KaTtsa Tysosa



standard deviation = sys.maxsize
for i in range(len(learnX)):
polynom = OLS. polyfit (learnX, learnY)
dev = calc_dev(polynom, learnX, learnY)
if dev < standard deviation:
standard deviation = sd
else:
break




— MakcnmanbHas cteneHb noavHoma?

— Kak ucnonbsosaTb test.txt?



p(A) = [|A=H] Al

Yucno obycnoBneHHOCT MaTpuLbl NOKa3bIBAET HACKOIbKO
MaTpuua 61m3Ka K BbIpPOXAEHHON (4151 KBaApaTHBIX MaTpuL).

Az =b det(A) =0

Ecnu matpuua A BbipoXAaeHHas, TO A1 HEKOTOPbIX b
pelleHne T He CywecTBYeT, a Ans Apyrux b oHo byaet
HEEeANHCTBEHHbIM.

Ecnu A nouTtum BblpoXAeHHas, TO Manble n3meHenusi 8 A n b
BbI3OBAlOT O4Y€Hb DOSIbLINE N3MEHEHNS B .



Pazobbem ncxogHoe MHoxecTBo X Ha aBa L n T ciay4aiiHbim
obpasom.

Bynem oby4aTtbcs Ha L a nposepaTb pesynbTaT obyyeHus Ha
T.

+ [lpocToii n HageXHbIl

+ [No3BonsieT oueHNTL pacnpefeneHne Ha MHOXECTBE
pelueHunii

- I'Iocne,u,osaTeanble SKCNEPNMEHTbLI 3aBUCUMBbI

— Wcnonb3yem mano gaHHbIx ansi obyyeHus

— HenoHsATHO Kak nogbupaTh COOTHOLLEHNS %



X pasbusaercsa Ha k yacTeir. 3aTem Ha k — 1 4acTax gaHHbIX
npon3BoanNTCA o6yHeH|/|e MOAENN, a OCTaBLIasACA 4aCTb
AAHHbIX UCMOb3YETCs AN TECTUPOBAHUS.
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CTeneHs NoAMHOMa = 2
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CTeneHe nonMHoma = 20

14 -
1.2 A
1.0 A
08 A
06
04
02

o -
0.2 4
-0.4 4

-2 -3 -1.0 03

—e— Obyuawowan exlbopka (50 Touek)

KapTuHka ¢ machinelearning.ru

[1E=] 1.0 13 20 x

=¢— KoHTponeHaA ewifbopka (459 Tovek)



Owunbka
N

Cross-validation

Learning

~
Ll

Pasmep BbiGopku




Owmnbka

Cross-validation

Learning

~
”

Pasmep BbliBopKM




MNepeobyyenne:

— VYBenn4denune 4ncna obbekToB ans O6y‘-IEHI/IFI

— Beepenue wrpada ans onpefeneHHbix CTeneHel
noanHoOMa

— YMeHblUEHME KONNYECTBa NapamMeTpoB

Henoobyuenue:
— JlobaeneHune cteneHein nosmHoMy

— VBenm4yeHme KONIMYECTBa NapaMeTPOB



[Npr3Haku:

- p,)'II/IHa/LIJI/IpI/IHa YalWeJINCTHNKA

- ,IJ,J'II/IHa/LLII/IpI/IHa NENneCTKa

3apjava — pasgenuts Ha 3 knacca

LUNPHHA YaALLEAMCTHKE ANMHa NenecTka LUMpMHA NenecTka
g LS & o %W
E LL) ° afe ﬂ'l.' s o
= ° 2 95 Bo S
g g oof ‘5§ o .?' fglo o o
g R s LY q@h *o0 ogg.g° ° e
[ -] - °
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3apayva knaccndpmkauymu:
X - obbekTbl, Y - oTBeTHI (kKnacchbl)

Xl = (x’h yi)i':l

[MnoTesa KOMNAKTHOCTU:
Cxoxue 0bbekTbl, Kak MpaBuIo, JeXXaT B OAHOM KJlacce.

"CxoxecTb":
®Pynkums paccrostus = p: X X X — [0, 00)



EBknugoBo paccrosiHue:
X eR"

plu, ;) = (Z [w/ — al[?)/?
|_|pVI3HaKOBbIe onncaHusi 0bbeKTOB:

u—{u u?, . u}

= {z}, l,...,x?}



u € X - Nnpon3BosibHbIT 0OBEKT, KOTOPLIA cobrpaemcst
KnaccnpuumpoBsaTh.

OTtcopTnpyem obbekTbl T1, o, ..., T} OTHOCUTENBHO U
y 1, L2, .., Ty
1 2 I
plu,z,) < p(u, ) < -+ < pu, )
2! — i-li cocen obbekTa u
Yl — OTBET Ha i-M cocefie obbekTa U



l

a(u, X') = arg max,cy Z[y; = ylw(i, u)

=1
N -

Iy (u)

w(i,u) - BEC (-rO COCeAa U, HEOTPULIATENEH
I'y(u) - oueHka bansocTn obbekTa u K Kaaccy y



Ob6bekT OTHOCMTCS K TOMY KNlacCy, K KOTOPOMY OTHOCUTCS
bavxaliwnii B BoIbopKe.
w(i,u) =[i =1]

+ [lpocToTa

+ WHTepnpeTupyemocTb pelueHmns

HeycToiiuneocTb K Wymy

OTcyTcTBME HacTpamBaeMbIX NapameTpoB

Huskoe kavecTBo knaccudpmkauum

Hago xpaHnTb BCIO BLIOOPKY LiENMKOM
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w(i,u) = [i <k
+ MeHee 4yBCTBUTENEH K LIYMY
+ TlosiBnsieTcs HacTpamBaemeblii napametp k

