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HeJMHenHasaA perpeccus

Crart. MeTOoabI B
IICUXO0JIOTUH

(Paguuxona H.II.)



Mo:keT ObITH
TaK, UYTO
3aBUCHMOCTDb
MEKIY
NepeMeHHbBIMU
HeJIMHeNHAas.
Torna
NpUMEHACM
HEJIMHECHHY IO
perpeccuro

HenNnuMHenHas




brHapHas JIOTMCTHYECKAs pErpeccus
II03BOJISIET UCCIIEIOBATh 3aBUCUMOCTD
JTUXOTOMHUYECKHUX 3aBUCUMBIX
IIEPEMEHHBIX OT HE3ABUCHUMBIX
[IEPEMEHHBIX, UMECIOIIUX JIFOOOM BU]
IIKAJIbI




brHapHas JIOTUCTUYECKAS PErPECCUS OT
OTUCKPUMHUHAHTHOI'O aHAJIM3a OTIINYACTCS
TEM, YTO CBA3b MEKIY 3aBUCUMOU U
HE3aBUCUMBIMU IEPEMEHHBIMU
HEJIMHCUHASA




JlorucTuueckasi perpeccust

MBI TOBOPHM O HEKOTOPOM COOBITHH, KOTOPOE
MOXET IMIPOU3OUTH WIIM HE IPOU30UTU. B
3TOM CJIy4ae BEPOSITHOCTh HACTYILJICHUSA

COOBITHS PACCMATPHUBACTCS B 3aBUCHUMOCTH OT

3HAQUECHUH HE3aBUCHUMBIX IIEPEMEHHBIX.




MareMmaTudeckast MOI€eJb

|
P = B
l-I-e

rae z=b1x1+b2x2+ ...+bnxn+ bO

P — BEPOATHOCTb HACTYIJ1IEHNA CcoObITUSA, X —
HE3aBNCUMbIE MNEPEMEHHDLIE

Ecnu p 6onblie 0.5, TO MOXHO
NPeanosioXKnTb, YTO cOBbITUE NPOU3OUAET.




MareMmaTudeckast MOI€eJb

|
P = B
1-I—e

rae z=b1x1+b2x2+ ...+bmxn+bO

Hawa 3agada, Kak Bceraa, - OUeHUTb
KO3hPULMEHTHI b,




MareMmaTudeckast MOI€eJb

3aBUCUMOCTb, CBAI3biBaroLast BEPOATHOCTb
COoObITUA U BeNNYUHY Z, noKa3aHa Ha
cregyrowen gmarpaMmme:

1.0

DDDDD
pof
oo
o

9Ta 3aBUCUMOCTb HOCUT HENTMHEUHbIN
Xapakrtep, npn4yem P He MOXeT BbIXOAUTb 3a

npegenbl gnanasoHa 0 — 1
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BEROATHOCTE

MareMmaTudeckast MOI€eJb

1.0
poooo
UDED
oo
o
o
u]
o
R=I o
o
o
o
o
o
5 = 8
o
o
- -
2 4
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JlorucTuueckasi perpeccust

neEe sn s | HaxoauTCd B MOAYJIE
Nonlinear Estimation

:_I |_1E [Zan Basic Statistics/Tat
M Multiple Regressio
N AnOvA

x.?fl Monparametrics
|2 pistribution Fitting

I Arial

l’él Advanced Linear/MNonlinear Models % General Linear Models

ﬂ Multivariate Exploratory Techniques % Generalized Linear/Monlinear Madels
Industrial Statistics & Six Sigma % General Regression Models

% Power Analysis E—_H..S General Partial Least Sguares Models
w Automated Meural Networks @ﬁ MIPALS Algorithm (PCAJPLS)

@b PLS, PCA, Multivariate/Batch SPC 5® variance Components

Variance Estimation and Precision (VEPAC) & Survival Analysis
St akistics of Block Data A I‘Q’;' Monlinear Estimation

ﬁ STATISTICA Visual Basic K Fixed Nonlinear Regression
Batch (ByGroup) Analysis “EF Log-Linear Analysis of Frequency Tables

v

v

° e ) )
Zal Probability Calculator Structural Equation Modeling




OK

user |Jser-specified regression, least squares

e “pe . .
user |Jser-specified regression, custom loss function

g4 Cuick Logit regression
#: Quick Probit regression

___E Exponential growth regression

T Piecewise linear regression

Cancel

3

Options «

Ei'"

Open Data

SELECT
CASES

s| D w

You can also use the GLZ module to analyze continuous, binomial, or multi-nomial

dependent vanables (e.g., for Logit or Probit regression).




