[[pagueHTHbIN OYCTUHT



3agadya BOCCTaHOBMEHUS 3aBucumocT y: X — Y no To4kam
obyyarowyeii Boibopku (x;,yi), vi=y(x), i=1,...,¢.

JIuneiiHori Kommno3unymeii 6a3oBbix anroputMoB a(x) = C(be(x)),
t =1,..., T, Ha3bIBaeTCsA Cynepno3numns OyHKLnA

a(x) = (Z atbt(x)>

rae C: R — Y — pewarowjee npasuno, o = 0,

@ lMpumep 1: knaccucbnkaumsa Ha 2 knacca, Y = {—1, +1};

C(b) = sign(b), a(x) = sign(b(x)),
b: X — R — ANCKPUMNHAHTHAA (PYHKLMS.

@ lMpumep 2: perpeccns, Y = R,
C(b) = b, a(x) = b(x), pewatoLLiee NpaBUIO He NCMOJb3YETCS.



JlnHeiiHas komMno3uums 6a30BbIX aNropuTMOB:
T
b(X) — E O’tbt(X), X & X, t € R+.
t=1
PyHKUMOHAN Ka4ecTBa C NPOW3BOJbHON (hyHKLMeli noTepb .Z (b, y):

£ T=1
Q(a, b) = Zfl’( > apb(x;) +ab(x,-),y,-> — min.
i=1 =2

a,b
w
ur—1,i
“
ur .

Nwem Bektop u = (b(x;))¢_; n3 R, munumusnpyrowmii Q(«, b).
ur—1 = (ur—1,7)%_; — TekyLee npubnumxeHne BekTopa u
ur = (ut,;)f_; — cneayrowee npubamkeHne sektopa u



@ [paamneHTHbIi MeTog MuHMMu3auun Q(u) — min, u € R

Up ‘= Ha4aJIbHOE l'lpI/I6J'II/I)KeHI/Ie;

UT = Uy —08, 1= 1y o 6

gi= F (ur_l?,-, y,-) — KOMIOHEHTbI BEKTOPa rPagueHTa,
(¢« — rPagNEHTHbIN Luar.

@ [lobaenenne 6as3osoro anroputma br:

Ur.ii= BF-_AiT (.1'b7'(X,'), "= Lamas ol

Byaem nckaTtb Takoli 6a3oBbIii anroputMm b, 4TODBI
BekTop (b7(X;))_; npubanxan sektop aHTurpaguenta (—g;)‘_;:
¢

bt := arg mgx;(b(xi) % g,-)2



Bxopa: obyyatolas Bblbopka X¢; napametp T;

Bbixop: 6a3oBbie anroputmbl n ux Beca agby, t=1,...,T;
1: uHnynanmn3auus: u; =0, 1 =1,....4;
2. paBcext=1,..., T

3:  HaliTi 0a30BbI aNropuTM, NPUOAMKAOLNIA TPALNEHT:

¢
. >
b; := arg min Z (b(x:) + L (ui, yi)) 5
4:  pelnTb 3a,u,aqy o,u,HomepHom MUHUMUN3aLN:

Qip := arg min Z ﬁf(u, + abi(x;), y,)
a>0 5
5:  ODHOBUTb 3HAYEHUS KOMMO3MLMN HA OOBEKTAX BbIOOPKMUL:

W= Wy apbix); 1= Ly 4



I3BECTHO, 4TO paHAOMM3ALMMN MOTYT MOBLILLIATE KAYECTBO
KOMMO3MLMMN 33 CHET MOBbILIEHNS Pa3/INYHOCTN Ha30BbIX
anroputMoB (Ha 3Tom ocHoBaHbl bagging, RF, RSM)

N pes:
Ha LWarax 3-5 ncnosb3oBaTh He BCo Bblibopky X,
a Cny4aiiHyto NoABbIOOPKY C MOBTOPEHUAMN, Kak B OarruHre.

Npenmyuwiecrsa:
@ YNYYLLAETCA Ka4YecTBO
@ YNY4LLIAETCA CXOAUMOCTb
@ YMEHbLLUAETCS BpPeMsi 0Dy4eHNs



WcTopuyeckn nepsoiin BapuaHT byctuHra (1995).

3afaya knaccupukaumm Ha ABa knacca, Y = {—1,+1},
ZL(b(x;), y;) = e PXi)Yi — skcnoneHumanbHas dyHKLMS NoTEpb,
ybbiBatowwas pyHkumst otctyna M; = b(x;)y;

lMpenmyuwecrsa:

@ ON5 obyyeHus by Ha KaXKAOM Luare t pellaeTcsl CTaH4apTHas
3a4a4a MUHUMN3ALMNA B3BELLIEHHOrO SMMNPUYECKOrO PUCKa

@ 33734a ONTUMN3ALNN (¢ PELLIAETCS AaHANUTUYECKN

HepocraTtok:

@ AdaBoost canwikom 4yBCTBUTENEH K BbIOpOCaM N3-3a
SKCMOHEHLMANBHOMO pocTa PyHKUMKN notepb npu M; < 0



