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2 Downside Risk

3 Value at Risk(VaR)

4 Liquidity Value at Risk(LVaR)
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! Relative Spread

2 Best Ask Price

3 Best Bid Price

4 Cornish-Fisher

5 Stange 2009 and Naimy 2014
6 SKewness

7 Kurtosis

8 Heteroscedasticity
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2 Stochastic volatility

3 Melino and Turnbull

4 Ghysels et al

5Kim, S., Shephard, N., & Chib, S.

6 Jacquier, E., Polson, N. G., & Rossi, P. E
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! Multivariate GARCH

2 Leptokurtosis

3 Leverage Effects

4 Volatility Clustering

5 Bollerslev, Engle and Wooldridge(1998)
6 Bollerslev(1990)

7 Baba, Engle, Kraft and Kroner(1990)
8 Engle and Kroner(1993)

9 Engle(2002)

10 Vectorized GARCH

11 Scherre and Ribarits(2007)
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! Diagonal VEC

2 Bollerslev et al (1998)

3 Baba, Engle, Kraft and Kroner
4 Cholesky Decomposition
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! Constant Conditional Correlations

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



TVE ol Goiin jlosints Coa (msdlaifl g bin i (dli Joo | oS 5 1) 592 036 oles

aolee § cuils valgs zloxl opiie S5 )8 Joo N oojsln a0 s Jow ol 358 ol s b

14 q
ht =C+ ZAiug_j + Z B]ht—] (18)
i=1 =1

ails salssd zlisl o paie S5z, Jao N o5l 4 g Jow (pl 398 2,8 L

SRR Ay Y-V
Sy 5 Dliio ol (5oL slal SIS 5 3eiy £9:2 50 ploms S (Slading: E5290 Yoo
Exoge 3l oolaiul Bl a4y Lol cowl oads plol plowws dws (g5loaigs LS £o050 539, p2 0L
il oo (Sig ol 00 S 10 a5 Hleddghy dlnion Cowl 00l caw (i g% (ol [0 (Sdigd i
W58 58 sy 050 ALDAS A Wiz o

60)1.«4‘ a‘_g}o_u).' uL?w‘ C;LQ:)LM )‘ k;" u‘}..c O L;..\me )L».su: )l oolaiw! &yaj.o 5o
‘LSQ‘))L uuj.ll.».c )L:.t.a dw )| oolazwl L\ ‘53.4.’).’ uL’?r.».)‘” u‘}& l) st.lbj).’ (\Y‘AV) CJ)LMJ 9 kSL?M
Trae Ghegn ol 5o asle plawl " ol sl Blgl ey 50 (Swigbals g (B3L lre Bl
90 4 L Jow ol 50 a8 0g ol cad 515 5T Lo Jaw 4 aS Sllanl ales 1 :aS cewl oull
;)'Lo.c ‘)‘)‘Afdal.a].w as coul t5JL> o UJ‘ bw <L’>5) Lmoo)b )L:.f..a d|).’>u‘ 9 k)..iL.’.a )L».La
Ot 1 (S (FNgbaE wieais )8 ar g 050 cssii y Sid i ) (H55LsS slalre
Sl 00l L)] » M?u LJ"‘ Ml..u.n 69.1;).’ J.&w—) rhl.i..(b o u‘)‘df A.g.LaJ...u A>o5 O 90 6L(b)l.uu>
Cudgaze g S i85 S, g0 jleolanwl b 5065 )l golpiing Jow jo 1, (Saisdads jluas a5
Ol 5l eolatal b aS vy Jow 4 coleg 50 9 aid,S IS0 ol aleyw S0, Saigbads
Al Ay (Saigdanl g Suny (2030 bl 5l aS i JSis a8 aiilen o108 by
05gs ).Jé.o u‘)‘dfmlﬂ]w ul.o.uua.l SS9y » A/l.; C}Ja.u o Gfub}.wu\.m as KV-N oY uLw_v d""""’” GJL».’
e 18 b cos | T by e cnlpl

abyyly cwyp 995 Giogh 50 (VYAQ) Ll e 5 )3 ool ( Saislhals ga040 L bL3,I o
Jore oyt @ plew G0 5 alal, iagh ol g aiSlen sl a5k b Saiptai
D3 o 0590 08 Sl Glosl Gy 5o plees 005l boakal)y (nl g oad zihae (Saiglads
ploe 035k 5 (59,5 £ pite cupd sl 5 Sute alall) 352 5l (S Gaios @mls 288
Oy

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



OSen g )1 i1 @3 obe | plesw G985 (§3ltinge g (AiadliaiBl g b iz S5 Jao % TVE

o9 0 u.?L:.;.A &LMA Lg)‘d.fA.:La)_w S Lg)l.ww.) Pt (\Y‘/\Q) ‘SA‘J-Q‘J Mo 9 Sy
Olalad ool ‘5)09.5 ‘lS"D Lglmoo”l)s Caxo )Le‘.> u‘“‘bj)" U"‘ B mlo).; Ql)‘ef )L)LQ.) d‘)ﬁ‘
3515 1) milyly Glasals o e diz gla Jo ulol p paiie gloj (b, (mili)lysS o ile
ool pleew (6 AT Lo j s S (g3l Plas 5,505, b asw giledigs (s 250503
pateda Gl (b 50 e Al aiz mlie saiie slagjy g oadelail 3sS e (s9dn 6,95
S ) yiden G55 00bataS Jow dw a5 a5 Sl eog ol Sl giledaign @l Lsoges
caL..«o UT PL'er“’ Ls_mo)l_, 5o C;).._.QS uL\LM:y aS el saloals UaLa...>| LSIJLHD L ‘Lg)‘;\fd.llae).w
o380 Gl 203l lilwgs a5 cmlio ol p (e Job ;0 digs ()9 Omitred Sl aLils 592
e o Oloy by 5 235k 0 Dllug als Oy ;0 (uSe g oog SialS Jl o ccawl anils
OYAY serl (ol g Do ¢ g (6 y002) el @Bl g 1581 s 51 iy

