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SUMMARY

Herein work is analyzing convergence rate in transfer theorems for extreme values of
independent identically distributed random variables.

Analyzing various distributions is god nonuniform estimate of convergence rate in transfer
theorems.

Transfer theorem of density of minima have been proved.

Analyzing convergence rate in transfer theorems of density for extreme.

Computation was developed using SAS and Mathcad.
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[VADAS

IS pradziy pateiksime keleta pavyzdziy , kuriuose ekstremalios reikSmés ( maksimumai arba
minimumai ) vaidina svarby vaidmen;.

Stichiniai gamtos reiskiniai. Potvyniai, lititys, ekstremalios temperatiiros, uraganai gali padaryti
nuostoliy ivairiems statiniams ( bokStams, uztvankoms, gyvenamiesiems namams ir pan.). Aisku, tokiy
stichiniy nelaimiy negalima iSvengti, taiau, projektuojant Siuos statinius bei parenkant jiems
statybines medziagas, galima ir reikia atsizvelgti { minéty stichiniy nelaimiy galimybe, kas padéty
sumazinti ju padarinius. Siy problemy inZineriniam sprendimui reikalinga pakankamai tiksli teorija,
kuri leisty atsizvelgti 1 galimy ekstremaliy gamtos reiSkiniu poveiki.

Sistemy patikimumo problema. Sakysime, sistema nustoja veikusi, jeigu sugenda bent vienas i$
jos elementy. Siuo atveju maZiausiai patikimas elementas turi lemiamos jtakos visos sistemos
funkcionavimui.

Korozija. Paprastai laikoma, kad metaliné danga su dideliu koroziniy démiy skai¢iumi yra
paZzeista korozijos, jeigu kurioje nors 1§ Siy démiy korozija apima visa dangos stori. Korozijos démiy
gylis yra atsitiktinis ir jis kinta laikui bégant, priklausomai nuo aplinkos poveikio. Siuo atveju lemiama
itaka turi maksimali korozijos defekto gylio reikSmé.

Atmosferos uzterstumas. Atmosferos uZzterStumas iSreiSkiamas procentiniu terSaly kiekiu
atmosferoje (koncentracija). Siy terSaly koncentracija nuolat matuojama. Svarbu,kad maksimali
koncentracijos reik§mé nevirSyty nustatytos normos.

Atsparumas tritkiams. Kaip rodo eksperimentai, néra absoliuciai vienaly¢iy medziagy. Todél ir
atsparumas traukimui taip pat gali biiti nevienodas, net jei medziagos pagamintos, taikant ta patj
technologinj procesa. Si fakta galima paaiskinti tuo, kad kiekviename taske (arba maZoje srityje)
medziagos atsparumas yra atsitiktinis dydis. Todél medziagos atsparuma traukimui lemia minimaly
atsparuma turintis taskas (,,grandiné truksta silpniausioje vietoje®).

Siame darbe tiriamas konvergavimo greitis nepriklausomy atsitiktiniy dydziy ekstremaliyjy
reikSmiy ir juy tankiy (minimumo ir maksimumo) perkélimo teoremose. Gauti netolygieji
konvergavimo greicio {verciai atskiry nagrineéty skirstiniy atveju. Gautas ribinis skirstinys minimumo
tankio perkélimo teoremoje. Atlikta kompiuteriné skaic¢iuoté SAS ir Mathcad programy pagalba.

Pagrindinai etapai biity tokie :

1) ribinio skirstinio radimas;

2) konvergavimo greicio ivercio skai¢iavimas ir konvergavimo grei¢io kompiuteriné analize;

3) tankiy paklaidos skirtumy skai¢iavimas ir kompiuterin¢ analiz¢.

Padarytas praneSimas ,,Atsitiktiniy dydziy minimumo tankio perkélimo teorema‘ mokslo
konferencijoje ,,Matematika ir matematikos déstymas®. Sio prane§imo medZiaga bus spausdinama

konferencijos darbuose.
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1. BENDROJI DALIS
1.1 EKSTREMALIUJU REIKSMIU SCHEMOS SAVOKA

Sakykime, kad X, X,,..., X, - atsitiktiniy dydziy (a.d) seka. Sudarykime n pirmyjy sekos
nariy variacing eilute

X, <X, <..£X

Lin 2:n nn*

Fiksuokime ke N .Kai n—> o, ad. X, ir X vadinsime k-tosiomis ekstremaliosiomis

n—k+1:n
reikSmémis. Didziausia ir maziausig variacines eilutés narius pazymésime
Z, =max(X,,X,,....X,),
W, =min(X,,X,,...,X,).
A.d Z, ir W, vadinsime ekstremaliosiomis reikSmémis arba tiesiog maksimumu ir minimumu.

Tarkime, u, =u, (x) — tokia realaus kintamojo funkcijy seka, kad pasiskirstymo funkcijy seka
H,(u,()=P(Z, <u,(x))
silpnai konverguoja 1 neissigimusia pasiskirstymo funkcija H(x). Taip apibrézta struktira Z, kartu su
prielaidomis apie a.d. seka {X, , n>1} bei funkciju seka { u,, n =1} sudaro maksimumy schema.
AnalogiSkai apibréziame minimumy schema. Tarkime, v, =v, (x) — tokia realaus kintamojo
funkciju seka, kad pasiskirstymo funkcijy seka
L,,(x)=PW, <v,(x))
silpnai konverguoja { neiSsigimusia pasiskirstymo funkcija L(x). Struktiira W, kartu su prielaidomis

apie a.d. seka {X,, n>1} ir funkcijyseka { v,, n=1 } sudaro minimumy schema.

Jetad. {X,, n>1} yra nepriklausomi ir vienodai pasiskirstg su pasiskirstymo funkcija F(x) , o
normavimo funkcijos u, ir v, tiesings, t.y.
u,(x)=a,+b,x, a,eR, b, >0,

v,(x)=c, +d,x, c,eNR, d, >0,

tai tokia ekstremaliyjy reikSmiy (maksimumy ir minimumy) schema vadinama klasikine.

1.2 KAI KURIE VIENMACIU EKSTREMALIUJU REIKgMIU TEORIJOS
FAKTAI

Nagrinésime maksimumy schema, pazymédami, kad analogiSska rezultatai buvo gauti ir
minimumy schemoje.

Sakykime, { X,, j>1 } —nepriklausomy, vienodai pasiskirsCiusiy a.d. seka. Tarkime,
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F(x)=P(X, <x) Vj>1.
Pazymékime
Z,=max(X,,X,,....X,).

Tarkime, kad egzistuoja tokios centravimo ir normavimo konstanty sekos {a,, n=1 } ir

{b,>0, n>1}, kad
limP(Z, <a,+b,x)=H(x) (1.1)

kiekviename funkcijos H(x) tolydumo taSke (¢ia H(x) — neiSsigimusi pasiskirstymo funkcija). Toki
konvergavima vadinsime silpnuoju pasiskirstymo funkcijy arba a.d. konvergavimu.

Sakysime, kad skirstinys F priklauso ribinio skirstinio H traukos sri¢iai ( Zymésime F € D(H)),
jei egzistuoja tokios centravimo ir normavimo konstanty sekos, kad tenkinama lygybé¢  ( 1.1).
Pazymeékime
a(F)=inf{x: F(x)>0},
o(F)=sup{x: F(x)<l}.
Suformuluosime salygas, kurias turi tenkinti skirstinys F, kad jis priklausyty kurio nors

neissigimusio skirstinio traukos sri¢iai. Taip pat pateiksime konstanty parinkimo biida.

1.1 teorema. Tarkime, @(F') =0, ir egzistuoja tokia teigiama konstanta « , kad

1mm =x (1.2)
oo 1= F(t)

visiems x > 0. Tuomet F e D(H,,). Cia

x<0,

2

H, (x)=
1a (%) exp(—x~), x>0.

Normavimo konstantas b, galima parinkti tokiu budu:

b, =inf{x: 1-F(x)<1/n},

1.2 teorema. Tarkime, w(F') <o, o pasiskirstymo funkcija
F'(x)=F(wo(F)-1/x)

tenkina salyga (1.2). Tuomet F e D(H, ). Cia
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H,(x)= exp(—(—x)“), x<0,

1, x2>0.
Centravimo ir normavimo konstantas galima parinkti tokiu budu:

a, =o(F),

b =o(F)—inf{x: 1-F(x)<1/n}.

1.3 teorema. Tarkime, su bet kokia baigtine konstanta a integralas

o(F)

[a=F()dy (1.3)

yra baigtinis. Intervale (a(F),w(F)) apibrézkime funkcija

1 w(F)

RO=1"50 !(1—F(y)>dy.

Jei visiems realiems x egzistuoja riba

o I=FUxR@) _
t>o(F) l—F(f)

, (14)

tai FeD(H,,). Cia
Hy (x)=exp(-e™), xeR
Centravimo ir normavimo konstantas galima parinkti tokiu budu:

a, =inf{x: 1-F(x)<1/n},
b, =R(a,).

Pastaba. Siose teoremose pateiktas centravimo ir normavimo konstanty «, ir b, parinkimo

biidas néra vienintelis. Mes net negalime teigti, kad tai yra pats paprasciausias konstanty parinkimo
biidas ir kad taip parinktos konstantos yra geriausios, taCiau jis yra geras tuo, kad paprastas ir
konstruktyvus.

1.4 teorema. Klasikinéje maksimumy schemoje egzistuoja tik trys (H ,,H,,,H;,)

lLa?

neissigimusio ribinio skirstinio tipai.

1.1 — 1.4 teoremy irodymas pateiktas [2].

Tarkime, kad egzistuoja tokios centravimo ir normavimo konstanty sekos {c, n=>1} ir

(d >0, n>1},kad
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limP(W, <c, +d,x)=L(x) (1.5)

kiekviename funkcijos L(x) tolydumo taske ( ¢ia L(x) — neiSsigimusi skirstinio funkcija ). Sakysime,
kad skirstinys F priklauso nei$sigimusio ribinio skirstinio L traukos sri¢iai ( Zymésime F € D(L) ), jei
tenkinama ( 1.5 ) lygybeé.

Suformuluosime salygas, kad skirstinio funkcija F priklausyty ribinio skirstinio L traukos sri¢iai.

1.5 teorema. Tegu a(F)=o0, ir tegu egzistuoja tokia konstanta y >0, kad su visais x>0
teisinga lygybé

1mm:x*7. (1.6)
0

Tada FeD(L,,) ,Cia

L (x)= I—exp(—(—=x)7), x<0,

1, x>0.

Centravimo ir normavimo konstantas galima parinkti tokiu budu:
c, =0,
d, =sup{x:F(x)<1/n}.

1.6 teorema. Tegu —oo<a(F). Jei funkcija F'(x)=F(a(F)—1/x) (x<0) tenkina ( 1.6 )
salyga, tai F e D(L,,), Cia

l1—exp(—x"), x>0,
LZ,;/ (x) =

0, x<0.

Centravimo ir normavimo konstantas galima parinkti tokiu btdu :

¢, =a(F),

d, =sup{x:F(x)<1/n}—a(F).
1.7 teorema. Tegu

[F(dy <o
a(F)
su bet kokia baigtine konstanta a. Apibrézkime funkcija

1 t
rm;ﬁgigw@n>am.

Jei su visais x egzistuoja riba
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im F(t+xr(t)) o
t—a(F) F(t)

tai FeD(L,,), Cia

Lyo(x)=1—exp(-e’) (-o0<x<o0).

Centravimo ir normavimo konstantas galima parinkti tokiu budu
¢, =sup{x:F(x)<1/n},
dﬂ = r(cn )’

1.8 teorema. Klasikin¢je maksimumy schemoje egzistuoja tik trys  (L,,,L,,,L;,)
neissigimusio ribinio skirstinio tipai.

1.5 — 1.8 teoremy irodymas pateiktas [2] darbe.

1.3 PERKELIMO TEOREMOS

Tarkime, kad egzistuoja tokios konstantos { a,, n>1 }ir{ b, >0, n>1 } , kad

limP(Z, <a, +b,x)=H(x), (1.7)

n—»0
¢ia H(x)- neiSsigimusi skirstinio funkcija.

Tarkime, kad {N,} - sveikaskaitiniai a.d., nepriklausantys nuo {X}. Tarkime, kad tenkinama

salyga
N ~2
P( ”<x]:An(nZ)—>A(z):1—e ,z>0. (1.8)
n n—>0
1.9 teorema. Tarkime, kad teisinga ( 1.7 ) lygybe¢. Jei tenkinama ( 1.8 ) salyga, tai
Pz, <a,+b,x)—> ¥ (), (1.9)

¢ia skirstinio funkcija apibréziama formule

P(x) =THZ(x)dA(z). (1.10)

Teoremos irodymas pateiktas [3].

Tarkime, kad egzistuoja tokios konstantos {c, n>1} ir {d, >0, n>0}, kad

limP(W, <c, +d,x)=L(x), (1.11)

n—>»0

¢ia L(x)- neiSsigimusi skirstinio funkcija.
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Tarkime, kad {N,} - sveikaskaitiniai a.d., nepriklausantys nuo {X}. Tarkime, kad tenkinama

salyga ( 1.8).

1.10 teorema. Tarkime, kad teisinga ( 1.11 ) lygybé. Jei tenkinama ( 1.8 ) salyga, tai
Plw, <c,+d,x)> y(x), (1.12)

n—>0

¢ia skirstinio funkcija apibréziama formule
w(x)=1- j (1- L(x))* dA(z) . (1.13)
0

Teoremos irodymas pateiktas [1] .

1.4 KONVERGAVIMO GREICIO [VERTIS PERKELIMO TEOREMOSE

Pazymeékime:

S (x)= max(l,e‘v"(’“))
u,(x)= n(l - F(a, + bnx))
v,(x)=u,(x)+InH(x).

u,(x) 1 .

<— 1r
n

1.11 teorema. Tarkime tenkinama ( 1.9 ) lygybé. Tada su visais X, su kuriais
H(x)>0 teisingas jvertis :
‘P(ZN” <anx+bn)—‘P(x)‘£AN" (xX)=A, (x)T 5, (x)H(x)Y " dA, (nz) + T (4, (nz) - A(2))dH* (x)|.
0 0
(1.14)

A, (x)= H®)([, () + T, (1) + T, ()T, (0);

2u’(x) N 2u’(x) 1

Fl,n (x)=

n n*  1-q’
vix) 1
I, x)=p,&+—"——;
2,n( ) n( )| 2 1_
Cia 0<q<l, 0<s<I parenkami taip, kad
2
2u;, (x) <q.
3n

|V” (x)| <
3
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Pazymékime:
S, (x) =max(l,e” ™)
w,(x)=nF(xd,k +c,)
T, (x) = w,(x) + In(l - L(x))

1.12 teorema. Tarkime tenkinama 1.12 lygybé. Tada su visais X, su kuriais W”—(x)

| B
< — teisingas
n 2

pvertis:

Ay, () =A, ()] (8, ()1~ L(x)) " dd, (n2) +|[ (4, (nz) - A(2))d(1 - L(x))*| (1L15)

A, (x) = (1= LX), (x) +1,,(x) +7,(x) 15, (X)),
r(x) = 2w, (x) N 2w52(x) 1
’ n n 1-¢g
I)(x) 1
2 1-s

9

ry., (%) = [T, ()] +

1.11 — 1.12 teoremy irodymai pateikti [1] darbe.

1.5 EKSTREMALIUJU REIKSMIU LOKALINES TANKIU TEOREMOS

Sakykime X,,X,,...,X,,... — nepriklausomi vienodai pasiskirst¢ atsitiktiniai dydziai su
pasiskirstymo funkcija F(x) = P(X ;< x) ir tankio funkcija p(x).
Pazymékime
Z, =max(X,,X,,....X,).
Tarkime, kad egzistuoja tokios centravimo ir normavimo konstanty sekos {an, n 21} ir
b, >0, n>1}, kad

limP(Z, <a, +b,x)=H(x)

n—>0
visuose funkcijos H tolydumo taskuose. Cia H — neissigimusi pasiskirstymo funkcija.
Kaip Zinome, yra trys ribinio skirstinio H(x) tipai:
x<0,

0
H (x)=
1o (%) exp(—x™*), x>0,a >;
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exp(—(=x)“), x<0,a>0,
H,, (x)=

1, x2>0;
H; (x)=exp(-e™), xeNR.
Kai atsitiktinis dydis X ; turi tanki p(x), tai:
p, (x)=nb,p(a, +b,x)F""(a, +b,x),
Cia p, (x) — tiesiSkai normuoto maksimumo (Zn —-a, )/ b, tankio funkcija.
Suformuluosime salygas, kurias turi tenkinti pasiskirstymo funkcija F(x), kad tiesisSkai
normuoto maksimumo tankis konverguoty i ribinio skirstinio H tanki, t.y.
lim p,, (x) = H'(x) (1.16)
1.13 teorema. Jeigu F € D(H) ir

a) H=H, , tai lygybé (1.16) bus tenkinama intervale (O,oo) tada ir tik tada, kai

lLa >
tankis p(x) yra teigiamas pakankamai dideliems x, ir & > 0 tenkinama salyga

()
] = F(x)

3

b) H=H, , tai lygybé (1.16) bus tenkinama intervale (— oo,O) tada ir tik tada,

2.a°

kai o > 0 tenkinama salyga

m @O =X)p@ _
x—w(F) 1- F(x)

¢ia w(x) = sup{x F(x)< 1};
c) H=H,,, tai lygyb¢ (1.16) yra tenkinama visiems realiesiems x tada ir tik

tada, kai tenkinama salyga

o(F)

p(x) [(A=F(@)dt

lim : 5
o) (1= F(x))

Sios salygos dar yra vadinamos Mizeso salygomis. Jos suformuluotos ir jrodytos [4] darbe.

Sakykime, kad {N,, n > 1} - sveikareikSmiy teigiamy a.d., nepriklausanciy nuo {X,, j > 1}, seka.

Apibrézkime a.d.
Zy =min(X, X,,...X ). (1.17)

Tarkime, kad tenkinama salyga

limP(N” <zj=A(z), (1.18)

n—>0 n
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visuose funkcijos A(z) tolydumo taskuose. Kaip zinoma (Zr.[3]), jei tenkinamos lygybés (1.17) ir
(1.18), tai

limP(Z, <c,+d,x)=Y¥(x)= THZ (X)dA(z).

n—0

1.14 teorema. Jei tenkinamos (1.16) - (1.18) salygos, tai

H'(x)

o szz (x)dA(z) = ¥'(x).

0

lim Pz, (x) =

Sios teoremos jrodymas pateiktas [5] darbe.

1.6 ATSITIKTINIO SKAICIAUS ATSITIKTINIU DYDZIU EKSTREMUMU
SKIRSTINIU SKAICIAVIMAS

Maksimumy atveju:
j-
P(zy <a,+bx)=Y Pz, <a,+bx)P(N, = j)=3 F(a, +b,1x)l(1 _1) _
' Jjzl izl n n

(1.16)

{1 NV ! Fla, +bnx{l—1)
=—— (F(a +b x{l——D = n
n = n-1,

e F(an + bnx{l - lj
n
Minimumy atveju:

PWM<g+%ﬂ:2p@f®ﬂ”ﬂk@h=ﬁ2264ﬁ%ﬁﬁdﬂWﬂ{plyl:

j21 = h h

LS (-(-Fle, +d,x)) (1 —ljj _ 1[;(1 —1)/ —;(1 —Flc, +d x)) (1 —1)/] -

1
no_ 153 n
n

1 n

= 1—(1-Flc, +dnx))(1—1j.

n

(1-F(c, + dnx))(I —lj

—1-

(1.17)
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1.7 ATSITIKTINIO SKAICIAUS ATSITIKTINIU DYDZIU EKSTREMUMU
TANKIU SKAICIAVIMAS

Maksimumy atveju:

j-1
S b, pla, +b)F " (a, +bx)P(N, = j) = P P2 S +b,,x)(1 _lj -
n n

Jz1 j=1

_b,p(a, +b,x) . 1

(1 -F(a,+ bnx)(l - ID
n

Minimumy atveju:

> jd,p(c, +d,x)1-F(c, +d,x))"" P(N, = ))

7>

3 d, p(c, +d, x)
n

> j-F(c, +d,x)" [l —1]1_ =

721 n

3 d, p(c, +d, x) 1

n 1 2
(1 ~(1-F(c, + a’nx))(l - D
n

1.8 PROGRAMINES JRANGOS PASIRINKIMAS

Siame darbe kompiuteriniams skai¢iavimams atlikti, naudojama sistema SAS. Vieno uzdavinio
papildomiems skai¢iavimams atlikti, naudojama sistema Mathcad.

Darbo analizei atlikti, SAS pasirinkima lémé tai, kad ji gali dirbti su pakankamai dideliu kiekiu
duomeny. Taip pat ji patogi tuo, kad yra atskiras rezultaty langas ( Output ), sisteminiy praneSimy
langas ( Log ), grafiky langas ( GRAPH ), o taip pat yra galimybé kurti programos ir vartotojo sasaja.

Mathcad sistema patogi tuo, kad galima nesunkiai nubraizyti tos pacios funkcijos grafika su

skirtingais parametrais tame paciame grafike.
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2.TIRTAMOJI DALIS

Tarkime, kad {X ;, j > 1} nepriklausomi vienodai pasiskirstg atsitiktiniai dydziai su skirstinio

funkceija F(x), o {N,,n 21} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {X;} ir turintys

T 1
geometrinj skirstini su parametru p, =—,t.y.
n

Pv, =0=2(1-1]

n n

Tada

n—0 n

limP(N" < ZJ =limA (nz)=A(z)=1-e",z>0.

