Vedecko-technicke vypocty

Regresia




Prehlad

* Motivacia a Co to je regresia”?
* Linearna regresia
— Odvodenie linearnej regresie
— Linearna regresia cez nulu
* Nelinearna regresia
— Mocninova funkcia
— Exponencialna funkcia

— Funkcia saturovaného rastu
— Polynomialna funkcia
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Motivacia

Pri velkom pocCte merani je nezriedka chybnym krokom,
pouzitie interpolacie polynomom vysokeho stupna.
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Historia
« Za zakladatela statisticke] matematiky sa poklada

Karl (Carl) Pearson (1857-1936).

* V roku 1896 navrhnuty sposob linearnej
extrapolacie v Philosophical Transactions of the
Royal Society of London

3 (x, = %)y, - 7)

i=I n
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Regresia (fit, extrapolacia)

Majme zadanych n bodov (x;,y,), (x,,),....(x,,y,) @ hladame
funkciu f(x), ktora najlepsie vystihuje dané data. Vo
vSeobecnosti sa hfada funkcia ktora ma minimum druhych
mocnin odchylok dat, rezidui, od danej funkcie.

Odchylky bodov od funkcie €1, yn)
&= yi— f(xi)
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Najjednoduchsi mozny pripad.

LINEARNA REGRESIA
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Kriterium A: odchylky hodndét of funkcie

Majme zadanych n bodov (x;,y,), (x,v,),...,(x,,y,) @ hfadame
funkciu f(x)=a + bx, ktora najlepsie vystihuje dané data.

Vezmime si ako kritériu kvality fitu Ze
Pricom &=yi—(ao+aix:)

A

y
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Kriterium A Test
Majme body (2,4), (3,6), (2,6) and (3,8) otestujme kriterium A

10 X y
6 1 2.0 4.0
o] 3.0 6.0
41 2.0 6.0
2 3.0 8.0
" ; ; ; .| Otestujme dve funkcie
x f(x)=4x -4 af(x) =6
X Yy Year | €7 Y Y Napriek praktlcky X y Year [ ETY - Yea
ool s Lo oveisume |2t oot ]
2.0 6‘0 4‘0 26 Od-ChyIOk’ A 20 (60 | 60 0.0
= | ' ' nejednoznacny fit
3.0 | 8.0 | 8.0 0.0 3.0 | 8.0 | 6.0 2.0
y=4x—4 |Se =0 - y=6 24)8,. =0
=1 i=1
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Kritérium B: absolutna hodnota odchylky (7%

Majme zadanych n bodov (x;,y,), (x,v,),...,(x,,y,) @ hfadame
funkciu f(x)=a + bx, ktora najlepsie vystihuje dané data.

Vezmime si ako kritériu kvality fitu >

=1

E .

Pricom &=yi—(ao+aixi)

A
y
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Kriterium B Test

Majme body (2,4), (3,6), (2,6) and (3,8) otestujme kritérium A.

10

X y
2.0 4.0
3.0 6.0
2.0 6.0
3.0 8.0

X | Y | Yeu | [EFly-Yeal
2.0 | 40 | 4.0 0.0
3.0 | 6.0 | 8.0 2.0
2.0 | 6.0 | 4.0 2.0
3.0 | 8.0 | 8.0 0.0
y=4x-4 i e |=4

7.11.2014 =

Mame

nejednoznacny fit
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Otestujme dve funkcie

f(x)=4x -4 af(x) =6

X y ycal |8|=|y_yca]|
20 | 4.0 6.0 2.0
30 | 6.0 6.0 0.0
2.0 | 6.0 6.0 0.0
3.0 | 8.0 6.0 2.0

_6 4
y= Z g |=4
=0




Kriterium C: kvadrat hodnoty odchylky

Majme zadanych n bodov (x;,y,), (x,v,),...,(x,,y,) @ hfadame
funkciu f(x)=a, + a,x, ktora najlepsie vystihuje dané data.

