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irr -r-:5 u-td-l.r .*1"- J.StoOL-j rb.i, JL=l U .'- ,: 
t,.r;-l-.r!,15 

c;l.rJ r,
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Fir-- f)t, ejf .Sr

.5-_ 6l;ra.- nlf.r- L .rr oslr ,p,o- i-h e.;i^r5o. ,3914 (c=ir. ,Jdl,i) U ,
cdf d(19).J)rj&'.) +.. e4)i 6lr.>;irf y';rr<X>utx j*;$i

:;-l ,j dl)r,4, OT

r(x;€,g,rD = r -(r * q 
(* - u; 

- V6
p

d2l) {20) JE .,lea.) ' .l or.i rrQ-..t JJ:n 6b;rr,oir.iE-T ir*- 61,

c-lr .irr l+ .; I ciF )lj ..lL sr7 orr:J .:r9.- u o:,9, at it'u j5 (eZ)

.1" J"-r,sS.ilf ,Jrr, i,,-l {19) c-l jri d,.3i;1..6,b _,ts;;t .5,..,r or.oE.,r,Ltr,
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6t fl-J {24) rrlc lj,L*.q,r . ,1,-s .gLoer.; ,r b"};j jl !f,i lr r (23) c-l o.!r, t+

i 1 ,JA)a,;,, J,-l
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i = 1,...,m 61, .X,.i,...,X" )U, 6 .sl,r;,Ia,

;l t, ps ,ra;'l-: ;=i; c;lr Hill .9t*u; O# ,c)t OJl.. jl Ui {,t-l f .sl,- -1

-r.5 erli-l GPD g;;

t heavy tailcd
2 GDP: Gcneraliz€d Parcto Distribution



s"y-l 6rLl.ilt ,Jit .. ;+:-r .ryti. .ar-.a-

,.-=-JL .r-:.; ;r=-jo 6l +, +; t 9 c.if Y plf ,o or.i JL.l' )lJ.i..99l- lr(1-Y

.+5 &,1'. GPD e)i )l $;,tQ A,L .91r, l1 sp,rJ.S_Y

t".
.MSE(I{) = -2"i =l(4,-Fkf .rJ 4.1," L OJ{- er 6tL.;..r"l. U, d:-T ro.ely -f
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cdfq ,GPD(6k,pr ,tt) + Lir cdf Fr.c-l U, cL-I 6YL .elo6L-.i.rlr; n,4'
.;-bj#.tF

or-.;j O"--'!, Olr--:r! 0 .+5 O..,r L MSE{) = min(MSE(Ur ),..., MSE(U. )) -A

CPD(E, ii, CD e-;i 5.-- )l t Gri 6 'r:.s. j;S e ;7:,r. c-J.te; .rl7 elE-i

..u.:Ss- 6r jr*

(Hill 6L-ro.r.--.;.i b.-i A)t O$t rl f ;E r.r...r-i rQ:; cr:rr d i -l.rt.i Ot-U

.:-l.rlb r.r 6.-1.-rJ.,.6:rl..l lr Hill .gto"r::; oS J*,jt:;6ff ,sl*r-.f_J

.r:Ulf pi rl-r sls; L .gl,oorls a;;.*. .91r, ;; ca J -!Y p.Jt ..r.:s; dri-n' .t

.rti:-l .9lr- Hill 5[ru.;; ,.-n- o.r-:,[.r,,- ,-it: d61y_l ,.r..uo,r. ;-r 1l l, r9.i

.o.*.1 rlQ' '.i o9'77 6L*sb ,r.L- 1l a-6,

6)tf 5tr6lr_; - ,:,,r.3 Cajf -Y -l -f
ortii:-l .glr., *L- jr) 5- +! lr:ir-:-, ,5rJo;lsl ;l).Y J;le ! ;:rtL.JJiq

:.ros r:!l ,r;.Sb.rft jl ,,S2 L-f n-Lr- c.-jr;1, .Lr. 
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,:lr.oL:.." olu,,- ,i_l;il 6ly ,rElc oclc oldL e, .,>rL; .5[o.rb .rr9;.il -
1l osrt- .l L t-.Ji rJi t.G;V t.rLlr .cl.r .Qt, .5*_.,1 -.11o9.il51r> O..n- -