2.1 KONVERGAVIMO GREICIO JVERTIS MAKSIMUMO PERKELIMO
TEOREMOJE, KAI ATSITIKTINIAI DYDZIAI TURI PARETO SKIRSTIN]

B
Tarkime, kad F(X)Zl—[gj , x>a>0, B>0. Kadangi @(F)=oo, tai tatkome 1.1 teorema.
X

Tikriname 1.1 teoremos ( 1.1 )salyga

(24 /
1—1+(j
xt) . aﬁ-tﬁ:x,ﬂ

Kadangi teoremos salyga tenkinama, tai ribinis skirstinys bus H(x) = e’ , x>0. Taikydami
1.1 teorema randame centravimo ir normavimo konstantas :
a,=0.

Norédami rasti konstanta b, , sprendZiame lygti

Gauname

Taigi gauname
imP(Z, <a-An-x)=H(x)=e™", x>0.

Taikydami perkélimo teorema 1.10, randame ribinj skirstini maksimumo perkélimo teoremoje:
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% ® ® —z(xP+1)
s -5 -8 e o0 1
\{I x)= e—x Zd l_e—z — e—zx . e—zdz — e—z(x +l)dZ - _ — )
(x) l( ) d(1—e) j j =
Taigi
limP(Z, <afnx)=¥(x)=— ﬁl x>0. (2.1)
e ! x7 +1

Taikydami teoremos 1.11 jverti ( 1.14 ), ivertinsime konvergavimo greiti ( 2.1 ) lygyb¢je.
Skaic¢iuojame dydzius, jeinancius | konvergavimo greicio jvercio iSraiSka:

o0

[2(6,()H)dd, (n2),

0

5, (x) = max(l,e ™) =1,

B
u, (x)=n-(1-Fa, +bnx)):n-(%} ==,

v (x)=u, (x)+InH(x)= Lﬂ —Ine™ ) =0.
X

IZ'(e_Xﬂ )Z_ld[l_(l_%jm] = _IZ'(e_Xﬂ )H '”'(1—%)12 -ln(l—%]d =
ln(l—ljn
N ")

|
I
=
=
S ey 8
N
7\
Q
&
-
7N\
[—
|
I |~
N—
=
N
Sy
|
|
—_
=
7~ N\
[u—
|
3 |
S

Kadangi 1<- ln(l - lj <In4, tai, kai n>2, gauname
n
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T(A,, (n2) = A(2))dH* (x)

H(x)= e’
ul(x) 2ui(x) 1 2.x7 2.x7
1—‘l,n (x) = + 2 : = + ) ' 5
n n l-g¢g n n l-¢g
2
r, (x)= Vn_(x).L:O'
' I-s
. x 2 x4
A G)=e” .(2 X2 .2 1 ]
n n l-¢g
Ciaq 0<q<l parinktas taip, kad
2x7F
3-n =4
Atsizvelge1(2.2),(2.3),(2.4) galutinai gauname
o (22x7 2.7
. e’ - h + FERE -In4 /e y .
P(Z, <a~%x)— |s — 1 Lye. ! (1+
’ 1+x"ﬁ| T +x7P) n (1+x7) I+x

:TZ'( —x )zld[ (1_ljm}£ _ In4 .
0 n e (1+x7")

[vertinsime antraji iver€io A, (x) nari. Kadangi

L

N

= Ve j e (1+2)e ™ In(e™ )dz =
n n

Je

_XE —z(exP)y _ _NE€ ] —z(1+x7F)
= (1 j(1+ z)d(e )= —x (1+2)-e [+

Je

<—e " (1+2),tai
n

_ 7(1 —(1 —l)nzj— (-e)de™"
0 n

%

_l)nz —(1-e7)
n

\/;ao

0

x” j =D (14 2)dz =

(1+x*ﬁ)0 n (I+x?) n (A+x7)

-5 % Je - Je -8
X (ex? e x e X (ex ) °
J’e ) g e 2+ |0 _

x* 1

. 1+ .
+Xx +x

a ‘/’)( 1 -ﬂj

Apskaiciuosime jvert] A, (x):

A, (x)=H(x) ([, () + 5, () + T, (x) - T, (x));

)| < =[e " (+2)d(e™) =
n

/)

22

(2.2)

(2.3)

(24)
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. e e o o1
Matome, kad konvergavimo greicio jvercio eilé n atzvilgiu lygi —.
n

Konvergavimo greicio priklausomybg nuo x, n ir parametro 3 tirsime, naudodami kompiuterinius
skaiCiavimus. Kadangi konvergavimo greiti apibuidina paklaidos ‘P(Z v <a, +bnx)— ‘P(x)‘ kitimas,

tai biitent ji ir nagrinésime. Pateikiame keleta paveiksly, kurie atspindi konvergavimo greicio

priklausomybe¢ nuo minéty parametruy.

skir, delta
_ooza
ooz7
o0zs
oozs
onza

cooocooOODoOOCOOEcOOODOOOC0GCOE8000
o
o
=
I

0 1 z 2 4 5 5 7 E] ] 10

2.1 pav. Maksimumo paklaidos ir paklaidos jverc¢io grafikai, kai atsitiktiniai dydziai turi Pareto
skirstinj ir x kinta , b=1 ir n =1000

skir,delta
o_o1z ]

0011 ]

0_o10 ]

0_oo0s

U-UUU||||||||||||||||||||||||||||||||||||||||||||||||||¥

o 100 zoo z00 aoo so0 s00 700 =00 200 1000

n

2.2 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi Pareto

skirstinj ir n kinta , b=1 ir x =5
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_,p.o04 T T T T T T T T T
338610

000z = —

deliz, 1000, 13

| picz, 1)-Fz, 1000, 17|

000z - _ _
deliz, 1000, 23

| picze, 2)-Fz, 1000, 27|

- -

0.0l - —

SanE10"",
1] 1 2 3 4 5 f 7 E o 10
0.5, x 10,
2.3 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi Pareto

skirstinj ir x kinta, n=1000 ir b=1, b=2

_ 0006 I I
SA0E1n
0.005 —
0004 —
el 5,1, 1

[pdcs, 1)-F(5 13

-_— 0.003
el 5,2, 2

[pdcs, 2)-F(5 0,20
0.002

ool

lateln™t,
100 200 300 400 00 00 00 B0 o0 1000

100, n Iwld’,

2.4 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi Pareto

skirstinj ir n kinta, x=5 ir b=1, b=2

IS paveiksly matome, kad paklaidos reikSmé maz¢ja, kai x did¢ja, ir paklaidos reikSmé didéja,
kai B mazéja.

Kiti paklaidos ir paklaidos jverc¢io tyrimo rezultatai pateikti prieduose ( zr. 67 psl.).
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2.2 KONVERGAVIMO GREICIO JVERTIS MAKSIMUMO PERKELIMO
TEOREMOJE, KAI ATSITIKTINIAI DYDZIAI TURI TOLYGUJ] SKIRSTIN]

X —

Tarkime, kad F(x)= 5 a ,a<x<b.Kadangi o(F)=>b ,tai taikkome 1.2 teorema ir tikriname

ar tenkinama 1.2 teoremos salyga:

1 b—l—a
F*(x)zF(b——jz#,
X b—a
b—l—a b—a-b+—+a 1
1— tx ix L
lim b;“ — lim b-a :hmex: — !
—0 —0 t—w
t b-~—-a " b-a-a+ +a - F
- ¢t t t
b—a b—a

Kadangi 1.2 teoremos salyga tenkinama, tai ribinis skirstinys bus H(x) =e" ,x<0.
Taikydami 1.2 teorema, randame centravimo ir normavimo konstantas:
a,=b.

Norédami rasti konstanta b _, sprendziame lygti

n?’

Gauname

_bn—b+a _bn-bn+b-a b-a
n n n o

b, =b

Taigi, gauname

lim P[Zn <b+

n—>0

axj = H(x) = =e",x<0.

Taikydami perkélimo teorema 1.9, randame ribini skirstini maksimumo perkélimo teoremoje

0 . o0 0 1 - 1
Y(x)=|le"fd(l-e?)=|e"e7dz=|e " dz=———e | =——.
(){()( )! j — =T
Taigi
. b—a 1
limP| Z, <b+ X =‘P(x)=1—,x<0. 2.5)
n—>0 n n - X

Taikydami 1.11 teoremos iverti ( 1.14 ), ivertinsime konvergavimo greiti ( 2.5 ) lygybéje.
Skai¢iuojame dydzius, jeinancius | konvergavimo greicio jvercio israiska:

0

[ (8,0 H ()" dA, (nz)

0
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0,(x)= max(l,e_v"(x)) =1,
b+b_ax—a b—a-b-
u,(x)=n- l-—n"r |=n. n =—X,

b-a b-a

v, (x)=—-x+Ine* =0.

m[ex(llj"]!(“(lﬂ |- e{m[ex(l_ljnnz (-7t

n

_ 1“(1‘3" “ILU' ”‘(l‘i)n

] A

Kadangi 1<— ln(l —lj <In4, tai, kai n>2, gauname
n

T 1\ In4
gz(e) d(l—(l—zj ]S—eX(x—l)z' (2.6)

[vertinsime antraji iver¢io A, (x) narj. Kadangi

1—(1—ljnz—(1—e2) Je
n

<—e (1+2),tai
n
T A, (nz)— A(z) dH (x)| =

I( (1—1jn2]—(1—e—2>d<exy

Ve . £._x 1+ z)e 0 :_

7 1—x n l1l—-x

< ﬁje_z (1+z)xe“dz =
n 0

\/; 0
|

0

e—z(l—x) (1 + Z)dZ — (1 + Z)d(e—z(l—x) ):

O ey 8
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\/;x°o

__Ie—za—x)dz_ﬁ.L_E. X aeop_Ve x e x
n l-xg n l-x n (l—x)2 ° n X n (1—x)2
e _x (H_l j (27)
n l-x 1-x
Skai¢iuosime A, (x):
2 4
1_’1(36):2)6 +2x2 1 ’
n 1-¢g
rZ,n(x):O’
1 3n
| 2x* 2xt 1
A (x)=¢€ +— > (2.8)
noy 2
3n
Ciaq 0<q<I parinktas taip, kad
2
igq.
3n

Atsizvelge i (2.6),(2.7)ir (2.8) galutinai gauname
X(2x2 2xt 1
e + :

In4

2 1_ j

noon q +£. x (1+ 1 j:
x

e*(1-x)° n l1- 1-x

2xr 2xt 1
+—5 In4
1 n n° l-g Ve

1
= +—x 1+—|.
I-x I-x n ( l—xj

. e e o .1
Matome, kad konvergavimo greicio ivercio eilé n atzvilgiu lygi —.

Konvergavimo greiio priklausomyb¢ nuo x ir n tirsime, naudodami kompiuterinius
skaiCiavimus. Kadangi konvergavimo greiti apibudina paklaidos ‘P(Z v <a, +bnx)—‘P(x)‘ kitimas,

tai biitent ji ir nagrinésime. Pateikiame keleta paveiksly, kurie atspindi konvergavimo greicio
priklausomybe¢ nuo minéty parametruy.
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ghkir , delta
0,011 7]

0.00z ]

UL — 80— — 80— 80— —0—0—0—80—0— 0 o 9 & 4

o.o00 7

-0 -8 -8 -7 -zZ2& -z2& -24 -&% -2 -1 -zo -1 -1 -17 -le -l& -l4 -1z -l -1l

x

2.5 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi

tolyguyji skirstinj ir x kinta, n=1000

skir,delta
0.08 7

o.oo

Z00 200 400 Loo e00 700 200 S00 1000 1100 lz00 1z00 1400 lE00

n

2.6 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydZiai turi tolygyji
skirstinj ir n kinta, x=-15
IS paveiksly matome, kad paklaidos reikSmé mazeja , kai x didéja.

Kiti paklaidos ir paklaidos jvercio tyrimo rezultatai pateikti prieduose ( zr. 67 — 68 psl. ).



29

2.3 KONVERGAVIMO GREICIO JVERTIS MAKSIMUMO PERKELIMO
TEOREMOJE, KAI ATSITIKTINIAI DYDZIAI TURI EKSPONENTIN]
SKIRSTIN]

Tarkime, kad  p(x) = e ">, x> 6.

X

F(x)= J‘%e—ﬂ(y—e)dy = 00

0

x — —
Ozl—e 0 x>0,

Kadangi @(F) =, tai taikome 1.3 teorema. Tikriname teoremos salygas:

'[(1 - 1 + eil(x*g) )dx = —%eﬂ'(xg) ~ — le*ﬂ(afg) <.

—l(tﬂ%—ej _A(t-6) “A—x
lim1_1+e lime ¢ -
= = e .
T e—ﬂ(t—ﬁ) 300 e—/l(t—H)
1 % y) 0 - 1 1 Y ) |I° 1
R(t):—-[67 (X7 )dx: -—67 (x7 ) = —.
1—1+e*4 e M0 2 tA

Kadangi teoremos salyga tenkinama, tai ribinis skirstinys bus H(x)=e° . Taikydami 1.3

teorema, randame centravimo ir normavimo konstantas :

b=t
A
Norédami rasti a, konstanta, sprendZiame lygti:
I-l+eeo =1
n
Gauname
Inn+ A6
a,=————.
A

Taigi, gauname

limP(Zn <w+%xj =H(x)=e* ,xeR.

n—>x0

Taikydami perkélimo teorema 1.9, randame ribinj skirstini maksimumo perkélimo teoremoje :

° — © -z | _ 1
‘P(x):_([(e )d(l—e )—1+ex,xeiR.
Taigi
P(ZN <M+lx]:‘{’(x): L (2.9)
" A A l+e™*

Taikydami 1.9. teoremos jverti, {vertinsime konvergavimo greitj ( 2.9 ) lygybéje.



Skai¢iuojame dydzius, jeinancius | konvergavimo greicio jvercio israiska:
[2(8,()H(x)" dA, (n2),

0

5, (x)=max(l,e"") =1,

1 In n+l¢9+ix_9}
A

u, (x) =n .1_1+e_ ( A —(Inn+x+6-0)

—X

1
:n'e =n._.e
n

v,(x)=e" +In e’ =e —e " =0.

Iz-@*’fld[l—(y-%ijzzz.eﬂeﬂeex{—n)(l—%}m-h{l—é)ab:
_ln l_l )‘IOO n . _ln l_l n )
( j 1 ( j
n e F _ n e
= e_e,x '[Z ‘(e '[1 _;j ] dZ - B B | 1 jn ] .([Zd[e (

n

T e ¥ 1\" In4
!z~(e )Z -d[l—(l—;) ]Sm.

[vertinsime antraji ver¢io A, (x) démenj. Kadangi

1_(1_1JM (lez*gﬁ-ez(1+z), tai

Kadangi 1< —ln(l —l <In4, tai, kai n>2, gauname

n n

30

(2.10)
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Ve i =)= Ve 7

<X (e (1+z2)d ~~fe(1+2)ee™ dz =
n 0 n 0

(2] o)

= £exj.(l +2)e gz = —ﬁ' ¢ ((1 + Z)efz(lwﬂ))ro Jo e J‘efz(wﬁ)dz =£' e_x_
0 n l+e 0 0 n l+e™

n l+e™

Je e e )" _ Je e e e 211
B e R R . (211)
n (1+e ) n l+e n (1+e )
Skai¢iuosime A, (x):

- 2. 1

I, (x)= + . ,

l,n( ) n nz 1_q

FZ,n(x):O7

3 e ™

1 3n

Taigi
-2x —4x
A(x)=e* 2e 42 ° . 1 — (2.12)
n n 1_2e
3n

Atsizvelge 1(2.10), (2.11), ( 2.12 ) galutinai gauname

-2x —4x
e - 2-e +2 62 . 1_2x -In4
n n 1_2e
P(ZN <M+lx)— 1_ |£ 3n +
! A A 1+e™™ e ¢ (]-i—e_x)z
—2x —4x
2-e +2 e2 . 1,2x Ind
n n 1_26
Je e e e 3n Je e 1
et - = — +— —| 1+ — |
n l+e n (1+e—X) (1+e™) n l+e” (1+e )

. e e .oy .1
Matome, kad konvergavimo greicio ivercio eilé n atzvilgiu lygi —.
n
Konvergavimo greiio priklausomyb¢ nuo x ir n tirsime, naudodami kompiuterinius
skai¢iavimus. Kadangi konvergavimo greit] apibiidina paklaidos ‘P(Z v, <a, +bnx)—‘P(x)‘ kitimas,

tai biitent ji ir nagrinésime. Pateikiame keleta paveiksly, kurie atspindi konvergavimo greicio

priklausomybe¢ nuo minéty parametruy.



skir, delta
o.0015 7]

o_oo0l4 ]

0.001z 7

o.001z 7]

o_oo011 7

0. 0010 7

0. 0003 7

o_ooos ]

0. 0007 7

0. 0008 7

o_ooos 7]

0. 0004

0. 0003 7

o_oooz 7

0. o001 7]

0. o000 7

o 1 z 2 L £ & 7 2 =] 1o

x

2.7 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi

eksponentinj skirstinj ir x kinta, n=1000

skir, delta

. E0E-07 7
. 40E-07 7
.20E-07 7
.20E-07 7
10E-07 7
Q0E-07 ]
S0E-07 7]
. E0E-07 7
L7OE-07 7
E0E-07 |
ES0E-07 7]
.40E-07 7
. 20E-07 7
L20E-07 7
.10E-07 7
.00E-07 7
.00E-085 7
O0E-08 ]
O0E-08 7]
O0E-03 7]
. O0E-08 7
.00E-08 7
O0E-03 7]
. O0E-08 7
.00E-08 7
L00E+00 7

L= T I S I R i R e T T O O O

a o000 000 3000 4000 S0o00 &000 7000 s000 sooo0 o000 11000

n

2.8 pav. Maksimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi
eksponentinj skirstinj ir n kinta, x=10
IS pateikty paveiksly matome, kad paklaidos reik§mé mazéja, kai x didéja.

Kiti paklaidos ir paklaidos jver¢io tyrimo rezultatai pateikti prieduose ( zr. 68 — 69 psl.).

32
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2.4 KONVERGAVIMO GREICIO JVERTIS MINIMUMO PERKELIMO
TEOREMOJE, KAI ATSITIKTINIAI DYDZIAI TURI TOLYGUJ] SKIRSTIN]

a ,a<x<b. Kadangi «a(F)=a, tai taikome 1.6 teorema. Tikriname

Tarkime , kad F(x) = )bc_

1. 6 teoremos salyga :

b-a b-a
—l(b—a)
Jim —2* 1:1im—:—:x’1.
t—>-o —>—©
—(b-a)- x Xx

Kadangi 1.6 teoremos salyga tenkinama, tai ribinis skirstinys bus L(x)=1—e*. Taikydami 1.6
teorema, randame centravimo ir normavimo konstantas:
c,=a.
Norédami rasti konstanta d , sprendziame lygti :

n?

Gauname

Taigi , gauname

t——0

limP(Wn<a+ aszL(x):l—ex,x>0.

Taikydami perkélimo teorema 1.10, randame ribinj skirstini minimumo perkeélimo teoremoje:

w(x) :I—T(I—L(x))szz = I—T(l—l+e_x)zd(l—e_z) :I—Te_xz e dz =

=1- Ie_z(x+l)dz =1 +—1 Rt b ,x > 0.
0 x+1 0 x+1
Taigi
mP(WM<a+ _aszw(x)zl—ﬁ,x>0. (2.13)

Taikydami 1.12  teoremos ivertj, jvertinsime konvergavimo greiti ( 2.13 ) lygyb¢je .

Skaiciuojame dydzius, ieinancius i konvergavimo greicio jvercio israiska:



0

jza

0

o0

34

[2(8, (0= L(x)) ™ d4, (n2),

0
5, (x) = max(l,e ") =1,
b—a

W (x)=n-F(xd, +c,)=n-—"
b—a

xX+a—a

:x’

T (x)=W (x)+In(1-L(x))=x+In(l-1+e")=x-x=0.

—1+éﬁ“d@—@—lj]:Iwﬂ%ﬂemb—l) m@—l
n 0 n n

Joe-

Kadangi

1< —ln(I —lj <In4, tai, kai n>2, gauname

|

0

0

[(4,(n2) - Azpdq —L(x))Z‘ =

n

T -x\z-1 _ _l - ln4
!ne ) d@ (1 n] ]Se”(x+nz'

[vertinsime antraji iver€io A, (x) nari. Kadangi

1—1)m—{1—eﬂ) Je
n

e _. .
<—e " (1+2),tai
n

T[l—(y_ljmJ-(1—eﬂ)da—1
0 n

(2.14)

+e )| < %J-e_z (14 z)xe “dz =
0
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R Je  x \/z'x ®

\/; (14+x) [

yE —z(l+x 1_+_ d —__v=. 1+ d —z(x+1) —__y= 1+ —z(x+1) +

n xz[e (I+2)dz n x+1£( 2) (e ) n x+l( 2)e 0
ﬁ.ije—zumdzZE.L_E.%@M o e x e x
n x+1sy n x+1 n (x+1) 0 n x+1 n (x+1)

x+1 x+1

E.L(HLJ (2.15)
n

Apskaicivosime jvert] A (x):

2x7 2xt 1
rl,n (x) = + 2 : 2
n l-¢g
1y, (x) =0,
2 4
A,,(x):e)‘(zx +2’C2 - j (2.16)
n n- l—gq
1 3n
Ciaq 0< g <1 parinktas taip, kad
2
3n

Atsizvelge 1(2.14), (2.15) ir ( 2.16 ) galutinai gauname
‘P(WN” <a+b_axj—1+

L 2xt 2xt 1 In4 Je x 1
<e +— — S+ — 1+ =
n x+1 n n l1-q) e*(—x-1) n x+1 x+1

[2x2 2x* 1j In4 e x( 1)
+ . 1 A

= 3 R -

- +
n n l-q) (x+1)> n x+1 x+1

. v e e v e 1

Matome, kad konvergavimo greicio jvercio eilé¢ n atzvilgiu yra —.

n
Konvergavimo grei¢io priklausomybge nuo x ir n tirsime, naudodami kompiuterinius
skaiCiavimus. Kadangi konvergavimo greiti apibiidina paklaidos ‘P(WN <c, +dnx)—z//(x)‘ kitimas,
tai biitent ji ir nagrinésime. Pateikiame keleta paveiksly, kurie atspindi konvergavimo greicio

priklausomybg nuo minéty parametry.



skir, delta
0.117]

0.