Vezmime si ako kritériu kvality fit 5 =3 e>=3(, —a, - ax)

i=1

A

(x,,¥,)

L E[ =V, —dy—ax;
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Hladanie koeficientov

Hladanie koeficientov pre funkciu f(x)=a, + a;x sa nam

zmeni na problém minimalizacie funkci
. 2

S, = Zgiz = Z(J’i —d, _alxi)
i—1

i=l
Vieme, ze pri hfadani lokalnych minim musi byt prva

. yé . 4 aS n
derivacia nulova aar =23 (, —ay —a,x, ~1)=0
0 i=1

Cim dostavame
Zao +Za1xi = Zyl. Zaoxl. +Zazlxl.2 =Zyl.xl.
i=1 =1 i=1 i=1 =1 i=l
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Hladanie koeficientu a,

=1

aa Z alxi)(_ ) Zaox +Za1 Zyl z
0
—Zyl.JrZaOJrZalxi =0 Zaox +Za1x —Zy, i
=il =il =
n n a X; +a X, = XV,
na, +a12xi :Zyl. OZ ll-z:l: ;
i=l1 i=1

n
o o n
i
. - : X, |
a, = —q, = A 5= i=1 l i=1
n n 1 n n 2
- - 2
— S n X. X.
(a,=y—a,x) ZZ::‘ l ; lj
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Hladanie koeficientu a,
;yl‘_ 2% aOZx +alzx :zx.y,.

1
n n
n n n
n n
Zyi le.yl.—aonl. in ny —a Zx
= — = : iVi 4 i
—i=l i=l1 i=l - .
ao B - n l:1 l:1

n n 2 n n n n
2 B 2
ao"in % sz' _in Zyz-—zxizw
i=1 i=1 i=1 i=1 i=1 ]
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Metoda najmensich stvorcov
(linearny pripad)

* Pre koeficienty funkcie f(x)=a, + a;x dostavame

n n n L n n n
2
anl.yl. —inZyi DIETD IR IE I
= i=1 i=1 =l i=1 i=1 i=1
- a, = S
n n
2
3 {3
i=1 i=1

a,

Oba vztahy si netreba
samozrejme pamatat, je vSak fajn
ovladat princip odvodenia.
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Aplikacia

Majme body (2,4), (3,6), (2,6) and (3,8) otestujme kritérium A.

10 X y

8 - 2.0 4.0

. 23
_ 3.0 6.0

T 2.0 6.0

2 3.0 8.0

0 T

0 1 2 3 4

n n n n > n n n
DIRARDIDIY DD IEDIL NI AT
_ =l i=1 i=1 =l i=1 =il =1
n n n n
2 2
ny x; inj ”in inj
' i=1 i=1

Koeficienty a, = 2 a a; = 1 = Hladana funkcia je f(x)=2x+1

7.11.2014 Stanislav.Antalic@fmph.uniba.sk 16

a,



Aplikacia

Majme body (2,4), (3,6), (2,6) and (3,8) otestujme kritérium A.

10
X y Yeal €[=]y—Y call
° 20 | 40 | 3.0 1.0
. 30 | 60 | 7.0 1.0
4 .
20 | 6.0 | 3.0 1.0
2 .
30 | 80 | 7.0 1.0
’ % 2 3 4 u GE-
. y=2x+1 Dls[=4>e| =4
i=1 i=1

n 7 . n 5 n n n
nzxiyi _inzyi inzyi_zxizxiyi
> = i=1 i=1 i=1 i=1 i=1 i=1

i3 inj
i=1 =
Koeficienty a, = 2 a a; = 1 = Hladana funkcia je f(x)=2x+1
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SPECIALNY PRIPAD Y=A X

7.11.2014 Stanislav.Antalic@fmph.uniba.sk 18



Ak oCcakavame a,=0

Zoberme si napriklad roztaznost telies so zmenou teploty.
Pri nulove] zmene, je roztaznost nulova, takze mézeme
pouzit’ linearnu regresiu fixovanu bodom (0,0).

