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IVADAS

Darbo tikslas — susipazinti ir iSnagrinéti homogeniskumo kriterijus, skirtus
priklausomoms cenziiruotoms imtims.
Tam buvo suformuluoti tokie uzdaviniai:
e Simuliuoti duomenis, naudojantis Kleitono kopula;
e Suformuluoti homogeniSkumo kriterijus dvimaciu ir daugiamaciais atvejais;
e Patikrinti homogeniskumo kriterijaus galinguma dvimaciu atveju, naudojant

simuliuotus duomenis.

Duomenys bus simuliuojami ir homogenisSkumo hipotez¢ bus tikrinama su SAS
programiniu paketu.

HomogeniSkumo hipotezé bus tikrinama dviem atvejais, kai duomenys bus simuliuojami
pagal toki pati skirstinius, ir pagal skirtingus skirstinius. Gauti rezultatai parodys, kur artéja
gautasis reikSmingumo lygmuo, kai skirstiniai sutampa, ir kokia gaunasi kriterijaus galia, kai

skirstiniai nesutampa.



1. Teoriné dalis

Tarkime, kad T © 7,....,T,)" yra k matis atsitiktinis vektorius, kuris turi daugiamatg

pasiskirstymo funkcija F ir iS§gyvenamumo funkcija S pavidalo

IA

F(t)nt,)="3§< ,..T,

Styyrt)=" %> Ty >
ir marginalias pasiskirstymo ir i§gyvenamumo funkcijas F;, S;, i= ,...,k.
HomogeniSkumo hipoteze priklausomoms imtims yra:
H,:F=.=",

Cia Fi(t)="T1=<},

Et)="T<,},

Pavyzdziai:
a) Gali biti lyginamas identiSky dvyniu iSgyvenamumas skirtingose vietose.
b) Gali biiti lyginami ligos simptomy pasirodymas kairéje ir desinéje akyse.

¢) Gali biti lyginami sistemos komponenciy skirstiniai.



1.1 Logranginio tipo kriterijus homogeniSkumo hipotezéms
priklausomoms cenzdruotoms imtims tikrinti, kai k=2

1.1.1 Imtis

Tarkime, kad T = T,,7, j)Tyra atsitiktinio vektoriaus T, j= ,...,n, n nepriklausomy

j b
kopiju. Tegu C,; ir C,, yra komponenciy cenziravimo momentai. Tuomet cenziruota imtis

atrodys taip:
(X_,X_,8,,6,), j= i

kur X = A, 0,= 4., Ca T, - mirties momentai, C; - cenziravimo momentai.
o v =g

ApibréZzkime tokius dydzius:
N;()= < 1<, - stebety mirCiy skaiCius,

7

Yy(t) T X T Lz G

Y, (t)= , kai j-asis objektas yra ,rizikos buisenoje*,

Y;(#) =), jei objektas mirSta arba yra cenziiruojamas prie§ momentg 7.

M, (t)= N, () - ].Yy. (w)dA, ()

0

N=¥N_,Y=%Y M=%M,N=V+V,, Y="+ 7.
l — Y 1 — U i —_— ij
Jj=1 j=1 Jj=1
Imtis (X _,X_,,0,,0,), j= ,....n, yra ekvivalenti im¢iai

(N, (D), N, (0),Y,,(0),Y,,(),t =), j= ,...,n, nes Zinant viena galima rasti kita.

Tikrinsime tokia homogeniSkumo hipotezg priklausomoms cenziiruotoms imtims:

H,:F =7.



1.1.2 Statistikos asimptotinis skirstinys

Turime statistika

K (u
V=[S, (), ) - ¥ ()N @)
o Y(u)
kur K — neneigimas tolydus i$ kairés stochastinis procesas.
Ivairiai parenkant K, gaunam ivairias statistikas V:

1. Logranginé statistika, tai svoris

1
K(f) = \/: .
n
2. Taronés — Vérés statistika
v1/2
K@= —D
3. Breslou statistika
v(2)
K(t)= e
4. Prentiso statistika
k(= YO w56 =:[|(1— AN() )
n (Y(t) + ) n<t Y(u) + l)

Misy tikslas — rasti Sios statistikos ribini désnj. Dabar reikia jrodyti atsitiktinio kintamojo

J asimptotini normaliSkuma, remiantis Siomis prielaidomis.

1 Prielaida. T yra absoliu¢iai tolydus dvimatis atsitiktinis vektorius ir (7,,C,), j = ,..,n, yra

nepriklausomi atsitiktiniai vektoriai su nepriklausomomis dvimatémis komponentémis, ir ju

iSgyvenamumo funkcijos
Swv)y="1710,>.1,,> 1}
G uv)="720>.,C, >"1}

yra tokios, kad S(z 71> ), G,(z-7- >, G,(r 71= ) kiekvienam .



2 Prielaida. Egzistuoja funkcija G(u,v) tokia, kad

n I
sup | ZGj(u— v— -G(u- v—|—> ,kai n—

(u,v)e ,rtlx )| J=

3 Prielaida. K yra neneigiamas tolydus i$ kairés stochastinis procesas su filtracija, generuota i$

imties,

supin'’K(@)—k(@)|—" > ,kur kyra tolydi funkcija intervale [0,7|.
p

ue 7|

Tegu y,()= 7~ 5,(u), y)= @)+ »(w), kur G¥(w) it G () yra

G(u,v) marginalai.

Pagal 1 Prielaida y,(#) > ) intervale [0,7 |.

1 Lema.
suplr Y@ -y,@|—" > ,
ue 7|
suplr” Y@)-y@)|—" > kai n—>
ue 7|
[rodymas:
>

Suplr™ ¥ -y, = up|€ Y, -G - 5, [<

ue 7| ue 7|
‘ _ n . l r _ n —l »
<jupje Z Y, (u) = Y, (u) |+ up S,»(u)ILn ZG,,-(u— =G, (u~- JI +op(l)— >
ue 7| J= ue 7| J=
kai n—

sup S, (u){n_IZG[j (u—) -G, (u—)} —" > pagal 2 prielaida , o
j=1

uel0,7|

sup n_lz Y, (u)- 1Y, (u)i —" > pagal Borelio — Kantelio lema, taigi gaunam, kad
j=1

uel0,7 |

suplr %, - |- .

ue 7|



Akivaizdu, kad ir antroji lemos dalis teisinga, t.y. Suplr” Y(w)-y@)|—" > , kai

ue 7|
n— .<
Pagal hipotezg H, teisinga ir lygybé A, = \, = A. Taigi, skaidinys dN,; = 7dA - 'M,

parodo, kad statistika }” gali buti perrasyta tokia forma:
1 (7, o )
= =1 |0/ (w)dM,(u)— |Q,(u)dM ,(u) |
Vn koj J )

/_KY o _ [nky,

Y

kur Q1

. [ : 1
[siveskim panagy atsitiktinj kintamaji ¥~ = \/ltlL [oaaM, ) - [0, wydM, (u) J,kur
ni 0

0=-—=,0,= . Tuomet pagal visas prielaidas ir 1 lema
y

Sup|0,e)-0,a|— > . kai n—>

ust

2 Lema.

V-V —" > kain—

[rodymas:
. j—;j 5.w)— 4 u)}dM, (1)~ %j @)~ )M, )

Atsitiktinis procesas M, (¢) = \/1= I 0,(u)— ), (u)ldM,(u) yra martingalas, kurio
0

numatoma variacija yra

P —

< /I,*> )= ] 0,w)— (Y, (w)dA u)<

< upl0,w)~ LA 7

Zinome, kad Sup‘Q(u)—Qi(u)‘—P > Ltaitadair <M > £)—" > ,kai n—

ust

Tuomet pagal Lenglaro nelygybe (zifiréti Priede A) gauname, kad V-V~ —" > |, kai
n—> .d



Taigi, irodéme asimptotinj ¥ normaliskuma. Kadangi ¥ =" — » | tai ribiniai désniai

V ir V* sutampa, ir todél galime surasti tik J* ribini désni.

1 Teorema. Jei teisinga hipotezé H,, ir patenkintos 1-3 prielaidos, tai

y—'s -N ,o0').,kain— ,
kur

)

o= - C(2),

T

O 202,
Oj W= S=dh )

C(1,2) = [ [0, @0, ()G, v)x

x Fa,v)dA 0dA )+ (du,dv)+ (duv)dA )+ (u,dvydA o)

[rodymas:

> I§ 2 lemos Zinome, kad V yra asimptotiskai ekvivalentus V'* tai pabandykime rasti ribini désnj

dydzio, kurj uzraSykime taip:

V= \/%z ;= ), kur (& ;,& ) - nepriklausomi, bet ne vienodai pasiskirstg vektoriai su
=

komponentémis

£, = [o.adM, )= [0,6) IV, )~ Y, w)dAw) =
0 0
= %(X,)8,— (X,), & I,(0)= [ )w)dA ).
0
Pastebékim, kad ES. = ). Raskime kovariacijas
GG = ov(¢ ¢ )= 168 )
ir ribas

CG,i' = imn” > G
j:

Zinome, kad
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C,(i,i)=Var(S,)=Var ].Ql. (w)dM ;(u)= "1 < T'].Ql. (w)dM ;(u) >=

[ y e
_ z\ [0 )Y, ()dA ) )I = |0 WEY, ()dA )

Ir

Clisi)=limn™"YC, (i) = [OF (w)y,(u)dAw).
" J=1 0
Taip pat zinome, kad C(L,1)+ 7(2,2)= _, kur C yra apraSytas teoremos formuluotéje.

C (1)=& ,& = 15,6,0,T,)0,(T)~ 16 ,0(T, DL, (X,,) -

E,.

1

v =

- l5;,'11(AX]J')Qz(sz)‘F EII(XI]')IZ(XZJ):

14

Il
—_

Pazymékime
H,(x,y)="X,,< 1 X,, < 7,
Ha(x,y)=" X,;> 53Xy, > 4= 3(60)G, (%),

H,(u,v,x)=" X, <3,

ST T

ﬁs(u,v,x): Y 0> LG > X > = 0w, x)G (v, X)),

H,(u,v,x,y)="1,< .,T,, <, CYRIE

S
ITI4(u,v,x,y): » 0> LT > 065> L0, > b= 0 (u,v)Gi(x,Y) .

Turime, kad

B = My, e, O (5O (T) = [ 0,000 [ (v ) =
00 u v

(=1} Al

] ()0, (V) H s (du,dv,u,v),

T

B, = iy o QT )LOY) = [0, [ [ [0 ()N H, (dusdv, i) =

0

= [0 nian [ 1dudv.d =[] 2,000 Hs(,p)an v)

uy

E randame analogiskai.
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E, = H 0, (x)dA(x) IQz(y)dA(y)H (du,dv) = j _[Ql(x)dA(x)Qz(y)dA(y) j jH (du,dv) =

o._'-w

= [[ 2O, (MH:(x.y)dA dA V).
Taigi,
C,(1.2)= [0, @0, ("G, (u.v)x

X F(du,dv)Jr '(du,v)dA )+ T(u,dv)dA 1)+ (u,v)dA 1)dA\ 2):

ir V dispersija konverguoja i dispersijac’ = - C(1,2).

(o w )
Kad jrodytume L| Z§ /,Z{/ I asimptotini normaliSkuma, reikia patikrinti

\/;\j:1 e

Liapunovo salyga

Todél, naudojant konvergavima »n~ z (i,i)—> (i,i) kiekvienam & > ), gauname, kad
j=

3 @f/l(iVar@)\l < r M o i
V=i B 3 )

Taigi, Liapunovo salyga patenkinta. <

Tam, kad jvertintume statistikos V dispersija o °, yra naudinga jvertinti charakteristikas
Cir C(1,2).

Sukauptojo intensyvumo A vertinys yra:

Taigi natiiralu, jog C jvertinys yra

o ) B @)
[ PR

dN(u) .
Vidurkiai
EN,,(X)N,,(») = jij () S (du,dv),
E @Y, = 7,u,v)Sw,v),

12



v v

E_, 1,(”)dN2,(V) = EIlejz }I{szs S= T, ;‘j(uav)S(uﬂdv) 5
0 0
E_, ;AN (u) =" el s,-0 = g 7, (u,v)S(du,v).
0 0
C(1,2) ivertinys yra:
C1.2)= - [[0,@)0,v) §N, ,(w)aN, ,(v) - Y, (v)aN, , (w)dA(v) -
J 100

/_KY o _ [nKY,

Y

— L @dA )dN,, (V) + )Yy, (MdA )dA ) kur O, =

Taigi, dispersijos o jvertinys yra:

f (”)f ;”) AN () - 2| Z [ 16,60, ¥, @y, 0 -

= %, ()N, (@)dA )= @)dA DdN,, () + () zj(v)dA DA )

o' =C-2C0(12)= jK ()

2 Teorema. Jei teisinga hipotezé H, ir patenkintos 1-3 prielaidos, tai

[rodymas:

Y)Y, ()

) dM (u)+

C-C= ]Kz(u)
KEY,) oz 2@y o

+j1<() v

J 2 (u )Y(u)f ;”) dM (u)—" > isplaukia i§ to, jog ]K“(u)wd/\ u)—"

0

ir Lenglaro nelygybés (Zitiréti Priede A).