0.

107]

a3 ]

.08

.07 7]

.06 7]

.0& 7]

.04 7]

.03 ]

.0z 7]

.01 7]

.00

e e e
4800040000550 050050080820

|IIIIIIIII|IIIIIIIII| T LI |
10 Zn 20 40
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2.9 pav. Minimumo paklaidos ir paklaidos jverc¢io grafikai, kai atsitiktiniai dydziai turi tolygyji

skir,dslta

o0.0s8 7]

.07

BT

_os ]

BEN

.0z

.oz

.oL ]

.00l

skirstinj ir x kinta, n=1000

{

n

1000

1100

2.10 pav. Minimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi tolygyji

IS pateikty paveiksly matome, kad paklaidos reikSmé mazéja, kai x mazéja.

skirstinj ir n kinta, x=15

Kiti paklaidos ir paklaidos jvercio tyrimo rezultatai pateikti prieduose (zr. 69 — 70 psl.)
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2.5 KONVERGAVIMO GREICIO JVERTIS MINIMUMO PERKELIMO

TEOREMOJE, KAI ATSITIKTINIAI DYDZIAI TURI EKSPONENTINI
SKIRSTINI
Tarkime turime

F(x)=1-e*"? x>0 . Kadangi a(F)=6 , tai taikome 1.6 teorema.
Tikriname 1.6 teoremos salyga:

L ﬂei.ilj ot 1 i
C l-en t) . IR e - = I B
lim - =1 X 1 — = lim - I” _lim—e* e ! :11m—-e’(’“ j:—:x "
t——0 - t——0 1 1 t——0 e 1 -0 x t—>-—0 x X
l-e! —de! -| ~ xe' - —
t t

Kadangi teoremos salyga tenkinama, tai ribinis skirstinys bus L(x) =1—-e ", x>0. Taikydami 1.6

teorema, randame centravimo ir normavimo konstantas:

c,=0.
Norédami rasti konstanta d, , sprendZiame lygtj :

-1
e—/l(x—e) _n

n
Gauname

n—1
In——
d =0- n__g=
A

1 n
—In—.
A n-1
Taigi, gauname

lim P(Wﬂ <O+ %xj =L(x)=1-¢",x>0.
t——0 n

n n—-1 n-1-n
In— n ) (l’l—l)2
Kadangi lim 'i_l =lim ] =1, tai
n n?

d =t g - L
n—1 An
Taikydami perkélimo teorema 1.10, randame ribini skirstini minimumo perkélimo teoremoje:

V() =1= [ (1= L)Y dA, (1) = 1= [(1=1+ f ez =1 - [z =

0
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:1+Le_z(’”l)w=1—L,x>0
x+1 0 x+1
. 1 n 1
Taigi P\ W, <0+—In— |=y(x)=1-———,x>0. (2.17)
! A n-1 x+1
Kadangi

X -
PlW <—|=L(x)=1-¢",
ni
su visais n, tai konvergavimo greicio jvercio iSraiSka Siuo atveju supaprastéja. Gauname, kad

AN,, (x)=

[(4,(n2) - A(2))a 1 L(x))*

1 nz B \/z B
Kadangi 1‘@‘;) _(1_3 57'3 (I1+2), tai

Ay, (x)= J[(l—[l—lj —1+ez]d(l—1+e")z SI£62(1+Z)-xe”dz:
’ 0 n 0 n

= £x [e 001+ 2)dz = e x| e (1+2)| + Ve, e dz =
n n l+x O n 1+x

0

\/; X \/; X o2

o e x e _\/Zx(l 1}

0 x+1

) 2.18
n l+x n (ler)2 n l+x ( )

Atsizvelge 1 (2.17 ) ir ( 2.18 ) galutinai gauname

‘P(WM <¢9+ij—lL < E-L(HL)

An x+1 n l+x x+1

. e e e .o 1
Matome, kad konvergavimo greicio ivercio eilé n atzvilgiu yra —.
n
Konvergavimo grei¢io priklausomybge nuo x ir n tirsime, naudodami kompiuterinius
skaiCiavimus. Kadangi konvergavimo greiti apibiidina paklaidos ‘P(WN <c, +dnx)—z//(x)‘ kitimas,

tai biitent ji ir nagrinésime. Pateikiame keleta paveiksly, kurie atspindi konvergavimo greicio

priklausomybe¢ nuo minéty parametruy.



skir, delta
0.0017

w

3

_}
+

0,001 7]

0.0015 7]

0.0014 7

0.0013 7]

0.0012 7

0.0011 7

0.0010 7

0.000% 7]

0.000% 7

0.0007

0. 0008 7]

0.0005 7]

0.0004 7]

0.0003 ]

o.oooz

Z 3 4 5 & 7 8 3 10 11 1z 13 14 15 16 17 18 13 z0 Z1

2.11 pav. Minimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi

eksponentinj skirstinj ir x kinta, n =1000

skir, delta

.o0zs ]
.00z7 ]
.00zes ]
.00zE ]
.00z4 7]
.o0zz ]
.o0zz ]
.00zl ]
.00zo ]
L0018 ]
oo1s ]
L0017 ]
ao1e ]
.001g ]
0014 ]
L0013 ]
001z ]
L0011 7]
0010 ]
.000s ]
aoog ]
L0007 ]
aooe ]
.000s ]
.0o04 ]
L0003 ]
000z ]
L0001 ]
.00o0 1

[ == = = R = = = Y e = O = Y = Y = = = = = Y = Y = R = = = Y Y = R = = = I = =

o loo0 000 3000 4000 s0o0o0 s000 7000 s000 so00 10000 11000

2.12 pav. Minimumo paklaidos ir paklaidos jvercio grafikai, kai atsitiktiniai dydziai turi
eksponentinj skirstinj ir n kinta , x=15

IS pateikty paveiksly matome, kad paklaidos reikSmé mazéja, kai x mazéja.
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Kiti paklaidos ir paklaidos jvercio tyrimo rezultatai pateikti prieduose (zr. 70 psl.).

2.6 MAKSIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI LOGISTIN] SKIRSTIN]

—-X

mmmquMmmmgmmxmmmw;nmzfé—,mmz—i—TJemqgm@i
e’ +1 (e_x+1)

@(F) =0, tai tatkkome 1.3 teorema ir randame centravimo bei normavimo konstantas a, =Inn, b, =1.

Gauname, kad ribinis skirstinys
limP(Z, <Inn+x)=H(x)=e* ,xeR.
Rasime tiesiSkai normuoto maksimumo tankio p, (x) ribinj tankj.

Tikriname 1.13 teoremos salygas:

o(F) et 1
p(x) [(-F(®)dt = J(l— jdt

+150 e’ +1

lim = 5 im 5
x—>o(F) (1 — F(x)) X—0 (1 1 j

—X

e +1

Kadangi skirstinys F(x) tenkina 1.13 teoremos c) dali, tai

limp, (x)=H'(x)= e’ ,xeN.

Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {Xj} ir turintys

C e 1
geometrinj skirstini su parametru p, =—, t.y.
n

1 1 k-1
l%Nn=M=—{L~J L k=12,....
n n

Tada

limP(N" < ZJ =A(z)=1-¢7,z>0.
n—>0 n

Tuomet taikydami (1.9) formulg, randame ribinj skirstini maksimumo perkélimo teoremoje

limP(Z, <Inn+x)="P(x)=[H (x)dA(z) = [e™ d(1-e7) = [ Vdz =
0 0

0

xeR.(2.19)

RS
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Tuomet pagal 1.14 teorema, gauname:

' 2 -x _—e* 0 »
Dz, (x)= H_(X)J.ZHZ (x)dA(z) = %J'Ze—ze"‘d(l —e)= e—xj'ze—z(e*"n)dz _
ST H 0 0
— _e—x ;e—Z(e’H—l) 0 " J'e_x 1 e_z(e*-q_l)dz _ e - > 0’
e’ +1 0 e’ +1 (e—x +1)

ty.
limpzN (x)=Y'"(x)= %, x>0. (2.20)
n—o ) (e Y 4_1)

Skirtuma tarp maksimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kaip Si skirtuma itakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi maksimumo tankio

P, (x)konvergavimo | ribin skirstinj ¥'(x) priklausomybe nuo minety parametry.

skirc
0.00005

0.00007

0.0000& 7

0.00005

0.00004

0.00003 7

0.0000z 7

0.0000L ]

-

4 L J
lj'DDDDD|||||||||||||||||||||||||||||||||||||||||
&

1 -4 3 4 &

x

2.13 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydZiai turi logistinj skirstinj

ir x kinta , n=1000
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skirt
0.0017 7

0.001e ]
0.0015 ]
0.0014 7]
0.0013 7]
0.00127
0.0011 7
0.0010
0.0003 ]
00008
0.00077]
0.0006 ]
0.0005 ]
0.0004 ]
0.00037
0.000E ]

0.0001 ]

o.oooo

=] o0 =) So0 1000 1100 lz00 1200 1400 1500

n

2.14 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydZiai turi logistinj skirstinj
ir n kinta, x=3
IS paveiksly matome, kad maksimumo tankio p, (x) konvergavimo | ribinio skirstinio tankj
W'(x) greitis geréja, kai x didéja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 71 psl.).

2.7 MAKSIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI TOLYGUJ] SKIRSTIN]

Tmmmquad{x}mnmwgmshmmmtyf«mzz_“,a<x<@;xm:zi—.Kum%i
—d —d

o(F)=b, tai taitkome 1.2 teorema ir randame centravimo bei normavimo konstantas

0 =bp =279

n

Gauname, kad ribinis skirstinys

limP(Zn <b+

n—x0

axj:H(x):e",x<O.

Rasime tiesiSkai normuoto maksimumo tankio p, (x) ribinj tankj.
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Tikriname 1.13 teoremos salygas:

1
B (b—x)
lim (@) =0PC) " Thea
o) |- F(x) o x—d
b—a

Kadangi skirstinys F(x) tenkina 1.13 teoremos b) dalj, tai
limp, (x)=H'(x)=e",x<0.
Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {X} ir turintys

geometrinj skirstinj su parametru p, =—. Tuomet taikydami (1.9) formulg, randame ribinj skirstini
n

maksimumo perkélimo teoremoje

o0

xj =P(x) = THZ(x)dA(z) =[e"d(1-¢7) = i x<0. (2.21)

0

b—a

limP(ZNn <b+

n—>x0

Tuomet, pagal 1.14 teorema, randame tiesiSkai normuoto maksimumo tankj perkélimo teoremoje

. [{v(x)Oo ex @© - © e —z(l-x) -
lim X)=—"2 | zH*(x)dA(z) =— | ze®d(1—e )= | ze " Vdz =—z
lim p,, (x) H(x);[ (x)dA(2) j (1-¢7) j —
o —z(l1-x)
+J‘e dz = 1 =
o 1—x (l_x)
ty.
limp, (x):‘I"(x):ﬁ, x<0. (2.22)
n—>»0 n _x

Skirtuma tarp maksimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kaip Si skirtuma itakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi maksimumo tankio

P, (x)konvergavimo | ribin skirstinj ¥'(x) priklausomybe nuo minety parametry.
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skirt
S000ZE 7

.0oozE
L000zd
.00023 7
.000z2 7
L00021 7
L000zo
.00015 7
.00018 7
.00017 7
.0001E 7
. 00015 7
.00014 7
.0ooLz
.noolz
.0o0o0l1
.oooLo
-0ooos
. 00008 7
. 00007
.0000E 7
. 00005 7
. 00004

L L T T

-& -E -4 - -z -1

2.15 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi tolygyji skirstinj ir
x kinta , n=1000

skirc

L0080 ]
L0048 ]
.004g ]
.0044 ]
_004E 7
. 0040 ]
L0038 ]
L0036 ]
L0034 ]
_003E 7]
L0030 ]
L00zs ]
.oo0ze ]
.00E4 ]
LO0EE ]
.00z0 ]
.001s ]
.00le ]
.0014 ]
L001E ]
.0010 ]
.oo0s ]
.000e ]
_0o04 ]

.oooz - N _ _ _
L0000 bt b hud o b

o000 000000000000 0000000000

zon 00 400 EQo &00 700 200 200 10040 1100

2.16 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi tolygyji skirstinj ir

n kinta, x=-5
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IS paveiksly matome, kad maksimumo tankio p, (x) konvergavimo | ribinio skirstinio tankj

Y'(x) greitis ger¢ja, kai x mazéja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 71 — 72 psl.).

2.8 MAKSIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI EKSPONENTIN] SKIRSTIN]

Tarkime, kad a.d. {X,} turi eksponentini skirstini, ty.

F(x)=1-e*"? p(x)=1e*"? x>0. Kadangi @(F)=o0, tai taikome 1.3 teorema ir randame

centravimo bei normavimo konstantas

:lnn-i-/w b 1

a , 0, =
n 2 J)

gauname, kad ribinis skirstinys

2

limP(Zn <w+%xj =H(x)=e* ,xeR.

Rasime tiesiSkai normuoto maksimumo tankio p, (x) ribinj tankj.

Tikriname 1.13 teoremos salygas:

o(F) o
p(x) j (1-F(t))dt de ™ j e Mdt

lim = =lim = =1.
x—>o(F) (l—F(x))z oo e—zzx

Kadangi skirstinys F(x) tenkina 1.13 teoremos c) dalj, tai

X

limp, (x)=H'(x)=e" e’ ,xe®R.

Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {Xj} ir turintys
geometrinj skirstinj su parametru p, =—. Tuomet taikydami (1.9) formulg, randame ribinj skirsting
n
maksimumo perkélimo teoremoje
T 1

limP(ZNn <m7n+%xj=‘f’(x)=IHZ(x)dA(Z):Ie—zezd(l_e—z):

n—»o
0

__xe®. (2.23)
e +1
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Tuomet, pagal 1.14 teorema, randame tiesiSkai normuoto maksimumo tanki perkélimo

teoremoje:

limp, (x)= H—(x)J.sz(x)dA(z) =° i Ize_zeixd(l —e7)= e_sze_z(eim)dz =

n—o n H(x) 0 e 0 0

— _e—xz%e—z(e"‘#l) “ + e—xj-%e—z(e’ﬁl)dz =—e ;ze—z(e’xﬁ-l) ~ — e—z,x > O’

l+e 0 ce +1 (e_x+1) 0 (e_"+l)

ty.
limp, (x)=%¥(x)= (-8—1)2’x >0, (2.24)
n—»0 n e X +

Skirtuma tarp maksimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kaip $i skirtuma jtakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi maksimumo tankio

P, (x)konvergavimo i ribin skirstinj ¥'(x) priklausomybe nuo minety parametry.

skirt
0.00011

a.00010

0.00009

0.00008

0.00007

0.0000& |

0.0000&

0.00004

0000032

0.0000Z

0.00001

0.00000 7

Y

-
L L L L Y N Y N B B B
5

1 Z 3 4 3

x

2.17 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi eksponentinj

skirstinj ir x kinta , n=1000
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skirt
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0.0007
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00003 7

0000z ]
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2.18 pav. Maksimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi eksponentinj
skirstinj ir n Kkinta , x=1
I§ paveiksly matome, kad maksimumo tankio p, (x) konvergavimo i ribinio skirstinio tanki
W'(x) greitis geréja, kai x didéja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 72 psl.).

2.9 ATSITIKTINIU DYDZIU MINIMUMO TANKIO PERKELIMO TEOREMA

Tarkime, kad X, X,,..X ... - nepriklausomy vienodai pasiskirs¢iusiy atsitiktiniy dydziy (a.d.)

seka su pasiskirstymo funkcija F (x) ir tankiu p(x). Apibrésime a.d.

W, =min(X,,X,,...X,).
Tarkime, kad egzistuoja tokios centravimo ir normavimo konstanty sekos {c,, n > 1} ir

fd ,n>1) kad

n’

imP(W, <c, +d x)=L(x), (2.25)

visuose funkcijos L tolydumo taSkuose; ¢ia L — neiSsigimusi pasiskirstymo funkcija.
Jei tenkinama (2.25) lygybé , sakysime, kad pasiskirstymo funkcija F priklauso ribinio skirstinio L
traukos sric¢iai (zymésime F € D(L)).

Kaip zinome (Zr. [2]), egzistuoja trys ribinio skirstinio L tipai:
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1—exp(=(-x)7), x<0,
Ll,;/ (x) =

1, x> 0;

l—exp(—x"), x>0,
LZ,}/ (x) =

0, x<0;

Ly (x)=1-exp(-e),xeR.
Pazymékime,

Py, (¥)=nd,p(c, +d,x)1-F(c, +d,x)"",
gia p,, (x)-a.d. (W, -c,)/d, tankis.

Suformuluosime salygas, kurias turi tenkinti pasiskirstymo funkcija F, kad tiesiSkai normuoto

minimumo tankis p,, (x) konverguoty | ribinio skirstinio L tanki L'(x), t.y.

lim py, (x) =L'(x). (2.26)

2.1 teorema. Jei F € D(L) ir
a) L=1, , tai (2.26) sarysis bus teisingas intervale (—o0;0)tada ir tik tada, kai tankio funkcija p(-
X) yra teigiama, su pakankamai dideliais x, ir y > 0 tenkinama salyga

i P
== F(=x)

b

b) L=1L, , tai (2.26) sarySis bus teisingas intervale (0;o0) tada ir tik tada, kai tankio funkcija

p(-x) yra teigiama, ir y > 0 tenkinama salyga

lim @) =0)p(=x) _
x—>a(F) F(=x)

7>

Cla- a(F)=inf{x: F(x)>0};
c) L=1L,,,tai (2.26) sarySis bus teisingas su visais x tada ir tik tada, kai tenkinama salyga
d(1-F(—x
2.1 teoremos teiginys iSplaukia i§ [4] darbe suformuluotos teoremos maksimumy tankiams.
Sakykime, kad {N,, n > 1} - sveikareikSmiy teigiamy a.d. nepriklausan¢iy nuo {X, j > 1}, seka.

Tarkime, kad tenkinama salyga
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lim P( Ny zj = A(z), (2.27)
n—»0 n

visuose funkcijos A(z) tolydumo taskuose. Kaip zinoma (Zr.[3]), jei tenkinamos lygybes (2.25) ir
(2.27), tai

n—>0

lim P(W, <c,+d,x)=p(x)=1- T(l — L(x)) dA(z) . (2.28)

2.2 teorema. Tarkime tenkinamos (2.25) ir (2.26) salygos. Jei a.d. {N, } tenkina (2.27) salyga, tai

L'(x) [20-L(x)) da(z) =y (x).

0

lim Xx) =
n—)oopWNn( ) 1- L(x)

Irodymas. Kadangi a.d. {N,, n>1}ir {X, j 21} yra nepriklausomi, tai, pritaikg pilnos tikimybés

formulg, gauname

Py, (%) =§(I—Z(I—F(cn +d,x))’ P(N, = j)J =>jd,(1-F(c, +d,x))" p(c, +d,x)P(N, = j) =
. »

> >

_ndnp(cn+dnx)(l—F(cn+dnx))"_1X Joq TN, _J _
= =Fe1d.0) JZ:‘ (1-F(c, +d, x)) P( . < nj
_nd,p(c, +d,x)(1-F(c, +d x))"" xwz B 2\ N, .
- re Tday ! (- F(c, +d,x)) )dP[ < j

Atsizvelgg i teoremos salygas, gauname

L'(x)
1-L(x)

lim p,, (x) =~ [ 21~ L) dA(z) = /' ().

Teorema irodyta.

2.10 MINIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI LOGISTIN] SKIRSTIN]

. e 1 1
Tarkime, kad a.d. {X;} turi logistin skirstini, ty F(x)=——,x>0, p(x)=7——5¢"
e’ (e_" + 1)
Kadangi a(F) =—x, tai taikome (1.7) teorema ir randame centravimo ir normavimo konstantas
c,=—Inn,d, =1.

Gauname, kad ribinis skirstinys

limP(W, <—Inn+x)=L(x)=1-¢™

n—»0
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Tikriname 2.1 teoremos salygas:
1

1-—
fim G FEO ) d el
x—a(F) dx p(_x) x—-o oy e’

e’ +1

Kadangi skirstinys F(x) tenkina 2.1 teoremos c) dalj, tai

limp, (x)=L'(x)=e"e™,
n—»0 "
¢ia p, (x)- tiesiSkai normuoto minimumo tankis.

Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {Xj} ir turintys
geometrinj skirstini su parametru p, =—. Tuomet taikydami (1.12) formulg, randami ribinj skirsting
n

minimumo perkélimo teoremoje

o1l
j-1 - | 1=
P(WNn<_lnn+x)22(1—(1—F(cn+dnx))j)l(1_lj o ( eI n)
n n

n—1 1 1
=f1-— -t
( e—(—ln)1+x) _I_lj[ nj

Jj=1

— _ 1 ne—x + 1 _ B e—x _ 1 .
n—1(ne* +)n—ne*(n—1) e +1 e *+1
(ne™™ +n
(2.29)
Tuomet
e—(—ln n+x)
Pu,, (=2 d,ple, +d,x)1~F(c,+d,x)" —(1 - ‘j - 9
v A p . -
B —x . (2.30)
1 e 1 .

