JOIJATOK A
Kon riopuanoi moneni Neural-SEIR

Jlictunr A.1 — ocHoBHMIT Moay b T10puaHOT Moseni Neural-SEIR

import numpy as np
import torch
from torch import nn

from src.models.base import QUANTILE LEVELS, Forecaster,

QuantileForecast

from src.models.baselines import normal quantiles
from src.models.seir import trailing, calibrate seir

class BetaNet (nn.Module) :
"""Manwui MLP: HopMmasiizoBauunt crtaH (S/N, E/N,
>: O."""

def init (self, hidden: int = 16):
super (). init ()
self.net = nn.Sequential (
nn.Linear (3, hidden), nn.Tanh(),
nn.Linear (hidden, 1), nn.Softplus(),

def forward(self, state norm):
return self.net (state norm) .squeeze(-1)

def integrate torch(state(l, beta net, *, sigma,
n_ steps):

I/N) -> beta

gamma, N,

"""InbepeHU1VOBHMY KpOok Elnepa; beta nponmykye Mepexa Bin

mmow

IIOTOUHOT'O CTaHy.
S, E, I, R = statel

incidences, comps = [], []
for in range(n_steps):
state norm = torch.stack([S, E, I]).unsqueeze (0) / N
beta = beta net (state norm) .squeeze (0)
s2e = (beta * S * I / N).minimum(S) # min-xJjam:
HeBlin'eMHICTB
e2i = (sigma * E) .minimum(E)

i2r = (gamma * I).minimum(I)
S =85 - s2e; E =E + s2e - e2i
I =1+ e2i - i2r; R =R + i2r
incidences.append(s2e)
comps.append (torch.stack ([S, E, I, R]))
inc = torch.stack(incidences)
comp = torch.stack (comps)
return inc, comp, comp[-1]

def profile k(incidence, target):

"""AHAN1THMUYHO ONTHMMAJNIbHMIM MacmTad® k = <inc,
<inc, inc>."""

target> /
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denom = torch.dot (incidence, incidence)
return torch.dot (incidence, target) / denom if denom > 0
else torch.zeros(())

def train ude(beta net, state0, target, *, sigma, gamma, N,
epochs=300, 1r=0.02, seed=0):
"""HaBuuTKU Jume beta-Mepexy; TpaekTopHuUM Jjioc MSE (k*inc,
target), Adam."™"
torch.manual seed(seed)
state0 t = torch.as tensor(state0, dtype=torch.float32)
target t = torch.as tensor(target, dtype=torch.float32)
n = len(target t)

opt = torch.optim.Adam(beta net.parameters(), lr=lr)
beta net.train ()
for 1in range (epochs):

opt.zero grad()

inc, , = 1integrate torch(state0 t, beta net,
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sigma=sigma, gamma=gamma,

N=N, n steps=n)

k = profile k(inc, target t)

loss = torch.mean((k * inc - target t) ** 2)
loss.backward ()

opt.step ()

beta net.eval ()
return beta net

class NeuralSeirForecaster (Forecaster) :
"""Ti6pun Neural-SEIR -> KBAHTMIILHUM NPOTHO3 (KOHTPAKT
Forecaster) .™""

name = "neural seir"

def init (self, N, *, horizon, fit window=60,
n_members=5,

epochs=300, 1r=0.02, hidden=16, seed base=0):

self.N = float (N); self.horizon = horizon

self.fit window = fit window; self.n members =
n_members

self.epochs = epochs; self.lr = 1r

self.hidden hidden; self.seed base = seed base

def fit(self, train y):
y = trailing(train y, self.fit window)

