N3KYCTBEH MHTEeNEeKT

Tema 16: Metogun 3a MaLUNHHO
obyyenune. Perpecus. JInHenHa
perpecunsi. AHaJiIn3 Ha rpeLlikarta.




" A
Perpecus, perpecCcMOoHeH aHaJIu3

d

Perpecundara uenu ga obsacHmn (Mmoaenmpa) UaMeHeHUEeTo Ha
3aBMCMMaTa NpPoOMeHSIMBa U3N0N3BanKN 3HaHUE 3a
M3MEHEHUSATA Ha eaHa UM noBeye He3aBUCUMU NMPOMEHINBU.

PerpecusaTta e cneacTtBue OT Kay3asHOCTTaA.

AKO HE3aBUCUMUTE MPOMEHIMBU CA CBbP3aHU C UBMEHEHUATA
Ha 3aBMCMMaTa NPOMEHIMBA, MOAENDBT MOXE Aa Ce M3MN0oJi3Ba 3a
npeackasBaHe...

3aBucmnma npomeHnmea (y)
[ }

HesaBucrma npomMmeHnuea (X) 5



" A
Perpecusa, perpecMmoHeH aHanu3

1 PerpecusHuM o4
He3aBMCUMaA moaenu He3aBUCUMMU
npomeHnMBa npOMeHnVIBVI

npocTa CITOXHa
. He- . He-
JlnHenHa . JlnHenHa .
NTMHEeUHa NTIMHEenHa
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" A
NMpocTta IMHenHa perpecus

Pe3yntaTbT OT perpecusaTta e dyHKUMSATa, KOSATO npeacka3Ba
3aBMCKMMaTa NPOMEHINBA Bb3 OCHOBA Ha CTOMHOCTUTE Ha
He3aBMcuMaTa NPoOMeEHInNBa.

[Mpn npocTaTa JIMHEeNHa perpecus anpokcuMmpame C rnomMoulTa Ha
npaBa JMHUS.

$=b0+bl1.Xte

bl = HaknoH
= Ay/ AX

A

b0 (oTmecTBaHe Nno y)

3aBucuma npomennunea (y)

HesaBucrnma npomeHnuea (X)
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" A
NMpocTta IMHenHa perpecus

—
> ° .
= HabnogasaHa:
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= o * ° npenckasaHa: y
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S L Hyna
HesaBucuma npomennmea (X)

dyHKUMATa TpsaA6Ba Aa npeacka)Xe CT-Ta Ha 3aBMcuMaTa
NpPOMEH/IMBA Y MO 3aJaZleHa CT-CT Ha X

VAN
HabniogaBaHaTta CT-CT € 03HaYeHa C y, a npeAckasaHaTa C Y.
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" A
NMpocTta IMHenHa perpecus

o
4 } Prediction error: €
®

HabnopgaBaHa <

[MpenckasaHa
CTOMHOCT: Y

N
> CTOWHOCT: y

Hynesa cTOMHOCT

3a BCSAKO HabnoaeHue, OTKIIOHEHUETO MoXe Aa 6bae 03HA4YeHO KaTo:

N
y=y+g
UCTUHCKa= ODOAACHEeHa + rpeLuka
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" A
Perpecus

3aBucmma NPOMEHIJINBaA (y)

He3aBucHMMa NpomMeHsnmea (X)

[lo MeToda Ha HanW-MankuTe KBaapaTun Moxe aa ce nlbepe NUHUS
KOSTO Aa AoBeae A0 Han-MankKaTta CTOMHOCT Ha cyMaTa OT KBaapaTa
Ha rpewkKnTe Ha npeacka3BaHe.

Ta3nm CTOMHOCT Cce Hapu4a cyMma OT KBaZpaTuTe Ha rpewkaTa (Sum
of Squares of Error, SSE).
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" A
Perpecus

3aBncuma NpoMeHnuBea

(y)

He3aBuMcnmMa rnpomeHnmea (X)

Perpecmnsa cbC cyMa OT KBagpaTuTe -- cyMaTa OT KBagpaTuTe Ha
pa3nnknuTe M/y npeackasaHaTta CTOMHOCT Ha BCSKO HabnwaeHune
N cpeaHaTta CTOMHOCT Ha nonyJsiaunsTa.
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" A
Perpecus

