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Öåëè èññëåäîâàíèÿ
Öåëü èññëåäîâàíèÿ: ñîçäàòü ìåòîä ñîâìåñòíîãî âûáîðàïðèçíàêîâ, îáúåêòîâ è ìîäåëåé ïðè ïîñòðîåíèè ìîäåëåéáàíêîâñêîãî êðåäèòíîãî ñêîðèíãà.Çàäà÷à: ïîñòðîèòü àëãîðèòì êëàññè�èêàöèè îáúåêòîâ,êîòîðûéÎòáèðàåò èí�îðìàòèâíûå ïðèçíàêèÔèëüòðóåò âûáðîñûÎïðåäåëÿåò ÷èñëî ìîäåëåé, îïèñûâàþùèõ äàííûåÎïðåäåëÿåò ïàðàìåòðû ýòèõ ìîäåëåé.
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Îáîçíà÷åíèÿ�åãðåññèîííàÿ ìîäåëü � îòîáðàæåíèå
f : X ×W → Y.Ôóíêöèÿ ðåãðåññèè � ñóæåíèå �óíêöèè
f |w∈W : X → Y.Äàííûå x ∈ R

n, y ∈ R

D = {(x1, y1), . . . , (xm, ym)}.Ìàòðèöà ïëàíà X ∈ R
m×n

X = (x
T
1 , . . . ,x

T
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Ñìåñè ìîäåëåé è ìíîãîóðîâíåâûå ìîäåëèÑìåñü ðåãðåññèîííûõ ìîäåëåé �ðåãðåññèîííàÿ ìîäåëü âèäà
f =

K
∑

k=1

πkfk(wk), ãäå
K
∑

k=1
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Ìíîãîóðîâíåâàÿ ðåãðåññèîííàÿìîäåëü � íàáîð ðåãðåññèîííûõìîäåëåé fk, k = 1, . . . ,K òàêîé, ÷òîïðè ðàçáèåíèè ìíîæåñòâà èíäåêñîâîáúåêòîâ I = ⊔K
k=1Ik äëÿ âñåõîáúåêòîâ ñ èíäåêñàìè èç Ikèñïîëüçóåòñÿ ìîäåëü fk. O
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�èïîòåçà ïîðîæäåíèÿ äàííûõ è ìîäåëü
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Áàçîâûå ïðåäïîëîæåíèÿ
Y ∼ Be(p),
p = f(x

T
w),

f(z) =
1

1 + exp(−z)
.Ñëåäñòâèå

E(Yi) = p(x) = f ,
D(Yi) = p(x)(1 − p(x)) = f(1− f).
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Îöåíêà ïàðàìåòðîâ ìîäåëè
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L(w) =

m
∏

i=1

f
yi
i (1− fi)

1−yi .Ôóíêöèÿ øòðà�à
l(w) = − lnL(w) =

= −
m
∑

i=1

(yi ln fi + (1− yi) ln (1− fi)).Èòåðàòèâíàÿ îöåíêà ïàðàìåòðîâ
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Îöåíêà ðàñïðåäåëåíèÿ ïàðàìåòðîâ ìîäåëèÔîðìóëà Íüþòîíà-�à�ñîíà äëÿ ëîãèñòè÷åñêîé ðåãðåññèè
wj = wj−1 − (XTRX)

−1
XT(f − y),

∇l(w) = X
T
(f − y), H = X

T
RX,

R = diag({fi(1− fi)}
m
i=1) =







D(Y1) 0. . .
0 D(Ym)






.Òåîðåìà�åññèàí �óíêöèè îøèáêè ïîëîæèòåëüíî îïðåäåëåí, à ïîòîìóìèíèìóì åäèíñòâåííûé.Äîêàçàòåëüñòâî:

u
T
Hu = uTXT

RXu = (Xu)
T
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Îöåíêà ïàðàìåòðîâ ìîäåëèÀïðèîðíîå ðàñïðåäåëåíèå ïàðàìåòðîâ
w ∈ p(w|f, α).Àïîñòåðèîðíîå ðàñïðåäåëåíèå ïàðàìåòðîâ
p(ŵ|D, f, α) =

p(y|X, w, f)p(w|f, α)

p(y|X, f, α)
.