Q5\ s* at ,j,st
olall 6lr-,r,r19.9!o e)l5 r[; L 6Locl.r,-1r;l jl-l ,tlz,;; 5 trJL-;rsf pof -

e)15 .gLo.s--, ;l ,r,L-;rl r,^' +t/ ul,,t , "frtl .r,'.i,r. .-" .st e-jt
,.sjt- !r,E 

'"-5 
.,1i51 dlrl .o-I;lo 6Lr6L-1 oclc .li-[ 1 ,r7rl- .gLo.sls ,.r9;il

rJLi- ,o 6l_ltL.r e e;: (14) (13)r:ts- ,s:tr \ tA .F rs ! "5.i, o;l-rJ rf o.-1,-
p--o ,,91r- 5 ;-l ,sf ,r*--.,* .9ll.r ..it o;lsl t ;$-e ;t-; o;lr;l d .r.al,r. 6l:: s9;
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a,.rii)lt J3L :6rt ., 6tD.lr, rr .d-tL. ..r!.i Cji i,=- .rl, J*

,e-o ,/a;r1 4In ,,-l rc .rrdb cl+ti+ L ;9, Jej; 6b.5,! (s,l"l".a Olrj ,JjL., -Li.

,;rL) s) a {?-6)e=-S o- ;f* ;rlrlS-a 9 ri n-l .yU; .,r-. ,E .5b"slc 6jL.r"L;
,p,-.f ,.s )a :rtt t);** da,l)

[.oss = Snr

a (Jl;t,rJEl r.ir.: JE gl9.re,) .!1, .;l-1 .sll .Jl;.S- S .6L-;.;lsl "Loss"d

.cr-rs-.i.,i ojl.rJ.5bgLl L rf c-l (J,; rl;L 
"f.lc 

.'.- r r 6rliJ.r,r.; )riLi
:.r,-l.,. c-ce, ,1; .L; .1;-f, J.r- YL &1, ;l

lnfl-oss. l I
-i-------.1-: = a + b- + e,(i = 1,...,p)
In(S,) ln(Si )

Jifr>.r-r, J*.,i atlis" l, J.r.;r,-l ..r::-..r.r7rB oLraL:- (Loss;, S, ), i = 1,...,p 15

o.r^oL:- q !7r. Lossfd o.r-! d!;" 0, OL-j,-,?.r.i Oi.i; (OLS)tJr.- ol*;.
.,;f 4t-. s-; i,.ryq nli.r L i

LOSSr

.sjL .rl.i. F.o y.,-f ,Lo Jt .el t ;*l i "roL:- 
q f;.7 ,rl;h a;11+ .;9-;-LS''r rf

ct- .i 
O.+l jl rJ .r,._lr- ;-.* E dL-l .,'.,B o.:b ol.!L .91916-> dE-l ,g9, ,, a

pl+f 
-..rr:.,a.r_F_l+,5+11- 6loorlr c.r.i o,.)g eJi J.-,;,rblo e-ji lc r+ q

o . a .,.1 :: ,'r ;L-; 6L*,rlr 1l 6tc; 6r-r [e,+-l rULi ,s ,g;lrL ejf 4 OU,r-
.tr. ,iJ.t

gL-; 65f go.19i c*ser -Y -t
r-1, t +r rt Ot-j;.1 j cl.r,-e_, ey ti s:6 ";f el;6[;.r3t-; E)i ,]s.t.tr

:t,.-.t
(i,r=rlY)B.0",
2t' 9i 5;Qa o'te.-> 6ltalr,>b,-et { ;,t-; ;,1;"1 rf *l lJisLd ,zi:..s,-g(i,,

.rar,r. ;rE; j sl,r._9,

s*'
= Lossi (-)a

I Ordinary Leas Squarcs
. LDA



ci.j (x) =

G-r.-l 6rb$! L,:.-L, n:-:.-.n oYtL re:.*

,.r,-'i.r- ;-sq y-; t\1, 1lea4-Jrg;i.!-jricttp6l, v(i, j) e-jf ci.j

EI = lp,.i(n)4T(*),x)o

Pr.;(0),x = 0

J:)ilt SJ.. r e r-i osl i,.-i,-.Jti. 1,--.o rc {' c-l 6(i, j),r.-+ ejf F,.j a5

.;-l ,irf L F ,.Ln ;;y',t'F"'e; .l e)i eli ,ss,

bt-; c-Ji 9-t>- r9ly5r6,l .il .tcrls tfitgJr a;;3l upau Ol* 5- J5.rr
.ry'r6;7.91L r; .4r J srk b.rl dr/-r-irr- -J jU r_r7 .6r.rc 6bpi-r9lll ,r