Odvodili sme si:

n n n n n n n
2
nzxiyi _inzyi inzyi_zxizxiyi
=l i=1 i=1 i i=ll i=1 i=1

i=1
a, = ) - 5 dy = 5
i3 inj i3 Zx.j
i=1 i=1 i=1
A sucastne sme ziskali aj: Hypotéza: a, mézem ziskat' ako:
n n —
Zy,- in &
ay="—-—a,=—=y—aXx .

7.11.2014 Stanislav.Antalic@fmph.uniba.sk 19



Odvodenie pre pripad ao =0

Minimalizujeme S, 25 —Z z_alxi)

i=1

Prva derivacia nulova

ZZ Y, —ax, )(— =O

aal = 1

n 2 n
Z ax;, = Z ViX;
=il =l
n n
2 —
a in = Zy iXi
= =l
n
Z YiXi
al =
2
Z 95

i=1
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Upozornenie

* Prvou derivaciou sme iba ziskali informaciu o tom ze
najdené parametre a0 a a1 su pre funkciu
reprezentujucu lokalny extrem, ale neoverili sme ze ide o
minimum

* Na overenie minima by sme museli urobit druhu
derivaciu.
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NELINEARNA REGRESIA
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Najrozsirenejsie modely

1. Exponencialny model: (y= aebx)

2. Mocninovy model: (y=ax")

ax
3. Model saturovaneého rastu: (y = j
b+x

4. Polynémny model: (y=ao+aix+...+ amnx™)

5. Regresia gaussom.
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Definicia
Majme zadanych n bodov (x;,y), (x,Y,),....(x,,y,) @ hfadame

funkciu f(x), ktora najlepsie vystihuje dané data.

A
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NELINEARNA REGRESIA
EXPONENCALNOU FUNKCIOU
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Exponencialna regresia

Majme zadanych n bodov (x;,y,), (x,v,),...,(x,,y,) @ hfadame
funkciu f(x)=aet*, ktora najlepSie vystihuje dané data.

Minimalizujme nasledujuce kritérium kvality fitu

n

Sr = Z (yl_ —ae’ )2
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Minimalizacia
Sr = Z(yi —aebx")2

Opat vyuzijeme fakt, ze pri hfadani lokalnych minim
musi byt prva derivacia nulova

a;;; = ZZ::Z()/Z. —ae”™ X— " )= 0
0

8Sbr = i2(yi —ae™ X— ax,e” )= 0
i=1
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Hlfadame konstantu a

Riesenim prvej rovnice dostavame

B, _ i Z(yi —ae” X— e )= 0

i Nasli sme vyjadrenie
“TTa a v zavislosti od b
x.
e
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Hladame konstantu b

Dosadenim do druhej rovnice dostavame

(?;?’" = iZ(yi —ae™ X— ax.e” )= 0
i=1

n

Z (yl. —ae” X— ax.e” ): 0

i=l1

L bx;
> yxe” — 12 >xe =0
i=1 %eszl i=1

Nelinearna rovnica pre parameter b — je potrebne ju riesit
numericky. M6zeme pouzit niektoru numericku metodu.
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Priklad na exponencialnu regresiu

Pri pocitatovej tomografii sa sa ¢asto vyuziva izotop °"Tc
s polcasom rozpadu cca 5 hodin. PoCas jedneho zo
zakrokov boli namerané nasledujuce aktivity.

tthrs) | 0 1 3 5 7 9
Y | 1.000 | 0.891 | 0.708 | 0.562 | 0.447 | 0.355

Ulohou je:

a) Ziskat funkciu opisujucu danu zavislost

b) Odhadnut dobu polpremeny pre tento izotop
c) Odhadnut aktivitu po 24 hodinach
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Volba vhodnej funkcie