p(w|D, f, α)

p(ŵ|D, f, α)
=

p(y|X, w, f)

p(y|X, ŵ, f)

p(w|f, α)

p(ŵ|f, α)
≈

≈ e
−
1

2
(w−ŵ)

T
H(w−ŵ)

=⇒ ŵ ∼ N(w0, H
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Ìîäè�èêàöèÿ ìåòîäà Áåëñëè
H = X

T
RX = X̃

T
X̃,

X̃ = R̃X, X̃ = UΛV
T .

var(w) = VΛ−2V
T .

var(wi) =
n
∑

j=1

υ2ij

λ2
j

=

= (qi1 + qi2 + . . .+ qin)

n
∑

j=1

υ2ij

λ2
j

,
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Àëãîðèòì îòáîðà ïðèçíàêîâ, îñíîâàííûé íàìîäè�èêàöèè ìåòîäà Áåëñëè
A � òåêóùåå ìíîæåñòâî ïðèçíàêîâ â ìîäåëè.AddÄëÿ êàæäîãî j ∈ J \ A

ŵj = argmax
w∈R|A|+1

L(w|X(Aj), y),
l(j) = l(ŵj|X(A ∪ {j}), y),
j∗ = argmin

j

lj .
l0 = l(ŵ0|X(A), y), ãäå
ŵ0 = argmax

w∈R|A|

L(w|X(A), y).Åñëè lj∗ − l0 ≤ Z1 < 0, òîáåðåì ïðèçíàê â ìîäåëü.
Del
i∗ =

t
∑

g=1

[

η2g > ηt
],

j∗ = argmax
j∈A

t
∑

g=t−i∗+1

qjg,
ŵj∗ =
argmax
w∈R|A|−1

L(w|X(Aj∗), y),
lj∗ = l(ŵj∗ |X(A \ {j∗}), y).Åñëè lj∗ − l0 ≤ Z2, òî ïðèçíàê
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Ïîñëåäîâàòåëüíûé âûáîð ïðèçíàêîâ
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Óñòîé÷èâîñòü è �óíêöèÿ ïðàâäîïîäîáèÿ ìîäåëè
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Îòáîð îáúåêòîâ
Îïðåäåëåíèåñïåöè�è÷íîñòè îáúåêòà
Sp(xi) = (∆iw)

T
H(∆iw),ãäå ∆iw = ŵi − ŵ,

∆iw ∼ N(0, H−1).
Sp(xi) = (∆iw)

T
H(∆iw) ∼

∼ χ2(|A|).
Ìîäè�èêàöèÿ îïðåäåëåíèÿ
w ∼ N (w0, τI)

ŵ ∼ N



w0,

(

H+
1

τ
I

)−1




Sp(xi) = (∆iw)
T (

H+
1

τ
I

)

(∆iw).
H 7→ diag(Dj), ãäå
Dj =

∑

i∈S (∆iwj)
2

|S| − 1
.
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�àñïðåäåëåíèå ñïåöè�è÷íîñòè íà âûáîðêå
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Ïðîâåðêà çíà÷èìîñòè óëó÷øåíèÿ êà÷åñòâà
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Ïðîâåðêà çíà÷èìîñòè óëó÷øåíèÿ êà÷åñòâà
Õàðàêòåðèñòèêè Êðåäèòû SAHD

AUClearn 0.8819 0.8308
AUCtest 0.8507 0.8093
pSW 0.2655; 0.2364 0.2786; 0.7879
m̂ 0.8233; 0.7889 0.7994; 0.7722
σ̂2 1.75 ·10−5; 8.27 ·10−5 3.73 ·10−5; 1.26 ·10−4

σ̂ 0.0042; 0.0091 0.0061; 0.011
M 14.0; 6.8 5.15; 3.32
p0 0; 5.3 · 10−12 1.33 · 10−7; 4.55 · 10−4
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Èññëåäîâàíèå ðàçëè÷èé â îïðåäåëåíèè
100 200 300 400