el 4255 3550 Sl o i gy )0 Sllagd juype oy 9 Sl 0 @)1 ledus 5l eolin]
5 SOOI L, 5 (o) Rl GRagh 4 ol la laghy l ates onl o
..3)5 o)L..'l)‘s(\Y“"\Y‘) G g L;"‘-‘-b AOYAY) goeze
30 o) dmle (g1, o uxie a> GARCH slgdas o Slee gk opl j0 a5 Cawl oad
‘5L€,\DL—&AJ JALMJ Lf’?‘o")" )| )9_.‘4...4 (o= el ea d._w.th.c “S.w.i) ua).uo
P 5o oyl e gl ol eolanul Jle os Saw gl XU V- - g KLSE (TEDPIX Xiaa
Sl58le 5 5 eolazwl L GARCH-DECO 4 g5 g 35 DCC ( JSI DCC (CCC (sledun lamyl oSy
leitiw,o aSla s g Sledbl glo b 0, S diaS b s .000 005 ez OxMetrics
lsT il o5 = il s e y5ls cldae CulaS ol 5l ey 5 ool Cows 4y aing sloaasy lads
ste 1y owbly g sle CCC Juw 4z )8 olo lis ault cad eolatw! Sy, oz sl
¢ o (s S le DLl 2l LS (6 8 LS alawlg 4y GARCH-DECO Jus 0 jue (puass
S Asslme ) Sy (o505 )] ledoe (S0 5l e

C)lf Q)ng) )‘ solaw! l; L5..uLw| u‘).lﬁ ).]a.> L)DJM o LJ“'))‘ 0)91)4 Le (\Y“\\C) ‘_goto 9 u’_wL».C
3 F 51 gow (VaR) Sy (oyme 50 o)) dnwlore 4y gl cpl [0 aBlo o i i
51l oo (Gle o5l o a5 09 o a3l parinogll 5 s coyms 59y ol o w3 (ool
oamlice YV-F Jols (VWY oo Vo JIAVYAY 6o VY) V-0 wails VR JIY--Y aals ¥
S bﬁlS 9 &_AML»-Q LSLQOQ‘Q ula.ﬁ.s J..«JQ a ] od..wd.d; UA"J o9 A.A.ILM )‘ as J..wl.ﬁu’_o
b eslaiul (LME) fod Gl3ls uyer o Jobwe slaools 1l pnl Y Goye0 0 I3 o)y

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



TVO s oiin sjlosint o (msdlaiBl g sbin i (dli Jso | oS 5 1) 592 036 les

oyt 2z gyl Joo w5l (byd wil)lgsS g ple GeesS slp ssbiie Geen 4 adloe
£235 o5 L 5 alyls 553b i o3 Jlay 258 39 CCC 5 BEKK VECH (jsay 20l
S3sl b 50 b 5 aigs 5l b LSS 1) Oll8 as s 098 o ool Loy T (sl cosgual t
35 oLL o aileas duslie paly g drmloe la ] sy (om0 50 U5, g eols a5 (gglus
Sladae o8 o SysS ozl slacenss cod G503l s 0L & 52 (e SR 05051 Bk
Slawlos gl 5 Sglase ol5el g alizie yliabs! Zalaw Gloil as” sls lis ol .ol ow, » VaR
Lg L)L) GL\ P (e )faw 09&)] )‘ oolasw! L’ Oy R )l‘.\fﬁsb u_i.....)) ua).’_.o o k)"))l
9031 5l eolaiwl b g &iyls (g yian 8o BEKK Jow ggbus 59l b g VECH o aings ol
VECH 4 BEKK Juw (s5buce (1351 b g CCC Juw aipe oyl b S o5 Jlozim | (slo Sl e
O (G i S8 (gl lo
g e oo olis lbadl sl o Wiz z,8 g S )b oS 5 Jow jl eolaiul b oa
S (6,05 Ao s S 50 o )] g AL 393y molio 31 L 50 (6 eSS, 4S5 ;)
sl Caio 4y bgye lwgin jebas ppe oYL Coio [l ! Gl 50 egdledy Lo
S g slal ) s pase glacS 5 (o3l8 ‘_gl.aa@lf C|).'$¢Z...;| (‘_-.‘.l--:-'a 9 Sl Sld e ‘51.&27@15
sl 18 o oKl o i 4 oleerd DY gams 5 0lge

bl 5 adas i 98T (o5le A Glate L (V1)) Ken § wode awgs i o
Joe S I L b sl oty (035 " Sligle;T >k ciie g ARMA_GARCH Jloj (slgo pow
295 porde (8 yme LS 50 (5255 5l iyl —(5eSilis (liatea) 5985 5 il At 3] SeudS
ploms 5| Al S S (5585 4 GBS £55 Cuz 6sleme lsie 4 pld sl a3l
5 (MBas dw)adan iz Jow S Gakod ol jo obdigs Jaw plplo oS @11 aa glees b
ol o wdlies il APl ilepen;She 5 lly Silepeiee 033l (il e She 5 oS e
SRl g oz Mg iig  oa,e oumie Dl Ll i old Loo (oS Lz j0 i G sloools Guass
0o3b ol Gados ol jo aslazd 3 )18 gl Jaw g sy 9,00 YoNO B Ve oo glodle alols jo
&9) )‘ oolaul L{ O 9 W) L_S)L.AJM ARMA_GARCH LS)L‘"‘J“\‘“ )‘ oolawl l...v QSM L)“JLA)‘B 9

ol 00l sy A S 985 0 o i plaw ol 5l ag Hlake Slisle;] >k

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



O g Sl s 3 ol | plaw S8y (5 jlodinge g sl g 2o i Rl Jae 5 TV

oM 9 pold =Y

oolaiwl 0,50 slaosls Lol Lhrog ols gt by, «s5u,l slaosls jleslaiul 4y 4z gy L
Gl Gt b S ez (98 g sy Sedd SIS 5 a3l o5k 4 bgrse ol (nl o
0\))51)_23 [ eV guS.)l.) Cxio gLsM:L...»‘ uljl_‘) [ Sov-) LMM é.iL...a k)"‘ ML\‘SA k)‘)"‘ QYR ° )bl.:
LD 6}1_73 sl G5 coo 9 (e s

5l i mulio 310,85 cul ailiy) (55,8 9 &> (Srend BIKS 5 sl 003l 4 by ye slaosls
ol ot slrog )5 (gl ailie, 0550 VYA slaws 4 VYA Jlo slesl B YYD Lo slax!

