G, = bR -
(© Statistical Research and Training Center 17§00 u/z dnf;

J. Statist. Res. Iran 6 (2009): 25-36 FP=Y0 Gae AYM 0lb 5 ole ) osled oF oiss Lilst

Sl (ol (b pukie (g5l (55

BT paaoe Jsle 5 Tig55,8 g

Z t
Jl.a.\'db.,\gs‘i.bj}vn 1

Ol Balas e G w55 BB esSne sl S w35l et 4 S 2Tl eaSs
S i Gy 51 0l s ol 51 (Bl sae g gl el a5y (o 08
il sl IS o s 1, i G845 S (VAVF) 0hlSan 5 Spmaz 28 st
5 (VAYF) OLKen 5 5mp gdlEnys Luly, LS o L3S bl ol Balas gle i
ot 55 odlia sl sl 5 samintio b sl il sla 2ol 3l oslisa] rian
Do ool sl s Bz 5 Bl s Sl 5 Sloll 5 0sls 5 Ll el
Goclin ol 5858 i Il ol glo it ciities (g3lutnd gl sadial Ll

35S penlss s 5 0l b ol 5l 3 s osls £ Saliia) 5 Sl dlag]

(3L ke g3laand teaiia b Gl sy (gadS O3,

Sl glrss Y

lwaaiin €ilasd 55550 4> 540id (gaalllae 55 (g5 Jy Lowss VAYY Lo s il slams s
EiFee 5 S (Bolas gl yite (gl silobiul (bag saze iz sbanss cbamss opl il
Glag seze (55550 4 gedd Gb S sl Jb s ool s (alasb b el bl L)
s 180 Jls 55 4 (alie bty b msges 5 Jiis Gholas slo e goud 5l

S Jlsage godn 5™


www.SID.ir

ssema Jsle 5 (659,08 (s \ld

o il 5 (Ssz dds sl slomis Lsd00 50 Jls s Joli Sl glopss 5l 5l
Sz wtigo bzl s oy 51 6ol 51 (ebio sladute ( JE @b 6“’(-’ 5L Jles!
25 syl L8318 ol (Sl S8 S s olol lagle plem Cad azis (G500
ol 3 @ledlie b S (8 S 5s 5 gl S S gles (b s S s
iz ol g3ladie sl lin somss Gl slamss Sass b

it S as3 Jies Jlos (Bslal s 95§ seme S Sl ool Jlos w3 e Shis S
Xy 5 Xy Jies oS sl o aal Jlop (ol juie 6 X 81 o el Jlo 3 slas
SuybsprsDERyin C s By A »s X3

(\) AX, + BXy ~CX + D,

Ao Sy opl b Lm@b:j\ WS ol 6“’@33 ) ©F 5 Sl Cwle (S

(02 Yole (¥p) wabsl iy De Ry cuie C bl (V) sdaly X 51 Xy

b w5 3 a0 bl e gy a1 sl el sla e s GJK.? C\}S

Lol seasta s 5| bassg oalin sle W 0hs s 03 (3555 s (Jbs) ol
(dadin C"b Sl oluly ik e gl ) o, b oles s SO apd e enlil

sl g5 Dot
a2 5 gt o i b 5145 5 ) ool sl i X sl .Y iy
exp [—y¥|t|* {\ — iBsign(t) tan T2} +idt], o # )\,

(Y) “ox() =
exp [—7[t| {\ + iBLlsign(t)log|t|} +idt], a =),

J. Statist. Res. Iran 6 (2009): 25-36


www.SID.ir

Yy Sl el sle it (latd 5050

.@\5€R3’7>°c—\SﬁS\LOZE(",Y]
e Ksd g sanl G bl 0y elide bl v ((Ssz bl B ool 23l @
L(Y) raxie U Lol 55 el Slib—a l ool axla b X Sl Jolas
a&hmazojyz\;mﬁ%ﬁM%uuume&xsmﬁmﬁmpug
(/\ P Yoo thy) (2R3 &Lu S(Od,ﬂ; \) b)LA.’Z}‘ L9 Sl sl @)}3 wjfgn
EYS PN TP VN RIS PW Y \ uLgLu L Jslen Shain ebj‘d"iib u"“ﬁl'“
tsl 5 o of sratie gl 81 s 5 STl sl mis A dsbas i LY 0
exp [—¢[t|* exp {—iBysing(t) TK (o) } + idt] , a #),