I K )Y (W)Y, () k2 (u) M\.d/\ u)—" > pagal 3 Prielaida ir dél to, jog y(u)> )

Y(u) yu) )
intervale [0,7|.
Apibréskime C"(1,2) = lzn: ]]Ql (wW)O,(v) gN,;(u)dN,,;(v)-Y,,(v)dN,; (u)dA(v)—
n=100 ‘ ‘

13



— L, @dA )dN, (v)+ |,)Y,,(vV)dA )dA ) .

Tuomet C(1,2)-C"(1,2)—" > ,kai n— .Kad irodytume, jog C'(1,2)— > 1,2),

isiveskime dar tokij dydi

C°(1,2)=n"> ¢,  kur
Jj=1

£ = [ 360,V @V, N, (0) = )N, G)dA )= 3, @dA DdN, )+ @, ()dA DdA )

E¢,= 12 Vv,
Var(£,)< 147 < n*, Cia m — teigiama konstanta.
I3 Cebysevo nelygybeés (zitiréti Priede A) bet kokiam & > 1yra teisinga, jog

= Var (:'0 q 2)\ m’
P4°L2)-CL2)>e s LB M
: - & ne

Taigi gauname, jog

C’1,2)— > 12).

Tarkime, kad Z yra numatomas atsitiktinis procesas su sup [Z(u)| < o. Tada martingalo

ue 0,7 _

t . <
M@= [ @dA - 1)
0
numatoma variacija yra

< A> )= ];(”)d/\ 0,

<M>tH—"> kain—>

ir i§ I3vados po Lenglaro nelygybe (zitiréti Priede A) zinome, kad sup|M (1) — > , kai n—

<t

Tode¢l, pasinaudojus nelygybémis

0<Y, (),0,w),Y,(u)/n<
gauname, jog
(1,2)|=
Il n . T . T T \
|n jQI @Y, @) dAw) [0, ,(MdAM)~ [0,@)Y,, w)dAW) [Q,(WY,; (VAA) 5
J=1\ o 0 0 0

14



T

-3 [[0,@0. 037, 0N, d R6) - ) = 13 [ 0,0, )€, wd R~ ‘(u)EN“(V)F

I _ -
< Loenedn - A -
nO

Iy | -
+ 1_J‘Q2(V)Y2(V)d‘/\ V)= V) A ,'i‘
75 -

T ) |4 )
lez(V)Yz(V)d‘/\ v)— A V)J}ll-le(u)K(u)d‘A u)— \ u)Jr—P > ,kain—> .«
I’lo n0

15



1.1.3 Kiriterijus

174
Kriterijaus statistika yra Z, = —. Irodg 1 ir 2 teoremas, Zinome, kad jeigu hipotezé
G

Hteisinga, tai Z, — > ~N(0,1).
Hipotezéms apie priklausomy cenziiruoty im¢iy homogeniskuma tikrinti naudosime
svertini logranginj kriteriju. Hipotezé¢ H, yra atmetama su asimptotiniu reikSmingumo lygmeniu

a,jel

ZI’I

> L.

Statistika V' galime perrasyti forma, patogesne skai¢iavimams. Ji atrodys taip:
o TEDYAX) STV
- X, = v,

)

cl= - C12),

A

. e Y, (X )Y, (X,
o C= Y s, BEDEX).
— L J y Y (ij)

~ 1 n
C(12) = n-z R,R,,—R R, —R,;R,, + Ry R, , kur

1j 4j 2
J=1

R, =7 ,0(X;).R,; = 7,0,(X,,),

l . Y (X))
R, =%Y6 0(X,) 2=,
3 ;_:_,IZ:: Q]( s[) Y(Xsl)
l . Y, (X,)
R, =%36 0, (X )L
" __,IZ 0,(X,) YY)

e o , 1
SkaiCiavimams su SAS paketu imsime K(X,;)= {(X,,)= =

I

16



1.2 Logranginio tipo kriterijus homogeniSkumo hipotezéms
priklausomoms cenzdruotoms imtims tikrinti, kai k > 2
HomogeniSkumo hipoteze priklausomoms imtims,kai k > 2, yra
H,:F(t)= .= 7 (¢) visiems > ).

Tegu V = V,,...,V,_ )" - atsitiktinis vektorius, kur

JKW)K)WVW)YWMNW)

Kfriterijaus statistikos asimptotinis skirstinys. Pasinaudojus iSdéstymu

dN, = "dA - 'M,, gauname, jog

V= ZJ ), )dM (u), O, (u)= /_K(u)(gz Y(_“))j

kur ¢, =

fi= -

d

Analogiskai kaip ir dviejy im¢iy atveju, turime, kad V' —* >U ~ N,_ (0,> , kur

O '
X 7,0 =¢ +_Lcij(l,l ),
1#l

Cy Z;[ 'Z(M)yi(u)(s;, - ;’(Zt))} A 1),

c,; (1,1 = ]]Qi, @Q; MGy (u,v)x h, (u,v)dA(u)dA(v)+ S, (du,dv) +

+ 5y (du,v)dA )+ Ly ,dv)dA 1)

( V; (u)\
il =k 1 —
0, (u) (u)lkg' w )

Matricos 2 {jvertinys yra

P I,z( )Y,-(u)f ()

T ") N

17



n

0,0, ) IV, @) N, (), (1N, )dA) -

r=l1

= @3dA dN, (v)+ . @)Y, (v)dA 0dA ),

émAsz%?.

Tegu Y’ = ""S V. Hipotezé H, yra atmetama su asimptotiniu reik§mingumo lygmeniu
a,jel Y2 >y k- ).

Uzrasykime statistika skai¢iavimams patogesne forma. Statistikos ¥ komponentes yra

=§5Kad—“25 (”y&j

A~

. . A . VA M.
ir matricos X : 5, elementaiyra o, =¢, + > ¢,(/,l'). Cia
£l

6 -3¥s LGSR AC )
s=1 g=1 Y(qu)K Y(qu))’
Ao IX
cij (lﬂl ) = 7; RI ierlj/'r - RI ierZ‘]'lr R]J[}"RZII}" + RlerRZJIV =
r=l1
Y (X))

Rl[lr = ;_.VQAH (Xlr) 2 R2ilr Z 5 Qzl( cq)

sS= g=

Y(X,,)

18



1.3 Homogeniskumo kriterijai, kai alternatyva yra marginaliyjy
isgyvenamumo funkcijy pasiskirstymas

Sukonstruokime kriterijy homogeniSkumo hipotezei H,: F, =...= -, tikrinti.

Tegu naudojami duomenys: (X _,X ,,8,,6,), j= ,..,n, ir patenkintos 1 ir 2 Prielaidos.
Turime du kriterijus ir kiekvienas i§ ju pagristas statistika ¥'= V;,V,)", kur
K, (t
j ( ) €, (1)dN, (1)~ Y,(t)dN, (1) ,

ir
1 ., 1
—e "V, K, ()= ( - - plrmajam kriterijui,
Jn

K (t)= L , K, (1) = - 1—ln(+ \ ) - antrajam kriterijui.

Jn Jn

K, (®)

Modifikuoty informantiniy funkcijy asimptotinis pasiskirstymas.

A /_KY - /nK,Y ty Yy
Qll_ sz Yl laQn:ly_z:Q/z: =

Pasinaudojus iSdéstymu dN, = "dA - "M, gauname

v, = }—j D, ()M, ()= D ()M (w) .

3 Teorema. V—' >7 1 )~N/(0,2 ,kain—> .CaZX : o

.5

O-.J = ’l s ls(l 2) s,l (1’2) s

2x 2

C,y = Jlo(upk, ) 21022209 gy
T y(u)

C,12)= ]]Qz1 ®)Q0,, V)G(u,v)x }'(u, VYAA(u)dA(W)+ S(du,dv) +

+ (du,v)dA )+ (u,dv)dA 1) .

[rodymas analogiSkas kaip ir 1 Teoremos.

Kovariacijy matricos X jvertinys yra X

O-.J = :l s ls(1 2) s,l (192) s



Y, (u)Y (u)

C. JK WK, (1)~ 2 dN (),

€,.1.2)= 3 [ [0,@0..0) IV, @, 0) - 1., 01V, ) dh) -

J=loo

— L @dA )dN, (V) + |, )Y, (VdA )dA ) .
4 Teorema. Jei teisinga hipotezé¢ H, ir patenkintos 1 ir 2 Prielaidos, tai
IR
[rodymas analogiskas kaip ir 2 Teoremos.

Tegu X' = ""S V.Tuomet X’ — > *~y .

Modifikuotas informantinis kriterijus priklausomy im¢iy homogeniSkumui tikrinti:

hipotezé H,, yra atmetama su asimptotiniu reik§mingumo lygmeniu « , jeigu X, > 7 2).

UzraSykime kriterijaus statistika forma patogesne skai¢iavimams.

Statistikos V= V,,V,)" komponentés yra:

RS ) A0 PO (LA
I Ly — ZJ
= Y(X,) = Y(X,,) /

O matricos X 5'|| elementai yra

O-.J = ;ls T Is (1’2) sl (1’2) H
ko Y (X, )Y, (X,
éIS :->_J 5,'vKl (Xqv)Ks (Xqv) 1( qz ) 2( 2 )7
g=1 v=1 ' Y (Xqv)
A 1< -
Cis (1,2) = 'Z RI/erISZV _Rll]rRZSZr _Rlser211r +R21]1‘R252r )
r=1
¥, (X,.)
= X,), R, = 0,0,
lltr Qlt( tr) 21i — VZ_: Ql Y(X )
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1.4 Kleitono kopula

Kopulos yra naudingos daugiamaciy skirstiniy konstravimui ir simuliavimui.
n —maté kopula yra daugiamaté pasisikirstymo funkcija C, tolygiai pasiskirsciusi kube
P.1 7 ir turinti tokias savybes:
1. C: 17— 1
2. Cw= "(,..Lul. )= suVue )]l].

Akivaizdu, kad, jei F,...,F, yra vienamatés pasiskirstymo funkcijos, tai

CE€ (x),....F,(x, ): - daugiamaté pasiskirstymo funkcija.

Teorema. Tegu F'— n-maté pasiskirstymo funkcija su marginaliaisiais skirstiniais

F,,...,F,. Tuomet ji turi vienintelg kopulos iSraiSka

F(x%,) = "€ ()50 F, (%) .

Teiginys. Tegu F — n-mat¢ pasiskirstymo funkcija su marginaliaisiais skirstiniais
F,...,F, ir kopula C, tenkinancia teorema. Tada kiekvienam u = u,,...,u,) 1§ l),lﬂ :

Cluypetr,))= "€ W), Fy ()

¢ia F -atvirkStine F, funkcija.

Kleitono kopula yra Archimedo kopulos vienas i§ pavyzdziy. Archimedo kopulos forma
yra:
C(uy,...u,)= 7/~ Y )+ .+ 7 t,,): visiems 0 <u,,...,.u, < .
Cia funkcija - taip vadinamas generatorius, tenkinantis tokias salygas:
L. )= o;
iy )=,
1il. Vt =z )l), w t)< ), ty. - mazéjanti,

iv. Ve= ),y t)=),ty. - igaubta.

Kleitono kopula dvimaciu atveju uZra§oma tokia forma:

—a

w=t“— o), Clu,u)= & +u; —
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1.4.1 Kleitono kopulos simuliavimo algoritmas dvimaciu atveju

Dvimaciu atveju turime:

P gz < U <y = 2(u,u,),

Cluy+ v ,uy)— j(ulauz): 3 2(uy,u,)
A o1,

¢ia Cy,(u,u,) = Aliin

Algoritmas:

= Sugeneruoti du nepriklausomus atsitiktinius, tolygiai pasiskirsciusius intervale l),l :,
dydzius v, ir v,;

* Pazyméti u, = ;

= Tegu C(u,;u,)= _,,(u,,u,). Tadarandame u, = -~ (v,;u,);

= Vektorius (7;,7,) tuomet sugeneruojamas i§ kopulos C.

Reikia jsitikinti, kad taip generuojant, gausime tai, ko mums reikia. Taigi pasizitrékime, kam

buslygi P §,< ,|U < .

