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'python

import os

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import torch

import torch.nn as nn

import torch.nn.functional as F

from torch.utils.data import Dataset, DatalLoader
from sklearn.metrics import mean squared_error, mean_absolute error
from scipy.fft import fft2, ifft2, fftshift, ifftshift
import time

import datetime

import warnings
warnings.filterwarnings('ignore')

# B — P2 [EE L CRBN: 2 iR

np.random.seed(42)

torch.manual seed(42)

if torch.cuda.is_available():
torch.cuda.manual seed all(42)

# AR TNA 2 DEGE
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
print(f'Using device: {device}")

Bilgt 7 — % D4Rk

KERDOBRBIN T —5 LESMT—F Db D ic, BT —5 Z2ER L THEBz T o7, BT — 513, FEEE
DT — % OREHIRIE 2 BT 2 X 9 IC8GEEL 72,

'python
def generate low res data(size=32, feature size=4):

nuu{&@g{%ﬁxﬁ-‘ESM \7—“_ 57 O) i{ﬁmm
# RKBIBLL AR Y — > 2 RBUT % 7 b DARFBRIT

x = np.zeros((size, size))
for i in range(5):

freq = np.random.uniform(0.1, 0.5)

phase x = np.random.uniform(0, 2*np.pi)

phase y = np.random.uniform(0, 2*np.pi)

amplitude = np.random.uniform(0.5, 1.0)

for ix in range(size):

for iy in range(size):
x[ix, iy] += amplitude * np.sin(freq * ix / size * 2*np.pi + phase_x) *\
np.sin(freq * iy / size * 2*np.pi + phase y)

# IEHAL

x = (x - x.min()) / (x.max() - x.min())

# BEARED K ) RIFADEALIICT 5 720 DL
x =np.exp(3 *x) -1

#ARAHRIE T — & 1T AR

low_res = np.zeros((size // feature_size, size // feature_size))
for i in range(size // feature_size):
for j in range(size // feature_size):
low_res[i, j] = np.mean(x[i*feature size:(i+1)*feature size,
j*feature size:(j+1)*feature_size])

return low res, x # {RRIET— & LB T 2 BfREED TEME, Z2iKd
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def generate observation data(high res truth, noise level=0.2):

T — 5 DA (FRMRE QI ) A &2 MAB) "

noise = np.random.normal(0, noise_level, high res_truth.shape)
obs = high res truth + noise
obs = np.maximum(obs, 0) # /KR IXIEE

return obs

#TFr—Fy b DERK

num_samples = 100

low res_size =8 # &KLY v FH 4 X
high res size =32 # RS v Py A X

upscale factor = high res_size // low_res_size

# 3BT — % ERREET— % DR

train_low_res =[]
train_high res =[]
val_low res =[]
val high res =[]

for i in range(num_samples):
low_res, high res = generate low_res data(high res size, upscale factor)
if i <num_samples * 0.8: # 80% % FlliH 7 — % 12
train_low_res.append(low_res)
train_high res.append(high_res)
else: #20%% MRGEET — % I

val_low_res.append(low_res)
val high res.append(high res)

# NumPyfiL 51 |2 25464

train_low_res = np.array(train_low_res)
train_high res = np.array(train_high res)
val _low_res = np.array(val low_res)

val _high res = np.array(val high res)

print(F'FFE T — % : {RAREERSE {train_low res.shape}, FfKEE {train_high res.shape}")
print(f"BEEE 7 — % : MR EL {val low res.shape}, Mif{% L {val high res.shape}")

—HEE T D giRk

AFEHOMLa Y R—%v b ThH 3 —BHEETNVCMZFEEL 2, CMIZ, BE—2 T v 7 CEMERE T —
506 R E T — & 2R T R8I 2 R,

'python
class SinusoidalPositionEmbeddings(nn.Module):
"""H%FEI?Z :7: v 7°®ii&>ﬂ%{mm

def init  (self, dim):