20

40

60

80

100

120

140

160

Object index

S
pe

ci
fic

ity

100 200 300 400

20

40

60

80

100

120

140

160

Object index

S
pe

ci
fic

ity

ÊîððåëÿöèèÏèðñîíà 0.9736Ñïèðìåíà 0.9901Êåíäàëëà 0.9132SAHD äàííûå
200 400 600 800 1000

100

200

300

400

500

Object index

S
pe

ci
fic

ity

200 400 600 800 1000

100

200

300

400

Object index

S
pe

ci
fic

ity

ÊîððåëÿöèèÏèðñîíà 0.9794Ñïèðìåíà 0.9946Êåíäàëëà 0.9377Ïîòðåáèòåëüñêèå êðåäèòûÀäóåíêî Àëåêñàíäð Âûáîð îáúåêòîâ è ïðèçíàêîâ â ñêîðèíãå 17 / 27



EM-àëãîðèòì äëÿ ñìåñè ëîãèñòè÷åñêèõ ìîäåëåéÏðàâäîïîäîáèå äàííûõ äëÿ ñìåñè ìîäåëåé
L(w1, . . . , wK , π|X, y) =

=
m
∏

i=1

(

K
∑

k=1

πkf(xi, wk)
yi(1− f(xi, wk))

1−yi

),
L(w1, . . . , wK , ,π, Z|X, y) =

=
m
∏

i=1

K
∏

k=1

{πkf(xi, wk)
yi(1− f(xi, wk))

1−yi}
zik .E-øàã

γik = E[zik] = p(k|xi, w1, . . . , wK , π) =

=
πkf(xi, wk)

yi(1− f(xi, wk))
1−yi

∑K
j=1 πjf(xi, wj)yi(1− f(xi, wj))1−yi
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M-øàã
l̃(w1, . . . , wK , π|X, y) = EZ[− logL(w1, . . . , wK, Z|X, y)] =
=

−
m
∑

i=1

K
∑

k=1

γik{log πk + yi log(f(xi, wk)) + (1− yi) log(1− f(xi, wk))}.
πk =

1

m

m
∑

i=1

γik.
l̃(w1, . . . ,wK , π|X, y) = −

K
∑

k=1

{log πk

m
∑

i=1

γik}+

K
∑

k=1

l̃k(wk|X, y).
∂l̃k

∂wk

= XTΓk(f − y),

Hk = X
T
RkX,

Rk = diag(γikf(xT
i wk)f(−xT
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Îïðåäåëåíèå òðåáóåìîãî ÷èñëà ìîäåëåé
Íà÷àëî àëãîðèòìà: K = 1, π1 = 1, α > 1 � íåêîòîðîå çàäàííîå÷èñëî.
B̃ =

{

i :
p(w1, . . . , wK−1|xi, yi)

maxj p(w1, . . . , wK−1|xj , yj)
<

1

α

}

.Åñëè |B̃| > m0, ñòðîèì íîâóþ êîìïîíåíòó ñìåñè: πK =
|B̃|

m
,

πj → (1− πK)πj , j ≤ K − 1,
wK = 0.
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Ïðîöåäóðà âûáîðà ìîäåëè�åøàþùåå ïðàâèëî îòíåñåíèÿ êìîäåëè íà îáó÷åíèè
k∗i = arg max

k∈{1..l}
p(yi | fk,xi).Îñòîðîæíûé âûáîð ìîäåëè (íàêîíòðîëå)

k∗i = arg max
k∈{1..l}

min
u∈{0,1}

p(u | fk,xi).Äëÿ ëîãèñòè÷åñêîé ðåãðåññèè
k∗i = arg max

k∈{1..l}
σ(−|xT

i wk|) =

= arg min
k∈{1..l}

|xT
i wk|.

|x
T
i
wk|

‖wk‖

�èñ. : Èëëþñòðàöèÿ îòíåñåíèÿîáúåêòà êîíòðîëÿ ê ìîäåëè.Àäóåíêî Àëåêñàíäð Âûáîð îáúåêòîâ è ïðèçíàêîâ â ñêîðèíãå 21 / 27