P{<.,|U<, izllglgP{Uz <u, |U, €u,,u, +h]}=

i PWUL el +h]|U, <u,) :hm!_P{Ul <u, +hU, <u,}—P{U, <u,,U, s%ﬂlh _

0 P{U, €lu,,u, +hl} wo| PU, <u,+h}—P{U, <u,} ]
0
;P{Ulﬁ YI’UZS YZ} a
= 5 =d—P{U1S LU, < o= 2 ugLuy).
——u, b
o1,

Pabandykime apskaiciuoti, kam bus lygus u, = ” (v,;u,), nes tai bus naudinga simuliuojant

algoritma su SAS paketu.
Taigi, turime, kad:

—la
S 2

Clu,,u,) = &1_’+u2_v_

aC‘(ul 5“2 ) _

G g G e,
1

- o T, T
‘1 + 5 AU =,
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=W o,
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1.4.2 Kleitono kopulos simuliavimo algoritmas daugiamaciu atveju

Tam, kad simuliuoti daugiamati atveji, uztenka paimti k=3.

Daugiamaciu atveju turime:

Cm\l,...m—l(ul""’um) = gm <u, | <]1=---va—1 = &19-"9””1_ =

0" Cluyyntt, 1))

Uy My )

O Oyt L]

,Clam=,..,n.
ey

Tegu m= . Tada algoritmas bus:

= Sugeneruoti tris atsitiktinius, tolygius intervale |,1 , dydzius v, , v, ir v,;
= Nustatyti u, = |, u, = ;

= Randame u, = 7 (vyu,,u,);

= Vektorws (7;,7,,7;) tuomet sugeneruojamas i§ copulos C.

Pabandykime apskaiCiuoti, kam bus lygus u, = ~~ (v;;u,,u,), nes tai bus naudinga
simuliuojant daugiamatj algoritma su SAS paketu.

Pirmiausia reikia rasti, kam bus lygi funkcija C(u,,u,,u,) . IS anks¢iau Zinome, kad

Cluy,.,u,)= 7~y 1)+ .+ 7 l”):, omusy y t)=t“— ,a > ).

Taigi, turime, kad:

= [+u: fa
Tuomet

—la

A

—la

C(u,,u,,u,) = [+u1_'— +u, — +u, - = &1_'+u2_'+u3_'—

Dabar

0 Cuy,u,,u,)
y 01,01,
’ 0 C(uy,u,)
01,01,

Atliekame skai¢iavimus:
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<1

oC(u,,u,) _
A

0 Cluy,u,) '

~ '+t o

=Lu :'_ 1+ )b +u, —
Bu,0u, Uy ( )‘1 2 _

1 : : b
ac(unuza%): i _ﬂ; fu; tu -2 @ !
ou, o

GRS TR T TRA)

0 Cluy,u,,uy) '

~ '+ a
= ﬂluz;_(l+ z)‘f'+u;'+u;'— R
ou,0u,
Tada
2
0" C(u,,u,,u;) e
- Ou,0u, B ﬂluz/_a1(l+a)‘1’“+u;”+u3’“—2/ o«
3 2 - - 12« -
0 - ~ - _1+2a
C(ul,uz) Q,uz /a 1(1+C¥) ‘la +1/l2a _1/ o
Ou,0u,
- ta
G +u, tuy - e
= v \_'ﬂ
‘1_ tu, - ¢«
Liko i8sireikSti, kam bus lygu u,:
ra e
& ru vy - e & ruy -+ k-
V3 = —ra ~'ta ’
G +u; - @ G +u;, - @

< 1+

1&, ST - T S S
- - +u, -1 2 (- u =u € +u; -1«
aul o 1 2 S ( 1 ) 1 1 2
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2 Praktiné dalis

2.1 Atsitiktinio vektoriaus €,7, generavimas, pasinaudojant Kleitono

kopula

Buvo generuojami dvimadiai atsitiktiniai vektoriai ,7, :, kuriy pasiskirstymo funkcija

turi pavidala
F(x,x,)= F '(x)+F, (x,)— )%, 6>,

¢ia F(x,)="T < :}, 68 yra Kleitono kopulos parametras, charakterizuojantis atsitiktiniy
dydziy 7, ir 7, priklausomybg.

Zinome, kad Kleitono kopulos parametras @ yra susijes su Kendalo koreliacijos
koeficientu 7, 0 <7 < .Kai 7 yra arti 0, tai turime silpna prilausomybe, o kai 7 yra arti 1 —
stiprig priklausomybe.

0 ir 7 sarysis apibréziamas formule

f= 2T
1—
Todél, generuojant naudosime tokias & :
. 0 .5 S .
0 =)5,tai = —— = — = 1.2 - pakankamai maza priklausomybé¢, ir
2+60 25
. o 5 5 e )
0= ,tai r= ——= ——= - - pakankamai didel¢ priklausomybeé.
2460 2+ 7

Fiksavus imties dydj n, imties realizacijos buvo generuotos M=3000 karty. Generavau
duomenis su tokiais parametrais:

1) 6=)5,n= 00;

2) 6=)5,n="00;

3) =)5,n= 00;

4) 6=)5,n= 000;

5) 6= ,n= 00;

6) 6=, n="00;

7) 0=, n= 00;
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8) 0=, n= 000.

Visy pirma, reikia sugeneruoti atsitiktini vektoriy €,7, :, naudojantis Kleitono kopula.

Taigi generuojame Kleitono kopula taip:
1) Sugeneruojame du nepriklausomus atsitiktinius, tolygiai pasiskirs¢iusius intervale
[0,1], dydzius V, ir V,;
2) Pazymime U, = 7;
e 0 \ 10

3) Randame Uzz\Uf V, v —u, + )

..U, :, kurio pasiskirstymo funkcija yra F(u,,u,)= u; +u, —

. Tokiu biidu gauname atsitiktini vektoriy

) /0

4) Generuojame atsitiktini dydi €,7, :,pasirinkq konkrety skirstini (pavyzdziui,

eksponentinj), naudodamiesi Kleitono kopula ir jau rastais dydziais U, ir U, .

Nagrinésime tokius Kleitono kopulos generavimo atvejus:

a) Tarkime, kad gyvenimo trukmés turi toki pati eksponentini skirstini

Fx=1- ",

F,(x)=1- "~ .

Kadangi gyvenimo trukmes turi tokj pati eksponentinj skirstinij, tai reikia rasti vektoriy
.7,  kur
Ii=--17),
T,=-(1-7,).

b) Tarkime, kad pirmosios komponentés skirstinys yra eksponentinis, o antros —

Veibulo:

Fx)=1- ",

FZ(x)zl_ - 5
tegu v = 1.3,0.5,0.7,0.9, 1.1, 1.3, 1.5.
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Kadangi gyvenimo trukmeés turi eksponentini ir Veibulo skirstinius, tai reikia rasti vektoriy

Q.7,  kur

Ii=-2(-17),

T,= - (- 1,).
19

Nagrin¢jame cenziiruotas imtis, todél pirmiausia generuojame atsitiktinius vektorius

q.T, :ir indikatorius J,, i = ,...,,n, naudojantis Kleitono kopula. Tegul cenziruoty duomeny

bus 25 % nuo imties dydzio, cenziiravima generuojame atsitiktinai. Tokiy im¢iy bus M=3000.
Kleitono kopulos generavimo programa su SAS paketu Zitréti Priede B.

Kai skirstiniai sutampa gauname tokius generuotus duomenis, naudojant Kleitono kopula:

Kai 8 = .5: Kai 6 = ':

T1 | T2 | | T | 1 ]
1.3000959709 0.7823410566 05025093563 0.26173166594
0.8535383201 1.3672406448 03428272785 04318340357
15241738337 3.9494340037 0.6009677578 0.2061530396
01434818908 0.6736985482 0.097738728 0.1421667671
0.0012098518 0.0157378799 0.1129598647 0.1131407607
0.4716743844 0.240803918 14973585281 14387304324
12141264928 27391148173 05436143828 05422933128
0.5440120644 0.4090457125 06565416173 0.7256201673
1.0436917817 0.7976382546 0.9314944968 05305328645
05881099246 1.3810915554 15295920796 15231728412
0.4852368717 1.0302841138 1.0701235283 1.2526875815
02080491121 0.6941486711 0.7842700875 1.0057067468
1.3575826781 0.8980566964 0.2971038545 0.2700967075
17263192906 0.7843136448 0.0474757066 0.0693962383
1.277981125%4 1.1507696544 0.2847353688 04303200912
09710676466 1.112367521 14576173436  1.341766751
02945048312 0.3335999243 0.074909357 0.0651046308
0.6067458403 1.4238786827 05753687721 16066584298
17590919671 0.6942294357 0.5758008397 05279904234
0.1003604293  1.341471882 0.86753B4652 1.1413848612



Kai skirstiniai nesutampa gauname tokius generuotus duomenis, naudojant Kleitono

kopula:
Kai 8 = ).5:

T1

T2

0.3508772509
0.0741912315
12111232737
12057219326
02401811122

1255836713
01741823358
0.0936643443
1.1206631004

0.305523772
0.63640433873

0.965461935
1.1100601647
1.3735857929
0.3862733131

0.089854403
02647735742
0.4357203157
0.2613814653
0.4220340335

02383163438
02064246325
0.5365390513
0.6163324523
12533143137
0.2205720083
0.5462246R12
0.0821013132
0.0630330812
1.0004703515
0.5932081532
15303226533
152173595162
0.9770048335
13821518224
025415982085
03765348217
0.0826314024
0.5344672844
0171023642

Kai 8 = ':

T1

T2

1.0302337525
0.8866867746
0.8134450458
0.9263021045
1.2472502088
03017435758
0.1416873352
0.4470979374
0.6023843625
0.0420350854
0.5631236331
0.4602303813
0.0423572257

0235743744
01414267463
0.960594 7545
1.5433519463
0.53599362875
1.7953413918
72013486546

0.7375168671

0.777385248
0.6304702273

0.474770755
21099444671

0.251022745
01253891456
0.2215330955
12616408154
0.0364231384
0.431940360
0.4251115525
0.0302510583
01523273568
0.9313123823
0.7193508095

0.719573112
0.3016457483
0.8240154526
22858865425
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2.2 Homogeniskumo kriterijus

Sugenerave vektorius ;, 7. :, galime tikrinti homogeniS$kumo hipotezg
Hy:F =7,
t.y. kad marginaliosios pasiskirstymo funkcijos sutampa. Tikrinimui naudosime kriterijy,

aprasyta 1.3 skyrelyje.

Visais atvejais pirmiausia reikia kiekvienam j = ,...,n suskaiciuoti tokius indikatorius:

Yli(le): (X2 500 Yu(ij'): (X2 0,00

Yzz'(le): (X3 ;02 YZi(XZj): (X320}

YI(XU) :‘LI{XI 2Xy;} 0 K(Xz.f):LI{XliZij} >
i=1 i=1
Y, (X)) = RO THSHE LX) =2 ven, s

Il
LN
1l
—_

Y(le)z 71(X1j)+ 72(le)7 Y(ij): Il(ij)+ ;(ij)-

Kai duomenys cenziiruoti, X = ;A 7, 0, = 1< Cla T, - mirties momentai, C, -

cenzlravimo momentai. Tuomet pagal formules randame statistika VirC. Kaip jau minéjau
anksciau, skai¢iavimams su SAS paketu imsime svoriy funkcijas

1

e

K(le): ((ij):

Statistikos V iSraiSka tuomet bus tokia:

o Y2(X1j) 1 &Y (X))

1
nz_: Y(Xll) \/Zj:l Y(Xz_/)

C 1iSraiSka bus:

' . Y (X )Y, (X))
2.2.9 YIx,)

s= Jj=

C=

n
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Tam, kad galétume rasti o*, kuri yra o’ = “— C(1,2), reikia kiekvienam j= ,...,n
apsiskaiCiuoti R,;, R,;, R;, ir R,;. Norint rasti R;, ir R,; reikia dar kiekvienam /= ,...,n

suskaiciuoti indikatorius Y, (X)), Y,;(X,):

Ylj(Xsl): >{X1,2 e

vl S

Li(Xa)= s

Tuomet
~ 1 & - K
C(,2)= n.zl: R.R,,—R R,,—R, R, +R,R,, ,kur
=

PN R L. ACT R ACH)
VoERT N Y(X,;) Y(Xx,) '

PN L. C NN ACE
Mo - Y(X,,) Y(X,,)

2. . Y (X . Y(X,)Y (X - Y (X)) .(X
R3j:‘_>_J25 QI(XSI) }1,1( sl):‘}_lé\ 2( 121) 1/( 11)+->_45' 2( 221) lj( 21)’
s= = (Xsl) 1= Y (Xll) 1= Y (XZI)

2. . Y, (X Y (XY, (X . Y(X,)Y (X
R4j:_>_425 Qz(XS[) 2]( sl):Lg 1( 112) 2]( 11)+‘L5' 1( 2;) 2]( 21).
e Y(X,) T Y°(X,) iz Y (X,)

) . eve .
Randame o ° ir suskaiCiuojame Z, =

Q3

Hipotezé¢ H|, yra atmetama su asimptotiniu reikSmingumo lygmeniu « = 1.1, jei

Z

n

> -

a 2

Pagal §j kriterijy su SAS paketu pasiraSiau programa, ja galima paziiréti Priede B.
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2.3 Homogeniskumo hipotezés tikrinimas su SAS

Pradzioje tikrinsime homogeniskumo hipotezg, kuri apraSyta 2.2 skyrelyje, kai skirstiniai
sutampa, kur skirstiniai ir duomeny generavimas aprasytas 2.1 skyrelyje. Duomenis generavau
pagal Kleitono kopulos algoritma, kuris taip pat apraSytas 2.1 skyrelyje.