PR

oy (oWl g, - F

Llod Jowe cpl Sy ol p) Joo Goyb 5l digs 695 p S a0 538L Cows Gudiow ol Wl
Gl 4808 a2l S oo ol &Bly )0 ol Ay (6585 5 S o Gl (FAgbais HLae oS
L s3logsite Gialil 5 @9t 035l 53,5 morsSlo o Figdadi Sy (55ko puine 5l o3, Ls oS
Ol (s29,5] ke 5l ool

.
1,
Min (LVaR,) = zo[WTH,W —w'R + (WTRs + 2 [WTHW )
N
< MaXRp = ZWiRi (19)
i=1
N
MaxE; = —Z w;log (w;)
i=1
Subject to:
N

N
Wi=1 'Wi>0
=1

G 9 (S Ngubddl Sy ) (2 00 40 b5, lode :LVARp

(i mlio olawd) by gljls slass :N

W s ooldl 3 WTg (o585 slogyss 510 W

o 5 ol ot 9330y ot il g5 ol lg et ile iy

plis pll Canio Gog8 5 0 y5 (Sand SIS iy 195 = uily g u y3Le :H
el cono HUaml o 50 siand 003L (2Kl Slo :R

pl I cono Ual 8 )40 siand B 005L uSlee Slo s R

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



TVE ol Goiin sjlosint o (msdlaifl g sbin i (dli Joo | oS 5 G 592 036 obes

o llivl Jby as395 50 (confidence Level) ylelsl ool :Zy

ki Sl 3550 005k :Ry

oS (2951 paSLs ke iEy

olyls Slaedls glils Waosls aSil 4y 4z g5 (358 Jow 1 oolaiwl b (g985 5 (g 5lwdings sl
298 oo oliial uily)lgeS = il)ly Lo eeBS Sl o piie Wiz )5 slaoe I aiten
Diagonal (slgig, 41 0 piie diz 7,8 OVolas ass c EViews 1581 5 5 51 jslate oy
"l Lons 4y 4z g5 L apmad 50 s,y G yide o solizul Diagonal BEKK s, s DCC. VECH

el ool QLI g3le Joe sl ol lesT - lsly e sile (SO

Giid 5loadly g by odld Joloxi g 41 32 -0

ool Sl 5s (oyp —1-0

09,5 Lk ol cgom Slela)l g jmaml JIBle s Slhl o IBSLL o Cdspw g amates ol
9 6..0.& ua.'>l.¢..: (_ngo..\‘o ‘_.;|).3 pir D gy (i Llodds Lg)lﬁ&.iolj Py e S A e é’L“‘”
el sl oolazw! o SIS slaosls LS‘)-.’ sir A3 gan

[ 4y ‘sLbeg; 6)‘.;\5 K PeRR| ‘Jg»).‘?

)i......bj); ‘5LAA.JL e

Coiin sloog )5 50 eud B 5 Sewd asld slaosls Ol is Wiy, g chog Hlol oy 0
by sloosls jo o1 blie polas jlesls 6w )z o (SariS ¢ Koz jlade 08 oo conlin
Al pewd 3510 (6)lo pme gl il o (SowiS lp ¥ olade g Koz glp jho lade o
Sz o sleosls yog Jl s yhwo (5,8 45 dade HLis o9 4 e o] Jisl 1 Sl oLl

Db a0, YL Glaebl ao o b Sed BIKE 5 Send el aius 90 2 j0 00l (6w

! Information Criteria

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



O g S s 3 ol | plaw S8 (5 jlodingg e sl g 2o i Al Jae 5 TVA

oad as Ll gbosls ‘S)LOT Guwoei 1Y Jeus

Sipsh slaaidl e

oad Ll odls loged 1) Hloged

fal_pir b2_pir
.08 .08
.06
.04
.02
.00
-02
-04
-.06
1395 1396 1397 1398 1399 1395 1396 1397 1398 1399
fn3_pir kf4 pir
.08 12
.04 08
.04
.00
.00
-04 -04
-.08 -.08
1395 1396 1397 1398 1399 1395 1396 1397 1398 1399

iyt glaadl as

ol g Jbo gylulus o jimgs
V) Sl /0¥ ol VF 590



TVE s Goiin jlosinns o (msalaifl g bin i (dli Joo | oS 5 1) 592 036 olis

ol SIS gosls oyl dimogi 1 ¥ Jgun

Sipsh slaaidl e

oad BUL ool Hloged 1 ) Hloges

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



Ol g Sl s 3 ol | plaw S8 (5 jlodingg S sl g b i G Jae 5 YA

g ool ;o bl wyp-Y-0

1 “ . Voea “ a . . . . . q ..
0303) G250 Sleie 4 aBleens Job (S0 g5l 5l 005l (s (2Ule Ggajl jglaies
2 5 (wblb)axly i, 9525 yho (5,8 gejl opl 4o .l sad solatwl oy i, om)y
&ololine alols yge3T o)lel azliz pl by aibco Sloj (5w ,o A>lg ady, 3929 pac bilis

A aslgr 8y Oyge ()l e )0 9 05 sad 3 yao (5,8 WL axiles hs gl

oad 2l grodls bl owypm: F Jous

FAa1_ PIR

B2 PIR

FIN3 PIR

KF4 PIR

FExogenous

Constant,
Linear Trend

Constarft,
Linear Trend

Constant,
Linear Trend

Constant,
Linear Trend

| £ oerm e 1z _F AR EA LGRS FA S TES ) FA _FTFS ) KA
ADF RN 72 I — 1A AR . . e P R VSRR e

prob R v e e de e i [P

Jm" 95 L;Lm\..sl.. el
od @l gedls bl cwyp 0 Jous
FA41 SIR B2 SIR FN3 SIR KF4 SIR
Exocenous Constant, Constant, Constant, Consrant,
o Linear Trend Linear Trend Linear Trend | Linear Trend