O6wa cyma Ha kBaapaTtute (Total Sum of Squares, SST) e

SST = SSE + SSR

Total sum Sum of Sum of Squares
of Squares Squares Error Regression
=\2 ~N\2 ~ T2
SST=>(y-y)*| |[SSE=>'(y-¥)’| |SSR=>.(J-V)
MsipKa 3a obLwara MsipKa 3a HeobGsiCHeHaTa MsipKa 3a o6siCHMMaTa
U3MEH4YUBOCT Ha Yy oT )A/ npomsHa npomMmsdaHa
where:

y = cpeaHa CT-CT 3a 3aBMcMMara npoMeHn1Ba
y = HabntogaBaHa CTOMHOCT
y = O4yakBaHa CTOMHOCT Ha Yy npu 3agageHo X
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" A
Perpecus

i
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" A
Perpecus

[MponopumnsaTa Ha obuwaTta namMeH4YMBOCT (SST) oTHeceHa KbM MApKa
3a obsacHMMaTa npoMsiHa 4pe3 perpecusaTta (SSR) ce Hapuua
kKoepunumeHT Ha onpeaeneHocT (Coefficient of Determination),
4yeCTo ce O3HauaBa Cc R.

R2 _SSR __SSR
SST SSR+SSE

0<R*’<1

CtonHocTTa Ha RZe M/y 0 n 1, n KONIKOTO € No-BMCOKaA, TOSIKOBA
NO-TOYEH e MoJena Ha perpecusTa.

~ SSR  sum of squares explained by regression
SST total sum of squares

RZ
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" A
Perpecus

OueHKaTa Ha AOCTOBEPHUSA MHTEPBAJ 3a OTAE/NIHA CT-CT HA Yy Npw
AafeHa onpefeneHa CT-CT Ha X,

1

W > (x-%)?

To3u uneH gobaBeH KbM LLMPUHATA Ha
MHTEepBania oTroBaps Ha AobaBeHaTa
HECUI'YPHOCT 3a BCEKW OTAENEH Cny4an

. 1 (X, —X)’
y T toc/ZSa ( | ;

npod. T. FaHueB, UU - 2023/2024 12



"
CTaHaapTHa rpelika npuv perpecusita

s CTaHaapTHa rpeluka npu perpecusaTa e MapkaTa 3a HelHaTta
BapMaTUBHOCT U MOXE Zla Ce U3MN0JI3Ba B CMUCBJ1A Ha
CTaHAAPTHOTO OTK/IOHEHUE, 32 NMpPeacKa3BaHe Ha MHTEPBANIUTE
Ha AOCTOBEPHOCT.

m Y+ 2 CTaHOAPTHU rPEeLlKnN oCUrypsaBsa npeum3HocCT oT
npnbnusuntenHo 95%, a 3 ctaHaapTHU rpeLlKkn ocurypseaTt
noseputeneH nHtepsan ot 99%.

s CTaHAapTHaTa rpelka ce onpefens KaTo KOpeH KBaApaTeH oT
cpeaHaTa rpelwka Ha npeackasBaHe.

SSE
S, =
n—k-1

n e bposi HabntgeHna B n3Bagkarta
k e 06wmns 6pon Ha NPOMEHNMUBUTE B MoAena
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"
CTaHaapTHa rpelika npuv perpecusita

CTaHaapTHaTa rpewka Ha KoeduuueHTa Ha HaKJIoH Ha perpecudarta (by) e

S

R o=,
1 (X =X%)’ , (2%
T

KbOETO:

Sb: OLeHKa Ha cTaHaapTHAaTa rpellka no Metoda Ha Han-mankuTe KBagpaTu
1

S = SSE = OUeHKa Ha CTaHOapTHaTa rpeLluka 3a n3sagkarta
€
Vn—2
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MHTepBaJiHaA OLleHKa 3a pa3J/IM4HU CT-TU Ha X

NHTepBan Ha NPOrHOo3MpaHe 3a KOHKpeTHa
CTOWMHOCT Ha Y, Npu 3a4aAeHa CT-CT Xp

Prediction Interval
for an individual v,

Yy given x,

/

Confidence
Interval for
the mean of

y, given x,

[loBeputeneH
MHTEepBan 3a
cpeaHaTa CTOMHOCT Ha
y, Npu 3agageHo Xp

X

X Xp
npod. T. MaHuyeB, UU - 2023/2024
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CTaHaapTHa rpelika npuv perpecusita

-

OTKNOHEHME OT NUHENHUS

perepecuBeH Moaen

/

-

_—

,‘

small s,

/

—

large s, X

3MeHUYMBOCT B HaKJIOHa Ha
Mozera CrpamMo CT-CTuUTe

small s, X

large s, N
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" J
AHanu3 Ha rpewikaTra

m Llen
3a [a ce npoBepun AOMyCKaHeTo 3a JIMHEUHOCT

[la npoBepun aanu CTaHaapTHOTO OTK/IOHEHME 3a BCSKa
CTOMHOCT Ha X Aanuv e eaHaKBa