(") ox(t) =
exp [~y [t| { T + iBrsign(t) log ft|} + idt] , o=\,

K(a) =a—\ +sing() =a) =

alfuT.\..LL’ d=-o 9V = \_)f\ i‘“\”@ Y &L@ ‘J QT} X ~ S(Oé,,Bv,’}/y,(;;Y) ijﬁ
(V87 0o VAR o) emasaipiole S(a, Br; ¥) bolassl 4 s ol s)luslnl w55 oo S

Loyl s ) Gtelesss s Bslasmell b o Jalgy 5heslinal b oY olesss v 5 By sla el

(\Mc\%ﬂfcﬁtjwbb}nb)w
Qj}.«é&‘))‘@é# \;‘ [ )
(Y) tan {BTWK*(O[)} = [ftan ?,
_ Y, v T o
(®) %—’V(\Jrﬁ tan T) :
CJJ}.&O::‘)JcOé: \45‘ °
Y
(;) B\':ﬂa Y= 7.
7T

ST geiSinyis OTA ©


www.SID.ir

ssieses ol g (6598 (s YA

Golwad ¥

$lagss 3l @l (Ll o3l slamss slacSior 5 mis (JEe pls S oLl )
ST Sty Solgml Kos s 51 ol Slsygi shis Sonl 5l 15 ol B e ol
Gl b 0l b sadosalin Jluly glaesls oy (Bl 5 (CtlS ps) Sluly (sbassls 4 o
ool S JSts s it iz 5ol laps 5 S Lol 5l igen w5051 by o Slsl lassls
sl e S I ) Seaay Sl I ol s (lotd gdls e 1 (e lltes
bl s o3l sl sadiael) sl 51 el b Bo sl Balas Moyl (s5loee
el 208l sl (ol gl i Gl 5 5k (ol

C < <) e sl sl gla it g5lted gy s ibsy (VAYD) 5L i
& @b sl (V409) iz 5 SBsaSTal JUSEI 2l el s 2y el sls a1 (3, 8=
X~ S0, 351) B el o5 Sy oz 5 B STl IS ol a5 e Sl Sl
x> o gl Kl usl

(V) P(X <x)= \/ exp {—afﬁa(ﬁ)} de, o << Y,
).

_sin{(\— a)0} (sin ) =
(sin@)ﬁ
el ol pxa Wy (0, 7) 05 S35 ol e G O SIS s S (V) 5 58

X:{GIEVH)}Q, o << V.

93 &S Sl r)’U ol co < <V L S(a,ﬁ;\)éwaﬁ»@d)b«xﬁ 6‘)? aJb Oﬁ\ﬁ
sl e Sy Lol L3 iS5l sslial b e 5 55,8 adss S, 1)) ol aiia
S Jeas syt

)Jﬁ«ngbuéux.ﬁ.ao&Tc@\a< *6&\443.&\5 S(Oz,ﬂ,\)@)ﬁXﬁ\ \LSDJ‘;
S osbe iy sgzs S0 Vi) w38 LYy 5 V) s

X ~ <‘+ﬁ>“x_ <‘—f5’>yV
Y Y

J. Statist. Res. Iran 6 (2009): 25-36

a()

, o <0< T



www.SID.ir

Y4 Sl el sle it (latd 5050

(Ve NAAY) STy Scsslle ol
ol it a5 gl ol o) 03 prigeer 2SI L LBy ) <o < Vb gl B8
Golwand o JRolil el ol Sl 5o Sy V;Y) el ke 93 4 spllind b

2350
bl sl (Bolas b it ol Bsdm 45 (V) 5 (Y) 514 5 sl S SS L
S(a, Beor, 63 %) 5 S, 8,7, 05) slaky (holas slayeiin 4 830 1) ¥ ) sl iolas 5
S Joas
ST st w2l S(a, BY) s X ST .Y o)l S
v X +9, a# N,
7X +y1Blogy+ 0, =,
b S(a, B,7,6:)) s
Y e (V49F) Sy Sazsshpele by
ST sl esls S(a, By; Y) wis X 81 Y go,l8
Y X + 9, aF ),
WX + Bryvlogyy +96, a=),
2l S(a, By, v, 65 Y) @58

VY o (\WM) oo 0l

Jeol J&e £ sl (V455) Ciyb¥ss JIS) 2ol bl s (VAYE) 08 5 5oz
S o B ey ¥y ) sbagiole bdslee (2ol SO 35 s s by (ISl s b
25 ol st syl 3 5l ooyl wohsls e sl VBN g0 Ca<YS K
55,8 sl

exp [—’y?‘]tla exp {—zﬂysing(t)%K(a)} + iét] . a N,
AN ox(t) =
exp [—y[t| {) + iBLsing(t) log |t| } +idt] , a=\.