super(). _init_ ()
self.dim = dim

def forward(self, time):
device = time.device
half dim = self.dim // 2
embeddings = np.log(10000) / (half dim - 1)
embeddings = torch.exp(torch.arange(half dim, device=device) * -embeddings)
embeddings = time[:, None] * embeddings[None, :]
embeddings = torch.cat((embeddings.sin(), embeddings.cos()), dim=-1)
return embeddings
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class Block(nn.Module):
"""U-Net@%zli 7‘ \wi % 7 nmn
def init (self, in_ch, out ch, time emb dim, up=False):
super(). init ()
self.time mlp = nn.Linear(time emb_dim, out ch)
if up:
self.convl = nn.Conv2d(2*in_ch, out_ch, 3, padding=1)
self.transform = nn.ConvTranspose2d(out_ch, out ch, 4,2, 1)
else:
self.convl = nn.Conv2d(in_ch, out ch, 3, padding=1)
self.transform = nn.Conv2d(out_ch, out ch, 4, 2, 1)
self.conv2 = nn.Conv2d(out_ch, out ch, 3, padding=1)
self.bnorm1 = nn.GroupNorm(8, out ch)
self.bnorm2 = nn.GroupNorm(8, out ch)
self.relu = nn.ReLU()

def forward(self, x, t):
# H1E A
h = self.bnorm1(self.relu(self.conv1(x)))
# IRFTAJEE & IA A DB

time emb = self.relu(self.time mlp(t))

time_emb = time_emb](..., ) + (None, ) * 2] #[B, C] > [B, C, 1, 1]
h=h+time emb

# 2 AN P

h = self.bnorm2(self.relu(self.conv2(h)))

#TY T TS

return self.transform(h)

class SelfAttention(nn.Module):
nn Q a?f%‘:%%uuu

def init (self, channels):
super(). _init_ ()
self.channels = channels
self.mha = nn.MultiheadAttention(channels, 4, batch_first=True)
self.In = nn.LayerNorm([channels])
self.ff self = nn.Sequential(
nn.LayerNorm([channels]),
nn.Linear(channels, channels),
nn.GELU(),
nn.Linear(channels, channels),

)

def forward(self, x):
size = x.shape[-2:]
x = x.flatten(2).transpose(1, 2)
x = x + self.mha(self.In(x), self.In(x), self.In(x))[0]
x =x + self.ff_self(x)
x = x.transpose(1, 2).view(-1, self.channels, size[0], size[1])
return X

class ConsistencyModel(nn.Module):
nn ugféi‘/l\i x .‘)‘—“}I/(CM) O) %%mm
def init (self, in_channels=1, out_channels=1, time_emb dim=32):
super(). _init_ ()

# IRF[EIHE & 3A 2

self.time mlp = nn.Sequential(
SinusoidalPositionEmbeddings(time emb dim),
nn.Linear(time_emb_dim, time emb_dim),
nn.GELU(),
nn.Linear(time _emb_dim, time_emb_dim),

)
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# LY a——5y

self.encl = Block(in_channels, 64, time_emb_dim)
self.enc2 = Block(64, 128, time_emb_dim)
self.enc3 = Block(128, 256, time emb_dim)
self.enc4 = Block(256, 512, time _emb_dim)

#R MRy 7289
self.bottleneck = SelfAttention(512)
#7a—5—#7y
self.dec4 = Block(512, 256, time_emb_dim, up=True)
self.dec3 = Block(256, 128, time_emb_dim, up=True)
self.dec2 = Block(128, 64, time_emb_dim, up=True)
self.decl = Block(64, 64, time_emb_dim, up=True)
# i E
self.output = nn.Conv2d(64, out _channels, 1)

def forward(self, x, t):
# IRF[AIHE & 3A 2
t = self.time mlp(t)

Ly a—4—

el =self.encl(x, t)

e2 =self.enc2(el, t)
e3 = self.enc3(e2, t)
e4 = self.enc4(e3, t)

#AR LAY 7
bottleneck = self.bottleneck(e4)

#Fra—%— (A¥y THRRDHD)

d4 = self.dec4(bottleneck, t)
d3 = self.dec3(d4, t)
d2 = self.dec2(d3, t)
d1 =self.decl(d2, t)

# i 1JE
output = self.output(d1)

return output

# TV DO

model = ConsistencyModel().to(device)
print(f"€ 7 /L8 7 X — % #: {sum(p.numel() for p in model.parameters())}")

4. WIN A 7 —)VIEIS S A T b DIERE
BRI ICID C CTholi 2 22 A 7 — V%2 BB T 2B A r —VEIG S A T L 2 923 L 7,

" 'python
def compute psd(data): -
nmm ,Q ]7 __x ~2 7 }\ }I/%TE(PSD)O)E‘*‘%HHH

#2D FFTO#H5

fft_result = ftshift(fft2(data))
# X7 —ARY FIVEEDGE

psd = np.abs(fft_result)**2
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return psd

def compute_radial_psd(psd):
BT OPSDORIE (FiIFE)

h, w = psd.shape

center y, center x=h//2,w//2

y, X = np.ogrid[:h, :w]

r = np.sqrt((x - center_x)**2 + (y - center_y)**2)
r = r.astype(np.int)