[a ce oueHn AonNyCKaHeTo 3a HOPManHOCT Ha
pasnpeneneHneTo

s [pacdpmueH aHanms Ha rpewikara

MoxeM aa n3obpasnMm rpewikarta Cnpsamo X

Mo>eM [a NOCTPOUM XMUCTOrpaMa Ha rpelkarta 3a Aa
NpoBepmMM 3a HOPMasHOCT
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"
AHanu3s Ha rpelwkKaTta 3a JIMHEUHOCT

o
2 09 0% o L ooy ®g ® 4.0
AR 4 %e® 20 0% %, *%
2 o® ® 3 @ ® " O

%,

HENUHeNHa ‘/ NUHenHa
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" J
AHanu3 Ha rpewkaTta 3a KOHCTaAaHTHO
OTKJIOHEeHMUe

X X
®
E o0 oo’ E
®©
2 % 0e%6 o & =
@ @ '0 ® @
S ‘ S
® MpomeHsiLLa ce CT-CT KoHcTaHTHa CT-CT Ha
Ha gucnepcusaTa Ancnepcunata
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" A
AHanNun3 Ha rpeuwkaTta 3a He3aBMCUMOC

%,

[pelikata e do-a Ha X

\/ HesaBucuma ot X

residuals

% %% 0%

residuals

®
o;.x

residuals
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NMpumMmepwn
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NMpunmMmepwn
y
r=-1
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NMpunmMmepwn
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" A
NMpocTta IMHenHa perpecus

Pe3ynTtaTbT OT NpoCTa JIMHENHA perpecus e n34ncgieHa CTOMHOCT
Ha KoeduumeHTa [ M KOHCTaHTaTa A:

y=A+B*xXx+E¢

KbAETO €& € OCTaTb4HATA rpeLlukKa.

B e U3MEHEHMETO Ha 3aBMCMMaTa NPOMEHINBA NpuU
eANHNYHO U3MEHEHME Ha He3aBUCMMaATa NMPOMEH/IMBA'

By

X ,3=

>

Cov(X,Y)
Var(x)

Calculate: & =y - X
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"
HennHenHa perpecus

HennHenHa pyHKLUMSA CbLLO MOXe Aa 6bae anpokcuMmmpalwa QyHKUMsS Ha
perpecusaTa — HanpuMmep KBagpaTudHa PyHKUUS, noraputMmyHa @yHKUn4,
eKCnoHeHUManHa pyHKUNA, W BCAKa Apyra HenpekbCcHaTa QyHKLUUA.
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" A
MHoO>XecTBeHa JIMHEeNHa perpecus

MHOX>eCTBEHA JINHENHA perpecus - Korato nMa rnoBeye oT efHa
He3aBMCMMa NMPOMEHJIMBA, KOSATO MOXe [a Ce U3Moa3Ba 3a Ja ce
0B6SCHN N3MEHEHMETO Ha 3aBMUCMMATA MPOMEHNNBA, HO C
OrpaHUYeHUEeTo HE3ABUCUMUTE NMPOMEHIMBU A HE ca JIMHENHO

CBbp3aHMu.

MHOXecTBeHa NIMHENHA perpecus ce aedpunHupa KaTo
y=A+[31X1 +[32X2 +...+Bk X, +E&

KbaeTo k e 6pos Ha NPOMEHNNBUTE UN MapaMeTpUTE Ha Moaena.
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" J
MYNTUKOJINHEAPHOCT

MyNTUKO/IMHEAPHOCT € YC/I0BUETO NpPU KOETO Hal-Manko 2
HEe3aBUCUMN MPOMEHIUBU Ca IMHENHO KOpPEenpaHMu.

Exampletable of
Correlations

Y X1 X2
Y 1.000
X1 0.802 | 1.000
X2 0.848 | 0.578 | 1.000

KopenaunoHHaTa Tabnuua noackassa KoM HeE3aBUCUMU
MPOMEH/INBU Ca CBbP3aHMN.

B obwunsa cnyyan, HezaBmcmMmaTa NnpoMeHIMBa KOATO MMa CT-CT Ha
KopenauuaTta no-rosisma ot 0.3 cbC 3aBMCMMaTa NpoOMEHIMBA U
no-maniko ot 0.7 C BCAKa Apyra He3aBuCMMa NPOMEHINBa KOATO
MOXe [a Cce U3MNOoN3Ba KaTo npeackasaTen.
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