®PyHkuum notepb £ (M) B 3agayax knaccugmkaymm Ha ABa Kiacca

E(M) = e=M — skcnonenumansHas (AdaBoost);

L(M) = log,(1 + e=M) — norapudmuueckas (LogitBoost);
G(M) = exp(—cM(M + s)) — rayccosckasi (BrownBoost);
Q(M) = (1 — M)? — kBagpaTu4Has;

S(M) =2(1 + eM)~! — curmongnas;

V(M) = (1 — M), — kycouHo-nuHeiiHas (SVM);



[(paAneHTHbIN OYCTUHI HaA
pelarwmmm gepeBbaMum

Peluatouiee fepeBo — 3TO KYCOYHO-MOCTOsIHHASH (PyHKLMS:

.
b(x) = 3 arlx € Q,

& e roe T — 4nCO NNCTLEB,
A o> Q; — obnacTtb t-ro nucra,
: N * (x¢ = MPOrHO3 B t-M /INCTE.
Pewatoulee aepeBo pa3busaeT NpPoCTPaHCTBO
—3-2-10 1 2 3 20l - : . , ; obbekTos Ha obnactu (1, ..., Qr.
Knaccudomkau, Perpeccu

nA A



uy (%) = uy_1(x) + b(x)

T

b(x) = a; [x € Q]

t=1

Uy (x) = uy_1(x) + Xi=1 ¢ [x € Q4]



Uy (x) = uy_1(x) + Xi=1 ¢ [x € Q]

d1,...T

l T
D L youva @+ ) alce] |- min
J t=1

iy = arg min E L (up—1i+ a,yi).
a>0 :
x; €S2t

CyMMapHas nNoTeps B t-M NnCTe



OI’ITVIMVI33LI,I/I$'I NPOrH030B B JINCTbAX:

iy = arg min L (u—1i+ a,yi) .
a>0 '
X,'EQt

[nsi HEKOTOpPbIX PYHKLMI NOTEPb PeLLEHNE HAXOAUTCA aHANNTUNYECKN:

@ cpepHwii kBagpaT owmbok, MSE, .Z(b,y) = (b — y):

1
ap = m Z (Yi — Ut—l,i)-

x; €t

@ cpenHsisi abcontoTHas owmbka, MAE, Z(b,y) = |b— y|:

ar = medianyy; — Us_1;t.
x; €2t {yl 'I}

B obliem cnydae aHanMTUYECKOro peLLeHns HeT.



@ [ pagneHTHbI BYCTUHI — Hambonee obLniA N3 Bcex OYCTUHIOB:
— MPOU3BO/IbHAA (PYHKLNS NOTEPD
— MPOU3BOJIbHOE NMPOCTPAHCTBO OLLEHOK R
— NMOAXOANT ANS PErpeccuin, Kaaccudukaunm, paHXnpoBaHns

@ BaxxHoe oTkpbiTue cepeantbl 90-x: obobLyaroiasi cnocobHoCTb
OyCTUHra He yxyALIAeTCs C POCTOM C/IOKHOCTA T

@ Croxactuyeckuii BapuanT SGB — ny4we n beicTpee

@ [ paguneHTHbI OYCTUHT Hag, peLLaroWMMN AEPEBLbSIMI HacTO
paboTaer siyylie, 4em CaydaliHbIl Nec

@ TexHonorusa Yandex.MatrixNet — 370 rpagueHTHbIA OyCTUHT
Hag «HebpexHbIMuy pewatrowmmm gepesbsimun ODT
(ODT — oblivious decision tree)



Bonpoc

[1ns yero otaenbHble AEPEBLS B CIly4anHOM Jfiecy oby4atoTcsl no
noaBblibopkam 00bLEKTOB? BbibepnTe OCHOBHYO MPUYKHY.

- YTOObI AepeBbs HE DbINM OAUHAKOBbLIMU
- YTOObI AepeBbs He bObinNn NepeobyyeHHbIMY
- YT06bI COKpaTUTL BpeMs 00yYeHUs




Bonpoc

Kakue ns aTgx YTBEPXKOEHUNIN OTHOCATCS K METOAY FPaaMeHTHOro OyCTMHra Hag peLlaroLwmmm
NEepeBbAMMU®

- [lepeBbs CTPOATCA HE3ABUCUMO

- Oby4eHue oTaenbHbIX AepeBLEB HA NOABbIOOPKAX XOPOLLO CKa3biBAETCHA HA KAYECTBE
KOMMO3nLmnn

- depeBbs, Kak npaBunio, genarT He6ONbLLOW rNyOuHbI

- [lepeBbs CTpOATCA NOcneaoBaTenibHO, 00y4YeHMe CneayLLero oepesa 3aBnCUT OT OLLMBOK
y>Xe NOCTPOEHHOW KOMMO3ULIUM

- lepeBbs, Kak NnpaBuIio, AenatoT rnyookMmu



OwunobkKa B 3aBUCUMOCTU OT YUcna
AepeBbLEB

b= dr-asabrix), i=1l,...,¢

a € (0;1]




KayecTtBO OyCTUHra

a=1 a=0.1 a=0.01



CToxacTuvyeckuu rpagueHTHbIN
OYyCTUHTI




Gradient Boosting for classification.