£ ogtal ey ilats 1.7 T 953 FA T A9FA T FA IR FA PRI FA
ADF SN TFFIVA L ST AV SV FATFD SAND  FFY

prob [ s e [ e

Sipgh slaaidl e

lio don 10 Jied SIS sloosls § sed asls slaossls axws 90 18 sl ADF (g0;] s
U Jombaw ;o g 0oy0 V(510 cine mhaw b ilo) (slgsjw (ol ded a5 ams o olid oo

o295 sWodld 50 il lg Sluodl cwyp-Y-0
Ol 6loges eamlice b ()5 oo« Sloj (5w S0 50 (bl (ilunadl DI 51 0925 (cuo) 2 jglateds
a5 ARCH (y90;5] it (5,Lo] (yg03] G s olitw] aio;ls g udls ain cpl jo (BB auseis

t Augmented Dickey-Fuller Test

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YAY

Pl (598551 (il o (bl g ddud Wi (Bl Juo | o ed g (Il 0 @31 (le

» 05,4)1 U"‘ ! Ao Q‘»’“ ) u}a)] u)f&jo «Can] b\).i&)f \)Ler_m.,_: YAAY JLM; o Ji)‘ .Ia..uj)

RGO PR m)LQ.S L.u ).\l)fy %)Ab O}A}T 44[.:

G...n...% e li sleosls il ylg & bwod b Qg.o)T 17 Jevs

sl FAl PIR B2 PIR FN3 PIR KF4 PIR
F-statistic FSA0F e A0 FEv T A 1AT 2 TAT 4o ITTAF Ve
prﬂb i‘/i.iiiﬁ i}fﬁ!iiii *J/iiii.i i‘/i.iiiﬁ
xz IVTF IV s FAAAT 1TV 7Vde e VTapfdifes
Prﬂb i‘/i.iiiﬁ i}fﬁ!iiii *J/iiii.i i‘/i.iiiﬁ
by g laial 4 Yk 4k P
JLHA"' 95 L;Lm\..sl.. el
‘5...0..3 o) ‘Sl&eé‘é Q“;L?.)b ‘;La.o&b Q5’°)T ' ,Jg»).‘?
sl FAl SIR B2 SIR FN3 SIR KF4 SIR
F-statistic FAVALSY FAFFIT . Vo Fdihes AVEVITY
prgb e Fitee e P Tae wpea b Fee apr T
XZ FZAVTAAT E/XITSFE VostdF A AV LT
pmb s Fites el 5 afe s VFee st Vae.
iyl rilasald 4k 4l 3k B

)i......(bjf 6[.(:74..5[; el

Awd g0 o 40 o mbio Lo gy slrosls ann (ol il ,ls Gluceals 03] s
Oliab!l o b aS aos o Hlid coriin plio tend SIS slaosls 5 Jiand asld slaosls

ould il yls Slaoal Sloj (sl pw dod jo do,0 A0

Sbeo WY olro gl VAR digs adBg coui —F-0
SRS Sy p byste (nl WU Bk g e piie slass g Guily)ly (Slaesl S5z 4y axg L
Slhaces ble o pstte aiz )15 ledy, 5o sl oyriin iz 7,5 Gledy) wlol 2 Lo g5l Jo
3 eeSile DYoles (g5l Jow (6l pmind g0 il s DYl I glaiws 5 Kl DY oles
o2l s o pite pogas 50 6555 by 4l e p (e da it 23U ogo ALk
I ola,ld, b osls g5 Koo & jlie 4y (oS oolaiwl 09250 glrodls 095 51 o5lw Jow gl

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



O g Sl s 3 ol | plaw S8 (5 jlodinge S sl g 2B i G Jae 5 YAY

oolawl (Kl OYolas o b ysie g3leJow sl VAR slaJow 51 cplply aies ooy
&lio sosl aaawe lis aosls Gley slep pw o (Smod o o aSL] Jad 0niS o0
Ayl (Kivie oo by sied B sloosls [0 ax § Sed ool slrosly o 4z o

oS o3l 51 i ladady slass dosliz . Conl pge )Lows VAR sloJus )0 aigy sloaddy olsal
s 5 005 oAls 65 S i3, sl igmasS, Jae e ) ol slaeailasily il
5 ol Jaw jo Blol sla malily slaws deaady sloss (iolBl L (58 el ains Swon
slaaasy Olxil gl p g, ol 5l .cob salss jrals axly ado ) fge;] &,08 5 gol3T a0 azs o
Al 5o ol ol 05 oo oolaiwl Oledbl jlas olgie cow o las 51 Jsone job 4 aigs
oads il adgl Jaw (gloailedl Ol jgdoms goeamme I li Jgl s32 a5 wiis s3> g0 Juli U5
sladady 3538l &ygo o 1) solil ax o Lmals 51 Lol L) a8 el Glalex g3l pas 25> g
et osS ola g T led JasOlT Lae d aiS o 6 S o5l adgl Joe 4y calise
Sl g SYle yidon jo aiiws 55 6,500 Sledbl glelae andl oiis Sedbl sl Lo
ol 00 oolawl Ay sloaady sd 1o 3510l L 5l

Oloe 4 OV¥olee 5l atws (pl ol o aSLl 4 azgs b aS ol (pl 0,10 0929 a5 (5,500 @SS
RPC PV PECRUITE SN I FXOV DU WU £ PRruie] P PRtz R PO SR L SR 7 XTI & UL (K PO
Slesg, 5l oslitul by Guilyyly ¥ olae JLS 5o Tams 5 pa,ls 5o SYolae 5l atws ol 5l i 4idy
D oo gl Pl Kl DY olie ol o 0 i vz 7,8

sloysite s3lo e sl arngr sloaids slaws jmsl )13l e lead 8,5 (29,5 ell
st sl 2l ke [z Sl paie o plpln g Cenl 4d8y S e plio Sed 23l
Al oo e (K0 LB asdy SO g 0g (LB aady SO 5l b