Data
1@
D
08¢
@
> 0.6
@
@
0.4r
@
0.2 ' ' ' '
0 2 4 0 3 10
Time (hrs)

Z jadrovej fyziky vieme, Ze vhodna funkcia je ¥ = Ae™
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Hlada me vhodne parametre

Mame funkciu f(x)=ae’ a pre jej parametre plati a a b

n
bx;

I D ye

2.V Z bx,  i=l o obx
a=X 2yixe "t —— - 2xe " =0

Z eszl- l:1 Z e xl l:l

i=1 =1

y = Aeit
6 n
A At;

Z;f,.e tl i A 21718 Iy

- = t
A= 1_61 f(/l):Zyitle _ln Ztl =0

e l
=1
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f(2.)

Riesenie rovnice hfadame numerickymi metédami.
Viac o numerickych metddach rieSenia nelinearnych rovnic
v niektorej dalsej prednaske
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f

Hlada sa parameter A

M,
1’__/—\ n Zj/le -
el f(i): Z]/il‘ielti — l:’; Zt 24, =0
= i Zew,- =
7 i=1
B 03 o1 Odhadnime si A =-0.120
S
i 7/1 7/itieﬂti 7/ieﬂ“ti eZﬂ,ti tl 211‘1‘
1 0 1 0.00000 |{1.00000 |1.00000 {0.00000
2 1 0.891 0.79205 [0.79205 |0.78663 [0.78663
3 3 0.708 1.4819 10.49395 [0.48675 |1.4603
4 5 0.562 1.5422 10.30843 [0.30119 [1.5060
5 7 0.447 1.3508 [0.19297 |0.18637 [1.3046
6 9 0.355 1.0850 [0.12056 |0.11533 [1.0379
2 (6.2501 X(2.9062 )(2.8763 X6.0954
av. IcC@fmph.uniba.s 7 - 34

7.1

1.2014

Stanisl




— | at,
1/—\ 1 , Zj/l.e : y
—~ | f(ﬂ“): Z%‘tielti - i:,; Ztieuti =0
= i=1 eleti i=1
5 o o Ziskali sme pre A =-0.120
iyitie—o.lzoti —6.2501 iyie—o.lzozi — 29062
i=1 i=1
S 20120 _ ) 8763 Zf O =6.0954
i=1
2.9062
—0.120)=(6.2501)— 6.0954)=0.091357
£(-0.120)=(62501)- 2202 (6.0954)
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f

Hlada sa parameter A

1;/—\ 1 , Zj/l.eh" .
—~ | f(ﬂ“): Z%‘tielti - i:,; Ztieuti =0
t'"(f’ i=l1 ethl. i=1

Bs 03 o Rovnakym spGsobom pre A =-0.110

/8

£(=0.110)=—0.10099
f(=0.120)x f£(~0.110)<0 > korefi lezi v intervale (-0.120:-0.110)

dalsi odhad je hodnota pre -0.115 (v strede intervalu) ~

Metdda bisekcie é

Po 20 interaciach ziskame s presnostou 0.000008%

A =-0.11508
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Hlada sa parameter A

i " 1xe—0.1150&0) +0.891X8—0.115081) +O.708xe—0.115083) +
vi€ "

0.562 x e 115985 1 (9 447 x e 115087 | () 355 x o~ O115089)

p2(F011508(0) | [2(-0.11508(1) | ,2(-0.11508(3)

6
Z euzl
, p2(-011508(5) | ,2(-0.11508(7) | ,2(-0.11508(9)

- =0.99983
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Oproti predchadzajucemu postupu, bola metéda najmensich

stvorcov pre linearny pripad trivialny pripad. Ako zjednodusit

komplikovany problem...