X =

(E— ) (=

IS (2.29 ) ir (2.30) lygybés matome, kad skirstinys yra geometriSkai mini-stabilus. Taigi Siuo
atveju konvergavimo grei¢io problema yra neaktuali, nes minimumo skirstinio tankis yra lygus ribinio

skirstinio tankiui.



2.11 MINIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI TOLYGUJ] SKIRSTIN]

Tarkime, kad a.d. {X;} turi tolyguji skirstini, t.y. F(x) = b , p(x)= 5 ! ,a<x<b.
- —a
Kadangi a(F) =a , tai taikome 1.6 teorema ir randame centrav1m0 bei normavimo konstantas
c,=a,d, = b-a .
n

Gauname, kad ribinis skirstinys

1mu{zn<a+b_

n—0 n

aszL(x)zl—e_x,x>0.

Rasime tiesiSkai normuoto minimumo tankio p,, (x) ribinj tanki.

Tikriname 2.1 teoremos salygas:

1
B B (a—x)
L @)-npen T,
x—>a(F) F(—x) xsa —X+a
b—a

=1.

Kadangi skirstinys F(x) tenkina 2.1 teoremos b) dalj, tai

limp,, (x)=L'(x)=e",x>0.
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Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {Xj} ir turintys

geometrinj skirstinj su parametru p, =—. Tuomet taikydami (1.12) formulg, randame ribinj skirstini
n

minimumo perkélimo teoremoje

0

“xj=¢4x)=1 T 1= L)) dA(z) =1-[e™d(1-¢™) =1 - L
0 x+1

0

lim P(

Tuomet, pagal 2.2 teorema randame tiesiSkai normuoto minimumo tanki perkélimo teoremoje:

x>0. (2.31)

'(.X) T z e_x T —zx -z T —z(x+1)
lim = z(1-L(x))"dA(z) = ze Zd(l-e7)=|ze dz =
lim py, ()=~ L(x)g( (x))°dA(2) ej (1-€7) j
-, 1 —z(x+1) °°+J‘e—z(x+1) 1 dz = 1 :
x+1 0 x+1 (x-i-l)
ty.
limp, (x)=y'(x) =%, x>0. (2.32)
b, (x+1)
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Skirtuma tarp minimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kaip §i skirtuma ijtakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi minimumo tankio

Py, (x)konvergavimo | ribinj skirstini y'(x) priklausomybé nuo minéty parametry.

skirt
.0ooze

lajujy

.0oo0z4
00023 ]
L0002z ]
.000z1 ]
.000Z0 ]
00018 7]
00018 ]
00017 ]
.0001&
00015 ]
00014 7
00013 ]
L0001z 7
00011 ]
.0oo010
00009
. 00008 ]
.00007 7
00006 |
. 00005 ]

[ = = = R = e o Y e O = S Y = R = Y e N = N S = T = Y N = Y = Y B = R

.00004

1 z kel 4 £ 3

2.19 pav. Minimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi tolygyji skirstinj ir

x kinta , n=1000

skirt
L0080 ]
0048 7]
004€ 7
0044 7]
0042 7]
0040 7]
0038 ]
00326 7
00324 7]
0032 7]
00320 7
00zs 7]
0026 7]
00z4 7]
00zz 7
00z0 7
001g ]
00le ]
0014 ]
001z ]
0010 ]
a00s ]
0006 ]
0004 j\.\.\.f

000z 7 & » & - Py
0000 ]

[ = T T e e Y Y e Y e R e e N e Y e R O e Y o Y Y Y Y o Y e Y e Y

pduln) 200 400 Loo s00 700 a0non Q00 1000 1100

2.20 pav. Minimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi tolygyji skirstinj ir

n kinta, x=3
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I§ paveiksly matome, kad minimumo tankio p,, (x) konvergavimo | ribinio skirstinio tankj
w'(x) greitis geréja, kai x did¢ja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 72 — 73 psl.).

2.12 MINIMUMO TANKIO KONVERGAVIMAS, KAI ATSITIKTINIAI
DYDZIAI TURI EKSPONENTIN] SKIRSTIN]

Tarkime, kad a.d. {X;} turi eksponentini skirstinj, t.y. F(x)=1-e**? p(x)=1e """, x>0.

Kadangi a(F) =48, tai taikkome 1.6 teorema ir randame centravimo bei normavimo konstantas ¢, =6,

1

d =—.
An

Gauname, kad ribinis skirstinys

limP(Wn < H—i—%x) =L(x)=1-e",x>0.
n

n—0

Rasime tiesiSkai normuoto minimumo tankio p,, (x) ribinj tanki.

Tikriname 2.1 teoremos salygas:

— — _ —A(=x=0) _ g, Axt+a0 _ 2 Ax+16
lim (ax(F)—x)p( x)=1im(9 x)Ae lim Ae +(x—-Q)Ae

=1.
x—a(F) F(—_x) x—0 1— e*ﬂ'(*xf'g) x>0 _ ﬂelwrﬂ&

Kadangi skirstinys F(x) tenkina 2.1 teoremos b) dali, tai

limp,, (x)=L'"(x)=e",x>0.
Tarkime, kad {N,} — sveikaskaitiniai teigiami a.d., nepriklausantys nuo a.d. {Xj} ir turintys
geometrinj skirstinj su parametru p, =—. Tuomet taikydami (1.12) formulg, randame ribinj skirsting
n

minimumo perkélimo teoremoje

o

limP(WN < 19+ij =y(x)=1 —Je’z‘“d(l —-e)=1 —L,x > 0. (2.33)
! An x+1

n—»0
0
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Tuomet pagal 2.2 teorema randame tiesiSkai normuoto minimumo tankj perkélimo teoremoje:

b l;'(;x) K z €?_>x T —ZX -z 1
lim X)=——-—|z(1-L(x))"dA(z) =—|ze “d(l-e")=——,x >0,
lim py, ()=~ L(x)lz( ()" dA(z) =— j Ze (=) =
ty.
limp, (x)=y'(x)= ! x>0, (2.34)
no0 N (x+1)

Skirtuma tarp minimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kaip §i skirtuma ijtakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi minimumo tankio

Py, (x)konvergavimo | ribinj skirstini ' (x) priklausomybé nuo minéty parametry.

skirt
o.oooLz

0.0001z2

0.00011

0.00010

0.00008

0.00008

000007

0.00006 7

0.00005 7

0.00004

0.00003

0.0000z2

0.00001 1

1 z 3 4 1 &

b

2.21 pav. Minimumo tankio paklaidos grafikas, kai atsitiktiniai dydziai turi eksponentinj

skirstinj ir x kinta , n=1000
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skirtc
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2.22 pav. Minimumo tankio paklaidos grafikas, kai atsitiktiniai dydzZiai turi eksponentinj
skirstinj ir n Kinta , x=3
I8 paveiksly matome, kad minimumo tankio p,, (x) konvergavimo | ribinio skirstinio tankj
w'(x) greitis geréja, kai x did¢ja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 73 psl.).

2.13 NETIESISKAI NORMUOTU EKSTREMALIUJU REIKSMIU TANKIU
KONVERGAVIMO GREICIO TYRIMAS

Tarkime, kad X,,X,,... X ,...— nepriklausomy vienodai pasiskirsc¢iusiy atsitiktiniy dydziy (a.d.)

seka su pasiskirstymo funkcija F (x) ir tankiu p(x). Apibrésime a.d.

Z,=max(X,, X,,...., X)),
W, =min(X,,X,,....,X,).

Tarkime, kad egzistuoja tokios normavimo funkciju sekos {an (x), n> 1} ir {ﬂn (x)>0, n> 1},

kad
lim P(Z, < a,(x)) = G(x),

lim PO, < B,(x)=T(x),  ir

limp, (x)=G'(x), (2.35)
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lim p,, (x)=T"(x), (2.36)
¢ia
Pz, (x) =na, (x)pe, (x)F" (a,(x))

netiesiskai normuoto maksimumo «'(Z,) tankis, o

Py, () =nB,(x)p(B,())1-F(B,(x))"

netiesiskai normuoto minimumo ;' (W,) tankis.

Tarkime, kad {N,} - sveikaskaitiniai a.d., nepriklausantys nuo {X}. Tarkime, kad tenkinama

salyga
[
Pl —<x|=4,(nz) = A(2). (2.37)
n n—o
Tada

lirrolo P(Z, <a,(x)=¥(x); (2.38)
Cia Y(x)= TGZ (x)dA(z) ;

lim P, < 8, (x) =p/(x): (2.39)
Cia w(x) =1—T(1—T(x))sz(z).

2.2 Teorema Jeigu tenkinamos (2.35), (2.37) salygos, tai
limp, (x)=Y'"(x).

2.2 teoremos irodymas analogiskas 1.13 teoremos irodymui.

2.3. Teorema Jeigu tenkinamos (2.36), (2.37) salygos, tai
lim p,,, (¥)=¥'(x).

2.3 teoremos irodymas analogiSkas 2.1. teoremos jrodymui.

1 Pavyzdys.

Tarkime, kad atsitiktiniai dydziai X, X,,..., X ... turi skirstinio funkcijq
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ir tankj

1
PO o

Imdami netiesing normavimo funkcija o, (x) = e™, gauname

1

limP(Z, <e™)= 1im(1 ! j —G(x)=¢*, x>0,
n—»o0 n—o Ine™

ir

n—»+ow n—>+0 nx nx

lim Pz (x)= hm[(n +21) [I—LjngG'(x)zize_x,x>0.

Tarkime, kad {N,,n > 1} - sveikaskaitiniai teigiami a.d., turintys geometrinj skirstini su

parametru p, = l Tada
n

0 0 1 0 1
limP(Z, <e™)="P(x)= jGZ(x)dA(z) = je d(l-e) = je < dz =
0

0 0 x+1

x>0,  (2.40)

Taikydami 2.2 teorema, gauname, kad netiesiSkai normuoto maksimumo ribinis skirstinio tankis

yra lygus:

G() P T TR I ot
imp,, (V)= j 2G (x)dA(z) = X — j ze Xd(l e )——zjze dz =
e x O X%
1 1 —z( +1) 1 % —z(l+1) 1 1 1
= 3 . 1 _ZJ. 1 Z:—2 > >O’
1y ol X (1 lj (x+1)
X X ¥
ty.
limp, (x):‘P'(x):;z,x>0. (2.41)
n—o0 Nn (x+1)

Skirtuma tarp maksimumo tankio ir ribinio skirstinio tankio, tirsime atlikdami kompiuterinius
skai¢iavimus. Kadangi minétas skirtumas priklauso nuo x ir n, tai atlikdami skai¢iavimus nagrinésime,
kap Si skirtuma itakoja x ir n. Pateikiame keleta paveiksly, kuriuose atsispindi maksimumo tankio

P, (x)konvergavimo | ribin skirstinj ¥'(x) priklausomybe nuo minety parametry.



skirt
000048 ]
000046 ]
.000044 ]
000042 ]
000040 ]
000038 |
000036 ]
.000034 7
00003z ]
.000030 7
0o000ze |
.0000zE
aoo0z4 ]
.0000zz 7
000020 ]
.00001E
.00001E ]
.000014 7
.000012 ]
000010 ]
000008 ]
000006 ]
000004 ]
00000z ]

=R N = R = Y = T = Y = T Y Y = Y = Y = R = N o Y o Y e Y = Y = Y = Y o N = = = =

z 3 4 1 & 7

x

2.23 pav. Maksimumo tankio paklaidos grafikas, kai x kinta , n=1000

[ =T = = T = T = Y e e R e N Y = Y = Y O = Y = Y O = = Y O = = =

2.24 pav. Maksimumo tankio paklaidos grafikas, kai n kinta , x=3

I8 paveiksly matome, kad maksimumo tankio p, (x) konvergavimo | ribinio skirstinio tank

Y'(x) greitis geréja, kai x didé¢ja.

Kiti paklaidos tyrimo rezultatai pateikti prieduose (zr. 73 — 74 psl.).

58
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2 pavyzdys

Tarkime, kad atsitiktiniai dydziai X, X,,..., X ,... turi skirstinio funkcija
1
Fx)=1-—, x2e,
Inx
ir tankj
1
p(x) =

~ x(in(o))

n

1+
Imkime netiesing normavimo funkcija £, (x)= e( J Tuomet

P(W,,<ﬂ,,(x))=1—(1—F(ﬂn(x)))”=1—[1—(1 1 D =1- lx 1|

g, (x) N x
In e( nj 1+ ;
I§ ¢ia gauname
. () ]
hmP(Wn <e " }—T(x)—l—e ’,
ir
lim p, (x)=T'(x)=e *,x>0.
Kai {N,,n 21} - sveikaskaitiniai teigiami a.d., turintys geometrinj skirstinj su parametru
1
p, =—, gauname
n
A 1y (, 1Y
PIWy <e " |=— 3 |l-—| =3 (-F(B,)|1-—| |=
" n—1{ 7% n = n
A ’ (2.42)
J J
(R R [ (R IR
n—-1|3 n = 1_’_{ n x+1
n

Tuomet
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Py, ()= JB (- F(B, () p(B, (x))%(l - lj _

Jj=1

IR S S | ( n jf‘l(n—lj’”: 1
614% (n+x) n nj21j n+x n (x+1)7

IS (2.42 ) ir (2.43) lygybés matome, kad skirstinys yra geometriSkai mini-stabilus. Taigi Siuo

(2.43)

atveju konvergavimo greicio problema yra neaktuali, nes minimumo skirstinio tankis yra lygus ribinio

skirstinio tankiui.
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2.14 PROGRAMINE REALIZACIJA IR INSTRUKCIJA VARTOTOJUI

Programa paraSyta The SAS System for Windows V8. Si sistema buvo pasirinkta tod¢l, kad ji
yra patogi uzdaviniy sprendimui ir sasajos su vartotoju kiirimui.

Visi reikalingi failai saugomi struktiiroje SAS sisteminiame kataloge “meniu“. Pagrindinis
reikalavimas Siai programai yra tas, kad ji turi buiti saugoma kompiuterio D diske.

Programos pradzia — failas ,, Titulas.frame*.

Taikomosios matematikos magistro baigiamasis darbas

EKSTREMALIUJU REIK§MI[J KONVERGAVIMO
GREICIO TYRIMAS PERKELIMO TEOREMOSE

Vadovas doc. A. Jokimaitis
Pradfia
Atfliko FMMM-3 gr. stud. B. Narijauskaité

2.25 pav. Pagrindinis programos langas
Atsidarius §i langa spaudziame mygtuka ,,Pradzia®“. Atsiveriamas langas su galimais uzdaviniy

variantais ( 2.26 paveikslas).



Ekstremaliyjy reikimiy kenvergavimo greitis

Tiesiskai normuoty ekstremalingn
reikcSmiy konvergavimeo greicio
tyrimas

YR er—

Minimirg

L

Tiesiskai normuotyy ekstremalitgjy
reiksmiy tankiy Konvergavimo
tyrimas

Malksinmrmy

Minirmmrg

il

Netiesiskai normuoty ekstremaliyjiy
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[B=)E3)

reilSmiy tankiy konvergavime

tyrimas

Muaksimm

Pabaiga

2.26 pav. Uzdaviniy meniu langas

Galima pasirinkti tiesiSkai normuoty ekstremaliyju reikSmiy arba tiesiSkai ir netiesisSkai normuoty

ekstremaliyjy reikSmiy tankiy konvergavimo greiio tyrima. Pasirenkamas minimumo arba

maksimumo atvejis. Jei pasirenkamos maksimumo tiesiSkai normuotos reik§més, tai atidaromas langas

su galimais uzdaviniais (2.27 paveikslas).

O Maksimumo skirstiniai

Maksimumo skirstiniai:

Pareto

Tolygusis

Eksponentinis

D Atgal

2.27 pav. UZzdaviniy meniu langas maksimumo atveju

Pasirinkus bet kuri i$ trijy uzdaviniy, pasirodo ji atitinkamas meniu. Pirmojo uzdavinio meniu

yra toks, kaip parodyta 2.38 paveiksle, kiti meniu analogiski, priklausomai nuo skirstinio parametry.
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™ Maksimumy Pareto

Konvergavimo greicio jvertis maksimumo Sprendiiamas njdavinys:
perkélimo teoremaoje, kai atsitiktiniai p
dydZiai turi Pareto skirsting (44
Fix)=1-|—1| ,x2a>0 >0
b1
Iveskite fiksuotq x reikime: I Remliatai
I Grofikai
= Skaidinoti

Iveskite fiksuotq n reikSme: S Argat
Ivaskite parametrg b:

2.28 pav. Pareto skirstinio meniu langas maksimumo atveju.

=  Visiems duomenims bendri reikalavimai — visi duomeny jvedimo laukeliai turi buti
uzpildyti, bei pasirinktas skaiiavimo bidas: ,,Rezultatai” ar/ir ,,Grafikai“. Ivedamos
reikSmeés priklauso nuo nagrin¢jamo skirstinio. Visy uzdaviniy atveju fiksuota n reikSmé
turi biiti didesné uz 0.

= Kai duomenys ivesti, pelés spragtelejimu ant “SkaiCiuoti” mygtuko aktyvuojame
skai¢iavimo procesa tam tikram uzdaviniui. Jei duomeny laukai neuZpildyti, pasirodo
pranesimy langas (zr. 2.29 pav.). Taip pat jei ivesti duomenys netenkina uzdavinio salygu
ar jvedami ne skaiciai, taip pat pasirodo atitinkami praneSimai. Jei duomenys jvesti

teisingai, ivykdoma programa.

Pranesimas

L] E Mejvestos visos relkimeés
L

2.29 pav. PraneSimas apie neteisingg duomeny jvedima

Jei pasirinkote tiesiSkai tiesiSkai normuoty ekstremaliyjy reikSmiy tankiy konvergavimo
greicio tyrima, tai atveriami analogiSki langai, kur pirmiausia reikia pasirinkti skirstini, o po to

uzpildyti pradiniy reikSmiy laukus.
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Pasirinkus netiesini maksimumo tankio normavima, atveriamas langas:

™' Netiesinis normavimas [maksimumuy] E'EHX'

Netiesiskai normuoto maksimumo tankio Sprendiiamas widavinys:
konvergavimo tyrimas

1
F(x):l—m,xz.e

Ivaskite fiksuota x reikime:

plx) =

_
x(In{ x))*

EH Skeifiuoti

Pshaiinos_|
[Pass

Iveskite fiksuota n reikime: © drgat

2.30 pav. Maksimumo tankio netiesinio normavimo meniu langas

Jame analogiSkai, kaip ir prie$ tai minétiems ekstremumuy skirstiniams, reikia jvesti fiksuotas x ir
n reik§mes, bei pasirinkti skai¢iavimo biida.
Skaic¢iavimo rezultaty saraSas — rezultaty lentelés ir grafikai pateikiami SAS Results lange, o jie

patys atveriami Output ir Graph languose.
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ISVADOS

Pareto skirstinio atveju, kai n yra fiksuotas, paklaida maksimumo perkélimo teoremoje mazéja,
kai x didéja. Paklaida mazéja, kai Pareto skirstinio parametras B didéja; o parametro o reikSmé

neturi jtakos.

Pareto skirstinio atveju, paklaidos maksimumo perkélimo teoremoje eilé n atzvilgiu lygi —.
n

Logistinio skirstinio atveju, esant fiksuotam n, paklaida maksimumo tankio perkélimo teoremoje

mazgja, kai x didéja.

Tolygiojo skirstinio atveju, kai n fiksuotas, paklaida maksimumo perkélimo teoremoje mazéja ,
kai x didéja, o paklaida minimumo perkélimo teoremoje didéja, kai x didé¢ja.

Tolygiojo skirstinio atveju paklaidos eilé n atzvilgiu ir maksimumo ir minimumo perkelimo
: 1
teoremoje lygi —.
n

Tolygiojo skirstinio atveju, kai n fiksuotas, paklaida maksimumo tankio perkélimo teoremoje

mazg€ja, kai x mazéja, paklaida minimumo tankio perkélimo teoremoje didéja, kai x mazéja.

Eksponentinio skirstinio atveju, kai n fiksuotas, paklaida maksimumo perkélimo teoremoje
mazeéja , kai x didéja, o paklaida minimumo perkeélimo teoremoje didé¢ja, kai x didéja.

Eksponentinio skirstinio atveju paklaidos eilé n atzvilgiu ir maksimumo perkélimo teoremoje, ir
. " . .1
minimumo perkélimo teoremoje lygi —.
n

Eksponentinio skirstinio atveju, kai n fiksuotas, paklaida maksimumo tankio teoremoje mazéja,

kai x did¢ja, o paklaida minimumo tankio perkélimo teoremoje didéja, kai x mazeja.

Kai kurie skirstiniai yra geometriSkai stabilis. Logistinis skirstinys yra geometriSkai mini-
stabilus.
o er - o .. 1 ..
NetiesiSkai normuoty a.d., turinCiy skirstinio funkcija F(x)= 1—1— minimumas yra
nx

geometriskai stabilus.