ST geiSinyis OTA ©


www.SID.ir

ssptema J3le 5 (6350 (s Yo

..)J.s;‘tf\)\ y\.x&\l...‘)\.xi\.; 65.5[.43 6\""):"":"’ 63L“4:¢‘: 6‘)‘.’ bx} Jagb) (\ﬂVf’) Qb&aﬁ})_x«a?

@ x40 feslo—alo o)) Sy, ar
(Cos(b)é W ) ) ) b
da Y T ZW cos ¢ ' B
(V) XZW{(Y—Fﬁ(b)tand)—ﬁlog <W>} ~ S, B;Y), a=\,
Sl b ol 35 5| s W5 (=7, 7) (55, 2315 35 5 o= — TR 50 s
s )

(VA55) iV 55 slin 0 5 5 155,55 el Ll copl sl 381 (VAYEY o S 5 5 e
(V49F) 51 5 Sezislygal at dlin s Sl 5 sl S8 Ll S e ils g o
o) r:-“‘)"gn Gide ol s s S ol el ol i S A ksl (Vo) 5 (9) Lalys
oS e $AORe Sl b Ly,

heah S5 ¥ 5 ¥ iy lad s S wanio ) 5 ¥ sl sy e (Vo) 5 (3) el
S DU bl sty Grole S 0305 gl s | el ol (V495) 005 - bass S 4l

P oeSilo b ol s el i Wiy (S350 F) 50 S350 m0isf PuiS 28 | (gamiad

oGT sl il
aF#\Nsly )
(—a)
a=\sly ¥

d (T W cos ¢ .
(00 & (T o) o= driog (T35 ) ~ 50,500

S

[0}

AP oo VY aess (V495) sy ol

JBJJJL\JL&&)L@&L&WWd)bwé‘féwuk;bj (\0)3(‘\)2.’\5_,
shome 503 slatay gl S wp s L whad ol (o < a <Y, ) < B <)

J. Statist. Res. Iran 6 (2009): 25-36


www.SID.ir

AR Sl el sle it (latd 5050

oAl Q”‘J‘F“A‘E;‘M u’:l-)) C3s &\Jﬁ\ 6‘]: AS@LDUZ}Jéb 6‘9..1)‘ .).J‘dbbu 6}3 U‘Zj) LJ &S Llosd
(Yoo0 sy s Yool oo, l) wisls 55 S o) ol 4 Sl S

o # N\ bl e YN

Sl b ws S sslial (VAVF) 0l)8en 5 ez & haiie b (hls @ Z NI s
5 (155 oo «(OY) salal) ((V495) 0isss <(V439) Gisbls 5 Sl L3 B seania w5
Y5 5 oSl s (gileand Lalay b (1) gadaly 5 el Uslan ) 25w sadcipad ¥ ol
Sl (V) 5 (V5 o o(T-F) ilasly 5 YAF o (V- T-A) e 4) ((VA9F) 055 (1494)
(00 = — o ams J13 YVF o VA48 iy 855 5 oSl 5s) el ot

55 (sl it 5t sl 1y o5 sy caminto B 2ol Ll (Yo )0) oY
Sl £\ S s slwsbal Sl

d _sin alp+0.) [cos{ab. +(a— o} e

(cos ab. cos @) a w

() X ~ S, B;)), a £,

Llged b W5 ¢ 5 <l 0. = arctan(Btan ) /a &
oy opl 288 s () 5 caania ) sl bl 659 gabaly (VAA5) Gsss
el 25 g0t

0=a)

ma\ v sina(g+6.) [cos{p —alp+0.)}] @
YT) (Cosqﬁﬁ [ w ]

x4 (\ + Atan
(\Y) ~ S(e, 55 ), o # .

p2ols (F) 31 eeSion alio @2 L L (V) 5 (V) ebaily 55 I
{\ + 3" tan" <ﬂ-¥a>}Y\a _ {\ o <5Y7TTK(Q)>}YL
(e

= (Cosaﬁa)*i,

ST geiSinyis OTA ©


www.SID.ir

ssema Jsle 5 (659,08 (s vy

9 (\Y’) o= Cos) C)j cbsﬂg COS Oz 9 b, + (Oé — \)(;5 = —[gb— a(gi)—|—9°)] Cpad 9
S5 (VAVP) 0hlSes 5 ez Lulay L (VF) 5 (V1)  ponsioe 0l I iz oL (V)
lslan s o £\ Sl wantae fB Y s bl S (1)) 5 (V399) G5 5

ls ()5
55 _ srctan (Bran 12 = T, Kle) _ arcton (PG
Y Y Y o o
(10) — 0. = —..