LINEARIZACIA PROBLEMU
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Odvodenie linearizacie

Nezriedka je mozné nelinearny problém zapisat

pomocou linearnej funkcie a aplikovat’ linearnu
metodu najmensich Stvorcov.

y:aebx lIlyZIIlCZ+bX
Zadefinuimesi z=Iny g, =Ina a, =b

z=a,+a,x
Pozor: transformujeme zadané hodnoty a nie model!!!
Takze ziskané hodnoty nemusia byt uplne optimalne
- b=a,

a, = i:1n i:In i:12 a,=z—a, X
anl.z —(inj a=e"”
i=1 i=1
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POWER MODEL
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Odvodenie minimalizacie

Majme zadanych n bodov (x;,y,), (x,v,),...,(x,,y,) @ hfadame
funkciu f(x)=ax?, ktora najlepS$ie vystihuje dané data.

Prikladom moze byt napr. ked z

o . . b
hadice strieka pod tlakom voda prietok =a-tlak

F=a-p
Minimalizujeme

- 5)e)

Ziskane Predpovedaneé
hodnoty hodnoty
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Minimalizacia

Sr = Zn:(yl. — axl.b)Z

Vlyuzivame =

)t L e)=a )

Opat vyuzijeme fakt, ze pri hfadani lokalnych minim
musi byt prva derivacia nulova

%i” = 1232()/1. — axl.b X— xib): 0
0

@% = ZZ(yi —ae™ X_ axl_b ll’l(xl. )): 0
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= —Z ylxl + aZ x2b =

i=1 ¢ i=1 aS " i "

Funkcia a=f(b)! ob = -
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Minimalizacia (vysledok)

—Z VX, ln

6%; n ) n
L =— E VX, +a2xl.2b =
a i=1 ol

+a2x2b In(x,)=0

7.11.2014

Stanislav.Antalic@fmph.uniba.sk

Zyl X,

2b
Zx

Nelinearna
rovnica
rieSitelna
numerickymi
metodami
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Opat jeden pokus o zjednoduSenie problému

POWER MODEL -
LINEARIZACIA
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Odvodenie transformacie

Majme zadanych n bodov (x;,y,), (x,,),....(x,,y,) @ hladame
funkciu f(x)=ax’, ktora najlepS$ie vystihuje dané data.

hfadame funkciu In(f(x))=In(ax?), s ktorou sa pracuje pohodinsie

yoa-xt = my=lna+blnx = z=a,+aw
o (50 QZmUJ
Wi :hl(xi)
(7)) o b=a,
° (x1’y1) (xl.»yi) yl._f(xl.): ao — ln a— d = eao
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Odvodenie transformacie (pokr.)

z=a,+aw

n n n
DOREEDIPNT
— i=1 i=1 i=1
N 2
n n
2
ny w— (Z Wij
i=1 i=1

a,

Pozor — neminimalizujeme povodne Kritérium

Minimalizujeme kritérium

n

Sr = Z(Zl- —a, —aw, )2 = i(hl(yi)—ao — 4 hl(xi ))2
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Konkretny priklad

Z hadice strieka pod tlakom voda s prietokom

F=a-p InF=mna+bmp=a,+aw

pbar) | 10 | 16 | 25 | 40 | 60
F(/min) | 94 | 118 | 147 | 180 |230
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Priklad (pokr )

o F w=In(p) z=In(F) Zi wif2
10 94 2,303 4,543 10,461 5,302
16 118 2,773 4,771 13,227 7,687
25 147 3,219 4,990 16,064 10,361
40 180 3,689 5,193 19,156 13,608
60 230 4,094 5,438 22,265 16,764
Sum 16,077 24,935 81,174 53,722

”;szf_nggwf 5-81.174—24.935-16.077
a, =— ST - =0.4910
" ( ) 5.53.722—(16.077)

a, =z—a, w=24.935/5-0.490-16.077/5 = 3.4083

Nasli sme koeficienty pre zZ=a, t+taw
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Priklad (pokr.)