'&1 | ogistic Regression {Logit): NATIONS

Qubkl

Input file contains: ICodes and no counts ¥

@] Variables |

Dependent: none

Independent. none

Counts:

_l;ljdr}.:-'_-: fljf le‘.[:l, var,

and

You can also use the GLZ module to analyze continuous, binomial, or
multi-nomial dependent wvarables (2.g9., for Logit or Probit regression).

Cancel

[®] Options «




Ipumep

« Paccmorpum npumep n3 meaunvHsel (Breast
cancer survival.sta)

o OlLICHUM IIIaHC HA BbDKUBAHHUE MNAIlUCHTOB
Pa3HOI0 BO3paAcTa C OIYXOJbI0 PA3IUYHBIX
pa3MepoB (IBE HE3aBUCUMEIC IIEPEMEHHBIC)




Ipumep

Age — Age (years)
Pathsize - Pathologic Tumor Size (cm)

Lnpos - Positive Axillary Lymph Nodes

Status — Censored/Died
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Pe3yiabrarsl

[BAResults: Breast C E ?

Model is: logistic regression (logit) No. of 0's:1135,000 (94,03480%)

No. of 1's:72,00000 (5,965203%)
Dependent wariable: STATUS Independent wvariables: &
Loss function is: maximum likelihood Final walue: Z259,88717Z68
-Z2*log(Likelihood): for this model=519,67744 intercept only=545,653857
Chi-square = Z25,81137 df = & p = ,00024z3

Quick IAdvancedl Residualsl Fleviewl

Summary: Parameter estimates Cancel

M  Observed, predicted, residual vals [®] Dptions v

Fitted 2D function & observed values

Fitted 3D function & observed values
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Pe3yiabrarsl

[BAResults: Breast C

Model is: logistic regression (logit No. of 0's:1135,000 (24,03480%)

pendent wvariable: STATUS Independent wvariables: &
Loss function is: maximum likelihood Final walue: Z259,88717Z68
-Z2*log(Likelihood): for this model=519,67744 intercept only=545,653857
Chi-square = Z25,81137 df = & p = ,00024z3

Review
Summary: Parameter estimates | Cancel
M  Observed, predicted, residual va¥™ tiohs v

Fitted 2D function & observed val OueHKa eCTBa Hioe
Fitted 3D function & observed val MOH eﬂl/l




KayecTBO Moaeau

« KauecTBo npubamxeHus perpeCcCuOHHOM
MOJICJIN OLICHHUBAETCS IPU IOMOIIM (PYHKLIUU
nogoOus. Mepou npaBaonog00Ms CIIYKUT
OTPHULATEIILHOEC YABOCHNUE 3HAYCHUS
norapugma 3Tor QyHKIuM - -2LL.

o B kadecTBe HauajIbHOTO 3HadeHus g -2 L
IIPUHUMAETCS 3HAYCHUE, KOTOPOE II0Iy4aCTCSA
IJISL PETPECCUOHHON MOJICIIN, COAEPKAILEH
TOJIbKO KOHCTAHTY.