#ERRT L DR
radial psd = np.zeros(min(center y, center X))
for i in range(len(radial psd)):

mask = (r=1)

if mask.sum() > 0:
radial psd[i] = psd[mask].mean()

return radial_psd

def find_optimal scale(esm_data, obs_data):

""ESM T — % L @l T — % OPSD % K U TRl 2 A 7 — L % PEm
#ARIHRIEESM T — % % EfRGE 7)) v RIS A
upscale factor = obs_data.shape[0] // esm_data.shape[0]
esm_upsampled = np.repeat(np.repeat(esm_data, upscale factor, axis=0),
upscale factor, axis=1)
# PSDOEME
esm_psd = compute psd(esm_upsampled)
obs_psd = compute psd(obs_data)
# PRI l DPSDDEHEL
esm_radial psd = compute radial psd(esm_psd)
obs_radial psd =compute radial psd(obs_psd)
# PSD3CHE W DRFAE
min_len = min(len(esm_radial psd), len(obs_radial psd))
esm_radial psd =esm radial psd[:min_len]
obs_radial psd = obs_radial psd[:min_len]
# RN 7 — LT Lk
log_esm_psd =np.log(esm_radial psd + le-10)
log_obs_psd =np.log(obs _radial psd + le-10)
# A2 R DRE
crossover_points = []
for i in range(1, min_len-1):
if (log_esm psd[i-1] > log_obs psd[i-1] and log_esm psd[i+1] <log obs psd[i+1]) or \
(log_esm_psd[i-1] <log obs psd[i-1] and log_esm psd[i+1] > log obs psd[i+1]):
crossover points.append(i)
# ZRERDIROGEIET 7 4V MEZ RS

if not crossover_points:
return 0.5 # 7 7 4NV b D) A4 AL X)L

#IRWI DR AE R BB A T —)L & L ER

optimal scale index = crossover points[0]

# /A4 AL R)UICZERR (0.1~0.9D HiPHIZ IFERAL)

noise_level =0.1 + 0.8 * (optimal scale index / min_len)
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return noise_level

class DynamicScaleAdapter:
uuugjﬂlgx }7— ,_}[/i@mf/x :f-bmm

def init (self):
selfhistory =[] # £ D R 7 — )ERERE

def select optimal_scale(self, esm_data, obs_data, cloud cover=0.0,
terrain complex1ty—0 0, season=0):

BRSSP i U C Jh i 75 22 A A — )L % JEER
#FARZr — )L DEHE

base scale = find optimal scale(esm_data, obs_data)

HERICE 2 (ZBEDLVITIERZI AT —ILR2ER)

cloud factor =0.2 * cloud cover

# I MERE I & 2 J0% (oS 13 &N S e 27 — L 23&IR)

terrain_factor = -0.1 * terrain_complexity

FIC X 2 (HRINIBAT =N, £BEIKEBAT—N)
season_factor = 0.1 * np.cos(2 * np.pi * season / 12)
# IRAEIN 22 A — LV DEFE
final scale = np.clip(base scale + cloud factor + terrain factor + season factor, 0.1, 0.9)

# JEIE D BT
self.history.append(final_scale)

# RN Z B D 72 D OB EI Y (EXE5E D)

if len(self.history) > 5:
final scale = np.mean(self.history[-5:])

return final scale

# BN A7 — VIR A T L DY
scale_adapter = DynamicScaleAdapter()

2L F = NAMEREE RILEY 2 — N DIEEE
H—DESMH 17 5 EE O EREREFEBMEZ B L, PMEFEEZFMT 2 2 — L2 FEL 72,

'python
class UncertaintyQuantifier:

nm— }1/3’. = — 7\\11/3:%%‘@%%1'[3:& ‘:/“ a2 ,_}1/mm

def init (self, model, device):
self. model = model
self.device = device

def generate ensemble(self, low res data, noise level, num samples=20):

Py VAR (RO mﬁﬂgﬂﬁ?%fﬁ{ﬁ@ﬁiﬁﬁ) o
#ASIRRIE T — & D ETLE]
upscale_factor = 4 # G D & HREREE A~ DRFE

low_res_upsampled = np.repeat(np.repeat(low_res_data, upscale factor, axis=0),
upscale factor, axis=1)

# AS1TF v LD A

x = torch.tensor(low_res_upsampled, dtype=torch.float32).unsqueeze(0).unsqueeze(0).to(self.device)
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# 7 TINDERR

ensemble =[]
with torch.no_grad():
for i in range(num_samples):