PokraCujeme v transformacii naspat

z=a,+aw a,=3.4083 g, =0.4910

_ a, __ 34083 _
Feap =" =" =30.213

F=ap’” =30.213p"*"°
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Dal3i z modelov vyuZivanych pri regresii

POLYNOMIAL MODEL
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Zadanie regresie

Majme zadanych n bodov (x;,y,), (x,,),....(x,,y,) @ hladame
funkciu f(x)=a,+a;x+...a,x™, ktora najlepsie vystihuje dané
data pre m<n-2.
Pre m=n-1 by sme hladali interpolaciu

Minimalizujeme
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Vyjadrenie regresie

n
2
. . I . . m
S,,—Z(yl. a,—a,x, —. . . amxl.)
i=1

Hladana funkcia musi zodpovedat podmienke

o5, :ZnZZ.(yi —a,—ax, —. . .—amx;”)(—l):O
oa :
0 -
oS,
Gar =22 (yl. —a,—ax; — .—amxlf")(—xl.) =0
1 =1
Sjr -y 2.(yi—a0—a1xl. — .—amx;”)(—x;”)zO
i=1

Tymto ziskavame m rovnic s m neznamymi
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Vyjadrenie regresie

aa() i=1
0s, :iz,(yi—ao—alxl. =, . .—amxlfn)(—xl-)=0
aa1 i=l1
da, ‘I

n n n n
Zyl. = Zao +Z a,x, +Z a, x
i=1 i=1 i=1 i=1
n n n n
Zyl. l. :Zaoxi +Za1xl.2 +...Z:a,,nxi’"+1
i=1 =1 i=1 i=1

Zyl l —Zaox +Z:a1 by Zamxl’"
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Vyjadrenie regresie
Z ZaO-I—Zax +.. Za

. 2 m+l1
Zyl. l. —Zaoxl. +Za1xl. +...Zamxl.
i=l1 i=l1 i=l1 i=l1

Riesim to ako system rovnic

n n n n
2 : m __ 2 : m 2 : m+1 2 : 2m
i=1 i=1 i=1 :

n ;xi Lo .(;xi’”j a, ] Zyi
(lexij ;xf L. {lex;"”j 8 1= le.yl.

(mej [i]x;"ﬂj . (lemj ix’my"
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Priklad

Vratime sa k staremu prikladu s raketou

Welocity vs. Time

1000 . . T . . ;
t,(s) | ve)(ms) Ll .
s00+F
O O TOOF
10 227.04 Z o0t o
= 500} @
15 | 36278 | 7
20 | 517.35 00 )
225 | 60297 i _
3 O 90 1 . 67 OE é 1IO '|I5 QIU 2I5 3IU a5
Time {s)

Najdite kvadraticku funkciu repreznetujucu dane data
Najdite rychlost v Case t = 16
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Riesenie

b6 M) (os) Zn:yi = Zn:ao +Zn: ax, +Z a,x"
0 0 i=1 i=1 i=1 i=1
EUN e Zyl- : =Za0x,- +Za1xf +. > a, %"
15 | 362.78 = = = =
20 | 517.35
25 | 602.97 Z o Z . +Z ax™ +. 3 g
30 | 901.67 —

Zao +Z“1x +Za2
26: +Zax JrZ:a2
a,x; +Zax +Za2
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Riesenie (pokr.)