_,f\ c.vj.:ay pE oy de)‘;} (\O) ‘(a) J‘f‘)) J" LJL’

( —
o\ sina(p +60.) [cos{p — alp+0.)1] = )
Y T> (cos¢)a [ w } ~ (e i),

Xi<\+ﬁrtan
a/’T
Y=9X+9§

sina(p — ¢.) [cosw) ~alo — ¢e)}]
(cos )= w

(—a)
© 46~ S(a,B,7.6:0),

4

Ty
’y-i
Y

cdls r.:se\j'» Yol Ssls
(—a)

] T S0 i),

x 4 a0 ) [cos{czs —a(¢—¢.)}
(cos §)a W
s Jslan sl oy 2 g
0. sly 3ol o3 ol s o sad el 35 (V%) 0 5 (Sl kg (VF) sl
gl (B0 .o (Y-0.Y) daly cisls ,L3 Y — |\ — af car s>« 1, 6. S ) B33 s
S opl Sos 5 0S4l (VF) b5 (V4 4" tan” LYO‘)% e UL PRU S INPE SIS JUE S
03,85 wlyl gldasly @ = ) S gl

a:\ab}bhgbjw))j */\‘

505 o (1Y) seil) (V495) 005 «(V138) iy 5 STl s A seminia ol

J. Statist. Res. Iran 6 (2009): 25-36


www.SID.ir

\AJ Sl el sle it (latd 5050

oSl s ileand sdaly b les (Vo) sadaly Ll el Jolne \ i s sadici o | ol
il oy iy b s sl SUSs JSE (Y5 oo o(TYA) el (1494) i, bV

&JK] Q:JJ\.&A 4475 nojjjjb) bj\: C)ju; (\V° ‘0P L(QYI) 6@‘)) (\ﬁQ?) 099 .E..»j’i

W cos ¢)
T+Be

ol bl s Lo e sty s Gallin 5o S0l i ol 5050 Lol 3 03,5 aoes chaieta il

ol V 4l 5l emape 5 b il ks

4 (T W cos ¢ )
X = <?+5v¢> tan ¢ — Sy log <:+BY¢> ~ S, Br; V)i

3 gl g doid \ﬂdbj‘jfj\ ST

Y = nwX + By logyy + 9
W.cos @
T+ 5Ov¢

d

L {(f + o) tané — 6 log<

)} + Bryxlogyy 49
~ S(\aﬁ\’afyhé; Y)a
b (F) 4 s b b

w
Yy <y (g + 5r¢) tan ¢ — vy Sy log <7rr _Eoﬁs;z

= (E +5r¢> tan ¢ — Bryy {log (WCOS¢> - 10%%} +9

> + Bryy logyy + 6

Y 1 B
= 8 (:—l—ﬁrqﬁ)tanqﬁ—ﬁrlog{ ,?g(fsﬁqf@} +6
v ;7 (% +36) tan 6 — flog {jg“’;j) H +5
zvg [(: +69) tan¢—,8{1og <m> —log’y}] 46
:7;{(:+5¢>tan¢mog<7‘rgv+c;2¢)}+7 Blog + 6
] Catls ol ¥ ol
Xi;{(:—i—,@(ﬁ)tané—ﬁlog(m)}NS(\,B;\).

Sl geuSiangsy AYAA ©


www.SID.ir

ssema Jsle 5 (659,08 (s \AJ

sabaly ples ‘Ochw I 5 cl el (VA45) gs9 03 VYo .2 (A.Y) Gabaly e s
sl (Vo)

il o) S Y

ol s olsee b oass e b-*f-'(t?d\ ] ((VAVF) DL 5 5 mez so stdialyl Gaya o L

S S a5 Syson S8 i s sae] Cns @L“.;

X ~ S(a, B,7,05)) 5l B2alasslacl ad g r.:.u,.@l

W i G ke 5 (—F,F) ol 50 185 0055 3) Mol ke il
N oSk b ol m555 5
Stlos Y
. (0=
c sina(V+e) |:cos{V—a(V+cw)}] a ’ o #,