Nagrinéty skirstiniy atveju, galime daryti prielaida, kad ekstremaliyjy reikSmiy tankiy perkélimo

. : - o1
teoremose paklaidos eilé n atzvilgiu lygi —.
n
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1.1 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi Pareto

skirstinj ir x kinta , b=1 ir n = 1000

Obs X n
1 1.0 1000
2 1.5 1000
3 2.0 1000
4 2.5 1000
5 3.0 1000
6 3.5 1000
7 4.0 1000
8 4.5 1000
9 5.0 1000
10 5.5 1000
11 6.0 1000
12 6.5 1000
13 7.0 1000
14 7.5 1000
15 8.0 1000
16 8.5 1000
17 9.0 1000
18 9.5 1000
19 10.0 1000
20 10.5 1000

skir

.000250125
.000160064
.000111148
.000081656
.000062516
.000049394
.000040008
.000033064
.000027782
.000023672
.000020411
.000017780
.000015627
.000013842
.000012347
.000011081
.000010001
.000009071
.000008265
.000007562

delta

.001930382
.001498993
.001224099
.001033907
.000894622
.000788276
.000704450
.000636692
.000580795
.000533901
.000494001
.000459640
.000429742
.000403490
.000380258
.000359552
.000340983
.000324236
.000309056
.000295232

1.2 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi Pareto

skirstinj ir n kinta , b=1 ir x=5

Obs X n
1 5 50
2 5 100
3 5 150
4 5 200
5 5 250
6 5 300
7 5 350
8 5 400
9 5 450
10 5 500
11 5 550
12 5 600
13 5 650
14 5 700
15 5 750
16 5 800
17 5 850
18 5 900
19 5 950
20 5 1000

skir

.000557414
.000278242
.000185391
.000139005
.000111185
.000092644
.000079403
.000069473
.000061751
.000055574
.000050520
.000046309
.000042746
.000039692
.000037045
.000034729
.000032686
.000030870
.000029245
.000027782

OO OO OO ODODODODODOODOOOOOooOo

delta

.011617
.005808
.003872
.002904
.002323
.001936
.001659
.001452
.001291
.001162
.001056
.000968
.000894
.000830
.000774
.000726
.000683
.000645
.000611
.000581

1.3 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi tolygyji

o
o
]

O o Jo Ul d WN -

skirstinj ir x kinta , n = 1000

x n
-11 1000
-12 1000
-13 1000
-14 1000
-15 1000
-16 1000
=17 1000
-18 1000
-19 1000

skir

.000841049
.000852858
.000863046
.000871925
.000879731
.000886648
.000892819
.000898358
.000903358

O OO OO OOooOo

delta

.004274
.004378
.004486
.004601
.004724
.004857
.005002
.005161
.005336



10
11
12
13
14
15
16
17
18
19
20

-20
-21
=22
-23
-24
-25
-26
=27
-28
-29
-30

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

.000907894
.000912028
.000915810
.000919284
.000922486
.000925446
.000928191
.000930744
.000933124
.000935349
.000937432

.005532
.005750
.005995
.006273
.006591
.006956
.007381
.007881
.008477
.009197
.010086

OO OO OO OOOo oo
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1.4 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi tolygyjij

WO adn U WN O

[0}

[y
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15
-15

skirstinj ir n kinta , x=-15

n
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

skir
.004415228
.003528858
.002938871
.002517905
.002202428
.001957203
.001761115
.001600740
.001467136
.001354117
.001257264
.001173342
.001099922
.001035149
.000977581
.000926078
.000879731
.000837802
.000799687
.000764890
.000732995
.000703653
.000676570
.000651494
.000628211
.000606534
.000586304

delta
.075225
.038248
.025781
.019487
.015681
.013126
.011291
.009909
.008829
.007963
.007251
.006657
.006153
.005720
.005345
.005015
.004724
.004465
.004233
.004024
.003834
.003662
.003505
.003360
.003227
.003104
.002990

OO O OO OO ODODODODODODODODODODODODODOOOOOo oo

1.5 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi

oo\lo‘\m»bwmwg-
0

I e R R e e el o)
CLVWOWUIUd WNRE O

eksponentinj skirstinj ir x kinta , n = 1000

—

OLOKOQ)(I)\]\]O‘\O\U'\U'\&»&LA)(A)NI\)}—‘}—‘OM

O U O U1LOoO UL O ULo Ulo uUloulo oo urow

n
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

skir

.000142591
.000072349
.000033285
.000014211
.000005755
.000002249
.000000859
.000000324
.000000121
.000000045
.000000017
.000000006

G- P W o .

000000002
.3007E-10
.0561E-10
.1246E-10
.1415E-11
.5183E-11
.5607E-12
2.115E-12

delta

.001405257
.000968135
.000638944
.000409035
.000256605
.000158912
.000097621
.000059672
.000036364
.000022120
.000013440
.000008160
.000004953
.000003005
.000001823
.000001106
.000000671
.000000407
.000000247
.000000150
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1.6 lentelé

Maksimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi

0]

WO adn U WN RO

I R R R e
CLWOWUINUd WN F O

eksponentinj skirstinj ir n kinta , x =10

X
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

n

600
1100
1600
2100
2600
3100
3600
4100
4600
5100
5600
6100
6600
7100
7600
8100
8600
9100
9600
10100

skir
3.4446E-12
1.7942E-12
1.1867E-12
9.911E-13
.3547E-13
.6331E-13
.8193E-13
.6777E-13
.2425E-13
L4717E-13
.3313E-13
.3618E-13
.1324E-14
.7764E-13
.2512E-13
.6361E-13
.4936E-13
1.091E-12
8.239E-13
3.0254E-13

N IR PP WO Wwo o Jd oo

delta

.000000249
.000000136
.000000094

.000000071

.000000058
.000000048
.000000042
.000000037
.000000033
.000000029
.000000027
.000000025
.000000023
.000000021
.000000020
.000000018
.000000017
.000000016
.000000016
.000000015

1.7 lentelé

Minimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi tolygyji

0

W o Jo U WP gD

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

37
38

skirstinj ir x kinta , n = 1000

n
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

skir
.000841049
.000852858
.000863046
.000871925
.000879731
.000886648
.000892819
.000898358
.000903358
.000907894
.000912028
.000915810
.000919284
.000922486
.000925446
.000928191
.000930744
.000933124
.000935349
.000937432
.000939387
.000941225
.000942957
.000944591
.000946136
.000947598
.000948985
.000950301

delta

.00427
.00438
.00449
.00460
.00472
.00486
.00500
.00516
.00534
.00553
.00575
.00600
.00627
.00659
.00696
.00738
.00788
.00848
.00920
.01009
.01121
.01267
.014064
.01745
.02178
.02928
.04548
.10609

O OO OO ODODODODODODODODODODODODODODOODOOOOOo oo

1.8 lentelé

Minimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi tolygyji

NV S o N

1
1
1
1

5
5
5
5

skirstinj ir n kinta , x =15

n
200
250
300
350

skir
.004415228
.003528858
.002938871
.002517905

o O O o

delta
.075225
.038248
.025781
.019487



15
15
15
15
15
15
15
15
15
15
15
15
15
15

400
450
500
550
600
650
700
750
800
850
900
950
1000
1050

.002202428
.001957203
.001761115
.001600740
.001467136
.001354117
.001257264
.001173342
.001099922
.001035149
.000977581
.000926078
.000879731
.000837802

.015681
.013126
.011291
.009909
.008829
.007963
.007251
.006657
.006153
.005720
.005345
.005015
.004724
.004465

OO OO ODODOOOOOO oo
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1.9 lentelé

Minimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi eksponentinj

o
%)

W Jo U™ WN O

H
O WO Jo U WN X

I e e e S S S =
FOWmJdo U WwN R

skirstinj ir x kinta , n = 1000

n
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

skir

.000222222
.000281215
.000319915
.000347077
.000367137
.000382533
.000394710
.000404574
.000412722
.000419561
.000425379
.000430388
.000434742
.000438560
.000441933
.000444934
.000447619
.000450034
.000452218
.000454200

delta

.001465530
.001545676
.001582772
.001602923
.001615074
.001622960
.001628367
.001632234
.001635095
.001637272
.001638966
.001640309
.001641394
.001642281
.001643016
.001643633
.001644154
.001644599
.001644983
.001645315

1.10 lentelé

Minimumo paklaidos ir paklaidos jvercio rezultatai, kai atsitiktinis dydis turi eksponentinj

O
©doN U W N g

I e e e e e e
CWLVW®TJNU D WNEF O W

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

skirstinj ir n kinta , x =15

n

600
1100
1600
2100
2600
3100
3600
4100
4600
5100
5600
6100
6600
7100
7600
8100
8600
9100
9600
10100

skir
.000729938
.000398764
.000274309
.000209061
.000168888
.000141666
.000122001
.000107131
.000095491
.000086133
.000078445
.000072018
.000066563
.000061877
.000057807
.000054240
.000051087
.000048281
.000045767
.000043501

delta
.002737135
.001492983
.001026426
.000782039
.000631647
.000529768
.000456189
.000400556
.000357018
.000322016
.000293264
.000269226
.000248830
.000231307
.000216090
.000202751
.000190963
.000180470
.000171071
.000162602



2 PRIEDAS

71

2.1 lentelé

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi logistinj skirstinj ir x

kinta , n=1000

Obs

=

O W o Jo 0> WN

OO D wwhNDN -

X

OO 01O U O U O U O

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

P

.19661
.14915
.10499
.07010
.04518
.02845
.01766
.01087
.00665
.00405

O OO OO OOO oo

O OO OO OOO oo

Aps

.19668
.14918
.10501
.07011
.04518
.02845
.01766
.01087
.00665
.00405

skirt

.000072329
.000033279
.000014209
.000005754
.000002249
.000000859
.000000324
.000000121
.000000045
.000000017

2.2 lentelé

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi logistinj skirstinj ir n

Obs

=

O W o Joy U WN

wWwwwwwwwww

600
700
800
900
1000
1100
1200
1300
1400
1500

O OO OO0 OOoO oo

kinta , n=3

P Aps
.045177 0.045180
.045177 0.045180
.045177 0.045179
.045177 0.045179
.045177 0.045179
.045177 0.045179
.045177 0.045179
.045177 0.045178
.045177 0.045178
.045177 0.045178

skirt

.000003749
.000003213
.000002812
.000002499
.000002249
.000002045
.000001874
.000001730
.000001607
.000001499

2.3 lentelé

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi tolygyji skirstinj ir x

kinta , n=1000

o
o
)

iy

O W o Joy U WN

-1.
-1.
-2.
-2.
-3.
-3.
-4.
-4.
-5.
-5.

b

O U1 O U O U O Ul O

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

P

.25000
.16000
L11111
.08163
.06250
.04938
.04000
.03306
.02778
.02367

O O OO OO OO oo

O O OO OO OOo oo

Aps

.25025
.16019
.11126
.08175
.06259
.04946
.04006
.03311
.02782
.02371

skirt

.000250188
.000192173
.000148296
.000116743
.000093856
.000076907
.000064077
.000054161
.000046354
.000040106

2.4 lentelé

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi tolygyji skirstinjir n

Obs

g W N

-5
-5
-5
-5
-5

200
300
400
500
600

O O O O o

kinta , n=-5

P Aps
.027778 0.028011
.027778 0.027933
.027778 0.027894
.027778 0.027871
.027778 0.027855

skirt

.000232936
.000154966
.000116103
.000092825
.000077322



O W 0 J o

-5
-5
-5
-5
-5

700
800
900
1000
1100

O O O O o

.027778
.027778
.027778
.027778
.027778

.027844
.027836
.027829
.027824
.027820

O O O O o

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai

kinta , n=1000

Obs

O W O Jo Ul WN

[y

GO s D wwhhND -

X

0O U O U1 O Ul o Ul O

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

P

.19661
.14915
.10499
.07010
.04518
.02845
.01766
.01087
.00665
.00405

OO O OO0 0OOoOoOo

Aps

.19672
.14920
.10502
.07011
.04518
.02845
.01766
.01087
.00665
.00405

O OO OO0 OoOoOo

.000066256
.000057961
.000051512
.000046354
.000042135

72

2.5 lentelé

dydziai turi eksponentinj skirstinj ir x

skirt

.000105797
.000054431
.000025036
.000010637
.000004285
.000001668
.000000635
.000000239
.000000089
.000000033

2.6 lentelé

Maksimumo tankio paklaidos rezultatai, kai atsitiktiniai dydZiai turi eksponentinj skirstinj ir n

e
o
%)

O W o Joy U > WN

iy

e e

600
700
800
900
1000
1100
1200
1300
1400
1500

kinta , x=1

P Aps
0.19661 0.19679
0.19661 0.19676
0.19661 0.19674
0.19661 0.19673
0.19661 0.19672
0.19661 0.19671
0.19661 0.19670
0.19661 0.19669
0.19661 0.19669
0.19661 0.19668

skirt

.000176376
.000151165
.000132259
.000117557
.000105797
.000096175
.000088158
.000081375
.000075560
.000070522

2.7 lentelé

Minimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi tolygyji skirstinjir x Kinta

Obs

O W O Jo Ul W

[y

GO D W wWwWNN R

0O U O U O Ul O Ul O

b

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

, n=1000

P Aps
0.25000 0.25025
0.16000 0.16019
0.11111 0.11126
0.08163 0.08175
0.06250 0.06259
0.04938 0.04946
0.04000 0.04006
0.03306 0.03311
0.02778 0.02782
0.02367 0.02371

skirt

.000250188
.000192173
.000148296
.000116743
.000093856
.000076907
.000064077
.000054161
.000046354
.000040106

2.8 lentelé

Minimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi tolygyji skirstinjir n

Obs

3
3

n

200
300

kinta , x=3

P Aps
0.0625 0.062971
0.0625 0.062814

skirt

.000471400
.000313676



O W o Jo U bW

[

wwwwwwww

400
500
600
700
800
900
1000
1100

O O OO OO oo

.0625
.0625
.0625
.0625
.0625
.0625
.0625
.0625

O O OO OO oo

.062735
.062688
.062657
.062634
.062617
.062604
.062594
.062585

.000235036
.000187923
.000156543
.000134144
.000117353
.000104297
.000093856
.000085315
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2.9 lentelé

Minimumo tankio paklaidos rezultatai, kai atsitiktiniai dydziai turi eksponentinj skirstinj ir x

kinta , n=1000

Obs

O W O Jo Ul W

[y

GO s > wwdhhND -

X

0O U O o Ul o Ul O

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

OO O OO0 OOoOoOo

Minimumo tankio paklaidos rezultatai,

e
o
%)

O W o Joy U b WN

iy

Maksimumo tankio paklaidos rezultatai, kai x kinta , n=1000

Obs

O W o Jo U W

—

Maksimumo tankio paklaidos rezultatai, kai n Kinta , x=3

Obs

oUW

OO D wWwwhNhN R

wWwwwwwwwww

X

OO U1 O U1 O U O Ul O

2000
3000
4000
5000
6000
7000

600
700
800
900
1000
1100
1200
1300
1400
1500

n

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

wwwwww

O O OO OO OOo oo

O O OO oo

P

.25000
.16000
L11111
.08163
.06250
.04938
.04000
.03306
.02778
.02367

Aps

.25013
.16010
.11119
.08169
.06255
.04942
.04003
.03308
.02780
.02369

OO O OO0 OOoOoOo

skirt

.000125005
.000095989
.000074049
.000058273
.000046831
.000038358
.000031944
.000026988
.000023085
.000019962

2.10 lentelé

kai atsitiktiniai dydziai turi eksponentinj skirstinj ir n

kinta , x=3

P Aps
.0625 0.062578
.0625 0.062567
.0625 0.062559
.0625 0.062552
.0625 0.062547
.0625 0.062543
.0625 0.062539
.0625 0.062536
.0625 0.062533
.0625 0.062531

O OO OO OOOooOo

P

.25000
.16000
L11111
.08163
.06250
.04938
.04000
.03306
.02778
.02367

.0625
.0625
.0625
.0625
.0625
.0625

O O OO oo

Aps

.25025
.16013
.11119
.08168
.06253
.04940
.04002
.03307
.02779
.02368

O OO OO OOOo oo

Aps

.062516
.062510
.062508
.062506
.062505
.062504

skirt

.000078003
.000066874
.000058525
.000052029
.000046831
.000042577
.000039032
.000036032
.000033460
.000031230

skirt

.000250188
.000128077
.000074111
.000046667
.000031262
.000021955
.000016005
.000012024
.000009262
.000007284

skirt

.000015628
.000010418
.000007813
.000006250
.000005209
.000004465

2.11 lentelé

2.12 lentelé



7 8000 3 0.0625 0.062504 .000003906

8 9000 3 0.0625 0.062503 .000003472

9 10000 3 0.0625 0.062503 .000003125

10 11000 3 0.0625 0.062503 .000002841
3 PRIEDAS

B Minimumo skirstiniai

Minimumeo skirstiniai:

Tolygnsis
Eksponentinis D Argal

3.1 pav. UZdaviniy meniu langas minimumo atveju

o Minimumy tolygusis E”E”‘E

Konvergavimeo greicio jvertis mininuuno Sprendfiamas nidavinys:
perkélimo teoremaoje, kai atsitiktiniai
dydZiai turi tolyguyi skirsting X-a
F(x)=——, a<x<h
h-a
Ireskite fiksuotq x reikme: I Reumuliatai

I Grofikai

&P Skaidinoti

Preskite fiksuotq n reikimeg: © Aroal
gt

—

3.2 pav. Tolygiojo skirstinio meniu langas minimumo atveju

74



o Minimumy eksponentinis

EEX

Konvergavimo greicio perfis minimumo

Sprendiiamas nidavinys:
perkélimeo teoremaoje, kai atsitiktiniai dydiiai
turi eksponenting skirsting _A(x-8
Flx)=1-¢"" x>0
Iveskite fiksuote x reikiime: I Remltatai

I~ Grafikai
o Skaiciuoti
D Aigal

—

Ireskite fiksuoiq n reikime:

—

3.3 pav. Eksponentinio skirstinio meniu langas minimumo atveju

" Maksimumy tankiy skirstiniai

Maksimumeo tankio skirstiniai:

Logistinis

Tolygusis

f

Eksponenftinis D digal

3.4 pav. Uzdaviniy meniu langas maksimumo tankiy atveju

= Maksimumy tankiy logistinis

CEX

Maksimume tankio konvergavimas, kai

Sprendiiamas nZdavinys:
atsitiktiniai dydZiai turi logisting skirsting
Fx)y=——.
e +1
Ireskite fiksuate x reiksme: I~ Remultatai B a
- Grafikei p(x}fe_XJrl,xESH.

—

Ireskite fiksuatq n reiksme:

—

B Skaidiuoti
Daga |

B Argal

3.5 pav. Logistinio skirstinio meniu langas maksimumo tankiy atveju



4 PRIEDAS
,,Titulas.scl* :

Init:

submit continue;

libname meniu 'd:\meniu';

endsubmit;
return;
pushbuttonl:
call display('meniu.Meniu.Index.frame');

return;

,Index.scl* :

Init:
call symput ('dmind', '1');
submit continue;
libname meniu 'd:\meniu';
%let progkel=d:\meniu;
endsubmit;
return;

pushbuttonl:
call display('meniu.Meniu.Duomenys.frame');
return ;

pushbutton2:
call display ('meniu.Meniu.Minsarasas.frame') ;
return;

pushbutton3:
call display ('meniu.Meniu.Tankminsar.frame') ;
return ;

pushbutton5:
call display ('meniu.Meniu.Tankmaxsar.frame') ;
return;

pushbutton6:
call display('meniu.Meniu.Netmax.frame');

return;

Pushbutton7:
call display('meniu.Meniu.Netmin.frame') ;
return ;

»,2Duomenys.scl®:

pushbuttonl:

call display ('meniu.Meniu.Parmax.frame') ;
return ;

pushbutton2:

call display ('meniu.Meniu.Maxtolyg.frame') ;
return;

pushbutton3:
call display ('meniu.Meniu.Maxexp.frame');
return ;

,,Parmax.scl:

Pushbuttonl:
call symput ('nr','0') ;
call symput ('nrl','0");
call symputn ('nnn',TextEntry2.text);
call symputn ('xx', TextEntryl.text);
call symputn ('beta',TextEntry3.text);
if TextEntryl.text = ' ' and Textentry2.text = ' ' and TextEntry3.text = ' ' then
do ;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvestos visos reiksmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;



commandlist = dellist (commandlist) ;

end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta x reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') ='.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x jivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejivesta n reiksme",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn') = '.' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry3.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivesta parametro b reiksmeé",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry3.text <= '0' then
do;
textEntry3.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"Parametras b turi bati > 0",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('beta') ='.' then
do;
textEntry3.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"b ivesta ne skaic¢ius",1):;
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;

commandlist = dellist (commandlist) ;
end;



else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l'") ;
call symput ('nrl','1l');
submit continue ;
/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data pareto max ;

k = 0.5 ;
b = &beta ; /*SKIRSTINIO PARAMETRAS*/
n = &nnn ;
do i =1 to 20;
x =k + 0.5 ;
k =x;

u = 1/(x**b);

dl =1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-1/(n*(x**b)) ;

P =dl * ((d3*d2)/(1-d2*d3)) ;

dd = (x**(-b)) ;
F=1/(1+ d4 ) ;
mm = X** (-2*b) ;

skir = abs (P - F ) ;
q = (2*mm)/(3*n);
nl (((2%(x**(=2%D))) /n) + ((2*(x**(=4*Db)))/ (n*n))*(1/(1-q)))*Llog(4)/ (1+d4);
n2 = (((SQRT(exp(1l)))*d4)/n)*(1+F) ;
delta = F*(nl +n2) ;
H =(exp(l))**(-d4) ;
output ;
end ;
run ;
data paretol ;
set pareto max ;
if x>0 ;
if b>0 ;
if (u/n) < 1/2 ;
if 0 < g<=1;
ifn>1;
if 0K F <1 ;
if 0< P< 1 ;
if 0< skir <1 ;
if 0 < delta < 1 ;
if skir <= delta ;

if H> 0 ;

label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;

run ;

proc print data = paretol ;

var x n skir delta ;

run ;

symboll color = red value = dot height= 1 interpol = join ;

symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")

axis2 label = ("x") ;

proc gplot data = paretol ;

plot skir *x
delta * x/overlay

vaxis = axisl
haxis = axis2 ;
run ;