. ‘%7%‘:_



KayecTBO Moaeau

3aTeM B MOJCIIb 1I00ABIISIOT IIEPEMECHHBIC
COINIACHO BEIOPAaHHOMY METOLY U
BBIYHCIISAIOT PA3HOCTh (YIYUYIICHUE
KauecTBa Moje/in). Pa3HOCTh 0003HAYaKOT
KaK XH-KBaJpaT U BBIYUCIISIOT €€
3HAYUMOCTh.
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KayecTBO Moaeau

[BAResults: Breast C b 21X

Model is: logistic regression (logit) No. of 0's:1135,000 (34,03480%)

No. of 1's:72,00000 (5,965203%)
Dependent wvariable: STATUS Independent variables: 6

Loss function is: maximum likelihood Final wvalue: Z59,838717Z68
Wtercept only=545 5357

,0002423

LIEY

Quick IAdvanced] Residualsl Reviewl ey Summary'l
Summary: Parameter estimates I Cancel

[l  Observed, predicted, residual vals | — E Options »

Fitted 2D function & observed val XI/I-KB a Ilp aT Group

Fitted 3D function & observed valdh

2

Ak
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Pe3yiabrarsl

[BAResults: Breast C i

Model is: logistic regression (logit) No. of 0's:1135,000 (94,03480%)

No. of 1's:72,00000 (5,965203%)
Dependent wariable: STATUS Independent wvariables: &
Loss function is:

maximan likelihood Final walue: Z259,88717Z68
-Z2*log(Likelihood): for this model=519,67744 intercept only=545,653857
Chi-square = Z25,81137 df = &

p = ,0002423

Quick IAdvancedl Residuals| Fleviewl

Summary: Parameter estimates Cancel
fH  Observed, predicted, residual vals [®] Dptions v
Fitted 2D function & obseryved values By Group

itted 3D function & observed values N
s ey { Kosdpuumentsl b




*ﬂ Workbook1*
= "j Monlinear Esti
=43 Monlinear

Model: Loglstu: regressmn (Ioglt) N of 0's: 1135 1's =
Dep
Inal Ioss 268 18513440 Chl?(

] Model N Const.B0 | AGE

Odds ratio (unit ch) 0,2??12. 0972764
Odds ratio (range) 0,161614

K l l _,J Model: Logistic regression (logit] N of 0's: 1135 1's: 72 (Br... Model: Logistic re 4 | >

| % 72£
6159 ®



Pe3yiabrarsl

e Results: Breast C

Model is: logistic regress:

Dependent wvariable: STATUS
Loss function is: maximuam

OMIIMpPUYECKHE, )
NpeacKasaHHbIe

-Z2*log(Likelihood): for thi 3Haqe H OCTaTKI/I
Chi-square = 9,215445 df = ,00393%8

Byl 2
Quick | Advanfled | Residuals Summary
Ml Observed, predicted, residual vals Histogram of residuals Cancel
MNormal probability plot of residuals Half-normal probability plot @ Options v
[l Classification of cases & odds ratio Predicted vs. observed values By Group
iE

Save predicted and residual values

Predicted vs. residual values




Pe3yiabrarsl

STATISTICA - Workbook1* - [Model is: {(Breast C)] - [Workbook1* -
I File Edit W¥iew Insert Format Statistics Data Mining Graphs Tools

]D@B'@|§r_&| $ B @ < | v o= | #& addto workbo
==|2

Il.ﬁ.rial ~lJio -] | B z U |

~ *
‘N Workbook1 Model is: (Breast C)

=l Eﬁ Monlinear Esti .
= »:a Nonlinear Dep. Var. : STATUS

_____ - =] Model Observed Predicted |Residuals -
] Model 0,0000000 0063387 -0,083387

0,000000 0038505 -0,038505 B
0,000000 0035553 -0,035553 00

1

2

3

4 0,000000 0054233 -0,054233 00000000
5 | 0,000000 0077837 -0,077537 B
6

7

8

0,000000 0066746 -0,066746 0
0,000000 0081895 -0,031895 B
0,000000 0034618 -0,034615 BN

9 0,000000 0090593 -0,090593 B
10 0,000000 0073964 -0,073964 B
11 0,000000 0052834 -0,052534 B
12 0,000000 0073964 -0,073964 RS
13 | D0,000000 0058643 -0,058643 0
14 | 0000000 0075992 -0,075992 B
15 0,000000 0050221 -0,050221 B
16 0,000000 0066863 -0,066863 BN
17 0,000000 0082036 -0,052036 8

