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[Tonmep 1

* [1aHHM 33 UEeHU Ha KbLUU

o) ueasst)

2104 460 000
1416 232 000
1534 315000
852 178 000

m — 6poi 0byuntenHun aaHHu (training examples)

X — BXoAHa npomeHnunsa (“input” variable/feature)
y — n3xoaHa ctomHocT (“output” variable/target)
(x,y) — eanH obyumnteneH npumep (training example)
X, yl) — -t 0ByunTenen npumep
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PerpecrnoHHa 3a4a4a

* B perpecMoHHaTa 3a4a4a MMame BXOAHU NPOMEHANBU U U3XOAHM
CTOMHOCTU (pe3ynTaTn), KOUTO OTHACAME KbM HENPEKbCHAaTa
dYHKUUA Ha pe3yaTaTuTre.

* [lpn nMHEenHa perpecua c egHa npomeHnmsa (univariate linear
regression) npeAckadBame eg4UHCTBEHA U3X0A4HA CTOMHOCT Y 33
eAVUHCTBEHa BXOA4Ha CTOMHOCT X.

* /InHenHaTta perpecus e npumep 3a HaA3npaBaHO MaLUMHHO obyyeHume
(supervised machine learning) — n3BecTHO e KaK BXOAHUTE AaHHMU
B/INAAT BbPXY pe3ynTaTure



Mozaen Ha perpecMoHHa 3a4a4a

ObyynTenHu aaHHU
(Training Set)

ObyuaBaly,
aNroOpUTbBM
(Learning Algorithm)
h
E:OUJ. Ha PYHKLMA HA Moaen OueHeHa (NpeacKasaHa) LeHa
uiaTa y
X (xmnotesa)

(Hypothesis)

JIvHelHa perpecus c eaHa NPOMeEHMBa



OyHKUMA — moaen - xmnoTesa (Hypothesis
function)

Yy =hg(x) =6y + 0x

* J - NPOrHO3Ha N3xogHa CTOMHOCT (MPOrHo3eH pe3ynTarT)

* X —BXOAHa CTOMHOCT (MapameTbp Ha PYHKUMATA — NapameTbp Ha moaena)
* hg - dyHKUMA Ha mogena (xnnoTtesa)

* 0y, 01 - napameTpun (KoepmuneHTH)

* [lpn NMHEeHaTa perpecua MmoaensT (xMnoTesaTa) npeacTaB/isBa YpaBHEHME
Ha NpaBa INHUSA



[Tpmep

e lapeHun ca obyyaBalM AaHHW:

0 4
1 7
2 7
3 8

* [IpaBMM nNpeanoaoxKeHne 3a napameTpuTe Ha PyHKUUATA, Hanp.
h9'00:2,01:2

» OyHKUMATA Npuaobusa suaa hy(x) = 2 + 2x

* [pun x=1, y=4, T.e. pa3nnkaTa c obyyaBawmTte gaHHM 3a x=1 e 3

* TopCcMM CTOMHOCTHK Ha B, 04, 32 KOUTO pa3nmKaTta hyg — y € MMHUMA/THA
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[paPMYHO NpeacTaBaHe Ha QYHKLUMATS



ROHTPONEH BbNPOC

NapeHa e cneaHata rpadumKa 3a xunotesa hg(x) = 6, + 6, x.
Onpepenete CTOMHOCTUTE Ha By n 6.

3 a) 90 = 0, 91 =1

ho(x) 6)6, =0.5,0, =1
B) 8, =1, 60, = 0.5
r,=1,0, =1



LleHoBa ¢pyHKLMA (Cost function)

* M3nonsBa ce 3a M3M€pBaHe Ha TOYHOCTTa Ha (I)yHKLI,MﬂTa Ha XxMnoTes3aTa

18,6, = 5 Z(yl Die mZm@(x)—yi)z
=1

* J(6y, 81) - ueHoBa ¢-a c napameTpu 8,4, 04

* m — 6pon AaHHM 32 0byyeHUe Ha UeHoBaTa P-A

* J; - NpeAcKa3aHa CTOMHOCT 3a pe3yAaTaTa

* Vi - AEUCTBUTENHA CTOMHOCT 3a pe3yaTaTa OT JaHHUTe 33 0byyeHue

* Ta3u ¢-a ce Hap. cpedHa KBaapaTuyHa rpewka (Mean Squared Error)