Siledoe sl ae laaidy ol jnml l8le s 5l ead 485 (295 wlul p pizen
sbadll paie [z 5l paie 1o (nlplo 5 Cwl 4y an G o (e SIS e i
Al e b yusie Koo LB addy dw g 09> LB addg a3l 0l el

! Akaike information criterion(AIC)
2 Schwartz Information Criteria(SIC)
3 Hannan-Quinn Information Criteria(HQ)

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YAY ol o585 0 (s3ltinne ot (sl g i izl Jan | olf502 9 (1] y30 035 (ool

omd L GlBodld diugs 4ddg 1 A Jguz

Siegh slbadl aie

Seoad B 5 Bodld dng adBy: 4 Joua

gt glbadl pe

0 gt Wiz ZH5 WYolro coi —0-0
oolitol VAR igaw )8 ,095 Sogam S, OVolao 5l uSile oVolas slp i o,lal a5 jghailen
b iyl @Voles sl 00,5 Lasie osls 5l s pw 99 ;o (slp e sloaisy olaxs § 04 oo
oliyly Silaz (L3 slaaidy 5 ailowy oMaz L3 slaaidy | oS 5 oVolas ol Sl 4y azgs

Db oo Jde g3 Ll jo soli) £935 ez ge il jlg DY slie (5l 5 laaddy olowd gebge .ol o

ol g o lulue gla g
Vo) ks /0¥ by /VF 5y90



Ol g Sl s o3 ol | plaw S8y (8 jlodinge e sl 5 s i Al Jae % YAL

CCC .Diagonal VECH sls s, ;! &¥sles wasss 51, GARCH(L,1) Jow 13 5 ,lge 45 4> g5 L
-Zewl 00l oolaiwl Diagonal BEKK
250 pll gl Sy 2> b uld 20 pie 2z IS Volas (e Al 4z L @
e s g0 (i SV il )lg g Wlowsy (sloaddy (bl )15 SVolas ooss ploxil g (ons) 2
SIS o e $ H e loitnys Sl
ol ol ol e Sigens S, S¥olae o laaady Jilas 5l dilate o5 il 5 bl Yol o
& iy gl (09381 4 e (g0 5 IS Sl o el gykae " sz o ol olsica,
5 Bae &dlg;s 095 e Jae 4z 0 5031 ralS caw ISl Lol ams oo Liol38l 1, R? o Joe
4 g Sl ul o Jlao b laosls wdgi anl b5l gilaie (o085 (3L «(Sloy slas o s3la e
o5 calys s byl slaws b b T 8o 5 bl au] )i
SsaST g5lodoe ;5 GARCH(LL) coliS s onsplnl sla_togs 5 ol i mls o
OYAY L) (Gloy i allannd (2L, 400 )50 (s0S>)
CCC .Diagonal VECH s, dw ;| e sl |, GARCH(L,1) Jow Gsd o)lse 45 4z
-l ouis oolaiw! Diagonal BEKK
plml culre ol sme (o odlplamil (3510 (253 (o p Sln o SO L8 slals, 5o
ol o Ladad g puivd dxlgn o s 51 ool olaws b be o e aiz 7,5 glo by, jo Lol 09l oo
2 lr 28 son Sl &S (Bl e lnle dg welet o sae ba it (nl I s3los
6l los ol 0l oo Sl sla,lins 5l osliiul 55 oo osliiul o,piie wiz 7,5 slo s,
S o @l gy e 3105 L 5o el l8le s 1) Sledlb]
polae Diagonal BEKK ; CCC Diagonal VECH s, 4w 5l ced azls slaosls ez L
il s 4 Gledbl slajlrs sy 25

o8 2Ll glaosle Sledbl o bao i Ve Joum

bl s bl Log Avg. log | Akaike info Schwars Hannan-
likelihood | likelilood criterion criterion | Quinn crifer.

Diagonal VECH 1O¥95K0 | P FOFAF | YEFAIGF | CYEaAsVE | CTEXIIT,

Ly, cce VOFMV/EF | M dAdesd | SFEAAQFA | CFFAFFY | CTEn FASS
Diagonal BEKK VAFFA M | P JFAFY | CFEAVIAF | JFRA049 | SFFa KAl

il baul e

! Likelihood Function
2 Parsimony

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YA ol oiin (sjlotinte S (sl g bip i (udli Jso | oS 5 1) 592 036 oles

(J.._>LJ t_‘))t.}l L: MU" )J)lﬁm )L\_’.A ).7r_: A.H..”) ‘5>L:>Uo| )L,..’.A ‘SALQ.’ .)B.M:‘SA o..\mL;;‘..q 45 )ELQLQ.Q
oy 5l e b ged asld sleosls gly cadplal es g b3l a5 a5)ls ..\.5[.;

WA5b oo mesS (454 Diagonal BEKK
Diagonal BEKK 4 CCC Diagonal VECH g, 4w ;| cend BIS slrools s by (pizren

...\.2.3."5.4 Cewd A LsaLc)Ucl Lbd)L:_r.A 6‘).; 53] )_;.)Lu

ol B grosls JleMbl by Lo 1 VY Jguo

, - — -
b e 5 sl Log Avg. log | Akaike info | Schwar; | Hannan

likelihood | likelihood | criferion criterion | Quinn crifer.

