 0: =1= 1 

"Y , if 0: = 1 

3. 5' 0:, "Y, is a If 
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any 0: =1= 0, b, 

+ b rv 5' (0; 0:, + b) 

4. the when 0: is near 1 

5' (0; 0:, f3, "Y, IS e::lLUniUeu 

state: 

to 

made: 

1. state a normal 

lUI < 0). It 

is < 

2. retUl'1L in market state 

the median less the > U). It is 

> 0). 

3. retul'II state 

(n < 

is to 

zero < 
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4. return market state varianee 

(0 < and is the less m(l(ie > It is 

to the > 0). 

5. return stale variancf' 

the < It is 

< 0). 

6. to returns because it 

a. 

to assess illS sets 

near tlwre are more variation) and 

to 

to remove from of 

< ... < - -

be all F .A 

a 
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IS ~lll''''U''''C 1'i versus a 

1 (td, 

tj is all IS to 

n 

a 'IIF~Irr.F':nt,,- 'Ill" is by each value 

versus are 

as "',,"''''.''''''''''.1 ( 

F 

are 

IS 

are 

I, F = 

2, Il. and 

3, 0', 

'lLi can a..'1 the a uniform mdt:,/, ."tat'ii,lics, 

tlu: 

arc: 

1. but 
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2. 

t!/.{:n l/.i can be 

If ·lti call he 

67 

to 

S' is u~·u,,~·u as a 

.) 

5' = .:. arcsin 
1T 

Urv 

S' ,. 

{ 
j sin (1TS) 

o 

a Slllt' wave. 

I) ::; ... ::; 

(0, 1) . 

s E [0, IJ 

s E 1] 

then a.', n -;. 00 and i -;. p. the n 
U'/Tl:ln()r.1:(~ variance 'is: 

p. 

oil Nt' proposi tiOIl, 

a. 

all 

as 

the 

IS 

the same 

Il is 
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U.'i the 

versus 

GO =F 

to we !lOW 

can be to test 

exact 

( 1 

.) 

.'Ii = .:. arcsin ( JUi) 
11" 

2 
1°i = -

11" 
( ;t;) 

Lrtl.'!U~n:u p-p 

(:(U:h i = 1,0 0 0 ,n, t/u: 

can he as 

the "".J'.JUU''''~''-' 

:F 

were 

to 

p-p plot as 

a 

waH not 
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abk lo h,' dP\"rn,h'c~L f(~' s"ml'w siZ<' "I' 10 l!){~J ol,,"n-a.liou.s. TIm", 110 hfl~llhl·.si.> l·~.s\.s on 

~oodIK'8S--of-jil wel'~ ]wr[onl1<~l. 

4.0.4 DiaglJu",1ic fur goodness-of-fit uf Hl"hl" clistrihutiulL 

B"-",,d ou !di"hnel (]9H~)'.s id.'", the STABLE :HJ.! progmlll p,,,,,lu(,,,I]>-p !tn,1 sl"l,ili",'d 1-'-1' 

plots fot, lll<' e"tima\I'<L parall}('t~r". Fi!',tll'~ ,j-In Lc~ow .<1"'''"5 I.h .. pll-plol' for the ,'nlire daily 

ret1l111S till'" ",'ri~": 

pop I"ul'", L"ll'cj Dolo Sloblhse d pop J>iol1<>£ Logr el Uot. 

f-' I ~ __ .. _ .. ' ''m'« 
...... ·' .. 1 .......... 

.; '.' . - " .. , , .. , '-' ... ... '-' '-' " ,.' '-' 

Figm-e _1_)(;; Prohability Plot" for Ill<' Emi,.., Daily fl<'llll"ns Tint<' s,.,-;t's 

Fh"" fil-\nr~ J-Hi al~)\''', it H]!p~a.rs thai till' ,\&lM ,lislrilJl)li"" 11>1"0' lill, .. l all pHr!.' ,,[ tlH' 

ObSHV<,<l ,Laily ]'e\nm ,Ii"rilmti<,u Sj,\iofa<-.t"rily. 
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p_pPlotf,~ RWD, t • 

• 

f'ip;ur~ -1-17 i'l'Olx~bilily !'k,t •• for 0,,11y R<"turns ill til,' Ila)"!,,,,, Wnlk Slat" 
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Y E (p ,p 
(j 

may e:rtlW£u: in the prvcess Y not . 