Es-+s6.its 6--l .rt1rs 6;;y 61, .r.-.ij. 6,.li ,-tf* jt l' *,.;-:,f;t ,ri5.,

(7) .r cr

Jqj o.!i JL-.'l JlI' 41t; -'t .1tr9r;

,j!j jlrl., JL=l J|I" eu -r rlrr.i

(7) .Gi.i ejf i.rl+.,r .sr+.r.-n- Jrr., r-l J";r ,rr.l*- Ol.r 4 .::: '
2 Monte Carlo simulation
I Panjcr Recursive Approach

' lnverse of the Characteristic Function

g(i,,
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o.oJ
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o.o2

o-ot
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o_oo

{i jl

'rlrr .r-rr.1i11 .,u 61, jt j e-ii rli- r -lsr

.( r.r ot.-. Ai e-.o +f .ral9-;.rr Lr.S,l, , Y J;! .;-l s1.41, ti lS:W .)f ,.r_iL
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L_ OL_j 616:Lr,_r) GtttS C* glEr. l_, Lo.5--, O:.r ,r*-1, .,r,:;J r-l: 

'-6 ,jt:
6lo.r:5..rcti:. ,9-be-, .rlrl$ I c,97lrr .cy' l-La. .[ a;YL 6t-; 6- L- ll3l ;r-:
";-l 

"15 
;!; ,rf;..*.a lrsjl JjL {.-t Je-f or, a:!, rl:;, ,rf:...-..o" 4t Jj5,r. e.-.

L^oi (15) i: -l Jl r'-:l .:,r' i.- ' 'u.-; tr9-+2 .'r:--r.r irr-l ,rlf Jt- rc lS:,-l 9
tOL-j 

C-.jf ,i;.t +*.t4,r 1., ,r*-19 ,r,-l r5 *as,r. e.-f ,.rF-. .9F r. !rE-*-.

,rt--|, +JG. 6,-l ,c (6) eJj .5Larj*-..-.o _rc c .;^iL_ ,lj.r. Jri 6t ,r3--+ , ;:.
J?-..> t .5--_, -ir-J:i- 6bu-o .51,. '.1.> .gl,reljf ;-*. et )*-.. Jt .sbOt_;

2 LDA
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,r-)l-l .grLlL ;_Lr ;-.:--=r !yti. .ar.+.

;i er") .:-t4 e;; ,gl1) Jj+s.,JjU& !Y915;l .ctl-l t..r--19 jL.Jl g-;;.f-
.51LJ.r..,r rf ,4tlgjf rjL.6*i.r *,Sbe-ji\t:*t )J,-irr irl <Q$'lQ7\ +

,-ifr a+.-t- 6-r-{t:tr-l ,St:: SbrsS't-l d4 sr!-r 6i L ;t,t . .5--,
. (10) rrlc ,:-, ,,t , s51:,..'..

..r--r1- J O = l, . . . , pl i el; 6111 ,r.-a.- 6le,.rt-; .glr=:E cdf ..r.ar6EF, (x,) rfl
F(x,,...,xru) = C(F(xr ),...,F(x56)) 're-1 ,r,-.p 6b;L-; ,.1; g;; .tf;l ..r-! BLET
t-r*, 

sJJ 6YrE rJl'i. r,-t ,c.c"-l .:-r:- 6Y;t'.r- C 5.or.r.rlr;-U
)-1 G.-f J:t4tt,tS ) d; S c;.,. ctt' '+ (30) ,s Bl I osle:t- r&) (Y1)

s-- utl,t.'-ri oLf.1r.5.- 1rtc.-,,ri 6Y! s -,1 .-:&) tuS--) n- Jrl5 .,*-.1,
:;-l ,J J)r-oA;5i cfi- g pS ; ,;6J,rl.> .gY7.l5 -lJ.,r. Lo..(--, ;1 "[iil

Co = (l - e).Ca(uv) + e.C'(u"v)

Ca.U(0,1) c.jlrs,- C+ji cdfu.(0)0);i t rg.r.?-l 
.sln 

-,,*-...-.o ,..-;0 5
o.u.o.r.r:.-Uc' 9Ca = nI = f u, qr...l o&i Lir-/, si li J$:-l 6yrll5 ..r:a!d!-1,.i