Diagonal VECH | Yav1¥/¥e | FAFFVEF | _FQAFTT | _rr08)9 [ rifeiaf

s ccc vasasf) | Edaavey | Craesror | Crrarey | Craravrr

Diagonal BEKK FAsFa 9 | FAFs rY | vy | Crarrsr | Crararsr

ijf L;meb el

oS g sl as w ks oSG Sedbl Las oolad 098 oo oadlive a5 job len jo cdl> ol o
O3S (e Diagonal BEKK g, 5l covine mlio cad BIKG slaosls (gl oaiiplo]
sl e

el 35 O yg0 4y 09 colaiwl GARCH(1,1) 5l a5 Jl> (ol Diagonal BEKK Jow x; yas

H,=CC'+A u_ u,_,A+B H,_, B (20)

S5 bl acibice 08 g N XN oll LB g A (i (ol L) (sthie YU o 5Le € T j0 a8
CC" Jolo ol 5 wlive oyl o ile S e GBlosledl i 50 mtile S 00 Jolo a5 oo

el ol e yile S
(YY) (YY) Ly, &yg0 4 ciond azli 003l sleosls 1y Diagonal BEKK Jaw sle )l

Xloads 003 e g zlEnl (YY) 4

3.57E—-06 7.26E—-08 112E—-06 291E-06

[cc'ly; = 7.26E —08 2.16FE —07 5.84E—08 7.29E-08 (21)
Y 1.12E —-06 5.84E —08 4.27E—06 1.48E—06

291E—-06 7.29E-08 148E—-06 7.20E—-06

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



OlySan o (JI)T jo1 @35 obe | ol (5o 1 (5lurding Cupd (PwdliaiBl g Bud Wi (Bl Joo

% YA

10.271544 0 0 0
| o 0.289054 0 0
My =| 0 0.226107 0 22
0 0 0 0.298793
10955291 0 0 0
N 0.960609 0 0
Bli=| o 0 0.968161 0 (23)
0 0 0 0.942929]

(Y5) 5 (Y0) «(YF) Lasly, & 50 4y siond SIS slaosls 51, Diagonal BEKK o sla el s

415E—-08 1.72E—-09 1.02E—-08 1.10E—07
[cc; = 1.72E—-09 636E—09 3.09E—-09 4.33E-09 (24)
Y 1.02E—-08 3.09E—-09 7.17E—-08 1.79E—-08
1.10E - 07 4.33E—-09 1.79E-08 1.10E—07
r0.165047 0 0 0
— 0 0.225177 0 0
1Al = 0 0 0.167153 0 (25)
0 0 0 0.257508
r0.978865 0 0 0
— 0 0.975822 0 0
(B = 0 0 0.979865 0 (26)
0 0 0 0.958835

Jae (=295 @b -7
0ad plamil (ass b @8ly joug wiies (Lo 4y atasly (b @8 gy 59 lemsl)ly 5 e Slee
0olitul Uy sloj adaiie o sl Hy oHy il )lasS— il gl e § Ry R R (glmosjl yolie

Al dwlowe bl L3 adds polds 5l

o951 Joo Jol5 (sl dgumme b i (5987 1 )0 o gsluo (439 dawgio —1-F
St mlio Gl p cdl nl jo age (l5sl bawgie Glp @S o) g Regh Joe JlS 1,2
P ke S5 50 I8 (608 (5805k Slilusgi 45 (mlio (555 pres ste oS w0 e LS
S b g plislpw ceand jo i ol oS mlio wao o plad ml Adly jo ool
Pl At S 50 pladg eyl Se g Gl Job po plinlew a0l 5o (65068 Slilugs

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YAV ol iin sjlosinte S (sl g sbin i (dli Joo | oS 5 1) 592 036 les

e Olysl s cenl oad Blad Jow o 5 (Saedats Sy Sdl> ol jo a8l es o]
J.M:L) )—A.AS JJJ}MJ..\.G_: &&m‘.”.) aS wloods uL?u..:‘ 6)5.'0

Jol5 Glessogumme Blod b gy (g9 50 o go o aaty 53911V Jour

FAal B2 FN3 KF4

std. Dev. e PATVA e PP AA e F1elY e PV T
- :
W=Optimm W TAFF1E ai e AD - T T FAFY SFFVERD
ol iw sl

Aiegh slbadl pie

Joo jo (Sigdhadi Codgummo Bio b duy (6945 1 50 s @obuo (439 bawgio —Y-F

5l oo 90 ol (Gl oal Bdo  Fuisdads Codguze aSul dazgi L )aS wil doe opay
Ol o St e 50 i)l s s n 05k bwgie aSul ed 110,53 6 eS (S isdads
b oo (il 38) 50 ((Sigdadl Codgise i)l

S W g Sy dgame Blad b alugy (98 50 it gyluo Ao 0391 VY Jgu

FA1 B2 FN3 KF4

W-Optimaim STOTFFF TAATH TIOFAD STFTAFT

[LATE T ANEONE iR

)i......(bjf 6[.(:74..5[; el

Gobro (ylane 4 (19781 Cudgusme Bis b dioe (G9i5 53 o qsboo (yj9 Lawgio —Y—F
lwg giio 3|
S az ST i 985 )0 e mlio (g lawgie aas oo (LA gt bl b pl o

&8 )8 oasols

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



O g Sl s 3 ol | plaw S8y (5 jlodinge e sl g 2 i Al Jse 5 TAA

$2955T Cadguazme Bis b dhny Soi 1 59wt o gy (3391 1Y Joua

FAl B2 FN3 KF4

W-Optimum SYBADFY STEVIVE YO AFTF SYTOATT

Gl folls yadld cila b

Aiagh sloasl pie

G5 amid g Sy =Y
4 azrgi b g (riwolamdl 0S5, 5 (S Wghak S 5l (Jae LI L T oad BN eyl 5o
OIAE oy i 09,8 Tl lainge Soiin o piie Wiz )15 By, 50 S92 s sletusgae
L Gl Dryiar & G5B Glals 5 (i sleos 51,8 gl bl DIl (slaog S Jols
Olsie 4 il (9,0l (ALl (6,5, 0 L asl fpad 05l ] csyls Jlasl o l) Glnl Goys
Ollasdle b atgr e o FTWgl ol Sty (23Ls LS )0 pleew s g3lo g5t Gl (pa LS
D9 Ll S S5 5l (6 i bl

0 li slaosls aws 90 ;o 10 i) ol jo ke sle el dinlie g b pasd cwy m b
52742 DCC & DBEKK (DVECH o yuiio aiz g1 (sled, il s SIS sloools 5 s
a3 o &1 DBEKK i, |, e