• 
above 'll'fY.I'IIfl."''Il.'J 'lJU.'lJ.l'J./.t1 nece./'J.'.ary 

the .~ U (, ••• '''' to Y 
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does not and =p it ,is tlu: condition 

p = 

'is is not 

necessary the neceSSa1Y and is 

test 

the case 

b(x) = 8gn (x) , 

0' - 0' > o. 

p. in to 

the 

every It, 

tic 

=0' 

a is in sense and if 

1(0') = Z (0') . 

( 1 1), • 
at every m and 

It, the ha.<; 

a weak up to an is in tlu; sen.'le 

Let u be as "O;:;AU":;''-4 & 

it ~""""'-".'" 

I = Z (u) , 
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z = (p ,p 

I set. at every Yo E 

, p (00)). a 

p < Yo - E < Yo + E < p 

Y=Yo-£ 

.. 
IS P IS UV'.URlV .. l away zero on 

is .. 
is in lR, and that conditio'llB 

and 

Ib - b(y)1 ~ -yl, E } (6. 
E 10" (x) - 0" (y)1 ~ h - yl, 

is a '111 J.'<7. I.< '''' 

and 

h: ->. [0, 

zs a h (0) = 0, and 

h- 2 ('/L) = 00, 'it> 0 

every condition e tlu; fU'tUn •• " motion IV = 

: t E }, 

=b +0" 
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a .'wl'lltion 'Il]) to an 

( H.l91 ), p. ;~41 ) . • 
93 that 

b:IR-IR'is 

and 

0' : IR - IR is 

bounded away zerv on every every condition 

the motion ={ }, 

=b +0' 

a 

b the 

any solution to 'Tt-OO 

+ b + : t E 00)] ~ I. 

U\S 

b 

IS a as b is 

tAS 

0' 0' 
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A= {'AS tI) <0+ 
does not haw~ a 011 It that the limit the sid(~ of 

IS a.s. on the we 

= lL.i'i. 

IS to ±oo on < It ,,,,,,,,w,, 

< t], \it> 0, 

=1. 

a to assump-

,p (00)). Under the 

to to 

• 

Ib 1+ (x)l:::; 1\ (1 + ), \ix E IR 
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a = v + -2x + 
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+1') -- + n 

G - -a-- (r+ 
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d = + n n 

Z 
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E = 

F -
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It is UL!ULtU to 

=0, 

on has the 
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+p) - + 

+ -2x + 

a (K, p) to be start 

= (1 

1 = (1 + (1 + 

is ill (j-1 
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y=x-( 

< 

term (1) 

x-( 

term 

it that 

I 
:lv 

+­
/-i, 

:1;-( 

$-( 

+ p)l· 

wi th ,-",,,nAt"" to y X-E to X+E, 

x-( 
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is ,,,ott, ", H, <Cu. E (fi. 21) may 

exp cis. 

s=c 

IS 

=exp 

IS 

= . exp 

continuous 

= : p(u) > 

q(y) 

'( 1 q y) = ---,,----:c 
pi 

of 

= .....:........=c;;:....:.;;...;...;;.exp , a.e. 