Tuomet, kai jau turime sugeneruotus duomenis, galime tikrinti homogeniskumo hipotezg.

Misy tikslas — paziaréti, kur artéja reikSmingumo lygmuo didinant imties dydi. Taigi tam
generuojame imties dydZius n= 00, n= 00, n= 00, n= 000 su Kleitono parametrais
0=)51r 0=

SuskaiCiuojame statistika V ir &, tuomet suskaiC¢iuojame statistikq Z, ir kriting reikSme
Zyos = 044854 .

Tam, kad suskai¢iuotume reikSmingumo lygmeni, reikia suskaiciuoti, kiek karty hipotezé
buvo atmesta, kai skirstiniai sutampa, ir ta skaiciy padalinti 1§ im¢iy skai€iaus, kuris yra

M=3000. Programas su SAS paketu ziiréti Priede B.

Gauname tokius rezultatus:

f=.5 N=100 N=200 N=500 N=1000
ReikSmingumo
0.077667 0.069667 0.057667 | 0.074667
lygmuo «
=" N=100 N=200 N=500 N=1000
ReikSmingumo
0.037333 | 0.042667 0.038333 0.046667
lygmuo o
ISvada:

IS gauty rezultaty matome, kad prie Kleitono kopulos parametro € = = reikSmingumo
lygmuo yra maZesnis nei prie parametro & = ).5. Matome, kad reik§mingumo lygmuo létai

konverguoja i tikraji reikSmingumo lygmeni.



Tada generavau duomenis, kai skirstiniai nesutampa. Viska dariau analogiskai, kaip ir tuo

atveju, kai skirstiniai sutampa, tik zitirime, kas vyksta su kriterijaus galia, kai n didéja.

Kriterijaus galia apskai¢iuojama taip: skai¢iuojame, kiek karty hipotezé buvo atmesta, ir ta

skaiCiy daliname i§ im¢iy skaiciaus, kuris mano atveju yra 3000.

Gauname tokius rezultatus:

=15 N=100 N=200 N=500 N=1000
Kriterijjaus galia,
1 1 1 1
kaiv = .3
kaiv = 1.5 0.999333 ! : !
kaiv = .7 0.816 0.98 I !
kaiv = 1.9 0.162 0.266333 | 0.500667 0.775
kaiv = .1 0.143333 | 0.230667 0.421 0.705333
kaiv = .3 0.582667 | 0.850667 | 0.997333 :
kaiv = .5 0.896667 0.995 1 :
Kaiv - | 1 ! :
ISvada:

Taigi, kai € = 1.5, maziausia kriterijaus galia yra prie parametry v = 1.9 ir v =

O didZiausia kriterijaus galia yra prie parametry v = 1.3 ir v = ..
Be to, didéjant imties dydziui N, kriterijaus galia visais atvejais didé¢ja ir beveik visur yra

d.

lygi 1 prie imties dydzio N=1000, i§skyrus atvejus, kai v = 1.9 ir v =

d.
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0= N=100 N=200 N=500 N=1000
Kriterijaus galia,
1 1 1 1
kaiv = 1.3
kaiv = 1.5 1 1 1 1
kaiv = 1.7 0.989 0.999667 I !
kaiv = ).9 0.226333 0.414667 0.808333 0.984333
kaiv = .1 0.176333 | 0.356667 | 0.708667 | 0.946333
kaiv = .3 0.871333 |  0.993 ! I
kaiv = .5 0.996667 1 1 1
kaiv = 1 1 1 1
I$vada:
Kai @ = ', maZiausia kriterijaus galia yra prie parametry v = 1.9 ir v = .1.

O didZiausia kriterijaus galia yra prie parametry v = 1.3, 0 = L5, v = V.7, v = 5, 1r

v = .. Taip pat, kai @ = ', gauname didesnes kriterijaus galios reikSmes nei atveju, kai @ = ).5.

Be to, didéjant imties dydziui N, kriterijaus galia visais atvejais did¢ja ir beveik visur yra

lygi 1 prie imties dydzio N=1000, iSskyrus atvejus, kai v = 1.9 ir v = .1.
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2.4 Homogeniskumo hipotezés tikrinimas, kai turim konkrecius
duomenis

Turime duota tokia duomeny lentele:

x1| 6 10 | 12* | 16 | 16 | 19 | 20 | 27 | 27 | 52
x2| 140 | 272 | 12* | 568 | 62 [470%| 523 | 356 | 291 | 631

x1| 57 | 70 | 89 | 117 | 178 | 204 | 217 | 218 | 222 | 249
x2(330| 56 | 398 | 47 | 271 | 406 | 417 | 635 | 169 | 423

x1| 305 | 328 | 421 | 423 | 464 | 500 | 546 | 555 |566™ | 680
x2| 624 | 270 | 506 | 104 | 6 | 1301871 | 10 |566%| 414

x1| 685|707 | 764 | 863 |1012(1066| 1077 |1089(1107|1142
x2(1219|1516| 206 | 267 | 249 [1376| 450 (2168 71 | 93

x1(1169|1213|1222]1244|1329|1486|1682* |1734|1746|1776
X2| 652 (2128|196 | 821 | 99 | 120 | 152 |1516| 872 |2023

x1(1888|1978|2021|2317|2391|2470| 2621 |2699|3496|4146
x2| 541 | 168 |2161| 752 | 781 |1518| 1716 |1169|2613|1355

Imties dydis n=60, cenzturuoty duomeny yra 6 i§ 120.

Reikia patikrinti hipoteze, kad laikai grupéje x1 ir grupéje x2 pasiskirste vienodai.

Su SAS programa paskaiciuojame statistika V, ¢, ir kriterijaus statistika Z, . Output lange

gauname tokius rezultatus:

\')

-1.210693

sigma

0.5291756

Zn

-2.287886
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krit_r

1.959964

Hipotezg atmetame su asimptotiniu reik§mingumo lygmeniu & = .05, jei |Z,|> -, ;.

IS output lange esanciy rezultaty matome, kad kritiné reikSmeé z,,s = 1.959964 .

Taigi, gavome, kad

Zn

> ,,o0 taireiSkia, kad hipotezé atmetama, t.y. laikai grupéje x1

ir grupéje x2 pasiskirstg nevienodai.



ISVADOS

Suformulavau homogeniskumo kriterijus dvimaciu ir daugiamaciu atvejais, bei paraSiau

programa su SAS paketu, kuri tikrinty homogeniSkumo hipotezg dvimaciu atveju.

Kleitono kopula yra naudinga daugiamaciy skirstiniy konstravimui ir simuliavimui .

Susimuliavus duomenis, galime susimuliuoti bet koki skirstini, kokio mums reikia. Mano darbe

buvo naudojamas eksponentinis skirstinys, taciau galima naudoti ir kitoki.

Labai naudinga buvo parasyti programa su SAS paketu homogeniSkumo kriterijui, kai

k=2, nes tokiy kriterijy, skirty cenziiruotoms priklausomoms imtims, né¢ra. Tuomet patikrinau ta

kriterijy su simuliuotais duomenimis.

Kai skirstiniai sutampa ir imtis cenziiruota, gauname tokius rezultatus:

1) Kai @ = ).5 ir n didéja, reikSmingumo lygmuo létai konverguoja i pasirinktaji

reikSmingumo lygmen;i 0,1.

2) Kai @ = ' ir n didéja, reikSmingumo lygmuo dar lé¢iau, negu atveju, kai @ = ).5,

konverguoja i pasirinktaji reikSmingumo lygmeni 0,1. Be to, Siuo atveju gauname,

reikSmingumo lygmens « mazesnes reikSmes negu atveju 6 = ).5.

Kai skirstiniai nesutampa, gauname tokius rezultatus:

1)

2)

Ir @ = .5, kriterijaus galia lygi 1 prie parametry v = 1.3 ir v = !. Kitais atvejais
kriterijaus galia did¢jant n artéja i 1, taCiau su parametrais v = 1.9 ir v = .1, netgi
prie n=1000 dydzio imties, net nepasiekia 1.

Kai @ = -, kriterijaus galia lygi 1 prie parametry v = 1.3, v = ).5 r v = ..
Kriterijaus galia yra labai arti 1 prie parametry v = .7 ir v = .5. Vélgi kitais

atvejais kriterijaus galia didéjant n artéja i 1, taciau su parametrais v = 1.9 ir v = .1,

netgi prie n=1000 dydzio imties, net nepasiekia 1.

Taigi, gauname, kad visais atvejais, kai skirstiniai sutampa ir n did¢ja, reikSmingumo

lygmuo létai konverguoja { pasirinkta reikSmingumo lygmeni. O visais atvejais, kai skirstiniai

nesutampa ir n didéja, kriterijaus galia artéja | 1,0 prie kai kuriy parametry netgi prie visy imties

dydziy lygi 1, o tai reiskia, kad visais atvejais hipoteze apie skirstiniy lygybg buvo atmesta.
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SUMMARY

Projects purpose — to describe homogeneity tests for related censored samples.
It were challenges:

1. To learn how simulate Clayton‘s copula , to know what it is Clayton‘ copula;
2. To describe homogeneity tests for related censored paired samples;

3. To test homogeneity hypotesis, when data is simulated by Clayton‘s copula.

And the results are:

If we have censored data, with Clayton‘s parameter & = 1.5 and @ = ',and distributions are
the same, significance level is near chosen asymptotic significance level.

If we have censored data, with Clayton‘s parameter & = 1.5 and @ = ',and distributions are
not the same, the test power for most parametres v is 1 and it means that the hypotesis was

rejected for all samples, and only for several test power wasn‘t 1 when the sample is n=1000.

So, for my simulated samples, the homogeneity test for related censored samples, was

effective.
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PRIEDAS A

Lenglaro nelygybé. Tarkime, kad H yra suderintas tolydus i$ kairés su baigtinémis

ribomis i§ desinés procesas, N — skaiCiuojantis procesas, A — jo kompensatorius, M=N-A. Tada

suVenr>)

P sup[]H(u)dM(u)]z >er<Ty ]Hz(u)d<M> wy>n .
& 0

te 7| 0

Lvada Jei M= 4" it [F ) d<M" >@)—" >0, kai n—> tai
0

sup |H™ (u)dM "™ (u)—" >0.