/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x PASTOVUS, n KINTA*/
data pareto maxl ;

k=20 ;

b = &beta ;

X = &XX ;

do i =1 to 20;
n =%k + 50 ;
k =n ;

u = 1/(x**b);

dl =1/(n-1) ;

d2 1-1/n ;

d3 1-1/(n* (x**b)) ;

P =dl * ((d3*d2)/(1-d2*d3)) ;
dd = (x**(-b)) ;

F=1/(1+ d4 ) ;

skir = abs (P - F ) ;

q = (2% (x**(-2*b)))/(3*n);



nl ((2%(d4**2))/n + ((2*(d4**4))/ (n*n))*(1/(1-q)))*Llog(4)/ (1+d4);
n2 = (((SQRT(exp(1l)))*d4)/n)* (1+F) ;
delta = F*(nl +n2) ;
H =(exp(l))**(-d4) ;
output ;
end ;

run ;

data pareto2 ;

set pareto maxl ;

if x>0 ;

if b>0 ;

if (u/n) < 1/2 ;

if 0 < g<=1;

ifn>1;

if 0< =F < 1 ;

if 0< =P< 1 ;

if 0< skir <1 ;

if 0 < delta < 1 ;

if skir <= delta ;

if H> 0 ;

label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;

run ;

proc print data = pareto2 ;
var x n skir delta ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("n") ;
proc gplot data = pareto2 ;
plot skir *n
delta * n/overlay

vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;

call symput ('nr','l') ;

call symput ('nrl','1l') ;

submit continue ;

/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data pareto max ;

k =0.5;
b = &beta ; /*SKIRSTINIO PARAMETRAS*/
n = &nnn ;

do i =1 to 20;
x =k + 0.5 ;

k =x;

u = 1/(x**b);

dl =1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-1/(n*(x**b)) ;

P =dl * ((d3*d2)/(1-d2*d3)) ;
dd = (x**(-b)) ;
F=1/(1 + d4 ) ;
mm = X** (-2*b) ;
skir = abs (P - F ) ;
q = (2*mm)/ (3*n);
nl = (((2*(x**(-2*b)))/n) + ((2*(x**(-4*b)))/(n*n))*(1/(1-q)))*Llog(4)/ (1+d4);
n2 = (((SQRT(exp(1l)))*d4)/n)* (1+F) ;
delta = F*(nl +n2) ;
H =(exp(1l))**(-d4) ;
output ;
end ;
run ;
data paretol ;
set pareto max ;
if x>0 ;
if b>0 ;
if (u/n) < 1/2 ;
if 0 < g<=1;
ifn>1;
if 0K F < 1 ;
if 0< P< 1 ;



if 0< skir <1 ;

if 0 < delta < 1 ;

if skir <= delta ;

if H > 0 ;

label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;

run ;

proc print data = paretol ;

var x n skir delta ;

run ;

/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x PASTOVUS, n KINTA*/

data pareto_maxl ;

k=20 ;
b = &beta ;
X = &XX ;

do i =1 to 20;
n =%k + 50 ;

k =n ;

u = 1/(x**b);
dl =1/(n-1) ;
d2 = 1-1/n ;

d3 = 1-1/(n*(x**b)) ;
P =dl * ((d3*d2)/(1-d2*d3)) ;
dd = (x**(-b)) 7
F=1/(1 + d4 ) ;
skir = abs (P - F ) ;
g = (2% (x**(-2*b))) /(3*n);
nl = ((2*(d4**2))/n + ((2*(d4**4))/(n*n))*(1/(1-q)))*log(4)/(1+d4);
n2 = (((SQRT(exp(1l)))*d4)/n)*(1+F) ;
delta = F*(nl +n2) ;
H =(exp(l))**(-d4) ;
output ;
end ;
run ;
data pareto2 ;
set pareto maxl ;
if x>0 ;
if b>0 ;
if (u/n) < 1/2 ;
if 0 < g<=1;
ifn>1;
if 0< =F < 1 ;
if 0< =P< 1 ;
if 0< skir <1 ;
if 0 < delta < 1 ;
if skir <= delta ;

if H> 0 ;
label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;
run ;

proc print data = pareto2 ;
var x n skir delta ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data pareto max ;

k =0.5;
b = s&beta ; /*SKIRSTINIO PARAMETRAS*/
n = &nnn ;
do i =1 to 20;
x =k + 0.5 ;
k =x;

u = 1/(x**b);

dl =1/(n-1) ;

dz 1-1/n ;

ds3 1-1/(n* (x**b)) ;

P =dl * ((d3*d2)/(1-d2*d3)) ;
dd = (x**(-b)) ;

F=1/(1 + d4 ) ;



mm = X** (=2*%*b) ;
skir = abs (P - F ) ;
q = (2*mm)/(3*n);
nl (((2%(x**(=2%D))) /n) + ((2*(x**(-4*Db)))/ (n*n))*(1/(1-q)))*Llog(4)/ (1+d4);
n2 = (((SQRT(exp(1l)))*d4)/n)*(1+F) ;
delta = F*(nl +n2) ;
H =(exp(l))**(-d4) ;
output ;
end ;
run ;
data paretol ;
set pareto max ;
if x>0 ;
if b>0 ;
if (u/n) < 1/2 ;
if 0 < g<=1 ;
ifn>1;
if 0K F < 1 ;
if 0< P< 1 ;
if 0< skir <1 ;
if 0 < delta < 1 ;
if skir <= delta ;
if H> 0 ;
label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("x") ;
proc gplot data = paretol ;
plot skir *x
delta * x/overlay
vaxis = axisl
haxis = axis2 ;

run ;
/* PARETO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x PASTOVUS, n KINTA*/
data pareto maxl ;

k=20 ;
b = &beta ;
X = &XX ;

do i =1 to 20;
n =%k + 50 ;
k =n ;
u = 1/(x**b);
dl =1/(n-1) ;
d2 = 1-1/n ;
d3 = 1-1/(n* (x**b)) ;
P =dl * ((d3*d2)/(1-d2*d3)) ;
d4 = (x**(-b)) ;
F=1/(1+ d4 ) ;
skir = abs (P - F ) ;
q = (2% (x**(-2*b)))/(3*n);
nl = ((2*(d4**2))/n + ((2*(d4**4))/(n*n))*(1/(1-q)))*log(4)/(1+d4);
n2 = (((SQRT (exp(1l)))*d4)/n)* (1+F) ;
delta = F*(nl +n2) ;
H =(exp(1l))**(-d4) ;
output ;
end ;

run ;

data pareto2 ;

set pareto maxl ;

if x>0 ;

if b>0 ;

if (u/n) < 1/2 ;

if 0 < g<=1;

ifn>1;

if 0< =F < 1 ;

if 0< =pP< 1 ;

if 0< skir <1 ;

if 0 < delta < 1 ;

if skir <= delta ;

if H> 0 ;
label
H = 'Ribinis skirstinys '
skir ="' Tiksli reiksme '
delta = ' Ivertis ' ;

run ;



symboll color = red value = dot height= 1 interpol = join ;

symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("n") ;

proc gplot data = pareto2 ;
plot skir *n
delta * n/overlay

vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,"nepasirinktas skaic¢iavimo btdas",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
TextEntry3.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

»Maxtolyg.scl:

Pushbuttonl:

call symput ('nr','0'") ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',6 TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then

do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejivestos visos reiksSmes",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;

else

if TextEntryl.text = ' ' then

do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta x reiksme",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;

else
if textEntryl.text >= '0' then

do;

textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x turi btti maziau uz 0",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;

end;

else
if symgetn ('xx') ='.' then

do;

textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;

else
if textEntry2.text = ' ' then

do;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivesta n reiksme",1);

command = messagebox (commandlist,'!','0', 'PraneSimas') ;



commandlist = dellist (commandlist) ;

end ;

else
if TextEntry2.text <='0' then

do;
textEntry2.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end;

else
if symgetn ('nnn') = '.' then

do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n jvesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end;

else

do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;

call symput ('nr','1l') ;
call symput ('nrl','1l');
submit continue ;
/* TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data tol maxl ;
p =-10 ;
n= &nnn ;
do i =1 to 20;

x=p -1

p=x7

u = -x ;

H = exp(x) ;

PP = (1/(n-1))*(((1+x/n)*(1-1/n))/ (1-(1+x/n)*(1-1/n)));

F=1/(1-%);
dl = 1/(1-x) ;
d2 = (2*x*x)/n ;

d3 = (2*x*x*x*x)/(n*n);

q = (2*x*x)/(3*n);

d4 = 1/(1-q) ;

d6 = (SQRT (exp(l))*x)/n ;

d7 = 1+d1;

delta = ((d2+d3*d4)*log(4))/ ((1l-x)**2)+d6* (1/(x-1))*d7 ;
skir = abs (PP-F);

output ;

end ;

run;
data tol maxll ;
set tol maxl ;
ifn > 1;
if x < 0 ;
if (u/n) < 1/2 ;
if 0<g<1;
if 0O < PP <1 ;
if 0 < F <1 ; ;
if 0 < skir < 1 ;
if 0 < delta < 1 ;
if skir <= delta ;

label

H = 'Ribinis skirstinys '
skir = ' Tiksli reiksme '
delta = 'Ivertis' ;

run ;

proc print data = tol maxll ;

var x n skir delta ;

run ;

symboll color = red value = dot height = 1 interpol = join ;

symbol2 color = blue value = star height 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("x") ;

proc gplot data = tol maxll ;
plot skir*x

delta*x/overlay
vaxis = axisl
haxis = axis2 ;

run ;
/* TOLYGIOJO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI n KINTA , x PASTOVUS */



data tol max2 ;
p =0;

X= &XX;

do i =1 to 30;
n=p + 50 ;

p=n;
u = -x ;
H==exp (x) ;
PP = (1/(n=-1))*(((1+x/n)*(1-1/n))/ (1-((1+x/n)*(1-1/n))));
F=1/(1-x);
dl = 1/(1-x) ;
d2 = (2*x*x)/n ;
d3 = (2*x*x*x*x)/(n*n);
q = (2*x*x)/(3*n);

d4 = 1/(1-q9) ;

d6 = (SQORT (exp(l))*x)/n ;
d7 = (1+d1);
ds = 1/(x-1);
delta = ((d2+d3*d4)*log(4))/ ((1l-x)**2)+d6*d8*d7 ;
skir = abs (PP-F);
output ;
end ;

run;

data tol max22 ;
set tol max2 ;

if x < 0 ;

if (u/n) < 1/2 ;
if 0 <g<1:;

if 0 < PP < 1 ;

if 0 < F <1;

if 0 < skir < 1 ;
if 0 < delta <1 ;
if skir <= delta ;

label
H = 'Ribinis skirstinys '
skir = ' Tiksli reiksme '
delta = 'Ivertis' ;

run ;

proc print data = tol max22 ;
var x n skir delta;
run ;
symboll color = red value = dot height = 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("n")
proc gplot data = tol max22 ;
plot skir*n

delta * n /overlay

vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;

call symput ('nr','l') ;

call symput ('nrl','l') ;

submit continue ;

/* TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data tol maxl ;

p =-10 ;

n= &nnn ;

do i =1 to 20;

x=p - 1 ;

p=x;

u = -x ;

H = exp(x) ;

PP = (1/(n=-1))*(((1+x/n)*(1-1/n))/ (1-(1+x/n)*(1-1/n)));
F=1/(1-x);

dl = 1/(1-x) ;

d2 = (2*x*x)/n ;

d3 (2*x*x*x*x) / (n*n) ;
g = (2*x*x)/(3*n);
dd = 1/(1-q9) ;

dé = (SQRT (exp(1l))*x)/n ;
d7 = 1+d1;
delta = ((d2+d3*d4)*log(4))/((1-x)**2)+d6*(1/(x-1))*d7 ;

skir = abs (PP-F);
output ;
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end ;

run;

data tol maxll ;
set tol maxl ;
ifn>1;

if x < 0 ;

if (u/n) < 1/2 ;
if 0<g<1;

if 0 PP < 1 ;

if 0 F<1;;
if 0 < skir < 1 ;
if 0 < delta < 1 ;
if skir <= delta ;

<
<

label
H = 'Ribinis skirstinys '
skir = ' Tiksli reiksme '
delta = 'Ivertis' ;

run ;

proc print data = tol maxll ;

var x n skir delta ;

run ;

/* TOLYGIOJO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI n KINTA , x PASTOVUS */
data tol max2 ;

p =0;

X= &XX;

do i =1 to 30;

n=p + 50 ;

p=ny

u = -x ;

H=exp ( x) ;

PP = (1/(n=-1))*(((1+x/n)*(1-1/n))/ (1-((1+x/n)*(1-1/n))));
F=1/(1-x);

dl = 1/(1-x) ;

d2 = (2*x*x)/n ;

d3 = (2*x*x*x*x)/(n*n);

q = (2*x*x)/(3*n);

d4 = 1/(1-q) ;

d6 = (SQRT (exp(1l))*x)/n ;

d7 = (1+d1);

d8 = 1/(x-1);

delta = ((d2+d3*d4)*log(4))/ ((1-x)**2)+d6*d8*d7 ;
skir = abs (PP-F);

output ;

end ;

run;

data tol max22 ;
set tol max2 ;
if x < 0 ;
if (u/n) < 1/2 ;
if <qg<1;
if < PP < 1 ;
if < F<1;
if < skir < 1 ;
if < delta <1 ;
if skir <= delta ;
label
H = 'Ribinis skirstinys '
skir = ' Tiksli reiksme '
delta = 'Ivertis'
run ;
proc print data = tol max22 ;
var x n skir delta;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;
/* TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA , n PASTOVUS */
data tol maxl ;
p =-10 ;
n= &nnn ;
do i =1 to 20;
x=p - 1 ;
= x ;
-x
exp (x) ;

O O O O o
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PP = (1/(n=-1))*(((1+x/n)*(1-1/n))/ (1-(1+x/n)*(1-1/n)));
F=1/(1-x);
dl = 1/(1-x) ;

d2 = (2*x*x)/n ;
d3 = (2*x*x*x*x)/(n*n);
q = (2*x*x)/(3*n);

d4 = 1/(1-q9) ;

d6 = (SQRT (exp(l))*x)/n ;
d7 = 1+d1;

delta = ((d2+d3*d4)*log(4))/ ((1l-x)**2)+d6* (1/(x-1))*d7 ;
skir = abs (PP-F);

output ;

end ;

run;

data tol maxll ;

set tol maxl ;

if n > 1;

if x < 0 ;

if (u/n) < 1/2 ;

if 0<g<1;

if PP < 1 ;

if F<1;

if 0 < skir < 1 ;

if 0 < delta < 1 ;

if skir <= delta ;

label

H = 'Ribinis skirstinys '

skir = ' Tiksli reiksme '

delta = 'Ivertis' ;
run ;
symboll color = red value = dot height = 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("x") ;

proc gplot data = tol maxll ;
plot skir*x

delta*x/overlay

vaxis = axisl

haxis = axis2 ;
run ;

/* TOLYGIOJO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI n KINTA , x PASTOVUS */
data tol max2 ;
p =0;
xX= &XX;
do i =1 to 30;
n=p + 50 ;
p=n7;
-x ;
H=exp ( x) ;
PP = (1/(n-1))*(((1+x/n)*(1-1/n))/ (1-((1+x/n)*(1-1/n))));
F=1/(1-x);

o
It

dl = 1/(1-x) ;

d2 = (2*x*x)/n ;

d3 = (2*x*x*x*x)/(n*n);
q = (2*x*x)/(3*n);

d4 = 1/(1-q9) ;

de (SQRT (exp (1)) *x) /n ;

a7 (1+d1) ;

d8 = 1/(x-1);

delta = ((d2+d3*d4)*log(4))/ ((1l-x)**2)+d6*d8*d7 ;

skir = abs (PP-F);

output ;

end ;

run;

data tol max22 ;

set tol max2 ;

if x < 0 ;

if (u/n) < 1/2 ;

if 0 <g<1;

if < PP <1;

if < F <1;

if < skir < 1 ;

if < delta <1 ;

if skir <= delta ;

label
H = 'Ribinis skirstinys '
skir = ' Tiksli reiksme '

delta = 'Ivertis' ;
run ;
symboll color = red value = dot height = 1 interpol = join ;

0
0
0
0



symbol2 color = blue value = star height = 1 interpol = join ;
axisl label = ("skir,delta")
axis2 label = ("n") ;
proc gplot data = tol max22 ;
plot skir*n
delta * n /overlay

vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,'"nepasirinktas skaic¢iavimo btudas",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

»Maxexp.scl“:

Pushbuttonl:

call symput ('nr','0') ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvestos visos reiksmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvesta x reiksmé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') = '.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x jivesta ne skaicius",1):;
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta n reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;

commandlist = dellist (commandlist) ;
end ;



else

if TextEntry2.text <='0'

do;

textEntry2.text
commandlist = makelist () ;
(commandlist,"n turi bGti daugiau uz 0",1);
= messagebox (commandlist,'!','0"', 'Pranesimas') ;
(commandlist) ;

commandlist = insertc
command
commandlist = dellist
end;
else
if symgetn ('nnn') =

do;

textEntry2.text
commandlist = makelist () ;
commandlist
command
commandlist

end;
else
do ;

if Checkboxl.selected

do ;

call symput
call symput
submit continue

insertc

dellist

v

v

v

v

’

v

’

v

then

then

(commandlist, "ne ivesta ne skaicius",1);
= messagebox (commandlist,'!','0"', 'Pranesimas') ;
(commandlist) ;

'Yes' and Checkbox2.selected

('nr',lll)
("nrl',"'1");

’

’

'Yes'

then

/* EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI x KINTA, n PASTOVUS */
data exp maxl ;

n
k

&nnn
0 .

7

do i =1 to 20 ;

x =k + 0.5

k =x;

H = exp(-exp(-x)) ;

dl = 1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-(exp(-x)/n) ;

u = exp(-x)

P = dl1*((d3*d2)/(1-d3*d2));
F = 1/(l+exp(-x)) ;

skir = abs( P - F) ;

g = (2*exp(-2*x))/(3*n) ;
d4 =( 2*exp(-2*x))/n;

d5 = (2*exp(-4*x))/(n*n) ;
dée = 1/(1-q) ;

d7 = l+exp(-x) ;

d8 = SQRT (exp(1l))/n ;

delta = (((d4+d5*d6)*log(4))/ (d7**2) )+ ((d8*exp (-x))/d7)* (1+1/d7) ;
output ;

end ;

run ;

data exp maxll ;
set exp maxl ;

if x > 0 ;
if (u/n)<
if H > 0 ;
if 0 < g <
if 0 < P <
if 0 < F <
if 0

if 0

if skir <=
run ;

proc print data
var x n
run ;

1/2 ;

= e

7
’

’

< skir < 1;

< delta < 1
delta

7

7

skir delta

symbol color

symbol2 color

axisl label
axis2 label =("x")

proc gplot data
plot skir * x
delta *x/overlay
axisl

vaxis =
haxis =

ru

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS,

n

’

axis2

red value = dot interpol = join;
blue value = star interpol = join
("skir, delta");

’

data exp max2 ;

x
k

&XX
100;

7

’

exp maxll ;

exp max1ll ;

’

KAI n KINTA, O x PASTOVUS*/
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do i =1 to 20 ;
n =%k + 500 ;

k =n;

H = exp(-exp(-x)) 7

dl = 1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-(exp(-x)/n) ;

u = exp(-x) ;

P = dl1*((d3*d2)/(1-d3*d2));
F =1/ (l+exp(-x)) ;

skir = abs( P - F) ;
g = (2*exp(-2*x))/(3*n) ;

d4 =( 2*exp(-2*x))/n;
d5 = (2*exp(-4*x))/(n*n) ;
dée = 1/(1-q) ;

d7 = l+exp(-x) ;
d8 = SQRT (exp(1l))/n ;

delta = (((d4+d5*d6)*log(4))/(d7**2))+((d8*exp (-x))/d7)* (1+1/d7) ;

output ;

end ;

run ;

data exp max22 ;

set exp max2 ;

if x > 0 ;

if H> 0 ;

if (u/n)< 1/2 ;

if 0<g<l ;

if 0<P<1;

if 0 < F<1;

if 0 < skir < 1 ;

if 0 < delta < 1;

if skir <= delta ;
run ;

proc print data = exp max22 ;
var x n skir delta ;

run ;

symbol color = red value = dot interpol = join;
symbol2 color = blue value = star interpol = join ;
axisl label = ("skir, delta"):;

axis2 label =("n")

proc gplot data = exp max22 ;
plot skir * n
delta *n/overlay

vaxis = axisl

haxis = axis2 ;

run ;

endsubmit ;

end ;

else
if Checkboxl.selected = 'Yes' then
do;

call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;

/* EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS,
data exp maxl ;
n = &nnn ;
k = 0;
do i =1 to 20 ;
x =k + 0.5 ;
k =x;
H = exp(-exp(-x)) ;
dl = 1/(n-1) ;
d2 = 1-1/n ;
d3 = 1-(exp(-x)/n) ;
u = exp(-x) ;
P = dl1*((d3*d2)/(1-d3*d2));
F = 1/(l+exp(-x)) ;
skir = abs( P - F) ;
g = (2%*exp(-2*x))/(3*n) ;
d4 =( 2*exp(-2*x))/n;
d5 = (2*exp(-4*x))/(n*n) ;
dée = 1/(1-q) ;
d7 = l+exp(-x) ;
d8 = SQRT (exp(l))/n ;
delta = (((d4+d5*d6)*log(4))/ (d7**2) )+ ((d8*exp (-x))/d7)* (1+1/d7) ;
output ;
end ;
run ;

data exp_maxll ;