= 

194 



Univ
ers

ity
 of

  C
ap

e T
ow

n
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+ 

1't = q + (f 

tE } is a to ). 

a 

pmCCS8 

= 

W}E 

B1'O'Wnian motion if if 

= (L,a. 'W.l·,t. elt x 

matT;':!.:, 
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It tE 

the aim is to ,, __ ........ y 

IS a ill 

} to a 

=1. 

p,n, 

p, n, '0) to 

(j ,.." p, n, '0)] = 1. 

above may be 

to 

states. 

to an 

IS 

states that if OIW a 

rjJ:Uc -;. 

process 

proceSS. 

the pl'oeess 

DO Let l/ E 

{ =u 

l!)(j 

if IS an 

prot:p.ss too. 

must 

contour 

proeess~ 
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lawj motion if 

v· a.a. (t, "IV.r'.t. lit x 

-is mat1"i.:!:. 

an process 

E ,0" E =x, let be an by: 

=u w) +v{t, 

E ,v E =x. if if 

[u ')1 Nil = b 

a.a. W.1·.t. x is IJf:'jU:'fnu:a. by ::; t). 

- 'U w) + v 

- x 

be a,5 in 6. t/u:n: e:rists an P1'OCt:8.'i w) that 
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states. one state to to 
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even 
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5. It 

state 

6. It ,...,·"""1.,,, 
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timenl 
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Hut allow 

to describe the transition 

most 

in a manner, 

to nature the process 

investor may and 

of 

values are 
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sell-

"'_I,prl'" memory aud 
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out all the necessary to 

as 

011 the may 

1. IS a the returns. 
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H 
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6. It IS mon~ 
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p). 

returns 
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1 

state, 
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of contains a of written to 

III 

moments in a 

to make the HUllIel'ieal scheme I first 

of the and fiddle around with the parameters mdtil the of 

pdf more or k.-.;s re;-;emble:; the of The to look out for arc: 

%1, loeatioll of lIlode of 

the of retul'II and of pdf II and 
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1: iller: 1; 

%hist(r) 

the vedor 

state = 
which state the 

mkt = 

r= 

III 

k= 

data 

enter marl<et state: '); 

'. , 

L'i RW 

is BULL 

is BEAR 

" • .JCOI,C;-··, is CHAOS 

is TRANS 

for 

initicil guesses fur 

g;uess for 

to. 

rho = glles,...; for rho pal'Hllleter: 'J; 

n= 'Initial guess fOl' of fn .. 'C<iolll for the Illal'i<el ullder 

coeffs = 

= ,[j,O,{!llnonlcoll,O,III,r) 

fll I1ctioll .y = 
k= I) ; 

rho = 
11= 
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= ); 

= 
eOlJst = ); of 0 for 

smallest 110. that Matlab can handle is 

sum = 0; 

for i = 1:111 

if 

sum = SHIll -

end 

y= 

else 

sum = sum­

end 

+ 

fUllction y = 

-= 0 %phi(r(i) >0 

+ 

+ 

+ 

the value of the phi(r,k,rho) fUllctioll 

of the two fundamental fUllctiolJ for The other 

for: Plotting of 

nonlinear 

for C\lIIll1alis(:,'() retUl'1l 

('fmillcoll') to find mle for 

y= 

fUllction y = 
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at 

%( step .... was too time 

and accuracy nre two 

B is ill the power of C l:\!ld 

"/nr''''''"A sensitive to the accuracy of B. 

hl\~P\rer, value of B does not up to four decilllal 

the 

u=-O.5:iIlCl':r; 

sum = 0; 

for i = 1 

or 

SUIIl = SUIIl + 

end 

y = SUIll; 

function y 

step 

will be 

to evalaute the nHlstallt for fill' mllllliaised I'etul'll 

parameters arc: k, 11 

nm.'! liver 1'=-0.5:0.00 I :Il.!"i 

incr 

r= 

SUIll = 0; 

for i = 1 

if phi( r( i) 

sum = slim + 

else 

-= 0 

as areH ullder the curve, with 

-= 0 

at )/HlO = O.Ql 

>0 
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SUlIl = sum + 
end 

end 

y= 

function y = 
the value of the 

a HOW vedor of 

fuuction 

of the two fundamental fUllction for The other 

for: 

% 

of 

lIonline-lu' 

for aUlluulised rcllll'lI 

to find mle for 

due to the functioll defined as a fraction of over need to beware 

combinations of (u,I<,rho) such that phi will take 011 very small value or zero 

to overcome the zero of the Matlab command: 

% 

will affect whether is defined or not 

); 

to avoid division zero 

y= 

functiull Y = 
works for u H constant. Doe; lIot work for 11 a vector, because is a matrix!! 