(0,71

Cebysevo nelygybé. Jei egzistuoja atsitiktinio dydzZio X baigtiné dispersija VX, tai bet

kuriam & > ) teisinga nelygybé

P X- I
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PRIEDAS B

SAS programos ir OUTPUT rezultatai

Simuliuojam dvimate kopula, kai skirstiniai sutampa:

title 'cenz imtis, skirstiniai sutampa’';
$let imtys=3000;

%$let n=100;

%$let n=200;

%$let n=500;

%$let n=1000;

data tolygus2;

teta=5; /* ir teta=0.5 */
deltal=1l;

delta?2=1;

do imtis=1 to &imtys;

do i=1 to &n;
vl=uniform(0) ;
v2=uniform(0) ;

output; end;

end;

run;

Atsitiktinai sucenziiruojam 25% duomeny:

data tolygus2;

set tolygus2;

if (i=4 or 1=12 or 1i=20 or 1=28 or 1i=36 or 1=44 or i=52 or 1=60 or i=68 or
1i=76 or 1=84 or i=92 or i=100 or

1=108 or i=116 or i=124 or 1=132 or i=140 or i=148 or 1=156 or i=164 or i=172
or 1=180 or 1=188 or i=196 or i=204 or

1=212 or i=220 or i=228 or 1=236 or i=244 or i=252 or 1=260 or i=268 or 1i=276
or 1=284 or 1=292 or i=300 or 1i=308 or

1=316 or i=324 or i=332 or 1=340 or i=348 or 1i=356 or i1=364 or i=372 or 1i=380
or 1=388 or 1=396 or i=404 or 1=412 or

1=420 or i=428 or i1=436 or 1=444 or i=452 or 1i=460 or 1=468 or i=476 or i=484
or 1=492 or i1=5000r i=508 or i=516 or

1=524 or i=532 or i=540 or 1=548 or i=556 or i=564 or 1=572 or i=580 or i=588
or 1=596 or 1=604 or i=612 or

1=620 or i=628 or i=636 or 1=644 or i=652 or i=660 or 1=668 or i1i=676 or i=684
or 1i=692 or i=700 or i=708 or 1i=716 or

1i=724 or i=732 or 1=740 or i=748 or i=756 or i=764 or i=772 or i=780 or 1=788
or 1=796 or i1i=804 or i1=812 or

1i=820 or 1=828 or 1i=836 or i=844 or i=852 or i=860 or i=868 or i=876 or 1=884
or 1i=892 or i=900 or i=908 or i1=916 or

1=924 or i1=932 or 1=940 or 1i=948 or i=956 or i=964 or i=972 or i=980 or i1=988
or 1=996) then deltal=0;

else deltal=1;

if (i=1 or i=9 or i=17 or i=25 or 1=33 or i=41 or 1=49 or i=57 or i=65 or
1i=73 or i=81 or i=89 or i=97 or i=105 or

1i=113 or 1i=121 or 1i=129 or i=137 or i=145 or i=153 or i=161 or i=169 or 1i=177
or i=185 or 1i=193 or 1=201 or i1=209 or i=217 or

1=225 or 1=233 or 1=241 or i=249 or i=257 or i=265 or i=273 or i=281 or i1=289
or 1=297 or i=305 or i1=313 or 1=321 or i=329 or

1=337 or 1=345 or 1i=353 or i=361 or i=369 or i=377 or i=385 or i=393 or 1i=401
or 1=409 or 1=417 or i=425 or 1=433 or 1=441 or

1=449 or i=457 or 1=465 or 1=473 or i=481 or 1=489 or 1=497 or i=505 or 1i=513
or 1=521 or 1=529 or i=537 or 1=545 or i1=553 or
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i=561 or
or 1=633
1i=673 or
or 1=745
1=785 or
or 1=857
1i=897 or
or 1=969

i=569 or
or 1=641
i=681 or
or 1i=753
1=793 or
or 1=865
i=905 or
or 1=977

i=577 or
or i=649
1=689 or
or i=761
i=801 or
or i=873
i=913 or
or 1=985

1=585 or
or i=657
1i=697 or
or i=769
1i=809 or
or i=881
1i=921 or
or 1=993)

1=593 or
or i=665
i=705 or
or 1=777
i=817 or
or 1i=889
1i=929 or

i=601
or
i=713
or
i=825
or
1=937

or

or

or

or

i=609

i=721

=833

i=945

or

or

or

or

i=617

i=729

i=841

i=953

or

or

or

or

i=625

i=737

1i=849

i=961

then delta2=0;
else delta2=1;
ul=vl;

output; run;

data copulaZz;

set tolygus2;

u2=(l-ul** (-teta)+ (v2** (-teta/ (l+teta))) * (ul** (-teta))) ** (-1/teta);
output; run;

data dvimate copula2; /*generuojam Tl ir T2 pagal eksponentini skirstini*/
set copulaZz;

keep imtis teta deltal delta2 T1 T2;

Tl=-log(1-ul);

T2=-1log (1-u2) ;

output; run;

proc sort data=dvimate copula2 out=copula2;
by imtis;
run;

Suprogramuojame kriterijy ir tikriname homogeni§kumo hipotezg:

proc iml;

use dvimate copulaZ2;

do w=1 to &imtys;

read all var{Tl T2} where (imtis=w) into Xx;
read all var{deltal delta?2} where (imtis=w)
N=nrow (x) ;

yl=j(N,2,0);

y2=3(N,2,0);

*print x;

into delta; * print delta;

do j=1 to N;

do i=1 to N;

if x[i,11>=x[3,1] then y1[j,1]1=y1[3,1]+1; /*Y1(X13)*/

if x[i,11>=x[3,2] then yl[j,2]1=y1[],2]+1; /*Y1(X23)*/

if x[i,2]>=x[3,1] then y2[3,11=y2[3,11+1; /*¥Y2(X13)*/

if x[i,2]>=x1[3,2] then y21[3,2]1=y2[3,2]+1; /*Y2(X23)*/

end; end;

*print yl y2;

Vli=y2[,1]l#deltal,11/(y1[,11+y21[,11);
V2=y1l[,2]#deltal,2]1/(y1[,2]1+y21[,2]1);

*print V1 V2;

V=(1/sqrt (N))* (V1[+,1-V2[+,1);

*print V;

Cl=yll[,11#y2[,11#deltal,1]/ ((y1[,1]1+y2[,1])#(y1[,11+y2[,11));
C2=y1l[,2]#y2[,2]#deltal,2]/ ((y1[,2]1+y2[,2])#(y1[,2]+y2[,2]));

*print Cl1 C2;
C=(1/N)*(C1[+,1+4C2[+,1);
*print C;
Rl=y2[,1l]#deltal,1]
R2=yl[,2]#deltal, 2]
*print R1 R2;
r31=3j (N, N, 0);
r32=3 (N, N, 0) ;

(y1[,1]1+y2[,1]);
(y1l[,2]1+y21[,2]);

/*Y2 (X19) *deltal/Y (X13)*/

/
/ /*Y1 (X29) *delta2/Y (X25) */
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r4l1=3j (N,N,0);

r42=3j (N, N, 0) ;

do 1=1 to N;

do j=1 to N;

if x[3,1]1>=x[1,1] then r31[1l,j]l=1; else r31[1,31=0;

if x[3,1]1>=x[1,2] then r32[1l,jl=1; else r32[1,31=0;

if x[3,2]>=x[1,1] then r41[1l,j]l=1; else r4l1[1l,31=0;

if x[3,2]1>=x[1,2] then r42[1,jl=1; else r42[1,31=0;

end; end;

*print r31 r32 r4l r42;

R3 1=deltal,1]1#y2[,11#r31[,1/((y1[,11+y2[,11)#(y1[,1]1+y2[,11));
R3 2=deltal,2]1#y2[,21#r32[,1/((y1[,2]1+y2[,2])# (y1[,2]1+y2[,2]));
R3=R3 1[+,]+R3 2[+,];

*print R3 1 R3 2 R3;

R4 1=deltal,1]1#yl[,11#r41[, 1/ ((y1[,1]1+y2[,11)#(y1[,1]1+y2[,11));
R4 2=deltal,2]#yl[,2]1#r42[,1/((y1[,2]1+y2[,2])#(y1[,2]1+y2[,2]));

R4=R4 1[+,]4R4 2[+,];

*print R4 1 R4 2 R4;

R=(R1#R2-R1#R4 -R2#R3 +R3 #R4") ;

Cl2=(1/N) *R[+,];

*print C12;

sigma=sqrt (C-2*C12); *print sigma;

7 n=V/sigma; print Z n;

krit r=PROBIT(1-0.05/2); /* hipoteze atmetama su alpha, jeigu
|Z n|>z(alpha/2) */

*print krit r; end;

if abs(Z n)>krit r then print 'hipoteze su r.l. alpha=0.5 atmetama';
else print 'hipoteze neatmetama';

quit;
Skai¢iuojame reikSmingumo lygmeni:

data lygmuo;

set statistika end=galas;
kritir:PROBIT(l—O.l/Z);

if (abs (Z n)>krit r) then atmete=1;
else atmete=0;

suma+ (atmete/&imtys) ;

if (galas) then put suma=;

run;



Kai skirstiniai nesutampa:

title 'cenz imtis,
%let imtys=3000;
%$let n=100;

%$let n=200;

%$let n=500;

%$let n=1000;

$let niu=0.1;

$let niu=10;

data tolygus2;

skirstiniai

teta=5; /* ir teta=0.5 */

deltal=1l;
delta?2=1;

do imtis=1 to &imtys;

do i=1 to &n;
vli=uniform(0) ;
v2=uniform(0) ;
output; end;
end;

run;

Atsitiktinai sucenziiruojam 25% duomenuy:

data tolygus2;
set tolygus2;

nesutampa’';

if (i=4 or i=12 or 1i=20 or 1=28 or 1=36 or i=44 or
i=76 or 1i=84 or i=92 or i=100 or

i=108 or i=116 or
or 1i=180 or 1=188
1=212 or 1=220 or
or 1=284 or 1=292
i=316 or i=324 or
or 1=388 or 1=396
1=420 or i=428 or

i=124 or
or 1i=196
1=228 or
or 1=300
1=332 or
or 1=404
1=436 or

1=132 or
or 1=204
1=236 or
or 1=308
1=340 or
or i=412
i=444 or

1=140 or
or
i=244 or
or
1=348 or
or
1=452 or

or 1=492 or i1=5000r i=508 or i=516 or

i=524 or i=532 or
or 1=596 or i1=604
1=620 or i=628 or
or 1=692 or 1=700
i=724 or i=732 or
or 1=796 or 1=804
1=820 or i=828 or
or 1=892 or 1=900
1=924 or i=932 or

1=540 or
or 1=612
1=636 or
or 1=708
1=740 or
or 1=812
1=836 or
or 1=908
1=940 or

or 1=996) then deltal=0;

else deltal=1;

if (i=1 or i=9 or i=17 or i=25 or i1=33 or

1=548 or
or

1i=644 or
or 1=716
1=748 or
or

1=844 or
or 1=916
1=948 or

1=556 or

1=652 or
or
1=756 or

1=852 or
or
1=956 or

1i=73 or i=81 or i=89 or i=97 or i=105 or

i=113 or i=121 or
or i=185 or i=193
1=225 or 1=233 or
or i1=297 or i=305
1i=337 or 1=345 or
or i=409 or i=417
1=449 or i=457 or
or i=521 or i=529
i=561 or i1=569 or
or 1i=633 or i=641
1i=673 or 1=681 or
or i=745 or i=753
1=785 or 1=793 or
or 1i=857 or i=865

i=129 or
or i=201
i=241 or
or i=313
1i=353 or
or i=425
i=465 or
or i=537
1i=577 or
or i=649
1i=689 or
or i=761
1i=801 or
or i=873

i=137 or
or i=209
i=249 or
or i=321
i=361 or
or i=433
i=473 or
or i=545
i=585 or
or i=657
i=697 or
or i=769
i=809 or
or i=881

i=145 or
or i=217
i=257 or
or i=329
i=369 or
or i=441
i=481 or
or i=553
i=593 or
or i=665
i=705 or
or i=777
i=817 or
or i=889

=148

i=252

i=356

i=460

i=564

i=660

i=764

i=860

i=964

1i=153
or
1=265
or
1=377
or
1=489
or
i=601
or
i=713
or
1=825
or

1i=52 or i=60 or i=68

or 1=156 or

or

or

or

or

or

or

or

or

i=260

i=364

i=468

i=572

i=668

i=772

i=868

i=972

or

or

or

or

or

or

or

or

i=41 or i=49 or i=57

or i=161 or

or

or

or

or

or

or

1=273

i=385

1=497

i=609

i=721

i=833

or

or

or

or

or

or

i=164

i=268

i=372

i=476

i=580

i=676

i=780

i=876

i=980

or

or

or

or

or

or

or

or

or

or

i=172

i=276

i=380

i=484

i=588

i=684

i=788

i=884

i=988

or 1=65 or

i=169 or 1i=177

i=281

1=393

i=505

i=617

1i=729

i=841

or

or

or

or

or

or

i=289
i=401
i=513
1=625
1i=737

1i=849
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1i=897 or 1=905 or 1i=913 or i=921 or 1=929 or i=937 or i=945 or i=953 or i=961

or i=969 or 1=977 or i=985 or 1i=993)
then delta2=0;

else delta2=1;

ul=vl;

output; run;

data copulaZz;
set tolygus2;
u2=(l-ul** (-teta)+ (v2** (-teta/ (l+teta)) ) * (ul** (-teta))) ** (-1/teta);
output; run;

data dvimate copula2; /*generuojam Tl ir T2 pagal eksponentini skirstini*/

set copulaZz;

keep imtis teta deltal delta2 T1 T2;
Tl=-log (1-ul);

T2=-(1/&niu) *log(l-u2) ;

output; run;

proc sort data=dvimate copulaZ out=copula2;
by imtis;
run;