KAI x KINTA,
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*/

set exp maxl ;
if x > 0 ;

if (u/n)< 1/2 ;
if H> 0 ;

if 0 q
if 0 P
if 0 F
if 0

if 0

if sk
run ;
proc print data = exp maxll ;
var x n skir delta ;

run ;

<
<
<
<
<
i

r <= delta ;

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS,

data exp max2 ;
X = &xXX ;

k = 100;

do i =1 to 20 ;
n =%k + 500 ;

k =n ;

H = exp(-exp(-x)) ;
dl = 1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-(exp(-x)/n) ;

u = exp(-x) ;

P dl*((d3*d2)/(1-d3*d2));
F =1/ (l+exp(-x)) ;

skir = abs( P - F) ;

g = (2%exp(-2*x))/(3*n) ;

d4 =( 2*exp(-2*x))/n;
d5 = (2*exp(-4*x))/(n*n) ;
dée = 1/(1-q) ;

d7 = l+exp(-x) ;
d8 = SQRT(exp(l))/n ;
delta = (((d4+d5*d6)*1log(4))/(d7**2))+((d8*exp (-x))/d7)* (1+1/d7)
output ;
end ;
run ;
data exp max22 ;
set exp max2 ;
if x > 0 ;
if H > 0 ;
if (u/n)< 1/2 ;
if O<g<l ;
if 0 < P < 1 ;
if 0 < F <1;
if 0 < skir < 1 ;
if 0 < delta < 1;
if skir <= delta ;
run ;
proc print data = exp max22 ;
var x n skir delta ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;
/* EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO

data exp maxl ;
n = &nnn ;

k = 0;

do i =1 to 20 ;
x =k + 0.5 ;

k =x;

H = exp(-exp(-x)) 7
dl = 1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-(exp(-x)/n) ;
u = exp(-x) ;

P = dl1*((d3*d2)/(1-d3*d2));
F 1/ (1+exp(-x))

skir = abs( P - F) ;

q = (2%exp(-2*x))/(3*n) ;
d4 =( 2*exp(-2*x))/n;

TYRIMAS,

KATI x KINTA,
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ds (2*exp (=4*x)) / (n*n) ;

de 1/(1-q)

d7 = l+exp(-x) ;

d8 = SQRT (exp(1l))/n ;

delta = (((d4+d5*d6)*log(4))/ (d7**2))+ ((d8*exp (-x))/d7)* (1+1/d7) ;
output ;

end ;

run ;

data exp_maxll ;

set exp maxl ;

if x >0 ;

if (u/n)< 1/2 ;

if H> 0 ;

if 0 < g<1;

if 0 <P<1;

if 0 <F<1;

if 0 < skir < 1;

if 0 < delta < 1 ;

if skir <= delta ;

run ;

symbol color = red value = dot interpol = join;
symbol2 color = blue value = star interpol = join ;
axisl label = ("skir, delta"):;

axis2 label =("x") ;

proc gplot data = exp maxll ;
plot skir * x
delta *x/overlay

vaxis = axisl
haxis = axis2 ;
run ;

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MAKSIMUMO TYRIMAS, KAI n KINTA, O x PASTOVUS*/
data exp max2 ;

X = &XX ;

k = 100;

do i =1 to 20 ;

n = k + 500 ;

k n ;

H = exp(-exp(-x)) ;

dl = 1/(n-1) ;

d2 = 1-1/n ;

d3 = 1-(exp(-x)/n) ;

u = exp(-x) ;

P = dl1*((d3*d2)/(1-d3*d2));
F =1/ (l+exp(-x)) ;

skir = abs( P - F) ;
q = (2%exp(-2*x))/(3*n) ;
dd =( 2*exp(-2*x)) /n;
ds (2*exp (-4*x) )/ (n*n) ;
de = 1/(1-q9) ;
d7 = l+exp(-x) ;
d8 = SQRT(exp(l))/n ;
delta = (((d4+d5*d6)*1log(4))/(d7**2))+ ((d8*exp (-x))/d7)* (1+1/d7) ;
output ;
end ;
run ;
data exp max22 ;
set exp max2 ;
if x > 0 ;
if H > 0 ;
if (u/n)< 1/2 ;
if O<g<l ;
if 0 <P<1;
if 0 < F <1 ;
if 0 < skir < 1 ;
if 0 < delta < 1;
if skir <= delta ;

run ;

symbol color = red value = dot interpol = join;
symbol2 color = blue value = star interpol = join ;
axisl label = ("skir, delta"):;

axis2 label =("n")

proc gplot data = exp max22 ;
plot skir * n
delta *n/overlay

vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end;

else



do;
commandlist = makelist();
commandlist = insertc (commandlist,"nepasirinktas skaic¢iavimo btdas",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

,,Minsarasas.scl®:

pushbutton2:

call display ('meniu.Meniu.Mintolyg.frame');
return;

pushbutton3:

call display ('meniu.Meniu.Minexp.frame') ;
return ;

»Mintolyg.scl“ :

Pushbuttonl:

call symput ('nr','0') ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvestos visos reiksSmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvesta x reiksmé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') = '.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x jivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta n reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;

else



if TextEntry2.text <='0' then

do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n turi bGti daugiau uz 0",
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end;

else
if symgetn ('nnn') ='.' then

do;
textEntry2.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"n ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;

end;

else

do ;

1);

if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then

do ;
call symput ('nr','l') ;
call symput ('nrl','1l');
submit continue ;
/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS,
data tol minl ;
k = 10 ;
n = &nnn ;
do i =1 to 50 ;
x =k + 1 ;
k X ;
w = x ;
LL l-exp(-x) ;
dl 1/ (n-1) ;
dz 1-x/n ;
d3 1-1/n ;
P 1-dl *((d2*d3)/(1-d2*d3));
F 1-1/(x+1);
q (2*x*x)/ (3*n) ;
d4 (2*x*x) /n ;
ds (2*x**4) / (n**2) ;
dé = (SQRT(exp(l)))/n ;
d7 = 1/(x+1) ;
delta = ((d4+d5*(1/(1-q)))*log(4))*d7*d7+d6*x*d7* (1+d7) ;
skir = abs(P - F) ;
output ;
end ;
run ;
data tol minll ;
set tol minl ;
if x
if n
if |
if 0
if LL > 0 ;
0
0
0

if
if
if
if 0 < delta < 1;
if skir <= delta ;
label
LL = 'Ribinis skirstinys'
skir = 'Tiksli reiksme'
delta = ' Ivertis'
run ;
proc print data = tol minll ;
var x n skir delta ;
run ;
symboll color = red value = dot height= 1 interpol = join ;

KAI x KINTA,

symbol2 color = blue value = star height = 1 interpol = join ;

axisl label=("skir,delta")
axis2 label=("x");
proc gplot data = tol minll ;
plot skir * x
delta * x/overlay
vaxis = axisl
haxis = axis2 ;
run ;
/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS,
data tol min2 ;

KAI n KINTA,

n PASTOVUS */

x PASTOVUS */

93



run

run

run

7

7

’

k = 50 ;
X = &XxX ;
do i =1 to 20 ;
n =%k + 50 ;
k =n ;
W o= X ;
LL = l-exp(-x) ;
dl = 1/(n-1) ;
d2 = 1-x/n ;
d3 = 1-1/n ;
P = 1-dl *((d2*d3)/(1-d2*d3));
F =1-1/(x+1);
q = (2*x*x)/(3*n);
dd = (2*x*x)/n ;
d5 = (2*x**4)/(n**2);
d6 = (SQRT (exp(l)))/n ;
d7 = 1/ (x+1) ;
delta = ((d4+d5* (1/(1-q)))*log(4))/ ((x+1)**2)+d6*x*d7* (1+d7)
skir = abs(P - F) ;
output ;
end ;

data tol min22 ;
set tol min2 ;
if x > 0 ;
ifn>1;
if (w/n) <
if 0 < g <
if LL > 0 ;
if 0 <P <1;

if 0 <F<1;

if 0 < skir < 1 ;

if 0 < delta < 1 ;

if skir <= delta ;

label

LL = 'Ribinis skirstinys'
skir = 'Tiksli reiksme'
delta = ' Ivertis' ;

1/2 ;
1

proc print data = tol min22 ;
var x n skir delta ;
run ;

symboll color = red value = dot height= 1 interpol =

symbol2 color = blue value = star height = 1 interpol

axisl label=("skir,delta")
axis2 label=("n")
proc gplot data = tol min22 ;
plot skir * n

delta * n/overlay

vaxis = axisl

haxis = axis2 ;

endsubmit ;

end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','l') ;
call symput ('nrl','1l') ;

submit continue ;

join ;
join ;

/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS,

data tol minl ;

k = 10 ;

n = &nnn ;

do i =1 to 50 ;
x =k + 1 ;

k =x;
W = X ;

LL = l-exp(-x) ;
dl = 1/(n-1) ;
d2 = 1-x/n ;

d3 = 1-1/n ;
P = 1-dl *((d2*d3)/(1-d2*d3));

F=1-1/(x+1);

g = (2*x*x)/(3*n);

dd = (2*x*x)/n ;

d5 = (2*x**4)/(n**2);
d6 = (SQRT (exp(l)))/n ;
d7 = 1/ (x+1) ;

’

KAI x KINTA,
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run

run

run

7

7

7

delta = ((d4+d5*(1/(1-q)))*log(4))*d7*d7+d6*x*d7* (1+d7)
skir = abs(P - F) ;
output ;
end ;
run ;

data tol minll ;
set tol minl ;
if x > 0 ;
ifn>1;
if (w/n) <
if 0 < g <
if LL > 0 ;
if 0 < P < 1;

if 0 < F <1;

if 0 < skir < 1 ;
if 0 < delta < 1;
if skir <= delta ;

1/2 ;
1

label

LL = 'Ribinis skirstinys'
skir = 'Tiksli reiksme'
delta = ' Ivertis' ;

proc print data = tol minll ;
var x n skir delta ;
run ;

/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS,

data tol min2 ;

k = 50 ;

X = &XX ;

do i =1 to 20 ;
n =%+ 50 ;

k =n;

w =X ;

LL = l-exp(-x) ;
dl = 1/(n-1) ;
d2 = 1-x/n ;

d3 = 1-1/n ;

KAI n KINTA, x PASTOVUS */

P = 1-dl *((d2*d3)/(1-d2*d3));
F =1-1/(x+1);

q = (2*x*x)/(3*n);

d4 = (2*x*x)/n ;

db = (2*x**4)/(n**2);

dé = (SQRT (exp(1l)))/n ;

d7 = 1/(x+1) ;

delta = ((d4+d5*(1/(1-q)))*log(4))/ ((x+1)**2)+d6*x*d7* (1+d7) ;
skir = abs(P - F) ;

output ;

end ;

data tol min22 ;
set tol min2 ;

if x > 0 ;
ifn>1;

if (w/n) <
if 0 < g <
if LL > 0 ;
if 0 < P <
if 0 < F <
if 0 < s

if 0 < delta < 1 ;
if skir <= delta ;

label

LL = 'Ribinis skirstinys'
skir = 'Tiksli reiksme'
delta = ' Ivertis' ;

proc print data = tol min22 ;
var x n skir delta ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;

/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS, KAI x KINTA,

data tol minl ;

n PASTOVUS */
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k = 10 ;

n = &nnn ;

do i =1 to 50 ;
x =k + 1 ;
k=x;
W o= X ;
LL = l-exp(-x) ;
dl = 1/(n-1) ;
d2 = 1-x/n ;

d3 = 1-1/n ;
= 1-dl *((d2*d3)/(1-d2*d3));
1-1/(x+1);
q = (2*x*x)/(3*n);
(2*x*x) /n ;
d5 = (2*x**4)/(n**2);
d6 = (SQRT (exp(l)))/n ;
d7 = 1/ (x+1) ;
delta = ((d4+d5*(1/(1-q)))*log(4))*d7*d7+d6*x*d7* (1+d7) ;
skir = abs(P - F) ;
output ;
end ;
run ;
data tol minll ;
set tol minl ;
if x > 0 ;

=1 g
[

Q.
=~
I

ifn>1;
if (w/n) < 1/2 ;
if 0 <g<1:;

if LL > 0 ;

if 0 < P < 1;

if 0 <F<1;

if 0 < skir < 1 ;
if 0 < delta < 1;
if skir <= delta ;

label
LL = 'Ribinis skirstinys'

skir = 'Tiksli reiksme'

delta = ' Ivertis' ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

axisl label=("skir,delta")
axis2 label=("x");

proc gplot data = tol minll ;
plot skir * x

delta * x/overlay

vaxis = axisl
haxis = axis2 ;
run ;

/*TOLYGAUS SKIRSTINIO KONVERGAVIMO GREICIO MNIMUMO TYRIMAS, KAI n KINTA, x PASTOVUS */
data tol min2 ;

k = 50 ;

X = &XX ;

do i =1 to 20 ;
n =k + 50 ;
k =n;
w = x ;
LL = l-exp(-x) ;
dl = 1/(n-1) ;
d2 = 1-x/n ;

d3 = 1-1/n ;
P 1-dl *((d2*d3)/(1-d2*d3));
F 1-1/(x+1);
q = (2*x*x)/(3*n);
d4 = (2*x*x)/n ;
d5 = (2*x**4)/(n**2);
dé = (SORT(exp(1)))/n ;
d7 = 1/(x+1) ;
delta = ((d4+d5*(1/(1-q)))*log(4))/ ((x+1)**2)+d6*x*d7* (1+d7) ;
skir = abs(P - F) ;
output ;
end ;
run ;
data tol min22 ;
set tol min2 ;

if x > 0 ;
ifn>1;

if (w/n) < 1/2 ;
if 0 <g<1;

if LL > 0 ;



if 0 <P <1;
if 0 < F <1;
if 0 < skir < 1 ;
if 0 < delta < 1 ;
if skir <= delta ;
label

LL = 'Ribinis skirstinys'

skir = 'Tiksli reiksme'

delta = ' Ivertis'
run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

axisl label=("skir,delta")
axis2 label=("n")
proc gplot data = tol min22 ;
plot skir * n
delta * n/overlay
vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,"nepasirinktas skai¢iavimo budas",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ;
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected =
Checkbox2.selected =
end ;
return;

I
ja il
O O

,»Minexp.scl“:

Pushbuttonl:

call symput ('nr','0'") ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx', TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then

do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivestos visos reiksmeés",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;

end ;

else

if TextEntryl.text = ' ' then

do;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivesta x reiksmeé",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;

end ;

else
if textEntryl.text <= '0' then

do;

textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x turi bGti daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;

end;

else
if symgetn ('xx') ='.' then

do;
textEntryl.text = ' ';

commandlist = makelist () ;
commandlist = insertc (commandlist,"x jivesta ne skaic¢ius 0",1);



command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;
else
if textEntry2.text = ' ' then

do;

commandlist = makelist () ;

commandlist = insertc (commandlist,"Nejivesta n reiksme",1);

command = messagebox (commandlist,'!','0', 'PranesSimas') ;

commandlist = dellist (commandlist) ;
end ;
else

if TextEntry2.text <='0' then

do;

textEntry2.text = ' ';

commandlist = makelist();

commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);

command = messagebox (commandlist,'!','0', 'PranesSimas') ;

commandlist = dellist (commandlist) ;
end;
else

if symgetn ('nnn') ='.' then
do;

textEntry2.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"n ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end;

else

do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;

call symput ('nr','l') ;

call symput ('nrl','1l');

submit continue ;
/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS, KAI x KINTA, n PASTOVUS */
data exp minl ;

n = &nnn ;
k=1;
do i =1 to 20 ;
x =k + 1
k =x;
L = l-exp(-x) ;

F=1-1/(x+1) ;

d2 = exp(-x/n) ;

da3 1/ (n-1) ;

d4 1-1/n;

P = 1-d3*((d2*d4)/ (1-d2*d4));
dl = SQRT (exp(l)) ;

delta = (dl1/n)*(x/ (x+1))* (1+1/(x+1)) ;
skir = abs(P-F) ;

output ;

end ;

run ;

data exp minll ;

set exp minl ;

ifn>1;

if x > 0 ;

if I>0 ;

if 0 < skir < 1 ;

if 0 < delta < 1 ;

if skir <= delta ;

label
L = 'Ribinis skirstinys'
skir = ' Tiksli reiksme'
delta = 'Ivertis' ;
run ;

proc print data = exp minll ;
var x n skir delta ;

run ;

symboll color = red value = dot interpol = join;
symbol2 color = blue value = star interpol = join ;
axisl label = ("skir, delta")

axis2 label = ("x") ;

proc gplot data = exp minll ;
plot skir * x

delta * x /overlay

vaxis = axisl

haxis = axis2 ;



run ;

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS,

data exp min2 ;

X = &XX ;
k = 100 ;
do i =1 to 20 ;
n = k + 500 ;
k =n;

L = l-exp(-x) ;

F=1-1/(x+1) ;

d2 exp (-x/n) ;

d3 1/(n-1) ;

dd = 1-1/n;

P = 1-d3*((d2*d4)/(1-d2*d4));

dl = SQRT (exp(l)) ;

delta = (d1/n)*(x/(x+1))* (1+1/(x+1)) ;

skir = abs (P-F) ;

output ;

end ;

run ;
data exp min22 ;
set exp min2 ;
if x > ;
if n >
if L > ;
if 0 < skir < 1 ;
if 0 < delta < 1 ;
if skir <= delta ;

’

7

o~ ol

label
L = 'Ribinis skirstinys'
skir = ' Tiksli reiksme'
delta = 'Ivertis' ;
run ;

proc print data = exp min22 ;
var x n skir delta ;

run ;
symboll color = red value = dot interpol = join;
symbol2 color = blue value = star interpol = join ;
axisl label = ("skir, delta")

axis2 label = ("n") ;

proc gplot data = exp min22 ;
plot skir * n
delta * n/overlay

vaxis = axisl

haxis = axis2 ;

run ;

endsubmit ;

end ;

else
if Checkboxl.selected = 'Yes' then
do;

call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS,

data exp minl ;

n = &nnn ;

k=1;

do i =1 to 20 ;
x =k +1;
k =x;
L = l-exp(-x) ;
F =1-1/(x+1) ;
d2 = exp(-x/n) ;
d3 = 1/(n-1) ;
d4 = 1-1/n;

P = 1-d3*((d2*d4)/(1-d2*d4)) ;
dl = SQRT (exp (1))
delta = (dl/n)*(x/(x+1))*(1+1/(x+1)) ;
skir = abs (P-F) ;
output ;
end ;

run ;

data exp minll ;

set exp minl ;

ifn>1;

if x > 0 ;

if 1>0 ;

if 0 < skir < 1 ;

if 0 < delta < 1 ;

KATI n KINTA,

KAI x KINTA,
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if skir <= delta ;

label
L = 'Ribinis skirstinys'
skir = ' Tiksli reiksme'
delta = 'Ivertis'
run ;

proc print data = exp minll ;
var x n skir delta ;
run ;
/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS, KAI n KINTA, x PASTOVUS */
data exp min2 ;
X = &xXX ;
k = 100 ;
do i =1 to 20 ;
n = k + 500 ;
k =n;
L = l-exp(-x) ;
F = 1-1/(x+1) ;
d2 = exp(-x/n) ;
d3 1/ (n-1) ;
d4 1-1/n;
P = 1-d3*((d2*d4)/ (1-d2*d4));
dl = SQRT (exp(l)) ;

delta = (d1/n)*(x/(x+1))* (1+1/(x+1)) ;
skir = abs (P-F) ;
output ;
end ;
run ;

data exp_min22 ;
set exp min2 ;

if x > 0 ;

ifn>1;

if L >0 ;

if 0 < skir < 1 ;

if 0 < delta < 1 ;

if skir <= delta ;

label

L = 'Ribinis skirstinys'
skir = ' Tiksli reiksme'
delta = 'Ivertis' ;

run ;

proc print data = exp min22 ;
var x n skir delta ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;
/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS, KAI x KINTA, n PASTOVUS */
data exp minl ;
n = &nnn ;
k=1;
do i =1 to 20 ;
x =k + 1 ;
k =x;
L = l-exp(-x) ;
F=1-1/(x+1) ;
d2 = exp(-x/n) ;
da3 1/ (n-1) ;
d4 1-1/n;
P = 1-d3*((d2*d4)/ (1-d2*d4));
dl = SQRT (exp(l))
delta = (dl/n)*(x/(x+1))*(1+1/(x+1)) ;:
skir = abs (P-F) ;
output ;
end ;
run ;
data exp minll ;
set exp minl ;
ifn>1;
if x > 0 ;
if 1>0 ;
if 0 < skir < 1 ;
if 0 < delta < 1 ;
if skir <= delta ;



label

L = 'Ribinis skirstinys'

skir = ' Tiksli reiksme'

delta = 'Ivertis' ;
run ;
symboll color = red value = dot interpol =
symbol2 color = blue value = star interpol
axisl label = ("skir, delta")

axis2 label = ("x
proc gplot data =
plot skir * x

delta * x /ove

vaxis = axisl

haxis = axis2
run ;

/*EKSPONENTINIO SKIRSTINIO KONVERGAVIMO GREICIO MINIMUMO TYRIMAS,

data exp min2 ;

X = &xXX ;

k = 100 ;

do i =1 to 20 ;
n = k + 500 ;
k =n;
L = l-exp(-x)
F = 1-1/(x+1)

d2 = exp(-x/n)
d3 = 1/(n-1) ;
d4d = 1-1/n;