[Tpumepwn 3a xmnoTtesa u ueHa npmn By = 0

e laneHun ca 3 6pos obyuntenHn gaHHmn (m=3), n3obpaseHmn Ha
durypata. [la ce U34nMcnAT CTOMHOCTUTE Ha UEeHaTa:

3 X
a)Mpn 6, =1J(0,) =?

6) Npn 68, =0.5J(6,) =? h(x)
B) Mpn 6; = 0/(6,) =? 1

2



Llen Ha obyyeHneTo

 Llenta Ha AMHENHATa perpecus e 1a HAMEePUM TaKMBa CTOMHOCTU Ha
koeduumneHTute 8,, 04, 3a Kouto LUeHosaTa ¢-a J (6, 61) nma
MWUHWUMANIHA CTOMHOCT. [1pn TaKMBa CTOMHOCTHU:
* Pasznnknte y; — y; ca MMHMMaAJTHU
* [lpaBaTa AMHUA MMUHABA Han-61M30 A0 BCUYKM TOUYKM OT AaHHUTE 33 0byyeHme

* B uaeanHus cnyyali npasaTa NPeMMUHaBa Npes BCUYKM TOUKM, T.e.
v, —y; =03aVi,te. J(0,0,) =0



ObobuleHne Ha NMHENHA PerpecnoHHa
33/3a44a

e OyHKUMA Ha xmnoTte3aTa (Hypothesis)
hg(x) =0y + 01x

* [MapameTpun (Parameters)

HO' 81
e OyHKUMA Ha UeHaTa (Cost Fntinction) .
1 o 2 1 2
1(8,61) = %Zm - y1)?= %Z(he () = )
L= L=

* Llen
minimize J(8,,01)
80) 81



ObLa naea Ha rpagMeHTHOTO CNYCKaHe

* [pagneHTHOTO cnycKaHe (gradient descent) e anropuTsbm 33
HaMMpaHe MUHUMYM Ha QYHKUUA (HEe camo B IMHEMNHATa perpecums)

* Umame PyHKUMA Ha ueHaTa J (6, 64)
* TbpCMM MUHUMYM (MUMHMMaNHa ctoiHocT) min J(6,, 64)

 Obwa naen
* 3ano4yBame C HAKAKBM HayanHU CTOMHOCTM Ha NnapameTpute 6, 81 (Hanp.
00 — O, 91 — O)

* MNosTapsame (MTepaTneHO) B, 81 Ao aocturaHe Ha min J(6, 61)



[padnyHO NpeacTaBAHe Ha GYHKLUMATA HA
LeHaTa

J(0y,64)
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[paPMYHO NpeacTaBaHe Ha QYHKLUMATA
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MaTemaTtmnyecka GOpPMYyINPOBKA Ha
rPAANEHTHOTO CMyCKaHe

* LlenTta Ha aaropnTbMa € Yypes NocTeneHHa NPOMAHA Ha
KoedpuumeHtute 6y, 01 (C MHOro mankm ,,CTbNKN") Aa ce Hamepwu

MUHUMYM Ha LeHoBaTa GyHKumsa J(6,, 64)
* [pagMeHTHOTO CnycKaHe uma cnegHuAT obLL, BUA;:

MosTapan Ao ,u,ocmraHe Ha MUHUMYM Ha ¢-Ta J (6, 64)
0; =0, — a—](HO,Hl) 3a j=0 u j=1
, KbAeTo

Jj = 0,1- nHpekKc Ha KoedunumneHTa
(@ — CKOpPOCT Ha obyyeHuneTo (learning rate)



[PagMEHTHO CryCKaHe Npu TMHENHA
perpecus

* 3a IMHelHa perpecua rpagmueHTHOTO CrycKkaHe nMma CneaHUAT BUA,:
MosTapan Ao AOCTUTaHE Ha MAHUMYM Ha ¢-1a J(Oy, 01): {

1
00 = 0y — a— ) (ho(x) = 1)

lml
1
01 1= 01— @ — > ((hg (x) = y)x)
i=1
}
, KbAeTo

m — 6bpoun AaHHU 33 0byyeHmne Ha PYHKLUMATA
0o, 01 - KoepnumeHTn Ha GYHKUMATA, KOUTO CE NPOMEHAT e4HOBPEMEHHO
Xi, Vi - BXOAHW OAHHUN U U3XOAHU CTOMHOCTM OT JaHHUTE 3a 0byyeHue