Suprogramuojame kriterijy ir tikriname homogeni§kumo hipotezg:

proc iml;

use dvimate copula?2;

do w=1 to &imtys;

read all var{Tl T2} where(imtis=w) into x; *print x;

read all var{deltal delta?} where(imtis=w) into delta; * print delta;
N=nrow (x) ;

yl=j(N,2,0);

vy2=3(N,2,0);

do j=1 to N;

do i=1 to N;

if x[1,1]1>=x[§,1] then y1[j,1]=y1[§,1]+1; /*Y1(X1j)*/
if x[1,1]1>=x[§,2] then y1[j,2]=y1[],2]+1; /*Y1(X27)*/
if x[i,2]>=x[3,1] then y2[3j,11=y2[3,11+1; /*Y2(X1j)*/
if x[i,2]>=x[3,2] then y2[3,2]=y2[3,2]+1; /*Y2(X23)*/

end; end;

*print yl y2;
Vi=y2[,1]1#deltal,1]1/(y1[,11+y2[,1]1);
V2=yl[,2]#deltal,2]/ ;
*print V1 V2;

V=(1/sqrt (N))* (V1[+,]1-V2[+,1);
*print V;
Cl=yl[,11#y2[,1]#deltal,1]
C2=yl[,2]1#y2[,2]#deltal,2]
*print Cl1 C2;
C=(1/N)*(Cl[+,]1+C2[+,1);
*print C;
Rl=y2[,1]#deltal,1]1/(y1[,11+y2[,1]1); /*Y2(X17j)*deltal/Y (X17j)*/
R2=y1[,2]#deltal,2]1/(y1[,2]1+y2[,2]); /*Y1(X273)*delta2/Y (X273)*/
*print R1 R2;

r31=3 (N, N, 0);

]
]

; else r31[1,7]

x[1,1] then r31[1,
X ; else r32[1,3]=

31=1 0;
[1,2] then r32[1,3]=1 0

’
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]
]

if x[3,2]>=x[1,1] then r41[1,
if x[3,2]1>=x[1,2] then r42][1
end; end;

*print r31 r32 r4l r42;

j1=1; else r41l[1l,3j1=0;
jl=1 0

; else r42[1,3]=

14

R3_1=deltal,11#y2[,11#c31[, 1/ ((y1[,11+y2[,1])#(y1[,11+y2[,11));
R3=R3_1[+,]+R3 2[+,];

*print R3 1 R3 2 R3;

R4 _1=deltal,1)#yl[,1]1#rd41(, 1/ ((y1[,1)+y2(,1])#(y1[,1]1+y2(,11));
R4_2=deltal,2)#yl[,2]1#r42(, 1/ ((y1[,2)+y2(,2])#(y1[,2]1+y2(,2]));

R4=R4 1[+,]4+R4 2[+,];

*print R4 1 R4 2 R4;

R=(R1#R2-R1#R4 " -R2#R3 " +R3 " #R4") ;

Cl2=(1/N) *R[+,];

*print C12;

sigma=sqrt (C-2*C12); *print sigma;

Z n=V/sigma; print Z n;

krit r=PROBIT(1-0.05/2); /* hipoteze atmetama su alpha, jeigu
|Z n|>z(alpha/2) */

*print krit r; end;

if abs(Z n)>krit r then print 'hipoteze su r.l. alpha=0.5 atmetama';
else print 'hipoteze neatmetama’';

quit;

Skai¢iuojame kriterijaus galia:

data galia;

set statistika end=galas;
kritir:PROBIT(l—O.l/Z);

if (abs (Z n)>krit r) then atmete=1;
else atmete=0;

suma+ (atmete/&imtys) ;

if (galas) then put suma=;

run;



Konkretaus pavyzdzio atveju, aprasyto 2.2 skyrelyje, turime tokia SAS programa:

data pavyzdys;
input x1 deltal x2 delta2 Q@;
datalines;

6 1 140 1
10 1 272 1
12 0 12 0
16 1 568 1
16 1 62 1
19 1 470 0
20 1 523 1
27 1 356 1
27 1 291 1
52 1 631 1
57 1 330 1
70 1 56 1
89 1 398 1
117 1 47 1
178 1 271 1
204 1 406 1
217 1 417 1
218 1 635 1
222 1 169 1
249 1 423 1
305 1 624 1
328 1 270 1
421 1 506 1
423 1 104 1
464 1 6 1
500 1 130 1
546 1 1871 1
555 1 10 1
566 0 566 0
680 1 414 1
685 1 1219 1
707 1 1516 1
764 1 206 1
863 1 267 1
1012 1 249 1
1066 1 1376 1
1077 1 450 1
1089 1 2168 1
1107 1 71 1
1142 1 93 1
1169 1 652 1
1213 1 2128 1
1222 1 196 1
1244 1 821 1
1329 1 99 1
1486 1 120 1
1682 0 152 1
1734 1 1516 1
1746 1 872 1
1776 1 2023 1
1888 1 541 1
1978 1 168 1
2021 1 2161 1
2317 1 752 1
2391 1 781 1
2470 1 1518 1
2621 1 1716 1
2699 1 1169 1



3496 1 2613 1
4146 1 1355 1
;run;

proc iml;

use pavyzdys;

read all var{xl x2} into x;
read all var{deltal delta2}
N=nrow (x) ;

yl=3j(N,2,0);

y2=3(N,2,0);

into delta;

do j=1 to N;
do i=1 to N;
if x[i,11>=x[3,1] then y1[j,1]=y1([],1]1+1; /*Y1(X13)*/
if x[i,11>=x[3,2] then y1[j,2]=y1[],2]+1; /*Y1(X23)*/
if x[i,2]>=x[3,1] then y2[j,1]=y2[],1]1+1; /*Y2(X13)*/
if x[i,2]1>=x[3,2] then y2[j,2]=y2[],2]+1; /*Y2(X23)*/
end; end,
print yl y2;
Vi=y2[,1]1#deltal,1]/(y1[,1]1+y2[,1]);
v2=yll[, ]#delta[ 21/ (y1[,21+y2[,2]); print V1 V2
=(1/sqrt (N) ) *(V1[+,]1-V2([+,]1);
print V;
Cl=yl[,11#y2[,1]#deltal, 1]/ ((y1[,11+y2[,1])#(y1[,11+y2([,1]));
C2=yl[,2]#y2[,2]#deltal,2]/ ((y1[,2]+y2([,2])#(y1[,2]1+y2([,2]));
print Cl C2;
=(1/N)*(C1[+,1+4C2[+,1);
print C;
Rl=y2[,1l]#deltal,1]/(y1[,11+y2([,1]1); /*Y2(X1]j)*deltal/Y (X13)*/
R2=y1[,2]#deltal,2]/(y1[,2]1+y2[,2]); /*Y1(X27)*delta2/Y (X27)*/
print R1 R2;
r31=j (N, N, 0);
r32=j(N,N,0);
r41=3(N,N,0);
r42=j(N,N,0) ;
do 1=1 to N;
do j=1 to N;
if x[j,1]1>=x[1,1] then r31[1,]j]l=1; else r31[1,31=0;
if x[3,1]1>=x[1,2] then r32[1,jl=1; else r32[1,3j1=0;
if x[j,2]>=x[1,1] then r41[1l,jl=1; else r41[1,3j1=0;
if x[j,2]1>=x[1,2] then r42[1,jl1=1; else r42[1,3j1=0;
end; end;
print r31 r32 r4l rd2;
R371:delta[11]#y2[/1]#r31[/]/((yl /1]+Y2 11])#(y [,1]+Y2[,1])),
R3 2=deltal,21#y2[,2]1#r32[, 1/ ((y1[,2]1+y2[,2])#(y1[,2]1+y2[,2]));
R3=R3 1[+,]+R3 2[+,];
print R3 1 R3 2 R3;
R4 1=deltal,11#yl[,11#xr41[,1/ ((y1[,11+y2[,11)#(y1[,11+y2[,11));
R4_2=delta[,2]#y1[,2]#r42[,]/((yl ,2]+Y2 12])#(y1 ,2]+Y2[,2])),
R4=R4 1[+,]+R4 2[+,];

print R4 1 R4 2 R4;

=(R1I#R2-R1#R4 " -R2#R3 " +R3 " #R4 ") ;

Cl2=(1/N)*R[+,]; print C12;

sigma=sqrt (C-2*Cl2) ;print sigma;

Z n=V/sigma; print Z n;

p=probnorm(Z n);print p;
p_value=cdf ('NORMAL',0.05, Z n ); print p value;
(reikSmingumo lygmuo), tai hipoteze atmetame; */
krit r=PROBIT (1-0.05/2) /*p-asis kvantilis stand.
print krit r;

if abs(Z n)>krit r then print
hipoteze atmetama su alpha, jeigu
else print 'hipoteze neatmetama';

quit;

/*jei P-reik3me < alpha
normalaus*/

/*

'hipoteze su r.l.
|Z n|>z(alpha/2)

alpha=0.5 atmetama';
*/
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Output rezultatas:

sigma

0.5291756

Z_n

-2.287886

krit_r

1.959964

hipoteze su r.1l. alpha=0.5 atmetama
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Kleitono kopulos simuliavimas trimaciu atveju:

title 'n=100, alpha=0.5,skirstiniai nesutampa, trimate copula';
%$let n=100;

$let niu=0.1;

data tolygus; /*generuojam tolygu skirstini intervale (0;1)*/
alpha=0.5;

deltal=1l;

delta?2=1;

delta3=1;

do i=1 to &n;

vli=uniform(0) ;

v2=uniform(0) ;

v3=uniform(0) ;

output; end; run;

data tolygus;
set tolygus;
ul=vl;

uz2=v2;
output; run;

data copula;

set tolygus;

keep alpha deltal delta2 delta3 ul u2 u3;

a=ul** (-alpha);

b=u2** (-alpha) ;

c=v3** (-alpha/ (1+2*alpha)) ;
/*u3=(2-a-b+c* (atb-1)) ** (-1/alpha); */
u3=((c-1) * (a+b-1)+1) ** (-1/alpha); /*destytojo isvedimas*/
output; run;

data trimate copula; /*generuojam Tl ir T2 pagal eksponentini skirstini*/
set copula;

Tl=-log(l-ul);

T2=-(1/&niu) *log(l-u2) ; /*T2=-(1/&niu)*log(l-u2) ;*/

T3=-1log(1-u3) ;

output; run;

proc iml;

use trimate copula;

read all var{Tl T2 T3} into Xx;

read all var{deltal delta?2 delta3} into delta;

N=nrow (x) ;

yl=j(N,3,0);

y2=3(N,3,0);
)

if x[i,11>=x[j,1] then y1[j,11=y1[j,11+1; /*Y1(X1j)*/
if x[i,11>=x[j,2] then yl[j,2]1=y1[j,2]1+1; /*Y1(x23)*/
if x[i,11>=x[j,3] then y1[j,31=y1[j,31+1; /*Y1(X37)*/
if x[i,2]1>=x[j,1] then y2[j,1]1=y2[j,11+1; /*Y2(X1j)*/
if x[i,2]1>=x[j,2] then y2[j,2]1=y2[j,2]1+1; /*Y2(x23)*/
if x[i,2]1>=x[3j,3] then y2[j,31=y2[j,31+1; /*Y2(xX37)*/
if x[i,31>=x[j,1] then y3[j,11=y3[j,11+1; /*¥Y3(xX1j)*/
if x[i,31>=x[j,2] then y3[j,2]1=y3[j,2]1+1; /*¥Y3(x23)*/
if x[i,31>=x[3j,3] then y3[j,31=y3[j,31+1; /*¥Y3(xX37)*/
end; end;

*print yl y2 y3;

al=deltal,1]#y1[,1]1/(y1[,1]1+y2[,1]1+y3[,1]);
a2=deltal,21#yl[,2]1/(y1[,2]1+y2[,2]+y3[,2]);
a3=deltal,31#yl[,31/(y1[,31+y2[,3]+y3[,3]);



a4 deltal,1

] 14
=(1/sqgrt(N))*ad[+,]- ((1/sqrt(N))*(al[+,]+a2[+ 1+a3[+,1));
b1=delta[ L1#y2[,1)/(y1[,1]+y2([,11+y3[,1]);
b2=deltal,2]#y2[,2]/(y1[,2]+y2[,2]1+y3[,2]);
b3=deltal,3]#y2[,3]/(y1[,3]1+y2[,31+y3[,31);
b4 deltal,2];
=(1/sqrt(N))*b4[+,]-((1/sqrt (N))* (bl [+, ]+b2[+,]+b3[+,1));
Cl=delta[ 11#y3[,11/(y1[,11+4y2[,11+4y31[,11);
c2=deltal,2]1#y3[,2]/(y1[,2]1+y2[,2]1+y31[,2]);
c3=deltal,3]1#y3[,31/(y1[,31+y2[,31+y31[,31);
c4 deltal,3];
=(1/sqrt(N))*c4[+,]-((1/sqgrt(N))*(cl[+,]+c2[+,]+c3[+,1));