Slopaess 5l oolawl L) Jow sl p3Y o (699,59 dmmlons g oals ploxil gla o 51 oolanul |
NSGA- asan iz (Kutij wi oSl 5 oolitul b oo Lo ;o Jae (slodings 5 (DBEKK s,
ol iodiie mlio Glp ae Oljsl bwgie @l (o) p 9 (g Joe S slzl @l I
Py gy S p 50 W (5 (235L Slilgi & (mlio Sy e Lawgie &5 waS (o
Gt 4 by g ol Cod jo (gt Ol aS mlio aoaw lis bl (g e 4y o]
S5 g 5 5o ol o015 35y e Uy 53 sl 835 55 (5 e Slilugs
Dl e (SWehal Sy a5 Wload CLl )5k age sl Sl cnl jo &8ls 5o b o

SlalS Caro 5 i b 0,5l 8 Caio iy piew Lawgie ( SgbaE Cudgaze i L
Al azgi L )as abl g o ol a0 S Ay g 06l ooyt 8 Gl a4 cenid (6318
AS 1 e 0510 195 0 (6 5ieS (S digdals jl Cas g0 (pl (Cenl oud Bl FWisdad Codgas
by oo 38 e Sl cnl jo Sl (Siee o 3551 9 6985 0 003k Lage

Olis (795 @l (ol (sl pasls B o gilugsiie Casgazme Bl b rizen

Oz et ol bl WS i a4z 51 ae sl n )0 oS mlio (5 bwsie wad o

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YAY ol Giin sjlosinte S (msdlaiBl g sbin i (dli Jso | oS 5 1) 592 035 oles

ol Sl J8102).28 5 sl Jas 5o 1, Caspime il lsies s pme 15 & 5 ABl gaS ogmins
(oo e

TJOPSIS g, 51 (8,8 SaS L ;5"'" Slaass [0 olghe oad o lil Codgume a4y axg L
g b lre 28,5 ol o b coo ] iz sl eS8 o | Caro o 40 sdel Cewds sla gy
Olss ol ae 955 @398 spmlin debidin n S (9w b conio T OB o5 Sl @ g5,
&5 0 slojlasl U1y oy jo ploaw olawd Cuogasms Guiod ol 4 ciolen Gadod S S 5 L
8,5
Gl cBeizs ol adoe aix Jas 1 eolatul s ST Gladss [ 500 sl SO lgie 4
NSV) tolas (s g loss Gy 3 mlelasS—milisly meile 00)5] sy g bl (g5l Joe
20,5 oolawl s

b Cow o4

Sile Hlre a5l ool b (485 5 Sbsl” (VYAY) @l Lo pde g Lo podle ( Ao oDl ()
5 Sl slagmy p ols Sl Gyl g 8 SWebaE g (2350 Jlae Bl (o3l
AT ao ol

ool (VYY) Slin odlal ol 5 5l ololas ol b cstamme ygass ecymel ooils (Y
slazdl aalilas "VAR-DCC-GARCH ilia, Sl 5 aloos sl 5l 50 Sy iy 4 Com
AYVY oo e

9 Eyman a4l iy 0 p) 0 ((VVAY) (Glay s Lo, 5 lo) dlamnl ol gy (cauS> (T
Do ool pole il s e 5 55 dobme 3 b lconls o csla S
T 5 S 0)lod piin

Sl Jse Gobol 2 ploms )T ALy s (3l gy LOTAR) ¢ ol Do el 5 (550> (¥
AR50 e 2o o e Sliios " g5 Joler Blysl st 5l sblyds GARCH o juicie iz
DFYD o 5

30 ozio Jiz GARCH slo Juw o,Sles awlds (VYY) (i dobld 5 Loy deste (et (O
YYATAD (o oy olSetils ok oaSials o Jlo olinions (" (555 Sy s

2 Sy e ;0 3l sedp g5le geiie )-.t-""L“" OYAY) L S W85 g o ooim, (P
(IS ke il ctmghy ede anlilad s ol Gyl o2

! Stochastic volatility

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



Sad 5 G o1 @ o [ plaews S8 S jluotintet iy (sl 5 bad iy Jedls Jae 7 Yo

sl Sim b a5 MEVIEWS 0 )5 L ol pe (ab i) omiwoladl” (VYY) (e (g ygm (Y
s 5 sopa o oS5 Jlo ST OTAY) (el osliant Slige 5 sols (Shoysels (A
ol Blosl e 5 (o siige alme T ogils (19,51 5 ablie (LI (Rl b, 5l eolial L
Ot e D1 o™ COYAY) ol Jlz plans el 5 Gy mipe shozms cgoS diiyd (4
VAR- Joe 5l eolitul L) Sley alfaiz slewliiio Jsb )0 ol sl0le Glisl s 5 < sla)like

F5Y0 oo o Jo slamdl aclilad "( S>ge 4l GARCH-BEKK

2z Gadiolug sl oo anglie” (VYA (pomnl il sl 5 (sazmo sl (im0l (ool (V-
(S wlo i Gls ciagh (oole dalilad Mplom als g 5 5 o alaly 35500 50 0puite
OFYD as

S oLl sl puitie yr s Eod Sliraboll Sl o) 2" COYAY) 5 2 05515 Lo jule o Sloje (V)

VEVATA o el ol Slalllas aslibad"BEKK gy 5 b o peicionize @)l s, 15l

15 GARCH oslgils sla oo ol awslic® (YY) (ol oin 5 (and oo ool 28 (VY
SIS iy ool aalilad "ol Jlolge Bligl s (SN A Sy (50503 5 (5L
S ale