); 

to avoid division zero 

y = ( 
function y = 

y= 
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fUllctioll .y = 

Y = A 

function y = 
vector 

which staLe the to. 

enter the market state: '); 

k and rho 

enter value of 

to which state is 

estimate: '); 

ellter value of rho estimate: ')j 

fitted 

of freedom: '); of II'""""",,,, 

eOllst = 
sum = 0; 

for i = 1:111 

of elements ill the stute vector 

SIIIII sum - (r(i)*A(r(i) )+ l(r(i),k,rho)); 

eud 

y = const + SUIIl; 

p, 

function y = L2(krho,lI) 
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the vector 

which state the to, 

COllst = 

sum = OJ 

for i = 1:111 

SUIII SUIII -

end 

enter the market state: ')j 

k <\lid rho 

ellter value of 

to which state is 

estimate: ')j 

ellter value of rho estimate: ')j 

fitted 

freedom: ')j V/h.,=.-I",.,..',,,,,, of freedom 

of elements in the state vector 

,k,l'ho)) + 

y = CO list + SUlllj 

B ,I'i"p) 

function y = 8 I (I' 

PO"'"r,u ... ,, .w,~""''''.., at 

%( steps was too tillle 

and accuracy are two but 

B is ill the power of C and 

sensitive to the accuracy of B. 

, value of B does not up to four decimal 

or <V".""""" 

%111 this should take n",pl,,·,'p, 

the to,OOO 

21f) 

will be 
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sum = 0; 

for i = l:length(u) 

SUIII = SUIII + 

end 

y = sum; 

fu netioll .y 

iner = 

u = -0.5:illcr:r: 

sum = 0; 

for i = 1 

sum = slim + 

end 

y = SUIII; 

function y = C 1 

incr 0.01; 

r= 

sum = 0; 

for i = l:lellgt.h(r) 

at 1 

%( steps wa .. ,> too time 

and accuracy are two but 

B is in the power of C and will be 

sensitive to the accuracy of B. 

'U""<:;V'v', value of B does not up to four decinlHl 

or 

%1 the 1O,()OO 

constant p, n) 

at )/100 = 0.01 
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if phi(r(i),k,rho) -= U 

sum = SHIll + 

else 

sum = sum + 
end 

end 

y= 

function y = 

incr = 0.01; 

r= 

SUIli = 0; 

for i = 1 

if -= 0 

nr""r>,.""" at (0.,5-(-U.5))/100 = 0.01 

sum = sum + ). 

else 

sum = sum + 
elld 

end 

y= 

fUllctioll 1 (I' 

1(1' 

function y = 

); 

. *sinh( (k* r)+l'ilo)); 
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(k*r )+rllo )-(2*r. 

y= ,k,rho) 

p, 

function y = Lll(k,rho,lI) 

the vector 

which state the to. 

ellter the lIIarket state: '); 

k alld rho 

enter value of 

to which state is 

estimate: '); 

euter value of rho estimate: ')j 

fitted 

rl"""·""",,, of freedom: '); of 

coust = 

sum = 0; 

for i = 1:111 

11 

sum = slIm-

end 

y = eOllst + sum; 

of elemellts in the state vector 

+ B11 )j 
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function y = 

:.J. p, n) 

vedor 

which :state the ""'1''"''''''-'' 

enter the market state: ')j 

to. 