*print V1 v2 V3;
=(deltal,11#y1l[,11/(y1l[,1
10,11/ (y1[,11+y2(,1]1+y3I,
=(deltal,2]1#yl[,2]1/(yl[,2
10,21/ (y1[,21+y2[,2]+y31,
=(deltal,314#y1[,31/(yl[,3

(yl[ 31/ (y1[,31+y2[,31+y31[,

cll=(1/N)*(al[+, 1+a2[+, 1+a3

al2=(deltal,1]#y1[,1]1/

(y2[,11/(y1[,1]1+y21,

a22=(deltal,2]#yl[,2]

3]

31+y3[,3])) #(1-

*print cll;
11]+y3[11]))#(0_

(yl
+y3
/(y

(y2[,21/(y1[,2]1+y21, +y3
a32=(deltal,31#y1[,31/(y

(y2[,31/(y1[,31+y21, +y3
cl2=(1/N)*(al2[+,1+a22[+,
a13:(delta[,1]#y1[ 11/ (y1l
(y3[,11/(y1l,11+y21, y3
az23=(deltal,2]#y1[,2]/ (yl
(y30,21/(y1[,2]1+y2[, 3
a33=(deltal,3]1#yl1[,31/
(y31[,31/(y1[,31+y21[,

cl3=(1/N)*(al[+,]1+a2[+

1]
2]
3]
1]+
2]+
3]

(y
(y
+y3
]t
[

bl= <delta[,1]#y2[ ]/(yl ' 1]+y3[,1]))#(0-
(y1[,11/(y1[,11+y2[,11+y31,
b2=(deltal,2]#y2[,2]1/(y1l[,2 21+y31[,2]))#(0-
(y1[,2]1/(yl[,2]1+y2[,2]1+y3 1,
b3=(deltal,3]1#y2[,31/(y1[,3

[,

c21=(1/N) * (bl [+, 1+b2 [+, ]+b3
bl2=(deltal,11#y2[,1]1/(y1[
(y2[,11/(y1[,1]1+y2[,11+y3[
b22=(deltal,2]1#y2[,2]/(y1]
(y21[,21/(y1[,2]1+y2[,2]1+y3[
b32=(deltal,31#y2[,3]1/(y1l]
(y21[,31/(y1[,31+y2[,31+y3I
c22=(1/N)* (b1l2 [+, 1+b22 [+, ]
b13=(delta[,1]#y2[ 11/(yll
(y3[,11/(y1[,1]1+y2[,1]1+y31
b23=(deltal,21#y2[,2]/ (y1]
(y3[,21/(y1[,2]1+y2[,2]1+y31
b33=(deltal,31#y2[,3]1/ (y1ll
(y3[,31/(y1[,31+y2[,31+y3I
c23=(1/N)* (b13 [+, 1+b23 [+, ]

[

[

[

+d

[,

[,

dl= (delta[,l]#y3[,1]/(yl[

(v1l, 1]/(y1[,1]+y2[,1]+y3 ,

d2=(deltal,2]#y3[,2]1/(y1l[,2 2]+y3[,2]))#(0-

(v1l, 2]/(y1[,2]+y2[,2]+y3 ,

d3=(deltal,3]1#y3[,3]1/(y1l[,3 3]+y3[,3])) #(0-
[,

(y1[,31/(y1[,3]1+y2[,3]1+y3
c31=(1/N)*(dl[+,]1+d2[+,]
dl2=(deltal,1]1#y31[, ]/(yl

]
1
]
2
]
3
[
1
1
2
2
3
3
a
1
1
2
2
3
3
[
]
1
]
2
]
(y1[,31/(y1[,31+y2[,31+y3[,3
[
1
1
2
2
3
3
b
1
1
2
2
3
3
b
]
1
]
2
]
3
[
1
(y2[,11/(y1[,11+y2[,1]+y3[,1



d22=(deltal,2]1#y3[,2]/(y1[,2]1+y2[,2]1+y3[,2]))#(0-

(v2[,21/(y1[,21+y2[,2]1+y3[,2]1)));
d32=(deltal,31#y3[,31/(y1[,31+y2[,31+y3[,3]))#(0-
(v2[,31/(y1[,31+y2[,31+y3[,31)));
c32=(1/N)* (d12 [+, 1+d22[+,]1+d32[+,1);
dl3=(deltal,1]1#y3[,1]1/(y1[,11+y2[,11+y3[,1]))#(1-
(v3[,11/(y1[,11+y2[,11+y3[,1]1)));
d23=(deltal,2]1#y3[,2]1/(y1[,2]1+y21[,2]1+y3[,2]))#(1-
(v30[,21/(y1[,21+y2[,2]1+y3[,2]1)));
d33=(deltal,31#y3[,31/(y1[,31+y2[,31+y3[,3]1))#(1-
(y3[,31/(y1[,31+y2[,31+y3[,31)));
c33=(1/N)* (d13[+,1+d23 [+, ]1+d33[+,1):

*print cll cl2 cl13 c21 c22 c23 c31 c32 c33;
rlll=deltal,1]#(1- yl[ 11/ (y1[,11+y2[,11+y3[,11));
rl2l=deltal,1]#(0-y2[,11/(y1[,11+y2[,1]1+y3[,1]));
rl3l=deltal[,1]#(0- y3[,1]/(y1[,1]+y2[,1 +y3[0,11));
rll2=deltal,2]#(0-y1[,2]1/(y1[,21+y2[,2]+y3[,2]));
rl22=deltal,2]#(1-y2[,2]1/(y1[,21+y2[,2]+y3[,2]));
r132=deltal,2]#(0-y3[,21/(y1[,21+y2[,2]+y3[,2]));
rll3=deltal,3]#(0-y1[,31/(y1[,31+y2[,3]1+y3[,3]));
r123=delta[,3]#(0 y2[,3]/(y1[,3]+y2[,3 +y3[0,31));
r133=deltal,3]#(1-y3[,31/(y1[,31+y2[,3]1+y3[,3]));
*print r111 r121 r131 rll2 rl1l22 rl132 rl1ll3 rl23 rl33;

rl:j (NINIO);
r2=j(N,N,0);
r3:j (NINIO);

do g=1 to N;

do r=1 to N;

if x[r,1]1>=x[qg,1] then
if x[r,1]1>=x[qg,2] then
if x[r,1]1>=x[qg,3] then
if x[r,2]1>=x[qg,1] then
if x[r,2]1>=x[qg,2] then
if x[r,2]1>=x[qg,3] then
if x[r,3]1>=x[qg,1] then
if x[r,3]1>=x[qg,2] then
if x[r,3]1>=x[qg,3] then
end; end;

*print rl r2 r3;
fll=deltal,1]#(1-y1[,1]
/*i=1, 1=1%*/
f2l=deltal,2]1#(1-y1[,2]
f3l=deltal,31#(1-y1[,3]
r211=£f11[+, ]+£21[+,]1+£3
fl2=deltal,1]1#(0-y1[,1]
/*i=1, 1=2%*/
f22=deltal,2]1#(0-y1[,2]
f32=deltal,31#(0-y1[, 3]
r212=£f12 [+, ]+£22 [+, 1+£3
f13=deltal,11#(0-y1[,1]
/*i=1, 1=3*/
f23=deltal,2]1#(0-y1[,2]
f33=deltal,31#(0-y1[, 3]
r213=£f13[+,]+£23 [+, ]1+£3
gll=deltal,11#(0-y2[,1]
/*i=2, 1=1%*/
g2l=deltal,2]#(0-y2[,2]
g3l=deltal,3]#(0-y271, 3]
r221=gll [+, ]+g21[+,1+g3
gl2=deltal,1]#(1-y2[,1]

/*1i=2, 1=2*/

gz22=deltal,2]#(1-y2[,2]
g32=deltal,3]# (1-y2[,3]
r222=gl12[+,1+g22[+,]1+g93
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7/ *Y1 (X2
;/*Y1 (X3

[
OOOOOOOOO

(y1l,
(y1l,

/(y1ll[,
/

1])#1:3[:

(y1[,
(y1[,

(y1L,
(y1L,

/*Y1 (X13)

(

/*YZ(le *
(X23)*

/*YZ(X3j *
(X13)*
(X23)*
(X33)*

*/

*/
*/
/
/
/
/
/
/

1]+y21,

1]+y31,

11))7

2]+y2[,2]+y3[,2]1));
3]+y2[,31+y3[,31));

1]+y21,

2]+y2[,
(y1[,31+y2[,

/(yl[,2]+y2[,
/(yl[,3]1+y2[,

1l+y21,

1]+y31,

11+y31,

11))7

21+y3[,21));
3]+y3[,31))7

11))7

2]+y3[,2]));
31+y31[,31)):

1]+y31,

11))7

21+y2[,2]1+y31[,2]));
3]+y2[,31+y3[,31));

1l+y21,

1]+y31,

11))7

21+y2[,2]1+y31[,2]));
3]+y2[,31+y3[,3]1));
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gl3=deltal,11#(0-y2[,1]/(y1[,1]+y2[,1]1+y3[,1])#x3[,]1/(y1[,11+y2[,1]+y3[,1]))
/*i=2, 1=3%*/

g23=deltal,2]#(0-y2[,2]1/(y1[,21+y2[,2]+y3[,2])#x3[,]1/(y1[,2]+y2[,2]+y3[,2]))
g33=deltal,3]#(0-y2[,31/(y1[,31+y2[,3]1+y3[,3])#xr3[,1/(y1[,3]1+y2[,31+y3[,31))
r223=gl3[+,1+923[+,1+933[+,1;

[,11/(y1ll

hll=deltal,1]1#(0-y3[,
/*i=3, 1=1*/

h2l=deltal,2]#(0-y3[,2]/(y1[,2)+y2[,2]+y3[,2])#rl[,]1/(y1[,2]+y2[,2]+y3[,2]))
h3l=deltal,3]#(0-y3[,3]/(y1[,31+y2[,3]+y3[,3])#rl[,1/(y1[,31+y2[,3]1+y3[,3]))
r231=hl1l[+,]1+h21[+,]1+h31[+,]1;

[,1)/(y1l

hl2=deltal,1]#(0-y3[,
/*1=3, 1=2*/

h22=deltal,21#(0-y3[,2]/(y1[,2]1+y2[,21+y3[,2]1)#r2[,]1/(y1[,2]+y2([,2]+y3[,2]))
h32=deltal,31#(0-y3[,31/(y1[,31+y2[,31+y3[,31)#r2[,]1/(y1[,3]1+y2([,3]1+y3[,3]))
r232=h12 [+, ]+h22 [+, ]+h32 [+, ];

[,11/(yl]

hl3=deltal,1]#(1-y3[,
/*1i=3, 1=3*/
h23=deltal,2]1#(1-y3[,2]1/(y1[,2]1+y2[,2]1+y31[,2]) #r31[,]
h33=deltal,3]1#(1-y3[,31/(y1[,31+y2[,3]1+y31[,3])#r3[,]
r233=h13[+, ]+h23 [+, ]1+h33[+,];