18 | 0,000000 0086304 -0 086304_

- - — i — — 4 s~ a2 - — e 4 Al oa -
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\
*&4 Results: Breast C M anHua
Model is: logistic regressi Kﬂaccn(l)nkaunﬂ
Dependent wariable: STATUS J
Loss function is: maximum likelihood Final walue: 268,18513440
-Z*log{Likelihood): for this model=536,3702 intercept only=545,65357
Chi-square = 9,215445 df = 2 p = ,00939811 _J_J
Byl 2
Quick | Advanced | Residuals |Fieview| Summary
[l Observed, predicted, residual vals | Histogram of residuals Cancel

Mormal ook Half-normal probability plot E Options v

fH Classification of cases & odds ratio D=5 Predicted vs. observed values

ﬁ Save predicted and residual values Predicted vs. residual values




Pe3yiabrarsl

NONLIN. |Odds ratio: ———-

ESTIMAT.
Pred. Percent
Ob=served 1 Correct
0  100,0000

0 0,0000
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Pe3yiabrarsl

- T 2l_[x

Pacnpeneaenue
OCTaTKOB endent wariables: 2

- X imuam hood Final walue: Z628,18513440
-Z*log({Likelihood): for this model=536,3702 intercept only=545,653857

it) No. of 0's:1135,000 (94,03480%)
No. of 1's:72,00000 (5,265203%)

Chi-square = 9,215445 df = 2 p = ,b0099811
LY
Quick | Advanced : Residuals I Heviewl T Summary
[l Observed, predicted, residual vals < Cancel
MNormal probability plot of residuals Half-normal probability plot E Options v
[l Classification of cases & odds ratio Predicted vs. observed values By Group

ﬁ Save predicted and residual values Predicted vs. residual values
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Pe3yiabrarsl

Frequency Distribution: Residuals

G600 |
500 r

vz

7

4

— Expected
Normal

i %727%
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A

;o

3HaAKOMBIEe HAM

rpaduku

\ OIICHKU

it) No. of 0's:1135,000 (94,03480%)
No. of 1's:72,00000 (5,965203%)

endent wariables: 2

ood Final walue: Z68,18513440

=536 ,3702 intercept only=545,653857

p = ,0093%811

LIEY

Quick | Advanced : Residuals | Review | THH  Summary
[l Observed, predicted, residual vals Histogram of residuals Cancel
MNormal probability plot of residuals Half-normal probability plot Sl Options v
[l Classification of cases & odds ratio Predicted vs. observed values By Group

E Save predicted and residual values

Predicted vs. residual values







OuneHnka Ha K3aMeHe U
MOTHBAIMA TAK MPSIMO He
CBSI3AHDI ...




Torna
NpUMEHACM
HEJIMHECHHY IO
perpeccuio,
a 3AaBHCUMOCTH
MO:KeT ObITh
3aJlaHa CaMUM
MOJIb30BaTeJIeM

HenNnuMHenHas




[ Ipumep.

Poct Hacegenus B CIIIA ¢ 1790 mo 1960 rr o

ACKaldaM.

BuaHo, 4TO 3aBUCHUMOCTH TYT
CKopee He JIMHelHas], a
IKCIIOHECHIUAJIbHAS.
Jemorpadnl 3HAKOT, 4TO
Jy4lle BCero 3aBUCUMOCTDb
POCTA HACEJICHUS OT BPEeMEHHU
onuchiBaercsa GyHkuuen

C

a+bt

te

population =

i ‘%7%{_



OueBHIHO, YTO HAIIIEH 33/ a4eH
SIBJISIETCS OoNpeaeieHue Tpex
K03 duInueHToB - a, b u c.