Èëëþñòðàöèÿ âûáîðà ìîäåëè
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Ñðàâíåíèå ìíîãîóðîâíåâûõ ìîäåëåé è ñìåñè ìîäåëåé
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Ñðàâíåíèå ìíîãîóðîâíåâûõ ìîäåëåé è ñìåñè ìîäåëåé
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Òàáëèöà : Ïëîùàäü ïîäROC-êðèâîé äëÿ ðàçíûõ ìîäåëåé.Ìîäåëü AUC1 ëîã. ìîäåëü 0.7364SVM 0.7462Ñìåñü 2 ëîã. ìîäåëåé 0.8393Ñìåñü 3 ëîã. ìîäåëåé 0.85292 ìíîãîóð. ìîäåëè 0.9460Ñìåñü 5 ëîã. ìîäåëåé 0.97223 ìíîãîóð. ìîäåëè 0.9757Àäóåíêî Àëåêñàíäð Âûáîð îáúåêòîâ è ïðèçíàêîâ â ñêîðèíãå 24 / 27



Äàííûå ßíäåêñà97290 îáúåêòîâ. 245 ïðèçíàêîâ. Êëàññû�{0, 1, 2, 3, 4}.
Q2(ŷ) =

1

|Q|

|Q|
∑

j=1

DCGj , ãäå DCGj =

|Ωj |
∑

i=1

yind(xi)

log2 i+ 1
.Ïðåäëàãàåìàÿ ìîäè�èêàöèÿ ìíîãîêëàññîâîé ëîãèñòè÷åñêîéðåãðåññèè: ŷi = K

∑

k=1

CkP (Ck|xi).Òàáëèöà : Ñðàâíåíèå êà÷åñòâà Q2.Àëãîðèòì îòáîðà ×èñëî ïðèçíàêîâ Q2 Q̂2Ïîøàãîâûé 12 3.612 4.028�åíåòè÷åñêèé 18 3.639 4.058Àäóåíêî Àëåêñàíäð Âûáîð îáúåêòîâ è ïðèçíàêîâ â ñêîðèíãå 25 / 27
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Çàêëþ÷åíèåÏîñòðîåí àëãîðèòì îòáîðà îáúåêòîâ è ïðèçíàêîâ.Îòáîð ïðèçíàêîâ îñíîâàí íà ïðåäëîæåííîé ìîäè�èêàöèèìåòîäà Áåëñëè è ñóùåñòâåííî ïîâûøàåò óñòîé÷èâîñòüïîñòðîåííûõ ìîäåëåé.Îòáîð îáúåêòîâ è �èëüòðàöèÿ âûáðîñîâ îñíîâàíû íàââåäåííîé �óíêöèè ñïåöè�è÷íîñòè îáúåêòà è ïîêàçàíî,÷òî ïîëó÷åííîå ïîâûøåíèå êà÷åñòâà çíà÷èìî.Ïðåäëîæåíî èñïîëüçîâàòü îñòîðîæíûé âûáîð ìîäåëè äëÿîáúåêòîâ îáó÷åíèÿ â ìíîãîóðîâíåâûõ ìîäåëÿõ, ÷òîçíà÷èòåëüíî ñíèæàåò ïåðåîáó÷åíèå.Ïðåäëîæåíà ìîäè�èêàöèÿ àëãîðèòìà ìíîãîêëàññîâîéëîãèñòè÷åñêîé ðåãðåññèè äëÿ ðàíæèðîâàíèÿ îáúåêòîââíóòðè êëàññà, ÷òî ïîçâîëèëî çíà÷èòåëüíî óëó÷øèòüêà÷åñòâî ïðîãíîçà ðåëåâàíòíîñòè íà äàííûõ ßíäåêñà.Àäóåíêî Àëåêñàíäð Âûáîð îáúåêòîâ è ïðèçíàêîâ â ñêîðèíãå 27 / 27
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