# warm-start MexanicTuku; sigma, gamma, CTapTOBUM CTaH

mani ¢ixcomaHi

( , self.sigma , self.gamma ), , init state, , =

calibrate seir(y, self.N)

state0 = torch.as tensor(init state,
dtype=torch.float32)

self.members , self.member k , self.member final =
(1, 01, 1]

for m in range (self.n members) : #
aHcaMbyib —-> epistemic
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net = BetaNet (hidden=self.hidden)
_train ude(net, statel, y, sigma=self.sigma ,
gamma=self.gamma ,
N=self.N, epochs=self.epochs,
lr=self.lr,
seed=self.seed base + m)
with torch.no grad():
inc, , final = 1integrate torch(state0, net,
sigma=self.sigma ,

gamma=self.gamma , N=self.N, n steps=len(y))
k = float( profile k(inc, torch.as tensor(y,
dtype=torch.float32)))
self.members .append(net);
self.member k .append (k)
self.member final .append(final)
self.sigma ale = self. aleatoric sigma(statel, y) #
pe3unyalsibHa (aleatoric)
return self

def rollout(self, net, state, k):
inc, , _ = _integrate torch(state, net,
sigma=self.sigma ,
gamma=self.gamma ,
N=self.N, n steps=self.horizon)

return k * inc

def predict(self, horizon):
with torch.no grad():
paths = np.vstack([self. rollout(net, final,
k) .numpy ()
for net, final, k in
zip (self.members ,
self.member final ,
self.member k )])
mu = paths.mean (axis=0)
sigma = np.sqgrt(paths.std(axis=0) ** 2 +
self.sigma ale ** 2)
g = normal quantiles (mu, sigma, QUANTILE LEVELS)
return QuantileForecast (np.clip(g, 0.0, None)) #
TapreT HeBin'emHUM



JTONATOK B

[ToBHI pe3ynbTaT MOPIBHAHHS MOJIEIEH 32 TOPU30HTAMU
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Tabmumg b.1 — 3Baxkena inTepBasibHa ominka (WIS) nins COVID-19 3a

TOpU30HTAMU
Monenb 1 TIK. 2 THK. 3 THK. 4 THK.
naive 5537 9 382 13 569 18 208
seasonal naive m52 | 124 466 140 186 155 351 170 270
arima 4 548 9318 15 946 24 497
seir 8133 16 475 26 666 38 499
stochastic_seir 18 424 25272 35 602 45 992
Istm 6 833 13 700 21 662 28 439
gru 6 230 11 860 18 094 23 554
transformer 4877 7630 12 536 17 526
neural seir 8 238 14 955 23 248 32149

Tabmuns b.2 — 3Baxkena inTepBanmbHa ouiHka (WIS) s rpumy 3a

TOPU30HTAMU
Monenb 1 k. 2 THK. 3 THK. 4 TIK.
naive 0,133 0,245 0,351 0,417
seasonal naive m52 | 0,465 0,465 0,462 0,466
sarimab2 0,100 0,184 0,277 0,347
seir 0,246 0,387 0,509 0,624
stochastic_seir 1,216 1,308 1,408 1,476
Istm 0,106 0,167 0,214 0,263
gru 0,113 0,192 0,247 0,283
transformer 0,120 0,204 0,265 0,295
neural seir 0,196 0,328 0,434 0,518

Tabmuua b.3 — MacmradboBana a0dCoOJTIOTHA

noxuoka giug COVID-19 3a

TOPU30HTaMU
Monenb 1 Tiok. 2 THK. 3 THK. 4 TUK.
naive 1,60 3,26 4,85 6,46
seasonal naive m52 | 4,41 4,38 4,41 4,53
arima 1,26 2,30 3,76 5,23
seir 1,97 3,61 571 7,96
stochastic_seir 3,60 4,92 6,85 8,94
Istm 1,99 3,48 5,11 6,65
gru 1,83 3,14 4,62 5,93
transformer 1,65 2,38 3,69 4,84
neural seir 1,86 3,19 4,78 6,51
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Tabmung b.4 — MacmtaboBana abcomoTHa noxudka (MASE) nis rpumny

34 TOPU30HTAMH

Mopenb 1 Tk, 2 THK. 3 THK. 4 THK.
naive 0,20 0,39 0,57 0,70
seasonal naive m52 | 0,53 0,54 0,52 0,53
sarimab2 0,13 0,24 0,37 0,46
seir 0,41 0,58 0,72 0,83
stochastic_seir 1,37 1,48 1,57 1,66
Istm 0,17 0,24 0,32 0,41
gru 0,17 0,29 0,37 0,41
transformer 0,18 0,31 0,39 0,43
neural seir 0,32 0,47 0,59 0,69
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