k and rho to which state is 

const = 

sum = OJ 

for i = 1:1Il 

sum = sum-

elld 

ente!' value of estimate: ')j 

euter value of rho estimate: 

enter the uC.I:.,,::tA> of rr"'<¥I"lfl1 

of elements ill the 

+ 

y = const + SUIll; 

p,n) 

function y = 
vet'tor 

wh ich state the InPTP1",II" to, 

enter the market state: ')j 
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k and rho 

enter \'Hlue of 

to which state is 

estimate: ')j 

ellter value of rho estimate: '); 

fitted 

of freedom: ')j of freedom 

elements in the state vector 

const = 

sum = 0; 

for i = l:m 

SUIII = SUIII -

end 

y = const + sum; 

function y = Bll(1' 

+ 

iner at 1 

%( steps was too time 

alld accuracy are two 

B is in the power of eXl)Ollelltllal, 

sensitive to the accuracy of B. 

C amI 

"U"",,""", value of B does not U""")~'" up to four decimal 

or 

u= 

sum = 0; 

for i = 1:lellgth(u) 
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sum = SUIlI + (u(i) 

end 

y= 

functioll Y = 
incr = nt"IT,'"t'OI1 'w.~,·.''''' .. , at 1 

was too time 

and accuracy are two 

B is in the power of I-'V1JC;I"~I,al,'"'''''' C and 

sensitive to the aecuracy of B. 

steps. 

will be 

, value of B does not up to foul' decimal 

01' 'U'J,V'VV 

u= 

sum = 0; 

for i = I 
sum = sum + ( 

end 

y= 

illcr = n~<,,,..,,,tj"n " ... ",,..;,,,;,,, .. at 1 

was too time 1 day!) 

HIIII accuracy are two 

B is ill the power of C Hnd 

sensitive to the accuracy of B. 

nUl"''''''', value of B does not up to four decimal 

or 

this should take 
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the 

u = -0.5:incr:r; 

sum = 0; 

for i 

sum = sum + 

end 

y= 

step 

function y = Cll(k,rho,lI) 

iner = 0.01; 

r= 

sum = 0; 

for i = 
if -= 0 

constant p, 

at )/UXJ = 0.01 

,. IU = sll IU + (ex p (2' II" B(r( i) ,k ,rho) )./ pb i( r{ i) ,k,rbo) )'( d ilft.: I (r( i ),k ,rb 0,.)' 2+ d ilfe II (rO),k ,rbo, 0))' ioer: 

else 

SII III = .u IU ~ {.'p(Z' II '1I(.( i),k .• uo »)./ (pu i(d i),k,rbo )+eps) 1'( diffe I trt i ),k,rbo .• )· 2+ dille II (r(i},k,rbo,. ))';00" 

end 

end 

y= 

fUllction .y = C I 

iller 0,01; %,.;et 

r= 

SUIlI = 0; 

for i = 

if -= 0 

at 100 = 0,01 

,. IU £" In + (ex Pt 2'"' B(r( i ),k ,rbo ))./ ph i( r(; J.k .rbo) )'( d ilfe I (r(; ),k ,rho ,0 I'd ilfe2( rO ),k,rb 0,. )+ d ilfe 12( r( i ).k .rho,o»> io er; 

else 
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s. '" = s U '" ~ ( •• J(2·.·!l (r( i),k ,r b 0) )./ (pb i (r(i),k,rh 0 )+e ps) ).( u ilfC I (r( i ),k,r bO,D )·u ifl'C2( r( i),k "b 0,0)+ d mc 12( ,( i) ,k"h 0,.»· i. cr: 

end 

end 

y= 

y= 

illcr = OJH; 

r= 

SUIII = 0; 

for i = 

if - = 0 

at = 0.01 

S. III = s. ro + (ex pI 2·.· Il( r( i),k.rbo) ).t pb i( r( i I,k,rb 0»· (diIfC2( r( i ).k ,rbo ,n) - 2+ d i1fC22( r( i ),k.rb 0,. )). i. crj 

else 

S. I. = S. ,. + (ex p (2·.· Il( r( i),k ,rho) }./ (ph i( r( i ),k,'ho)+ eps) )'( d mC2( r( i ),k"b 0,0) - 2 + d iIfC22( r( i ),k.,h 0,0»· i. cr; 

end 

eud 

y= 

works for r a constant. Doe; not work for I' a 

to avoid division zero 

, ~:.!))./(phil'~:2); 