(\%)  Z= " (eosy)a “
%{(%JFBV)tanV—Blog(%)}, a =),

\
o= (V4 B tan" T2) ™ 4 ¢y = arctan(B tan 52) /a

osls 513 .Y

vZ + 9, aF# N,
X =

'yZ—i—fy%Blog'y—i—(S, o=\

X~ S(aaﬁ7775; \) ST

WS 173 sin V gaasl, & (V9) gedaly Sy Cnm sl caili B= ¢ 50 = ¥ 3

cosV
gt el N (oY) (ool puiin G (3laand (sl JsamnSL B0y S S oo iy 28
g:uxﬁaéguﬁw taHVJ-g‘Jg(\9)64@‘J¢w‘)wg&“’c.\.ﬂgﬁ =c3a=\75l

) S

J. Statist. Res. Iran 6 (2009): 25-36


www.SID.ir

Yo Sl el sle it (latd 5050

KPIB] sl oty 3yl ol sl sla ke oo J&o Bl sy | S

o = V4,8 = o) oolie gln wainie g oS 5l asal Conty JEo pl5 L G5

il dwslie (a0 = Y0, 8 = —o/V0) 5 (a0 = 00,8 = o/A) (a = Y, 5 = 20)
ol 3l BB 5 oy 1l (sl sla e JBe b stmlre saaliy ol

http://academic2.american.edu/~jpnolan/stable/stableshtml

alpha=1.9, beta=0 alpha = 1.3, beta=0.5
o
@
(=}
S < |
° [S]
2 2
3 7
2 2
g 5 2 g
= B!
o o
< <
o o
@
< o
o
©
I =
o
2 2
2 23
g s g °
~ N
o o
=] Q
o o
-10 -5 0 5 10 -10 -5 0 5 10
X X

Sl (el sla ke saminta b usSinn 3l saal oy S ol 5 0025 S w5 lssel ) S

g

2l aaSasls cas ) wlis Waabphl o lol dslar gloylsy gilodnd Co s sla2s, ((VYAA) o (Si9,md
Q‘J@S ‘xag‘):ﬁ‘ (B2 &asls ‘J:xf‘“g(}h’ﬁ

Sl geuSinss AYAA ©


www.SID.ir

ssieses ol g (6598 (s \rd

Chambers, J.M., Mallows, C.L. and Stuck, B.W. (1976). A method for simulating stable
random variables, J. The American Statistical Association., 71, 340-344.

Ibragimov, I.A. and Chernin, K.E. (1959). On the unimodality of stable laws, J. Theory of
Probability and Its Applications., 4, 417-419.

Janicki, A. and Weron, A. (1994). Simulation and Chaotic Behavior of a-Stable Stochastic
Processes, Marcel Dekker, New York.

Kanter, M. (1975). Stable densities under change of scale and total variation inequalities, J.
Annals of Probability. 3, 697-707.

Leccardi, M. (2005). Comparison of Three Algorithms for Lévy Noise Generation, ENOC’05
(Fifth EUROMECH Nonlinear Dynamics Conference).

Lévy, P. (1924). Théorie des erreurs la loi de Gauss-et les lois exceptionelles, Bulletin de la
Société Mathématique de France. 52, 49-58.

Nolan, J.P. (2010). Stable Distributions - Models for Heavy Tailed Data, Birkhduser, Boston,
in progress.

Popa, S. (2005). Stable Distributions and Numerical Generation of stable random variables.
M.Sc. Thesis, University of Wyoming,

Uchaikin, V.V. and Zolotarev, V.M. (1999). Chance and Stability. VSP Science.

Samorodnitsky, G. and Taqqu, M.S. (1994). Stable Non-Gaussian Random Processes. Chap-
man and Hall, New York.

Weron, R. (1996): On the Chambers-Mallows-Stuck method for simulating skewed stable
random variables; J. Statistics and Probability Letters. 28, 165-171.

Zolotarev, V.M. (1966). On representation of stable laws by integrals, Selected Translations
in Mathematical Statistics and Probability. 6, 84-88, Russian original, 1964.

Zolotarev, V.M. (1986). One-Dimensional Stable Distributions. American Mathematical So-
ciety, Providence, RI, Russian original, 1983.

Jstea J3le G392 G
c,“.x,AlSch 39 ‘5.0@_) 69.\&.’3.3‘) C)uTb)Jf ‘J:):,AS(}_; 39 (félf) 65M‘> ;)LATU;
zj:,fxﬂu’_:a;.aamb gju.,f_,:.e\g:x;.éa\i.i&\;

adel@aut.ac.ir : SLzsb,

J. Statist. Res. Iran 6 (2009): 25-36


www.SID.ir

