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gi ∈ Rm, ∈ Rn

gi (x) ∈ R

G ( )
f F

g ∈ G



Скоринг Данные Задача Порождение признаков Выбор моделей

Список порождающих функций
Description In N in Out N out Comm Param
Nominal to binary nom 1 bin 1–4 - Yes
Ordinal to binary ord 1 bin 1–4 - Yes
Linear to linear segments lin 1 lin 1–4 - Yes
Linear segments to binary lin 1 bin 1–4 - Yes
Get one column of n-matrix bin 1–4 bin 1 - Yes
Conjunction bin 2–6 bin 1 Yes -
Dijsunction bin 2–6 bin 1 Yes -
Negate binary bin 1 bin 1 - -
Logarithm lin 1 lin 1 - -
Hyperbolic tangent sigmiod lin 1 lin 1 - -
Logistic sigmoid lin 1 lin 1 - -
Sum lin 2–3 lin 1 Yes -
Difference lin 2 lin 1 No -
Multiplication lin,bin 2–3 lin 1 Yes -
Division lin 2 lin 1 No -
Inverse lin 1 lin 1 - -
Polynomial transformation lin 1 lin 1 - Yes
Radial basis function lin 1 lin 1 - Yes
Monomials: x

√
x , etc. lin 1 lin 1 - -
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Скоринг Данные Задача Порождение признаков Выбор моделей

Задача порождения признаков

Даны
• измеряемые признаки Ξ = {ξ},
• заданные экспертами порождающие функции
G = {g(b, ξ)},

g : ξ !→ x ;

• правила порождения: G ⊃ G , где суперпозиция gk ◦ gl ∈ G
построена с учетом ограничений на число типы входных и
выходных переменных ;

• правила упрощения суперпозиций: gu не принадлежит G,
если существует правило

r : gu !→ gv ∈ G.
Результат

набор «композитных» признаков X = {x1, . . . , xj , . . . , xn}.

Внимание! Число порожденных признаков может превосходить
число клиентов! 22 / 34



Скоринг Данные Задача Порождение признаков Выбор моделей

Примеры композитных признаков

• Frac(Period of residence, Undeclared income)
• Frac(Seg(Period of employment), Term of contract)
• And(Income confirmation, Bank account)
• Times(Seg(Score hour), Frac(Seg(Period of employment),

Salary))
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f = (g ◦ . . . ◦ gV )( )

si f

gj xi

si
gj

si f

gj

si sj

(gi ) ⊃ (gj )



f Γf

vi Γf
gj

vi
gj

vi
gj

Γf xi



The rules of constructing a tree Γf for a superposition f

f = sin(x) + (ln x)x ;

The tree Γf
1 The root is denoted ∗;
2 Vi "→ gr ;

3 val(Vj) = v(gr(i));

4 dom(gr(i)) ⊃ cod(gr(j));

5 the arguments gr are
ordered;

6 xi are the leaves of Γf .

Vadim Strijov Forecasting Model Generation 20 / 32
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Γ′(V ′) Γ(V )
V ′ V

Γ Γ

Γ Γ Γ
Γ′ Γ′

Γ



Γi (Vi)
Γj (Vj) Γij(Vij) p

V |Vi | = pi
|Vj | = pj |Vij | = pij

r Γi Γj

rij = pi + pj − pij ,



Γ
Γ Γ

r + r ≥ r ,

p + p − p + p + p − p ≥ p + p − p ,

p − p − p + p ≥ .



f Γ

vi Γ

gi
xi

+ arctan

+ ln

x x ∗

x x



f v

C

C ( ) = .

C f Γ
xi

C (xi ) = .

gi (f ) C (f ) = K gi

gi (f ) f

C (gi (f )) = C (f ) + |gi (f )|



F
F = {X ,C},

Fi Ui

gi ∈ G

fj ∈ Fi−

Ui = {gi (fj , . . . fjk ), | gi ∈ Gu, f ∈ Fi− }.

Fi
Fi = Fi− ∪ Ui .



G lp
p > n >

A k

|Fk | = O(l (p
k− )/(p− )

p np
k
).





fi fj
Γi Γj vi vj

f ′i f ′j

∗ ÷

+ lin ∗ sqrt

arctan lin t parab lin t

K K sin K

K



fi fj
Γi Γj vi vj

f ′i f ′j

∗ ÷

+ lin ∗ sqrt

parab lin t arctan lin t

sin K K K

K



Γj vk
G gk

gs
gk gs

÷ ÷

+ sqrt + sqrt

parab lin t arctan lin t

sin K sin K

K K



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Think of a model

Let it be y = f (w, x) = sin(x1) ∗ sin(w1x2 + w2).

0

1

2

3

4

0

1

2

3

4
−1

−0.5

0

0.5

1

xy



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Given data

The corresponded sample set is shown; it has 380 samples.

0

1

2

3

4

0

1

2

3

4
−1

−0.5

0

0.5

1

xy



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Given primitive functions

Function Description Parameters
g(b, x1, x2)

plus y = x1 + x2 –
times y = x1x2 –

g(b, x1)
divide y = 1/x –
multiply y = ax a
add y = x + a a

normal y = λ√
2πσ

exp
(
− (x−ξ)2

2σ2

)
+ a λ,σ, ξ, a

linear y = ax + b a, b
parabolic y = ax2 + bx + c a, b, c
sin y = sin(x) –
logsig y = λ

1+exp(−σ(x−ξ)) + a λ,σ, ξ, a



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Set of the generated models

Let the generated models F = {fi} be a set
of admissible superpositions

of the primitive functions G = {g}.



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Expert information

Experts assign the initial models

f1 : y = linear (x1),
f2 : y = normal (x2).

And the initial conditions

1 the model complexity:{
number of primitives in a superposition g no more than 8,
number of parameters w no more than 10;

2 the target function is sum of squared errors, SSE.



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

Given data
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Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

normal(w1:3,x2)

x2

normal



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

plus2(∅,times2(∅,plus2(∅,x2,x1),linear(w1:2,x1)),linear(w3:4,x2))

x2 x1

plus2
x1

linear

times2
x2

linear

plus2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,times2(∅,plus2(∅,x2,linear(w1:2,x1)),linear(w3:4,x1)),x2)

x2

x1

linear

plus2
x1

linear

times2 x2

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,times2(∅,plus2(∅,parabola(w1:3,x2),x2),sin(∅,x1)),sin(∅,x1))

x2

parabola x2

plus2
x1

sin

times2
x1

sin

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,plus2(∅,linear(w1:2,x1),sin(∅,x2)),sin(∅,x1))

x1

linear
x2

sin

plus2
x1

sin

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,plus2(∅,parabola(w1:3,parabola(w4:6,x2)),sin(∅,x1)),sin(∅,x1))

x2

parabola

parabola
x1

sin

plus2
x1

sin

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,plus2(∅,plus(w1,linear(w2:3,x1)),linear(w4:5,x2)),sin(∅,sin(∅,x1)))

x1

linear

plus
x2

linear

plus2

x1

sin

sin

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,parabola(w1:3,linear(w4:5,x2)),linear(w6:7,sin(∅,x1)))

x2

linear

parabola

x1

sin

linear

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,plus2(∅,parabola(w1:3,x2),sin(∅,x2)),sin(∅,x1))

x2

parabola
x2

sin

plus2
x1

sin

times2



Coherent Bayesian Inference Analysis of parameters Model generation Example Practice

Competitive models

times2(∅,sin(∅,linear(w1:2,x2)),sin(∅,x1))

x2

linear

sin
x1

sin

times2



Скоринг Данные Задача Порождение признаков Выбор моделей

Процедура построения модели
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