— HeogHosHayHoCTb Knaccudukauuy npu
Fy(u) - Fs(u)7y 7é S



PyHKumoHan ckonb3swero KoHTpons (leave-one-out):

LOO(k, X" = i[a(xi;Xl\ {z;},k) # y] — miny

=1



MpaBga nm Hago BbibpackiBaTh OAUH OBbEKT?



w(i,u) = [i < k|*w;, rae w; 3T0 Bec, 3aBUCSLLNIA TONBKO OT
HOMepa cocepa

BoamoxHble SBPUCTUKN:

- w; = % — NMHeliHoe ybbiBatoLme Beca

— w; = ¢' — 3KCNoHeHUManbHo ybblBatoLe Beca

MNpobnema:
Kak bonee obocHoBaHHO 3ajaTh Beca’



MeTtopn okHa lNap3ena
w; = K(ﬁ(ﬂ;fﬁ))
K(r) — sapo, HeBo3pacTatoLee, nonoxutensHoe Ha [0, 1]

DUKCMPOBAHHOI LWNPUHBI:
l . 7
a(u, X', h, K) = arg max,cy Sl = y] K (2

h — wnpuHa okHa

[NepemeHHOl LWNpPUHBI:

! . 1
(I(U, Xl7 ka K) = argmaXycy ;[y; = y]K(pf'zit;gi)l))







Kakue MeTpuku Bam nM3BeCTHbI?
Kak BbibpaTb nogxoasiuyto?



MakcnmmnsnpoBaTb CYMMy PacCTOsiHUN MeXay obbekTamm
Pa3HbIX KJIACCOB MPW 3TOM COXPAHAS CYMMY PacCTOSHUNA
Mexay obbekTaMm ofHOro Knacca HebosbLIOIA.

max in,xj eD p(x“ x])

Zﬂ?i,l‘jes pZ(xi’ x]) S 1



i
Ecnu ncnonbsyemas metpuka p(u, !,) ocHoBaHa Ha
CYMMUPOBAHWK Pa3nmnyunii No BCEM MpU3HaKaM, a YUCNO
MPU3HAKOB OYEHb BEJINKO, TO BCE TOYKMN BbIDOPKM MOTYT
0Ka3aTbCsA MPAKTUYECKN OAMHAKOBO Jajiekn Apyr oT Apyra.

[Npnmep:

Habop npun3HakoB obbekTa reHepupyetcsi nogdbpaceiBaHUEM
yecTHol MoHeTkn n pa3. COOTBETCTBEHHO KaXKablii 0OBEKT
onucebiBaeTcst Bektopom [0, 1]™. Tlpu Takux ycnosusx Bce
0bbekTbl byayT paBHOyAaNeHbI.



Y7o menaTb ecnu pasHble WKasbl NPU3HAKOB?



Bce npusHakn gosixkHbl 6biTe Nnpeactaenersl "'s ogHom

MacLTabe".
B rlpOTI/IBHOM cnyl-lae ﬂpVISHaK C Ha|/|60ﬂbLIJVIMI/I YNCNOBbIMN

3HA4YEHNAMN 6yp,eT OOMWHNPOBAaTb B METPUKE



— pi(u, ;) = |u? — x}| - paccTosime no j-my npusHaky
LOO(j) — min
— [obaensiem npusHak n ctpoum p’
p'(u, i) = plu, ;) + w;p;(u, ;)
LOO(j, w;j) — min
— 3aMeHa npu3Haka:
p'(u, i) = pu, ;) — wipr(u, ;) + wip;(u, ;)
— [Hobaensiem npusHaku, noka LOO He yBenn4yneaetcs



— [Mpobnema xpaHeHus

— [Mpobnema bbicTporo noncka banxaiiwmx cocepeli



OtcTyn nokasbiBaeT cTeneHb "TunnyHocTn obbekTa'.

OTtcTynom obbekTa 7; € X! oTHocuTensHo knaccudumkaTopa a
Ha3bIBAaeTCA BeAMYMHA
M(z;) = Ly, (z:i) — MmaXyey\y; Py(xi)



JTaNoHHbIE

HenHdbopmaTuBHble

MNorpaHu4Hble

OwnboyHble

LLlymoBblie
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3apava:
BbibpaTh ONTMMaNbHOE NOAMHOXECTBO 3TanoHoB ) C X!

Knaccudpmkatop byaet umetsb Bug:
a(u, ) = argmaxyey ) [y, = ylw(i, u)

;€9



— WcknrounTs BLIOPOCH! 1 NOrpaHnyHble 0OBEKTHI

— Haiiti no OAHOMY 3TaJIOHY B KaXXAOM Kjacce

- ,DIO6aBﬂ$|Tb 3TaJIOHbI, NOKa €CTb OTpuuaTesibHblE€ OTCTYMbI



+ CokpaluaeTtcsi 4nCio XpaHUMbIX ODBEKTOB

+ CokpaulaeTtcs Bpemst Knaccudpumkaumm

+ ObbekTbl pPa3fenArTCA Nno BEJINHNHE OTCTYNA

— Boibop napametpa ans onpegeneHusi Bbibpocos
— He Bbicokast achcpekTUBHOCTL



— rpad bamxaiiwnx cocepei
— k-d pepeso
— xewwuposarue (LHS)



http://www.machinelearning.ru

Mocobue


http://www.machinelearning.ru
http://www.machinelearning.ru/wiki/images/6/6d/Voron-ML-1.pdf




Knactepusauus. K-means.

Llenn knactepusayun.

Twnbl KNacTepHbIX CTPYKTYP.

cDyHKLI,I/IOHaﬂ Ka4e€CTBa Knactepmnsaynmn

K-cpegHux

Nepapxnyeckas knactepusauyusi.