0 ARCH 3 GARCH (slo g, o5 awslia” ((1YA0) (o] demme g Lo, el (golis (VY
s Jbo lnbem slotagy Tane ol Sl Cuz Sy B 50 B8] ot
A=Y ao o oo il

el oy N3k 5B o™ OTAY) (il o5 ol doguans 5 (xald Conni pg05 csdamo (VF

ooladl psle astilad "GARCH 5 Seoliss pimmms il 31 ool syl oyor 5k 5
SHledlo sla sl s )18, anglia” (VYAY) (goomms dynn o 5 )l 0ja> Lo adlé ¢ 8 jgate (V0
ele aslilad Mlgy (byd g cl (Sien slagts; p e sladas eluly ond aige

AVYO oo (o (ol g (2Dl o poe (St

S 5 (Sl B9ake (o y32 o yos s alge ST COTAN) 2l Ly 5 Lo o0l s (17
Lo p)8 5 (Jlo Dledlyy A8 (poges VAR 5 5255 Lo sl Joro 5l oolinl L ks

D989 (§oliiny Cead S 351" (1Y) (g 5ke 00l Jeslasl e 5 mutlpl g6 OV
5 b gluls sl ey JABC ) esian S sy oIS ppsSl 5l ool b plews
NPV BAYY oo o plos

I'Matlab ¢ EViews ;| solizul b Sloj slos o Judos” ((VYAF) (Sloop Lo, g el ( Sleo s (VA
osdl ol Ll

soples s Jlo )lules gl iags
Vo e 0¥ by INF 5yg



YAY ol oiin sjlosints o (msdlaifl g bin i (dli Jso | oS 5 1) 592 038 ol

s s eIl LSB" (OIYAA) Lo, Sh placl § 08 ooliole (Gage (> syl (Sh5,5 (V4
FOLYY (o upla 5 Jlo slla slo gl plows (Saigdoi 5518 ko oo

20) Aktas, Cihan, and Orcan Cortuk. (2012), "Measurement of Liquidity-Adjusted Market Risk
by VaR and Expected Shortfall: Evidence from Turkish Banks", Journal of Applied Finance
& Banking, PP. 137-147.

21) Anil Bangia, Francis X. Diebold. (1998), "Modeling Liquidity Risk, With Implications for
Traditional Market Risk Measurement and Management”, (universiy of pennsylvania).

22) Bonga, Lumengo. (2018), "Assessing Portfolio Market Risk in the Brics Economies: Use of
Multivariate GARCH Models", International Economics, PP. 87-128.

23) Botha, Marius. (2008), "Portfolio Liquidity-Adjusted Value-at-Risk”, Financial Markets and
Portfolio Management, PP. 203-215.

24) Christian Francq, Jean-Michel Zakoian. (2019), “GARCH Models : Structure, Statistical
Inference, and Financial Applications”, A John Wiley and Sons, Ltd., Publication.

25) Chun Tsai, Chui, and Tsun Siou Lee. (2017), "Liquidity-Adjusted Value-at-Risk for TWSE
Leverage/ Inverse ETFs: A Hellinger Distance Measure Research", Journal of Economics and
Management PP. 53-81.

26) Dong, Lei s,Jay Cheung ( Y+ +1),” Liquidity Adjusted Value-at-Risk for Portfolios of Assets”,
Dissertation, Financial Risk Management Program.

27) Ebrahimi, Seyed Babak, and Seyed Morteza Emadi. (2017), "Portfolio Optimization for Retail
Investors, with the Approach of Multivariate GARCH Models", International Journal of
Industrial Engineering & Production Management PP. 149-160.

28) (2015), "Investment Portfolio Optimization with GARCH Models", ELK Asia Pacific Journal
of Finance and Risk Management PP. 2325-2349.

29) Naimy, v. (2014), "Asset Liquidity Adjusted VaR", Journal of Business & Financial Affairs.

30) Stange, Sebastian. (2009), “Market Liquidity Risk”, Dissertation- Technische Universitat
Miinchen.

31) Yilmaz, T. 2010. "Improving Portfolio Optimization By Dcc And Deco Garch Evidence From
Istanbul Stock Exchange." Munich Personal Repec Archive.

oples s Jlo )lules gl iags
Vo Gl 0¥ by INF 5yg



Financial Accounting and Auditing Researches
Vol. (14) Issue (54) September 2022

pbstracg

10.30495/faar.2022.1953619.3448

Integrated Multi-Objective and Econometrics Model for

Stock Portfolio Optimization

Abbas Khadempour Arani*
Amirreza Keyghobadi?
Mehdi Madanchi Zaj®
Gholamreza Zomorodian*

Received: 17/ April/2022 Accepted: 21/ June/2022

Abstract

For the growth and development of countries, companies, and even individuals, investment on their part
is necessary and vital, and these investments should be optimal for more benefit and effectiveness. Since the
introduction of Markowitz's theory and even before that, the concept of optimal investment as a compromise
between risk and return has been considered. During several decades after that, new definitions and
dimensions of optimal criteria and especially risk have been proposed.

In this article, an attempt has been made to present a model of liquidity risk using the concept of
diversification in the form of Shannon's entropy and an econometric approach, an optimal portfolio of
investments with the lowest risk and the highest return, in the form of a portfolio of 4 industrial groups of
the Tehran Stock Exchange, including metal groups. Essentially, banks, oil products and metal ores, which
have the highest market value of the Iranian stock market, should be provided.

The statistical data of this research for selected industries include daily price index return and daily price
gap return between 2015 and the end of 2019. To calculate the liquidity risk, using multivariate GARCH
methods, the variance-covariance matrix of price index return and price gap, calculated and used in the
presented model, and finally the optimal weight using coding in MATLAB software and using algorithm
optimization method The genetics of non-excessive ranking of the second edition has been calculated for
selected industries.

The output results of the model show that the optimal weight of the groups with less variance in the
optimal portfolio is higher. Besides, the effect of removing the concept of liquidity from the model leads to
an increase in the weight of industries that have less liquidity, and along with the increase in risk, the return
of the optimal portfolio also increases in this case. Also, by removing the limitation of Shannon's
diversification index, the output results show that this limitation has almost no effect on the optimal weights
(at least in this model).

Keywords: Optimal Portfolio, Econometrics, Multivariate GARCH, Liquidity Risk, Genetic Algorithm.
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