*print r211 r212 r213 r221 r222 r223 r231 r232 r233;
cll 12a=r111#r112-r111#r212 -r1124r211 +r211 #r212°; /*i=1, j=1, 1=1, 1 =2*/
cll 12=(1/N)*cll 12al+,];

cll 13a=r111#r113-r111#r213 " -r113#r211 +r211 #r213°; /*i=1, j=1, 1=1, 1 =3*/
cll 13=(1/N)*cll 13al+,];

cll 21a=r112#r111-r112#r211 -r111#r212 +r212 #r211°; /*i=1, j=1, 1=2, 1 =1*/
cll 21=(1/N)*cll 2lal+,];

cll 23a=r112#r113-r112#r213 " -r113#r212 +r212 #r213°; /*i=1, j=1, 1=2, 1 =3*/
cll 23=(1/N)*cll 23al+,];

cll 31a=r113#r111-r113#r211 -r111#r213 " +r213 #r211°; /*i=1, j=1, 1=3, 1 =1*/
cll 31=(1/N)*cll 3lal+,];

cll 32a=r113#r112-r113#r212 -r1124#r213 +r213 #r212°; /*i=1, j=1, 1=3, 1 =2*/
cll 32=(1/N)*cll 32al+,];

cl2 12a=r111#r122-r111#r222 -r122#r211 +r211 #r222°; /*i=1, j=2, 1=1, 1 =2%*/
cl2 12=(1/N)*cl2 12al[+,];

cl2 13a=r111#r123-r111#r223 " -r123#r211 +r211 #r223°; /*i=1, j=2, 1=1, 1 =3*/
cl2 13=(1/N)*cl2 13al+,];

cl2 21a=r112#r121-r112#r221 -rl121#r212 +r212 #r221°; /*i=1, =2, 1=2, 1 =1*/
cl2 21=(1/N)*cl2 2lal[+,];

cl2 23a=rl112#r123-r112#r223 " -r123#r212 " +r212 #r223°; /*i=1, =2, 1=2, 1 =3*/
cl2 23=(1/N)*cl2 23al+,]1;

cl2 31a=r113#r121-r113#r221 -r1214#r213 +r213 #r221°; /*i=1, j=2, 1=3, 1 =1*/
cl2 31=(1/N)*cl2 3lal+,];

cl2 32a=r113#rl122-r113#r222 -rl122#r213 " +r213 #r222°; /*i=1, =2, 1=3, 1 =2%*/
cl2 32=(1/N)*cl2 32al+,]1;

cl3 12a=r111#r132-r111#r232 " -r132#r211 +r211 #r232°; /*i=1, =3, 1=1, 1 =2*/
c13_12=(1/N)*cl3 12a[+,];

cl13 13a=rl111#r133-r111#r233 -r133#r211 +r211 #r233°; /*i=1, 7J=3, 1=1, 1 =3%*/
c13_13=(1/N)*cl3 13a[+,];

cl3 21a=rl112#r131-r1124#r231 -r131#r212 +r212 #r231°; /*i=1, 3=3, 1=2, 1 =1%*/
c13_21=(1/N)*cl3 2lal[+,];

cl3 23a=r112#r133-r112#r233 -r133#r212 +r212 #r233"; /*i=1, j=3, 1=2, 1 =3*/
cl3 23=(1/N)*cl3 23al+,1]1;

cl3 31a=rl113#r131-r113#r231 -r131#r213 +r213 " #r231°; /*i=1, J=3, 1=3, 1 =1%*/
cl3 31=(1/N)*cl3 3lal+,]1;

cl3 32a=rl113#r132-r113#r232 ' -r132#r213 +r213 #r232°; /*i=1, =3, 1=3, 1 =2%/
cl3 32=(1/N)*cl3 32al+,]1;

c21 12a=rl121#r112-r1214#r212 -r112#r221 +r221 #r212°; /*i=2, =1, 1=1, 1 =2%/
c21 12=(1/N)*c2l1 12al[+,];

c21 13a=rl121#r113-r121#r213 -r113#r221 +r221 #r213°; /*i=2, j=1, 1=1, 1 =3%*/
c21 13=(1/N)*c21 13al+,1]1;

c2l 21a=r122#r1l11-rl122#r211 -rl1l11#r222 +r222 #r211°; /*i=2, j=1, 1=2, 1 =1%*/
c2l 21=(1/N)*c21 2lal+,];

c21 23a=rl22#rl113-r122#r213 -rl1l13#r222 +r222 #r213°; /*i=2, j=1, 1=2, 1 =3%/

(yl1[(,2]1+y2[,21+y31[,2]))
(yl1(,31+y2[,31+y31[,3]))

~ O~

yL14y2[,114y30, 1) #21 [, 1/ (y1[,1]1+y2[,11+y31[,11));

PL1+y2 [, 104y3 0, 1) #22(, 1/ (y1[,1)+y2[,1]+y3[,1]));

PL1+y2 [, 104y3 0, 1) #2310, 1/ (y1[,11+4y2[,1]1+y3[,1]));

’

’
’

’

’
’

’

’
’

’

’
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c21_23=(1/N)*021_23a[+,];
C21731a=r123#r111—r123#r211\—rlll#r223‘+r223‘#r211‘; /*i=2, j=1, 1=3, 1 =1%*/
c21_31=(1/N)*021_31a[+,];
c21l 32a=r123#r112-r123#r212 -r112#r223 " +r223 #r212°; /*i=2, j=1, 1=3, 1 =2*/
c21_32=(1/N)*021_32a[+,];
c22 12a=r121#r122-r121#r222 -r122#r221 +r221 #r222°; /*i=2, j=2, 1=1, 1 =2*/
c22_12=(1/N)*022_12a[+,];
c22 13a=r121#r123-r121#r223 -r123#r221 +r221 #r223°; /*i=2, j=2, 1=1, 1 =3*%/
c22_13=(1/N)*022_13a[+,];
c22 21a=r122#r121-r122#r221 -r121#4r222 +r222 #r221°; /*i=2, j=2, 1=2, 1 =1*/
c22_21=(1/N)*022_21a[+,];
c22 23a=rl122#r123-rl122#r223 -r123#r222 +r222 #r223"; /*i=2, j=2, 1=2, 1 =3%*/
c22_23=(1/N)*022_23a[+,];
c22 31a=rl123#r121-r123#r221 -rl121#r223 " +r223 #r221°; /*i=2, j=2, 1=3, 1 '=1*/
c22 31=(1/N)*c22 3lal+,];
c22 32a=r123#r122-r123#r222 -r122#4r223 " +r223 #r222°; /*i=2, j=2, 1=3, 1 =2*/
c22 32=(1/N)*c22 32al+,];
c23 12a=r121#r132-r121#r232 -r132#r221 +r221 #r232°; /*i=2, j=3, 1=1, 1 =2%/
c23 12=(1/N)*c23 12al[+,];
c23 13a=r121#r133-r121#r233 " -r133#r221 +r221 #r233°; /*i=2, j=3, 1=1, 1 =3*/
c23 13=(1/N)*c23 13al+,]1;
c23 21a=rl122#r131-rl122#r231 -r131#r222 +r222 #r231"; /*i=2, j=3, 1=2, 1 '=1*/
c23 21=(1/N)*c23 2lal+,];
c23 23a=r122#r133-r122#r233 " -r133#r222 +r222 #r233°; /*i=2, =3, 1=2, 1 =3*/
c23 23=(1/N)*c23 23al+,]1;
c23 31a=r123#r131-r123#r231 -rl131#r223 " +r223 #r231°; /*i=2, j=3, 1=3, 1 '=1*/
c23 31=(1/N)*c23 3lal+,];
c23 32a=r123#r132-r123#r232 -r132#r223 " +r223 #r232°; /*i=2, =3, 1=3, 1 '=2%/
c23 32=(1/N)*c23 32al+,]1;
c31 12a=r131#r112-r131#r212 " -r112#r231 +r231 #r212°; /*i=3, =1, 1=1, 1 =2*/
c31 12=(1/N)*c31 12al+,];
c31 13a=r131#r113-r131#r213 -r113#r231 +r231 #r213"; /*i=3, j=1, 1=1, 1 =3*/
c31 13=(1/N)*c31 13al+,];
c31 21a=r132#r111-r132#r211 -r111#r232 +r232 #r211°; /*i=3, =1, 1=2, 1 =1*/
c31 21=(1/N)*c31 2lal+,];
c31 23a=r132#r113-r132#r213 " -r113#r232 " +r232 #r213°; /*i=3, =1, 1=2, 1 =3*/
c31 23=(1/N)*c31 23al+,]1;
c31 31a=r133#rl111-r133#r211 -r111#r233 " +r233 #r211°; /*i=3, j=1, 1=3, 1 '=1*/
c31 31=(1/N)*c31 3lal+,];
c31 32a=r133#rl112-r133#r212 " -rl112#r233 " +r233 #r212°; /*i=3, =1, 1=3, 1 =2%*/
c31 32=(1/N)*c31 32al+,]1;
€32 12a=r131#rl122-r131#r222 " -rl122#r231 " +r231 #r222°; /*i=3, j=2, 1=1, 1 =2%/
c32 12=(1/N)*c32 12al+,]1;
c32 13a=rl131#r123-rl131#r223 -r123#r231 +r231 #r223°; /*i=3, =2, 1=1, 1 =3%*/
c32 13=(1/N)*c32 13al+,1]1;
c32 21a=rl132#r121-r132#r221 -rl121#r232 +r232 #r221°; /*i=3, =2, 1=2, 1 =1*/
c32 21=(1/N)*c32 2lal+,]1;
c32 23a=r132#r123-rl1324#r223 -rl123#r232 +r232 #r223°; /*i=3, j=2, 1=2, 1 =3%*/
c32 23=(1/N)*c32 23al+,]1;
c32 31a=rl133#r121-r133#r221 -r121#r233 +r233 " #r221°; /*i=3, =2, 1=3, 1 =1%*/
c32 31=(1/N)*c32 3lal+,1]1;
€32 32a=r133#rl22-rl133#r222° -rl22#r233 " +r233 #r222°; /*i=3, j=2, 1=3, 1 '=2%/
c32 32=(1/N)*c32 32al+,]1;
c33 12a=r131#r132-r1314#r232 -r132#r231 +r231 #r232°; /*i=3, =3, 1=1, 1 =2%/
¢33 12=(1/N)*c33 12al+,];
c33 13a=r131#r133-r131#r233 " -r133#r231 +r231 #r233"; /*i=3, =3, 1=1, 1 =3*/
¢33 13=(1/N)*c33 13al+,1]1;
c33 21a=r132#r131-r132#r231 -r131#r232 +r232 #r231°; /*i=3, =3, 1=2, 1 ' =1%*/
¢33 21=(1/N)*c33 2lal+,]1;
c33 23a=r132#r133-rl132#r233 ' -r133#r232 +r232 #r233"; /*i=3, =3, 1=2, 1 =3*/
¢33 23=(1/N)*c33 23al+,1]1;
€33 31a=rl133#rl131-r133#r231 -rl131#r233 +r233 " #r231°; /*i=3, j=3, 1=3, 1 =1%*/
¢33 31=(1/N)*c33 3lal+,1]1;
€33 32a=r133#rl132-rl133#r232 -rl132#r233 +r233 #r232°; /*i=3, j=3, 1=3, 1 '=2%/



c33_32=(1/N)*c33_32al+,1;

sigmall=cll+(cll 12[+,]+cll 13[+,]+cll 21[+,]+cll 23[+,]1+cll 31[+,]+cll 32[+,

1):;* print sigmall;

sigmal2=cl2+(c12 12[+,1+c12 13[+,]1+cl2 21[+,]+cl2 23[+,1+cl2 31[+,]+cl2 32[+,

]1); *print sigmal2;

sigmal3=cl13+(c13_12[+,]1+c13 13[+,]1+c13 21[+,]+c13 23[+,1+c13 31[+,]1+cl3 32[+,

1);* print sigmal3;

sigma2l=c21+(c21 12[+,]+c21 13[+,]1+c21 21[+,]+c21 23[+,]1+c21 31[+,]1+c21 32[+,

]1); *print sigma2l;

sigma22=c22+(c22_12[+,]+c22 13[+,]+c22 21[+,]+c22 23[+,]+c22 31[+,]+c22 32[+,

]1);* print sigma22;

sigma23=c23+(c23 12[+,1+c23 13[+,]1+c23 21[+,]1+c23 23[+,]1+c23 31[+,]1+c23 32[+,

1); *print sigma23;

sigma31=c31+(c31 12[+,]+c31 13[+,]1+c31 21[+,]+c31 23[+,]+c31 31[+,]+c31 32[+,

1);* print sigma3l;

sigma32=c32+(c32 12[+,]+c32 13[+,]1+c32 21[+,]1+c32 23[+,]+c32 31[+,]+c32 32[+,

1); *print sigma32;

sigma33=c33+(c33 12[+,1+c33 13[+,]1+c33 21[+,]1+c33 23[+,]1+c33 31[+,]+c33 32[+,

1); *print sigma33;

create viskas var {sigmall sigmal2 sigmal3 sigma2l sigma22 sigma23 sigma3l
sigma32 sigma33 V1 V2 V3};

append;
quit;

proc iml;
use viskas;

read all var{sigmall sigmal2 sigmal3 sigma2l sigma22 sigma23 sigma3l sigma32
sigma33} into sigma prad; print sigma prad;

E1=3(1,3,0);

El=sigma prad[{1},{1,2,3}];

E2:j(1r310);

E2=sigma prad[{1l},{4,5,6}];

E3:j(1r310);

E3=sigma prad[{1},{7,8,9}];
create opa var {E1 E2 E3};

append;
quit;

proc transpose data=opa out=transponuota;

var E1 E2 E3;
run;

slet k=3;
proc iml;
use transponuota;

read all var{COLl1 COL2 COL3} into sigma; print sigma;

use viskas;

read all var{vl v2 V3} into V; print V;

*print E1;
*print E2;

*print E3;

sigma atv=inv(sigma); print sigma atv;

Y n kvadr=V*sigma atv*V'; print Y n kvadr;
jei Y n kvadr>chi kvadr (k-1), pas mus

/*hipoteze atmetama,

krit r=cinv(0.05,&k-1);print krit r;

if Y n kvadr>krit r then print 'hipoteze su r.l. alpha=0.5 atmetama';

else print 'hipoteze neatmetama';

quit;
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