L) Me), (ms) ivi = 26:“0 +Z6: at, +26: aztl.z
0 0 i=1 i=1 i=1 i=1
10 | 227.04 SR - SR e
s 16273 ;viti = ;aoti +;alti +,Z_1: a,l;
20 517.35 6 n n n
225 | 602.97 2Vt = a ) at) +) ant
. . i=1 i=l1 i=l1 i=1
30 901.67
6 6 6 6 6 6 5
Sy, =nay+a, Y1, +a, 1 D v, =2611.81 > 1,=97.5> 1 =2131.25
i=1 i=1 i=1 N =l -
° 6 6 ¢ 1. =5.87x10* Y't’ =5.08x10*
;viti :aoiz_lltl. +a1iz_1:tl.2 —l—aziz_l:tf ;v” % IZ;: i %

i=1

n n . 6 4 ¢
ivitf =a, > 17 +a, ) 1) +a, ) t! Z:‘"z-f? ~1.43x10° 2 t, =1.29x10
i=1 i=1 i=1 i—1 i=
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Riesenie (pokr.)
2611.81=6a,+97.5a, +2131.25a,

5.87x10%* =97.5a, +2131.25a, +5.08x10%a,
1.43x10° =2131.25a, +5.08x10*a, +1.29x10°a,

a, =435.301-16.25a, —355.208a,
601.8 = a, +21.86a, +520.674,
670.04 = a, +23.82a, + 603.82a,

601.8 =435.301-16.25a, —355.21a, +21.864, +520.674,
670.04 = 435.301-16.25a, —355.21a, +23.82a, + 603.82a,

166.49 = 5.61a, +165.46a,

234.74 ="7.57a, +248.61a,
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Riesenie (pokr.)
166.49 =5.61a, +165.46a, a, =435.301-16.25a, —355.208a,
234.74="7.57a, +248.61a, a, =2.1226

W(t)=2.1226+17.9477t +0.3977¢

1000 ——4— —————————F———————T————

29.6774 = a, +29.4938a,
31.0092 = q, +32.8415a,

800

600 -

1.3318 =3.3485a,

v [m/s]

400 |

a, =0.3977
a, =29.6774—29.4938a, .-
a, = 17.9477 o 5 10 15 2 25 30

t [s]
W(16)=2.1226+17.9477-16+0.3977 16> =391.097

Z kvadratickej interpolacie mame hodnotu 392.19
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SATURATION GROWTH
MODEL
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Zadanie regresie

Majme zadanych n bodov (x;,y,), (x,,),....(x,,y,) @ hladame

funkciu typu ), — ax
b+ x
Plati pritom limy L —tlim-—“-=4¢ aprex=0jey=0

X—>00 xoo D
b+x b q

X

(x,y)
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transformacia

y="2 I _b+x b1 1

b+x y ax ax a

Z=da,+aw

A dalej mozem pouzit' linearnu regresiu...
1 b a,

a=— —=aq, >b=aa=>b=—
4y a a,
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ZAVER
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Zhrnutie

« Uviedli sme niekolko prikladov pre regresiu funkcie a
vhodnu transformaciu funkcii.

« Je viacero metddna rieSenie komplexnejSich funkcii.
Napriklad hfadanie koeficientov pomocou nahodnych
malych zmien a opakovanom vyhodnocovani
minimalizacneho kritéria.

* Treba byt napriek tomu opatrni

Year Number ()

NASDAQ Index () 6000 1

1 (1994)

752

2 (1995)

1052

3 (1996)

1291

4(1997)

NASDAQ Index, S

1570

5 (1998)

2193 0

6 (1999)

4069

7.11.2014

S =168.14t* - 597.35t + 1361.8
.

- )J
*

2 4 6
Year Number, t (yrs)

Stanislav.Antalic@fmph.uniba.sk

65



Zhrnutie

Year NASDAQ Predicted Absolute Relative
Number () Index () Index True Error (%)
1 (1994) 752 933 24
2 (1995) 1052 840 20
3 (1996) 1291 1083 16
4 (1997) 1570 1663 6
5(1998) 2193 2579 18
6 (1999) 4069 3831 6
7 (2000) 2471 5419 119
8 (2001) 1951 7344 276
20000 -
vi 15000 -
»
=
RS
g 10000
a
n
<
#5000 -
® 9
0 T T T 1
0 2 4 6 8
Year Number, t (yrs)
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THE END
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