GB builds an additive model in a forward stage-wise fashion; it allows for the optimization of arbitrary differentiable loss
functions. In each stage n_classes_ regression trees are fit on the negative gradient of the binomial or multinomial
deviance loss function. Binary classification is a special case where only a single regression tree is induced.

Read more in the User Guide.
Parameters: loss : {'deviance’, ‘exponential’}, optional (default="deviance’)

loss function to be optimized. ‘deviance’ refers to deviance (= logistic regression) for
classification with probabilistic outputs. For loss ‘exponential’ gradient boosting recovers
the AdaBoost algorithm.

learning_rate : float, optional (default=0.1)

learning rate shrinks the contribution of each tree by learning_rate. There is a trade-off
between learning_rate and n_estimators.

n_estimators : int (default=100)

The number of boosting stages to perform. Gradient boosting is fairly robust to over-
fitting so a large number usually results in better performance.

max_depth : integer, optional (defauli=3)

maximum depth of the individual regression estimators. The maximum depth limits the
number of nodes in the tree. Tune this parameter for best performance; the best value
depends on the interaction of the input variables.

criterion : string, optional (default="friedman_mse")

The function to measure the quality of a split. Supported criteria are “friedman_mse” for
the mean squared error with improvement score by Friedman, “mse” for mean squared
error, and “mae” for the mean absolute error. The default value of “friedman_mse” is
generally the best as it can provide a better approximation in some cases.

New in version 0.18.



min_samples_split : int, float, optional (default=2)

The minimum number of samples required to split an internal node:

« Ifint, then consider min_samples_split as the minimum number.

« [f float, then min_samples_split is a percentage and ceil(min_samples_split *
n_samples) are the minimum number of samples for each split.

Changed in version 0.18: Added float values for percentages.
min_samples_leaf : int, float, optional (default=1)

The minimum number of samples required to be at a leaf node:

« Ifint, then consider min_samples_leaf as the minimum number.

« Iffloat, then min_samples_leaf is a percentage and ceil{min_samples_leaf *
n_samples) are the minimum number of samples for each node.

Changed in version 0.18: Added float values for percentages.
min_weight_fraction_leaf : float, optional (default=0.)

The minimum weighted fraction of the sum total of weights (of all the input samples)

required to be at a leaf node. Samples have equal weight when sample_weight is not
provided.

subsample : float, optional (default=1.0)

The fraction of samples to be used for fitting the individual base learners. If smaller than
1.0 this results in Stochastic Gradient Boosting. subsample interacts with the parameter

n_estimators. Choosing subsample < 1.0 leads to a reduction of variance and an
increase in bias.



max_features : int, float, string or None, optional (default=None)

The number of features to consider when looking for the best split:

« Ifint, then consider max_features features at each split.

« Iffloat, then max_features is a percentage and int(max_features * n_features) features
are considered at each split.

« If “auto”, then max_features=sqri(n_features).

« If “sqrt”, then max_features=sqri(n_features).

« If“log2”, then max_features=log2(n_features).

« If None, then max_features=n_features.

Choosing max_features < n_features leads to a reduction of variance and an increase in
bias.

Note: the search for a split does not stop until at least one valid partition of the node
samples is found, even if it requires to effectively inspect more than max_features
features.

max_leaf_nodes : int or None, optional (default=None)

Grow trees with max_leaf_nodes in best-first fashion. Best nodes are defined as relative
reduction in impurity. If None then unlimited number of leaf nodes.

min_impurity_split : float,

Threshold for early stopping in tree growth. A node will split if its impurity is above the
threshold, otherwise it is a leaf.

Deprecated since version 0.19: min_impurity_split has been deprecated in favor of
min_impurity decrease in 0.19 and will be removed in 0.21. Use
min_impurity decrease instead.



min_impurity_decrease : float, optional (default=0.)

A node will be split if this split induces a decrease of the impurity greater than or equal to
this value.

The weighted impurity decrease equation is the following:
Nt / N * (impurity - Nt R / N_t * right_impurity

- N_t L/ Nt * left_impurity)

where n is the total number of samples, n_t is the number of samples at the current
node, N_t_L is the number of samples in the left child, and n_t_R is the number of
samples in the right child.

N, N_t, Nt R and N_t_L all refer to the weighted sum, if sample_weight is passed.
New in version 0.19.
init - BaseEstimator, None, optional (default=None)

An estimator object that is used to compute the initial predictions. init has to provide
fit and predict . If None it uses loss.init_estimator .

verbose : int, default: 0

Enable verbose output. If 1 then it prints progress and performance once in a while (the
more trees the lower the frequency). If greater than 1 then it prints progress and
performance for every tree.

warm_start - bool, default: False

When setto True , reuse the solution of the previous call to fit and add more estimators
to the ensemble, otherwise, just erase the previous solution.

random_state : int, RandomState instance or None, optional (default=None)

If int, random_state is the seed used by the random number generator; If RandomState
instance, random_state is the random number generator; If None, the random number
generator is the RandomState instance used by np.random.