“éﬁ T HIOCTPOEHMS YPaBHEHHM

HEJIMHEMHOMW PETPECCUU CITYKUT

Moayiab Nonlinear Estimation
/

i Nonlinear Estimation: NATIONS

Quick | 0K

C Jg User-specified regression, least squares ) Cancel

|8 User-specified regression, custom loss function _
= ———— ™ I [ T

& (Juick Logit regression

) Quick Probit regression [~ OpenData

__lf Exponential growth regression

SELECT
CRSES S | o w

T Piecewise linear regression

You can also use the GLZ module to analyze continuous, binomial, or multi-nomial
dependent vanables (e.q., for Logit or Probit regression).




® g4
& w4

Quick l

(S

Function:

JT71s1 TOCTPOEHMS ypaBHEHUI

HEJIMHEMHOMW PETPECCUU CITYKUT
moayiib Nonlinear Estimation

wth 2| x|

Cancel

Open

Save As

Estimated function: ‘estimated var' = expression; e.9.:

‘alid operators: + - P T P <y = <= & o=
Referance vanables by number or name; e.9.: v3=b1™v4 or

Al unrecognized names are parameters;  e.9.. v3=const+param™v4

Use standard or scientific notation; e.g.: v3=b1™v1/3e+2

Constants: Pi=3.14...; BRuler=2.71...; e.g.: w3=b*Bulertv3

Functions: abs arcsin cos exp log log2 logi1D sign sin sinh sqrt tan
Logical operations: true=1, false=0; e.g.: vZ=b1™w3™(vw1<0Hb2™v3™(v1>=0)
Example 1:  Failure=exp(b0+b 1™ Strength) L=v5*(0BS-PREDY™2
Example 2:  vd=exp(@a+b1™v4M(1+exp(@a+b1™v4))

L=Weight*abs(0BS-PRED)

Tyt naOupaem
¢opmy.ry,
_KoTopas, 1o
HalleMy
MHEHMIO,
XOpo1Io
OINHUCHIBAET
MOJIYYCHHY IO

3aBUCHAMOCTDH

i ~77ﬁ€



Model is: popul=c/(l+Expi{atb*decade))
Number of parameters to be estimated:
Loss function is: least squares
Dependent wvariable: POPUL

Independent wvariables: DECADE
Missing data are casewise deleted

Nunber of walid cases: 18

Quick  Advanced I Review |

E stimation method: ILevenberg-M arquardt

M aximum number of iterations: ISU
Convergence criterion:  1.0E- ls

] Start values: |Various

HavaapbHbIE
3HAYCHUSA

mapamMeTpoB

ij‘i':;ﬁ-
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MaJjgieHbKkHe (?) XUTPOCTH

Specify start values )

- [EE

a |3,9

bl-3

21 x|

‘ 0K I
Cancel I

— Common Value -

[

Apply I
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mResults: population-growth b ?

Model is: popul=c/(l+Expi{atb*decade))
Dependent wvariable: POPUL

Loss function: least squares

Final walue: 186,47643312

Independent wvariables: 1

Proportion of wariance accounted for: ,93650091 R =,99b24892
B ]
Quick IAdvanced Flesidualsl F!eviewl HE  Summary
Summary: Parameter estimates Cancel

Predicted values, Residuals, etc.

[teration history

Analysis of Varance Fitted 2D function & obs

Fitted 30 function & ob:




Dep. war: POPUL Loss: (OBS-PRED) **2 —:J
Final loss: 186,47643305 R=,99825 Variance explained: 99, 650%

Continue..

N=18 A B

243,9955 3,888804 -,278852 ¥

4 y




o Temmepnb, moacTaBUB KOIPPUIHMECHTHI
B HCXOAHYIO (hopMYyJTy

244
1 —|— 83,89—0,281 2

population =

MbI MOKE€M OLIEHUTh HACEJIeHUE
CIIIA B Oynyiuem - uepes 19, 20,
1000 Jer...
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Ounenka mojaeju

mResults: population-growth E : ? X

Model is: popul=c/(l+Expi{atb*decade))
Dependent wvariable: POPUL Independent wvariables: 1
Loss function: least squares

Final walue: 186,47643312
Proportion of wariance accounted fofl:

Quick lAdvancedI Residualsl Reviewl

Summary

Cancel
HpoueHT g [®] Options v
Oﬁ'])ﬂCHEHHOI/I By Group

Il I/I C H ep c I/I I/I :d 2D function & observed vals

red 30 function & observed vals
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Ounenka mojaeju

mResults: population-growth i ? X

Model is: popul=c/{l+Exp (at+b*decade)) O
Dependent wariable: POPUL Independer CTaTKH

Loss function: least sdquares
Final walue: 186,47643312Z

Proportion of wariance accounted for: ,39650091 R =,99824892Z

Quick | Advanced Residuals IHeviewl

Bl Observed, predicted, residual vals | [fH Histogram of residuals Cancel
Normal probability plot of residuals Half-normal probability plot E Options v
Observed vs. Predicted Residual vs. Predicted By Group
E Save predicted & residual values




Ounenka mojaeju

[ Results: population-growth j ?

Model is: popul=c/{l+Exp(atb*decade)
Dependent wvariable: POPUL

Loss function: least squares

Final walue: 186,47643312Z
Proportion of wariance accounted for

IMIIMPUIECKHE,
[peaCKA3aHHbIE
3HAYCHUS U

Quick I Advanced Residuals lHeviewI

fffl Observed, predicted, residual vals b

Normal probability plat of residuals Half-normal probability plot [®] Dptions v

Observed vs. Predicted

Residual vs. Predicted

By Group

E Save predicted & residual values




Ounenka mojaeju

Results: population-growth

I’ mcrorpamma
pacnpeaejaeHus

Independent wvariables: 1

,99650091 R =,99824892

Quick | Advanced Residuals lHeviewl

il Observed, predicted, residual vals b Histogram of residuals Cancel
MNormal probability plot of residuals Half-normal probability plot E Options v

Observed vs. Predicted Residual vs. Predicted By Group
E Save predicted & residual values
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Ounenka mojaeju

Results: population-growth

Toxe 3HAKOMBIE
HaM rpapuku

Independent wvariables: 1

,99650091 R =,99824892

Quick | Advanced Residuals lHeviewl

Ml Observed, predicted, residual vals Ak Histogram of residuals Cancel

Normal probability plot of residuals Half-normal probability plot [&] Options v

Observed vs. Predicted Residual vs. Predicted

By Group

E Save predicted & residual values




Ounenka mojaeju

JTH 3HAYECHUSA TO0JIKHBI JIEKATHh BI0JIb
OTHOM MPAMOU

Expected Normal Value

05 ¢
-10 ¢
15} / or 10 i
sl 0/ 40 | g

/ 6 g
20 | 5
25 ' - 5%

N
O
(=)

ey

[#%)

Observed Va
Q0
(e}
o

-20 : : . : : : : : . .
-20 0 20 40 60 80 100 120 140 160 180 200
Predicted Values




Ounenka mojaeju

'$4Results: population-growth 2 _|x
rpa(l)HR 3Mnnpl/lquKHX pendent wariables: 1
3HAYCHUHU M (PYHKIIUU,

o 0091 R =,99824892
ONMCHIBAIOIEH MOIeIb -
Quick |Advanced | Residuals | Review | HEH  Summary

Cancel

Summary: Parameter estimates

B  Predicted values, Residuals, etc.

[teration history

Analysis of Yariance

L8] Fitted 2D function & observed valsﬂ

% Fitted 30 function & observed vals |

[®] Options

v

By Group

i L'z]ﬁ‘%
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POPUL

200

180

160

140

120

100

80

60

40 +

20 t

-20

Ounenka mojaeju

Model: popul=c/{1+Expla+b*decade))
y=(243 994)/(1+exp((3,88881)+(-, 27885)"))

1
14
o)
13
12
11
10
9
3
.
6
7
-2 4 6 3 10 12 14 16
DECADE

18

i %727%



Botr u Bce!
3agaBalTe J100bI¢ 3aBUCUMOCTH
1 NpoBepsAnTe JI00bIe Moaeu!