Y = BII(I' 

works fOj' I' a constant. Doe; not worl< for I' a 

); 

to avoid division zero 

because is a matrix!! 

because A21' is a matrix!! 
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y= 

function .y diH'C:.!2( r 

ouly works for r a COllstant. Does not work for r a vector, beeause A2r is a matrix!! 

to avoid division zero 

y= 

the first fuur measures of for 

allllUalised retUl'IlS r=-0.5:U.001 :0.5 

needs to be ,"."" .. ',~I 

a row vectur: stddev skewcoeft· Imrt(}sJ;'Cclett 

illcr=O.OOl; 

r3=r. A:J; 

r4=r. 

eOllst = 
f= 

expect = 

I' vector will have hoth f( -0.5) and f(0.5), 

means that this area under the curve approx. is neither 

LH sum or a RH sum. H",UJPw>r both t!u:::;e f value,; are zero, 

won't he a 

); 
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1 (rl ~, 

fUllction 

for mmualised returns uver r = -0.5:0.001 :0.5 

for the are: 

= value of "sentiment" 

= value of "fuudamental" 

rl"."..·<><>~ of freedolll for market mule it as no. of industrial groups 

calculation and assumed to be 18G for US. SA is more like 

componellt fUllction:,; "",-",,,,'.,...1 is 

r = -0.5:0.001 

co list 

y )./phi(r 

for aUllualised 

)j fOl" 

functioll .y = 

the of from -0.5 to r. 

lIsed for the """v ...... of for alllmaIised return 
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end 

a RO\V vector uf returns inputs 

SUIII = U; 

for i = 

sum = sum + 

end 

are: k, rho 

); 

must he a row vector, otherwise there will he a 

of freedom: '); 

iner = 0.001; 

1'= 

[1< J9U:G: 10:0.5: 

COlIst = 

for i=l 

if =0 

SUllIl = SUlIll + )./phi(r(i) 

for 'matrix dimension must 

); 
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sum2 = SUIll2 + (r(i) 

sUlll3 = sum:3 + 
sum4 = sum4 + (r(i) ~ 

else 

suml = suml + 
sum2 = sum2 + (r(i) ~ 

sum:3 = sum:3 + 

sum4 = SUIlI4 + (r(i) 

end 

end 

su IlIl; 

dabel(C,h) 

:3D COlltour Plot fol' t<;xpe(:te( 

all IHml llie< I 

stdev = 1112 -

AUllImlised Retum 

3D Contour Plot for Std Dev of Ammalised Return 

); 

),k,rho»+eps); 

(k,rho,XU) 
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Dev of allllUalised 

skew = m2. ~ :3) )./ (stdev. 

Plot for Skewlles." of Ammalised Returu 

'Skewlle:-i."i Coefficient') 

kurto...,;is ~4); 

excess = 

:30 Contour Plot for EXCL..,S Kurtosis of Alllllmlised Retul'll 

l (fi" 'ILl 

vcll'inbles ,III 

'['lease cuter lIIurket state: '); 

'); 

[k 10:4: HlO); 190: 1: lO:O.8!'i: 
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sum = OJ 

fOl' i l:m 

= 
= 

if -= 0 

SHIll = sum -

else 

end 

end 

y= one + 

for 

of 

value of rho (location of 

of 0 for 

smallest 110. that Matlab can handle is 

+ 

+ 

+ ,.;mll; 

Function 
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Sub 

Dim i, j, k, I, III As 

Dim 

Dim , Milli(GOOO), 

Dill! 

