OCHOBbI NPaKTUYeCcKoro
MCMNO/Ib30BAaHNA HEUPOHHbIX CEeTEN.
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O6yumntb HC Ana annpoKcMmauum KBagpaTUuiyHON PYHKLUK

y= le XE(O,].) LO1 & Trainset

* Valid set

* Obyuatowas BbibopKa: 8000 ]
* BanmpaymoHHana BblbopKa: 2000
* Lllyma Het

* Lllenesaa metpuka: MAPE 0.4 1

n
] Yi -Yi 2]
MAPE = & Z \—vi \
=1

0.0 1

0.6 1

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0



CTaH,u,apTHoe obyyeHune (2 cnos)

—7 m2cnoa:1-50-1
= Relu

= batch=128

= epoch=200

= Adam (Ir=0.001)

= 6e3 uameHeHua Ir

T 7 Eplgsh 125 150 175 200 Epoch - LOSS: MSE
f mse: 1.5783e-05
Lo rmse: 0.0040
? e i MAPE: 0.1143
i



CtaHoapTHoe obyyeHue ( 2cnos)

—— valid MAPE

o o 'Y o
! N ; A
(!
°© ?-————- . =
[
N

= batch=512

= epoch=200

= Adam (Ir=0.001)

= 6e3 usmeHeHus Ir
=l oss: MSE

mse: 1.5955e-05
rmse: 0.0040
MAPE: 0.1415

YBennumnnacb ckopoctb cxogumoctu, Ho MAPE BbipocC



= CaMmnanpoBaHMe NaKeToB
= batch=128

= epoch=200

= Adam (Ir=0.001)

= 6e3 u3ameHenus Ir

=l oss: MSE

mse: 8.3055e-07
rmse: 0.0009
MAPE: 0.0434

MAPE ymeHbLIMNOCb B ~3 pasa



CtaHoapTHoe obyyeHue ( 2cnos)

00000

000000

00000

— Exponential LR

= U3meHeHuUe LR

= CoMn/IMpOBaHMeE NaKeToB

= batch=128

= epoch=400

= Adam (HayanbHbIM Ir=0.001)

= | oss: MISE

eeeee

mse: 2.0879e-06
rmse: 0.0014
MAPE: 0.0377

MAPE ymeHbLunnoco 0.006



CTaH,u,apTHoe obyyeHue ( 3 cnos)

"3 cnoa:1-40-10-1
= Relu

= lameHeHMne LR

= COMnanpoBaHMe NakeToB
= batch=128

= epoch=400

= Adam (Ha4anbHbIM Ir=0.001)

TE = | 0ss: MISE
: mse: 5.5170e-07
¢ | rmse: 0.0007
MAPE: 0.0362

L p——e MAPE ymeHbwnnocb Ha 0.001



AHannTU4yecKoe pelleHue

self.xvalues = np.arange(0,1+0.0001,0.5) # y3nb1 0, 0.5, 1

self.l1 = nn.Linear(1, len(self.xvalues )-1) m2cnoa:1-50-1
self.12 = nn.Linear(len(self.xvalues )-1, 1)

a_prev,b_prev=0,0 = Relu

fori, x in enumerate(self.xvalues[:-1]):

dx = self.xvalues[i+1] - self.xvalues]i]

dy = yvalues[i+1] - yvalues]i] 03 -

a =dy/dx

b = yvalues[i] - a*x

err_shift = (yvalues[i+1] + yvalues]i]) / 2 - yfunc((self.xvalues[i+1] + self.xvalues[i]) / 2) 0.6 1

b=b-err_shift/2

with torch.no_grad(): 0 s 04
self.l1.weight[i, 0] =a - a_prev +  relu-based approx r
self.l1.bias[i]=b - b_prev

a_prev=a

b_prev=>b

with torch.no_grad():

MAPE
.o

0.8 4
0.2 1

0.0 lk

0.6 1

MAPE

self.I2.weight[0, :]1=1 oo s o e e
self.12.bias[0] = 0 ' ' X '

0.4

def forward(self, x): 0.21
x = self.11(x)
x =nn.ReLU()(x) 001 1 ! |
x = self.12(x) 0.0 0.2 0.4 0.6 0.8 10
return x ¥Y3ne1: O,X 05,1

MAPE: 0.0059

T
1.0




HC vs AHannTnyeckoe pellueHue

Mopb6op
napameTpoB

HC

CamnnmnposaHue

AHanuTnyeckoe
peweHue

N3meHeHune
LR

Bbibop
ApXUTEKTYpbI

—> MAPE: 0.0362 —> 7?

ANropmnTMm NPAMOro
BblYMC/IEHUA BECOB

MAPE: 0.0059



class XFuncModule(nn. Module
def __init__ (self, xvalues, yfunc):
super().__init_ ()
assert all(xvalues == sorted(xvalues)), 'xvalues must be sorted’
self.xvalues = xvalues
self.l1 = nn.Linear(1, self.steps-1)
self.12 = nn.Linear(self.steps-1, 1)
self.set_weights(yfunc)
def set_weights(self, yfunc):
yvalues = yfunc(self.xvalues)
a_prev,b_prev=0,0
fori, x in enumerate(self.xvalues[:-1]):
dx = self.xvalues[i+1] - self.xvalues]i]
dy = yvalues[i+1] - yvalues]i]
a =dy/dx
b = yvalues[i] - a*x
err_shift = (yvalues[i+1] + yvalues|i]) / 2 - yfunc((self.xvalues[i+1] + self.xvalues[i]) / 2)

Koa aHaAuTUYeCcKoro pelieHus

yfunc = lambda x: x**2
interp_range = np.arange(0,1+0.0001,0.02)

x2m = XFuncModule(interp_range, yfunc)

x_val = torch.rand(2000, 1)
y_val=x_val*x_val

res_model = x2m(x_val).detach().numpy().flatten()
res_true=y_val.numpy()[:,0]

mape_val=np.mean(np.abs((res_true - res_model) / res_true))

print('MAPE:',mape_val)

b =b-err_shift/2 @property

with torch.no_grad(): def steps(self):
self.I1.weight[i, 0] = a - a_prev return len(self.xvalues)
self.I1.bias[i] = b - b_prev def forward(self, x):

a_prev=a x = self.11(x)
b prev=b x =nn.ReLU()(x)
with torch.no_grad(): x = self.12(x)

self.12.weight[0, :] =1
self.12.bias[0] =

return x
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