P = 1-d3*((d2*
dl = SQRT (exp (
delta = (dl/n)
skir = abs (P-F
output ;

end ;

run ;

data exp _min22 ;

set exp min2 ;

if x > 0 ;
ifn>1;
if L >0 ;
if 0 < skir < 1 ;
if 0 < delta < 1
if skir <= delta
label
L = 'Ribinis sk
skir = ' Tiksli
delta = 'Iverti
run ;
symboll color = r
symbol2 color = b
axisl label = ("s
axis2 label = ("n

proc gplot data =
plot skir * n
delta * n/overlay
vaxis = axisl
haxis = axis2 ;
run ;
endsubmit ;
end;
else
do;
commandlis
commandlis
command =
commandlis
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ;
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected =
Checkbox2.selected
end ;
return;

I
33

")
exp minll ;

rlay

’

’
’

’

dd)/ (1-d2*d4)) ;

1)) ;

*(x/ (x+1))* (1+1/ (x+1)) ;
) i

’

’

irstinys’
reiksme'
5!

ed value = dot interpol =
lue value = star interpol
kir, delta")

"y g

exp min22 ;

t = makelist();

t = insertc (commandlist,"nepasirinktas skaic¢iavimo badas",1);

join;

join ;

join;

messagebox (commandlist, '!"',

t = dellist (commandlist)

7

join ;

'0', 'Pranedimas"')

’

KAI n KINTA,
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,,Jankmaxsar.scl“:

pushbuttonl:

call display('meniu.Meniu.Tmaxtolyg.frame') ;
return;

Pushbutton2:

call display('meniu.Meniu.Tmaxexp.frame') ;
return ;

Pushbutton3:

call display ('meniu.Meniu.Tmaxlog.frame');
return ;

,» Imaxtlog.scl®:

Pushbuttonl:

call symput ('nr','0') ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvestos visos reiksmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvesta x reiksmé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <='0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') ='.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x jivesta ne skaicius",1):;
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta n reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn') ='.' then
do;
textEntry2.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"n jvesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;

commandlist = dellist (commandlist) ;
end;

102



103

else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l'") ;
call symput ('nrl','1l');
submit continue ;
data Tankmaxlog ;
k =0.5;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;

P = exp(-x)*1/((exp(-x)+1)**2);

k =x;

F =1/( exp(-(log(n)+x))+1);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (F*exp (- (log(n)+x))/n)*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tankmaxlog ;

var x n p Aps skirt;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxlog ;
plot skirt *x;

run ;
data Tankmaxlogl ;
k = 500;
X = &XX ;

do i =1 to 10;
n = k + 100;
P exp (-x) *1/ ((exp (-x)+1) **2);
k =n ;
nm 1/n ;
F =1/( exp(-(log(n)+x))+1);
n 1-1/n ;
bb =1-F*nn ;
Aps = (F*exp (- (log(n)+x))/n)*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;
output ;
end ;
run ;
proc print data = Tankmaxlogl ;
var x n p Aps skirt ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxlogl ;
plot skirt *n
nm * n/overlay;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
data Tankmaxlog ;
k =0.5;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;

=

P = exp(-x)*1/ ((exp(-x)+1)**2);

k =x;

F =1/( exp(-(log(n)+x))+1);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (F*exp(-(log(n)+x))/n)*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;
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proc print data = Tankmaxlog ;
var x n p Aps skirt ;

run ;

data Tankmaxlogl ;

k = 500;

X = &XxX ;

do i =1 to 10;

=k + 100;

P = exp(-x)*1/((exp(-x)+1)**2);
k =n;

F =1/( exp(-(log(n)+x))+1);

o}
I

bb =1-F*nn ;

Aps = (F*exp (- (log(n)+x))/n)*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tankmaxlogl ;

var x n p Aps skirt ;

run ;

endsubmit ;

end ;

else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;

data Tankmaxlog ;

k = 0.5 ;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P exp (-x) *1/ ((exp (-x)+1) **2);

k =x;

F =1/( exp(-(log(n)+x))+1);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (F*exp(-(log(n)+x))/n)*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxlog ;
plot skirt *x;

run ;
data Tankmaxlogl ;

k = 500;

X = &XX ;

do i =1 to 10;

n =k + 100;

P = exp(-x)*1/ ((exp(-x)+1)**2);

k =n;

nm = 1/n ;

F =1/( exp(-(log(n)+x))+1);

nn = 1-1/n ;

bb =1-F*nn ;

Aps = (F*exp(-(log(n)+x))/n)*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxlogl ;
plot skirt *n

nm * n/overlay;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"nepasirinktas skaic¢iavimo btudas",1);

command = messagebox (commandlist,'!','0', 'PranesSimas') ;



commandlist = dellist (commandlist)
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ;
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

,» Imaxtolyg.scl*:

Pushbuttonl:

call symput ('nr','0') ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvestos visos reiksSmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta x reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text >= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bGti maZiau uz
command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') ='.' then
do;
textEntryl.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"x jvesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas"')
commandlist = dellist (commandlist) ;
end ;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejivesta n reiksme",1);
command = messagebox (commandlist,'!','0', 'PranesSimas"')
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PranesSimas"')
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn') = '.' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n ivesta ne skaicius",1);

command = messagebox (commandlist,'!','0', 'PraneSimas"')

’
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commandlist = dellist (commandlist) ;
end;
else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','1l');
submit continue ;
data tolygmax ;
k = -0.5 ;
n = &nnn;
do i =1 to 10;
x =k - 0.5;
P 1/ (1-x)**2;
k =x;
nn = 1-1/n ;
bb =1-(1+x/n) *nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = tolygmax ;
var x n p Aps skirt ;

run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = tolygmax ;
plot skirt *x;

run ;
data tolygmaxl ;

k = 100;

X = &XX ;

do i =1 to 10;

n =%k + 100;

P =1/(1-x)**2 ;

k=n;

nm = 1/n ;

nn = 1-1/n ;

bb =1-(1+x/n) *nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = tolygmaxl ;
var x n p Aps skirt ;

run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = tolygmaxl ;
plot skirt *n
nm * n/overlay;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
data tolygmax ;

k = -0.5 ;

n = &nnn ;

do i =1 to 10;
x =k - 0.5;

P = 1/(1-x)**2;
k =x;

nn = 1-1/n ;
bb =1-(1+x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = tolygmax ;
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var x n p Aps skirt;
run ;

data tolygmaxl ;

k = 100;

X = &XX ;

do i =1 to 10;

n =k + 100;

P 1/ (1-x)**2 ;
k=n;

nn = 1-1/n ;

bb =1-(1+x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = tolygmax ;
var x n p Aps skirt ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
data tolygmax ;
k = -0.5 ;
n = &nnn ;
do i =1 to 10;
x =k - 0.5;
P 1/ (1-x)**2;
k =x;
nn = 1-1/n ;
bb =1-(1+x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = tolygmax ;

plot skirt *x;

run ;

data tolygmaxl ;
k = 100;

X = &XX ;

do i =1 to 10;
n =k + 100;

P =1/(1-x)**2 ;
k =n ;

nm = 1/n ;
nn = 1-1/n ;
bb =1-(1+x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = tolygmaxl ;
plot skirt *n

nm * n/overlay;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,"nepasirinktas skaic¢iavimo btudas",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;

end ;



if symget ('nr') = 1 then

do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';

end;

if symget ('nrl') = 1 then

do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;

end ;

return;

,» Imaxexp.scl®:

Pushbuttonl:
call symput ('nr','0') ;
call symput ('nrl','0");
call symputn ('nnn',TextEntry2.text);
call symputn ('xx', TextEntryl.text);
if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist();

commandlist = insertc (commandlist,"Neivestos visos reik3meés",1);

command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivesta x reiksmeé",1);
command = messagebox (commandlist,'!','0', 'PraneSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x turi bGti daugiau uz 0",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') ='.' then
do;
textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x jivesta ne skaic¢ius",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta n reiksmeé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;
textEntry2.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"n turi bGti daugiau uz 0",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;

end;

else
if symgetn ('nnn') = '.' then

do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n jivesta ne skaicius",1):;
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;

end;
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else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l'") ;
call symput ('nrl','1l');
submit continue ;
data Tankmaxexp ;
k =0.5;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;

P = exp(-x)*1/((exp(-x)+1)**2);

k =x;

F =1 - exp(-(log(n)+x));

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/(bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tankmaxexp ;

var x n p Aps skirt ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxexp ;
plot skirt *x;

run ;
data Tankmaxexpl ;
k = 500;
X = &XX ;

do i =1 to 10;

n =k + 100;

P exp (-x) *1/ ((exp (-x)+1) **2);
k =n ;

nm = 1/n ;

F =1 - exp(-(log(n)+x));

nn = 1-1/n ;

bb =1- F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tankmaxexpl ;

var x n p Aps skirt ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxexpl ;
plot skirt *n
nm * n/overlay;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
data Tankmaxexp ;
k =0.5;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;

P = exp(-x)*1/ ((exp(-x)+1)**2);

k =x;

F =1 - exp(-(log(n)+x));

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/(bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;
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proc print data = Tankmaxexp ;
var x n p Aps skirt ;

run ;
data Tankmaxexpl ;

k = 500;

X = &XxX ;

do i =1 to 10;

n =%k + 100;

P = exp(-x)*1/((exp(-x)+1)**2);
k =n;

F =1 - exp(-(log(n)+x));
nn = 1-1/n ;
bb =1-F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/ (bb*bb);

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tankmaxexpl ;

var x n p Aps skirt ;

run ;

endsubmit ;

end ;

else
if Checkbox2.selected = 'Yes' then
do ;

call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;

data Tankmaxexp ;

k = 0.5 ;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P exp (-x) *1/ ((exp (-x)+1) **2);
k =x;

F =1 - exp(-(log(n)+x));
nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxexp ;

plot skirt *x;

run ;

data Tankmaxexpl ;

k = 500;

X = &XX ;

do i =1 to 10;

n =k + 100;

P = exp(-x)*1/ ((exp(-x)+1)**2);
k =n;
nm = 1/n;

F=1- exp(-(log(n)+x));
nn = 1-1/n ;

bb =1-F*nn ;

Aps = (exp(-(log(n)+x))/n)*1/ (bb*bb);
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tankmaxexpl ;
plot skirt *n

nm * n/overlay ;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist, "nepasirinktas skaic¢iavimo btudas",1);

command = messagebox (commandlist,'!','0', 'PranesSimas') ;



commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ;
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

,,Tankminsar.scl*:

pushbutton2:

call display ('meniu.Meniu.Tmintolyg.frame') ;
return ;

pushbutton3:

call display ('meniu.Meniu.Tminexp.frame');
return ;

,» Imintolyg.scl*:

Pushbuttonl:
call symput ('nr','0') ;
call symput ('nrl','0');
call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);
if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist();

commandlist = insertc (commandlist,"Nejvestos visos reiksSmés",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist();

commandlist = insertc (commandlist,"Nejvesta x reik3mé",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas"')

commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx')='.' then
do;
textEntryl.text = ' ';
commandlist = makelist();

commandlist = insertc (commandlist,"x jivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas"')

commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();

commandlist = insertc (commandlist,"Nejvesta n reik3mé",1);

command = messagebox (commandlist,'!','0"', 'Pranesimas"')
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;
textEntry2.text = ' ';
commandlist = makelist();

’
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commandlist = insertc (commandlist,”"n turi bGti daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn') = '.' then
do ;
textEntry2.text = ' ';
commandlist = makelist () ;
commandlist = insertc (commandlist,"n jivesta ne skaic¢ius",1):;
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;

call symput ('nr','l') ;
call symput ('nrl','1l');
submit continue ;
/* Minimumu tankis , kai atsitiktiniai dydziai turi tolyguji intervale [a;b]skirstini*/
data Tmintolyg ;

k = 0.5 ;

n = &nnn ;

do i =1 to 10;
x =k + 0.5;

P = 1/(x+1)**2;
k =x;

nn = 1-1/n ;
bb =1-(1-x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tmintolyg ;
var x n p Aps skirt ;

run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tmintolyg ;
plot skirt *x;

run ;
data Tmintolygl ;
k = 100;
X = &XX ;

do i =1 to 10;
n =k + 100;

P = 1/(x+1)**2 ;

k=n;

nm = 1/n ;

nn = 1-1/n ;

bb =1-(1-x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tmintolygl ;
var x n p Aps skirt ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tmintolygl ;
plot skirt *n
nm * n/overlay ; ;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','1l'") ;
call symput ('nrl','1l') ;
submit continue ;
/* Minimumu tankis , kai atsitiktiniai dydziai turi tolyguji intervale [a;b]lskirstini*/
data Tmintolyg ;
k =0.5;
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n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P 1/ (x+1)**2;

k =x;

nn = 1-1/n ;

bb =1-(1-x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tmintolyg ;
var x n p Aps skirt ;

run ;

data Tmintolygl ;
k = 100;

X = &XX ;

do i =1 to 10;

n =k + 100;

P 1/ (x+1)**2 ;
k=n;

nn = 1-1/n ;

bb =1-(1-x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tmintolygl ;
var x n p Aps skirt ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','1l'") ;
call symput ('nrl','1l') ;
submit continue ;
/* Minimumu tankis , kai atsitiktiniai dydziai turi tolyguji intervale [a;b]lskirstini*/
data Tmintolyg ;
k =0.5;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;

P =1/(x+1)**2;

k =x;

nn 1-1/n ;

bb =1-(1-%x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tmintolyg ;
plot skirt *x;

run ;

data Tmintolygl ;
k = 100;

X = &XxX ;

do i =1 to 10;
n =%k + 100;

P = 1/(x+1)**2 ;

k=n;

nm = 1/n ;

nn = 1-1/n ;

bb =1-(1-%x/n)*nn ;

Aps = (1/(n*n))*(1/(bb**2)) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

sympbol3 color = black value = dot height= 1 interpol = join ;
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proc gplot data = Tmintolygl ;
plot skirt *n
nm * n/overlay;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,'"nepasirinktas skaic¢iavimo btudas",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

,» Iminexp.scl*:

Pushbuttonl:

call symput ('nr','0') ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx',TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then
do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvestos visos reiksSmés",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntryl.text = ' ' then
do;
commandlist = makelist () ;
commandlist = insertc (commandlist,"Nejvesta x reiksmeé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if textEntryl.text <= '0' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx') ='.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x jvesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta n reik3mé",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
do;

textEntry2.text = ' ';
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commandlist = makelist();

commandlist = insertc (commandlist,"n turi bGti daugiau uz 0",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn')='.' then
do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n jivesta ne skaicéius",1):;
command = messagebox (commandlist,'!','0"', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then
do ;

call symput ('nr','l') ;
call symput ('nrl','1l');
submit continue ;

data Tminexp ;

k = 0.5 ;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P = 1/((x+1)**2);
k =x;

F = exp(-x/n);

nn = 1-1/n ;

bb =1-F*nn ;

Aps = (1/(n*n))*F*(1/(bb*bb)) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tminexp ;

var x n p Aps skirt ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tminexp ;
plot skirt *x;

run ;
data Tminexpl ;
k = 500;

X = &XxX ;

do i =1 to 10;
n =%k + 100;

P = 1/((x+1)**2);
k =n;
nm = 1/n ;

F = exp(-x/n);

nn = 1-1/n ;

bb =1-F*nn ;

Aps = 1/ (n*n)*F*(1/ (bb*bb)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = Tminexpl ;

var x n p Aps skirt;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tminexpl ;
plot skirt *n
nm * n/overlay ;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','l') ;
call symput ('nrl','1l') ;
submit continue ;
data Tminexp ;
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k =0.57;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P = 1/((x+1)**2);
k =x;

F = exp(-x/n);
nn = 1-1/n ;
bb =1-F*nn ;

Aps = (1/(n*n))*F*(1/(bb*bb)) ;
skirt = Abs(Aps - P) ;
output ;

end ;

run ;

proc print data = Tminexp ;
var x n p Aps skirt ;

run ;

data Tminexpl ;

k = 500;

X = &XX ;

do i =1 to 10;
n =5k + 100;
P 1/ ((x+1)**2);
k =n;
F = exp(-x/n);
nn = 1-1/n ;
bb =1-F*nn ;
Aps = 1/ (n*n)*F* (1/ (bb*bb)) ;
skirt = Abs(ARps - P) ;
output ;
end ;
run ;
proc print data = Tminexpl ;
var x n p Aps skirt ;
run ;
endsubmit ;
end ;
else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','l') ;
call symput ('nrl','l') ;
submit continue ;
data Tminexp ;
k = 0.5 ;
n = &nnn ;
do i =1 to 10;
x =k + 0.5;
P = 1/((x+1)**2);
k X ;
F exp (-x/n);
nn = 1-1/n ;

bb =1-F*nn ;

Aps = (1/(n*n))*F*(1/ (bb*bb)) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tminexp ;
plot skirt *x;

run ;

data Tminexpl ;

k = 500;

X = &XX }

do i =1 to 10;

n =k + 100;

P 1/ ((x+1)**2);

k =n ;

nm = 1/n ;

F = exp(-x/n);

nn = 1-1/n ;

bb =1-F*nn ;

Aps = 1/ (n*n)*F* (1/ (bb*bb)) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;
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symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = Tminexpl ;
plot skirt *n

nm * n/overlay;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,"nepasirinktas skaic¢iavimo budas",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;
return;

,,.Netmax.scl“:

Pushbuttonl:

call symput ('nr','0'") ;

call symput ('nrl','0');

call symputn ('nnn',TextEntry2.text);
call symputn ('xx', TextEntryl.text);

if TextEntryl.text = ' ' and Textentry2.text = ' ' then

do ;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejivestos visos reiksSmes",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;

else
if TextEntryl.text = ' ' then

do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nejvesta x reiksme",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;

end ;

else
if textEntryl.text <= exp(l) then

do;

textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x turi bGti daugiau uz e",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('xx')= '.' then
do;
textEntryl.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"x ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if textEntry2.text = ' ' then
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Neivesta n reiksme",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end ;
else
if TextEntry2.text <='0' then
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do;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n turi bati daugiau uz 0",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
if symgetn ('nnn')='.' then
do ;
textEntry2.text = ' ';
commandlist = makelist();
commandlist = insertc (commandlist,"n ivesta ne skaicius",1);
command = messagebox (commandlist,'!','0', 'PranesSimas') ;
commandlist = dellist (commandlist) ;
end;
else
do ;
if Checkboxl.selected = 'Yes' and Checkbox2.selected = 'Yes' then

do ;

call symput ('nr','1l') ;
call symput ('nrl','1l');
submit continue ;

data netmax ;

k =0.5;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P = 1/(x*x)*1/ (((1/x)+1)**2);
k =x;

F =1-1/(n*x);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = netmax ;

var x n p Aps skirt ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = netmax ;

plot skirt *x;

run ;
data netmaxl ;

k = 1000 ;

X = &XX ;

do i =1 to 10;

n =k + 1000 ;

P = 1/(x*x)*1/(((1/x)+1)**2);
k =n;

nm =1/n ;
F =1-1/(n*x);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = netmaxl ;
var n x p Aps skirt ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = netmaxl ;
plot skirt *n
nm * n/overlay ;
run ;
endsubmit ;
end ;
else
if Checkboxl.selected = 'Yes' then
do;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
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submit continue ;
data netmax ;

k = 0.5 ;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P 1/ (x*x)*1/ (((1/x)+1)**2);
k =x;

F =1-1/(n*x);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/(bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = netmax ;
var x n p Aps skirt ;

run ;

data netmaxl ;

k = 1000 ;

X = &XX ;

do i =1 to 10;

n =k + 1000 ;

P = 1/(x*x)*1/ (((1/x)+1)**2);
k=n;

F =1-1/(n*x);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/ (bb*bb) ;
skirt = Abs(Aps - P) ;

output ;

end ;

run ;

proc print data = netmaxl ;

var x n p Aps skirt ;

run ;

endsubmit ;

end ;

else
if Checkbox2.selected = 'Yes' then
do ;
call symput ('nr','1l') ;
call symput ('nrl','1l') ;
submit continue ;
data netmax ;

k =0.5;

n = &nnn ;

do i =1 to 10;

x =k + 0.5;

P = 1/(x*x)*1/ (((1/x)+1)**2);
k =x;

F =1-1/(n*x);
nn = 1-1/n ;
bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/ (bb*bb) ;

skirt = Abs(Aps - P) ;

output ;

end ;

run ;

symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;

symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = netmax ;

plot skirt *x;

run ;

data netmaxl ;

k = 1000 ;

X = &XxX 7

do i =1 to 10;

n =%k + 1000 ;

P = 1/(x*x)*1/ (((1/x)+1)**2);
k =n;
nm = 1/n ;

F =1-1/(n*x);

nn = 1-1/n ;

bb = 1-F*nn ;

Aps = (1/(x*x*n*n))*1/(bb*bb) ;
skirt = Abs(Aps - P) ;

output ;
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end ;
run ;
symboll color = red value = dot height= 1 interpol = join ;
symbol2 color = blue value = star height = 1 interpol = join ;
symbol3 color = black value = dot height= 1 interpol = join ;
proc gplot data = netmaxl ;
plot skirt *n

nm * n/overlay;

run ;
endsubmit ;
end;
else
do;
commandlist = makelist();
commandlist = insertc (commandlist,"Nepasirinktas skaic¢iavimo budas",1);
command = messagebox (commandlist,'!','0"', 'Pranesimas') ;
commandlist = dellist (commandlist) ;
end ;
end ;
if symget ('nr') = 1 then
do ;
TextEntryl.text = ' ';
TextEntry2.text = ' ';
end;
if symget ('nrl') = 1 then
do;
Checkboxl.selected = 'no' ;
Checkbox2.selected = 'no' ;
end ;

return;
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