in AR (1) residuals of 

For i = 1 To :3800 

in indices 

x(i) = 
Next 

- 1, O).Value 

to calculate the 

For j 1 To IH 

Statistit~., 

NO) = - 1, 

) = :3HOO I 

'Calculate mean and stc\lluanl deviation for the k-th 

For k = 1 To 

fol' the I-til elclllcnt withiu the k-th 

As 

As 

each of 

of ;\10 



Univ
ers

ity
 of

  C
ap

e T
ow

n

=0 

)=() 

For I = (1 + - 1) * N (j) )) To (N (j) * k) 

+ 

Next 

Next 

sUlIlx,:I<) / NO) 

- 1, j - 1 = 

= + 

= ~2 

* 
- 1, j - I}.Value 

/ (NO) * 

'Caleulate the re-sealed range for k-th '''''" .. ",,' each of 

)=0 

For 1< = 1 To A(j) 

fol' the I-th element within the I<-th 

=0 

For I = (1 + ((k - 1) * N(j))) To 

For III = (1 + ((k- 1) * NU))) 1b I 

= - 1) + 

If 1 = 1 + ((k - I) * N (j)} Theil 

Max = 
Mill = 
Elself 

Max = 
Elself 

Mill = 

> Max Theil 

< Mill Theil 

) * 
fWIll the mea II 

of 

- I)}) 

N(j) 

NO 
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Sub 

End If 

Max 

) = Min 

Next 

Next 

R(k) 

Next 

r2'" 

Next 

End Sub 

Dim i, j As 

Dim 

- Milli(k) 

+ 

) / AU) 

- 1, = 

- 1, 

- 1, 

10(00), 

(Ill )" 

in values of N divisible illto :1800 

For i = 1 To 18 

N(i) = ).Oli;';et(i - 1, 

=() 

:t 14159~(j!)'1 

For j = 1 To - 1) 

= (N(i)-j)/j) 

As 
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= + sqrt(j) 

= 

* I * 
Next 

- 1, = 
- 1, = 
- 1, = 

Next 

End Sub 

Dim i, j, k, I, III As 

Dim As 

Dim Max, 

Dim As 

correlation" ) 

"'Auri'inO" in first difterenees of ,-"",uUI"U:> in indites 

Fol' i = 1 To :3800 

= 127") - 1, 

Next 

to calculate the Statistics 

For j = 1 To 18 

NO)= - 1, 

= :3HOO I 

'Calculate llIean and I;tulldard deviation fol' the k-th each of 

For k = 1 To 
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For I = (I + 

= 
= 

- I) * N (j ) )) To (N (j) * 
+ x(l) 

/N(j) 

- 1, j - I).Value = 

+ 
= ~2 

Next 

Next 

-1,j -1 

'Calculate the I'e-:scaled rallge 

)=u 
For k = 1 To 

k-th 

for the I-th element within the k-th 

sUlllx(k) = 0 

of NO 

/ (N(j) * (NO) - 1))) 

eaeh of N(j) 

of NO 

For I = (I + ((k - 1) * N (j))) To * k) 

UCClllllllla led 

For III = (l + ((k - 1) * N (j) )) rib I 

If 1= 1 + ((k - 1) * 
Max = 

Mill = 

- I) + (x(IIl)-

)) Then 

Elself A('(~umDep(l) > i\'IHX TlwlI 

Max = 

Eiself < :Vii n Theil 

the mean 
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End If 

Maxi(k) Max 

Next 

Next 

Next 

Next 

= 

Eud Sub 

== Mill 

l~:l" 

+ 
IA(j) 

- 1, 

- 1, = 
- 1, = 
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{'" } no Tn . III [c (I'.:, Pi )] + 'i=1 
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variance as 

we find the maximulll estimate 1'.:, denoted the 
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p;'I',n*) ·exp :2 
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8 
p; 1', n *) . exp 

.1.-1 
'i' p;r, exp 

ex}> 

.1. ~ 1 .. ) 
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-I (I'i: p"J' ' , , exp 
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() 
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P; '/', n*) . exp 

p;'/', 
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n* 
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