9 C* = min(q,...,u.,...,uN) -,r-+ o.r.i e-p +rt,gY!.r- t- ,1.tf .rl--al9 ,gY7,l5

.;-l U(0,1) c;l;S- g;g cdfu, ,r rf

o1Crnlr.U; 
,gsu f er-trr,...r n glrr.o -f

tgrn l,L; ,J)* )t ,jrl JrL. -,Ia;.i-,,.- r.r e.-!.r- 6L-; e-jf !r!rr jl .Jti:J L

.o9-i r. osls .ilJ J3L .-ff .5lrr CaR r-.t-. ulrl ,s .c-l .5--, ;i-p 611

:.t:fg .i"_ra s) *sr...1 .a irl', Ll C!, .rs arl*/ ;,L; 9Et(i,).F- 6t-;

e(i,) = rB[v(i,)]= Ii xdci;(x)

uqi,i;') = cr.f (cc- re["(i,r]= i"r{*1c,.,1*y > o}- I; *acl,1*1

t copula
2 Lincar spearman copula
I Uppcr Frcchct Bound

' spearman rank conelation cocfficicnt
5 capitat ar risk
6 valuc at risk



J,-iirlJ Jijlt :6)l+, (,Lc.*L rr (Jr1=L! arL_j gji &i; 61, Jr-
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"+14; 

,:j:. (;t-r J.-l) 6)rL-{ .jjbl\. .l ,lJ.,l;-.6t-;
Jjq.si-, ertlij r,-:=J .o.J:rt-- ,glt ' o eL- r.rtSrq q c-t ,tr.p:-;6U-;

;* 'n','; e$r*,.,1L-; Jrt . CaR e5.r5,r. ctQ' ',t
caR(i,j;a) = UL(i,j a)

\ p; ,;a- g +-Lr-.rt*;. .il si+ , i ., .;-r-* r;r &-f ,.r:l Lr-, J-6,-l L,

J::5s- .n_r'i . Jt 6L-; e o F-rL 6L-; g.> ;,1;c*1,

caR(i, j;a) = EL(i, jl + u(i, j;o) = ci.i(")
;J.5-_r d:+r dl, F ,rp ; .)'tJ JJ-.,1a; r.r- rc r_Lr- r.)r. .r-l ,

:da1l, ;l J;t a:.J .n_r; ,; lr Ji,;L .-[ ,h> ,;r- ,.r r,-Lr-

c"n(') = c'(")- re["]

.se.:.,- e-.br.CaRG) = o-tG).r"1, .rl c -' rr e.-L &-r., , t+ ,

A_$ jS.5ij! p J.r.e .91,.71 6r-b; -f
Jer-7;r l^ 3181 Jrr+ jl eB f ,o O,-ilr$.s,t )!.J-i.+ (,;l.r - .St .,Lj

.S1-,rr d;J-.++1, y

ir.iirlt "*L BLET o-_iL : I .rt .,r Jrlra

t21; e2y-* 9l2l
, Jlt , .-J srlii

b d-+, elai

O rl.r-11 py

(i) C;.rl+i .jf
I cF ,J)ldul,l

Y ,S1t+; .g.rl"Sjlr

or--i f3 6jr.i .l .ie, ;l esr- .l L .5,__,rllt .5l;L, *t- .5ti.;lrl; Ci ;j ,1d;.X 6tr;
a-' . . 1 -lill s.ir 6l.J-.'. rr e_jf ,J Y .rtj J9,r+ dt JLN- r.6 61, l-Y .r:.n .r.r

I quantilc

'caR
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.91;;l,l ' .5--) 3t-; g-;;3"..:.,- "tlr,j-b Jr. ti;-l o$,r- dt;. ,,-l ,o
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4-f 6kjf{i ..' .l s,1.9,- .gl)ls .Sr..)tf 6t_; g;; .ri;r d rl>)L.r,_l !."-!.r
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:jl Jr;)Lc JLa:.J.l ., r.!
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6bocb LLI .ilr,-l .gL.sjLr d lr-j .rrb ,5 ;+r .rJ,: Olrl ,,s .[:. ,,-l .r..JG-i ailrl

! ,.11 .rs r5.S +-!l ,r-:-rfJl +Jl; g,-l ,r.slorli; ci oli;. nrfAi lt .f .rl*j
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o.rl.r rt +- f,,L, e-jf -il oclr .l

e-Ji O.-tn dll/ r.9, ;r,l ;l dr-l ,lJ.).rr91c-.sr, ,L-1 .:.r-l $f j 6;i,j-;n
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