# R B EE — P T/ A4 Rz AR

torch.manual_seed(i)

noise = torch.randn_like(x) * noise_level

noisy_input = X + noise

# /A AL XVIHIGS B R T v 7

t = torch.tensor([noise_level * 1000], dtype=torch.float32).to(self.device)

#ETIVIZ X B ERMREE T — 5 DERR

output = self.model(noisy_input, t)

# Ml R 2 PR AT
ensemble.append(output.squeeze().cpu().numpy())

return np.array(ensemble)

def compute_statistics(self, ensemble):
" 7 :/qj- NZ 7\}b@%ﬁ§+§@§+%"""
#1-Eg &R A
mean = np.mean(ensemble, axis=0)
std = np.std(ensemble, axis=0)

# 0 (10%, 50%, 90%)

q10 = np.percentile(ensemble, 10, axis=0)
q50 = np.percentile(ensemble, 50, axis=0)
90 = np.percentile(ensemble, 90, axis=0)

# FREEEHEE (F] © smm/h % 8 2 5 HEK)

threshold = 5.0
exceedance prob = np.mean(ensemble > threshold, axis=0)

return {
'mean': mean,
'std': std,
'ql0'": q10,
'q50'": 50,
'q90'": q90,
'exceedance prob': exceedance prob

}

def compute spatial correlation(self, ensemble):

2 T

num_samples, height, width = ensemble.shape
correlation_matrix = np.zeros((height * width, height * width))

# 7 — % OFHAK

flat_ensemble = ensemble.reshape(num_samples, -1)
# MBI T A DFHE

for i in range(height * width):

for j in range(height * width):
correlation_matrix[i, j] = np.corrcoef(flat_ensemble[:, i], flat_ensemble[:, j])[0, 1]

return correlation matrix

def evaluate uncertainty(self, low_res_data, noise level, num_samples=20):
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nnnz:ﬁﬁ%;lyzt D %‘/ﬁé%qz,mﬁmm
#T7UY Y TNDER

ensemble = self.generate ensemble(low_res_data, noise level, num_samples)

# i R OFHE

statistics = self.compute_statistics(ensemble)

# ZERIHBI DR GIHREa A MU 7D, NS Y 7y FDAK)
subsample size = 10
if ensemble.shape[1] > subsample_size:
center_y, center_x = ensemble.shape[1] // 2, ensemble.shape[2] // 2
start_y, start x = center_y - subsample size // 2, center_x - subsample_size // 2
end y, end x = start y + subsample_size, start x + subsample size
subensemble = ensemble[:, start_y:end y, start x:end x]
spatial_correlation = self.compute_spatial correlation(subensemble)
else:
spatial_correlation = self.compute spatial correlation(ensemble)

return {
'ensemble': ensemble,
'statistics': statistics,
'spatial_correlation': spatial correlation

}
# AEFEEERLEY 2 — Lo gk

uncertainty quantifier = UncertaintyQuantifier(model, device)

Y7P NI LT —F by v Dgedk
BIHI 7 — % L SREEESM TPl 2 IR A T 2 T — b v o v 2 FHE L 7,

python
class DataAssimilationEngine:
nn ]) ‘7 }I/ y/f .ZA _;2__ y Iﬁ‘l,ﬂﬁl N Q/“ NZUUl

def init (self, model, device):
self.model = model
self.device = device

def enkf update(self, ensemble, observations, observation_error):
nnn7 :/_)j- N 7‘}1/75 }[/7 N 7 /f }1/ 57 L: J: %E%ﬁmm

num_samples, height, width = ensemble.shape

# 7 — & OYHAK

y = observations.flatten()
ensemble flat = ensemble.reshape(num_samples, -1)

# 7Ty TN DR

ensemble mean = np.mean(ensemble_flat, axis=0)

# 7Y IVEBHOGE

ensemble perturbations = ensemble flat - ensemble _mean

# WA MO

P = (ensemble perturbations.T @ ensemble perturbations) / (num_samples - 1)
# BUINEHE 1 (2 2 CIEHATAI 2 6EH)

H = np.eye(height * width)
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R = np.eye(height * width) * observation error**2

# AN TV DFHE

K=P @ H.T @ np.linalg.inv(H @ P @ H.T + R)

# IR D BHHT

updated mean = ensemble_mean + K @ (y - H @ ensemble_mean)
# 7YY TNV DOTER

updated ensemble = np.zeros_like(ensemble_flat)
for i in range(num_samples):
updated_ensemble[i] = updated mean + ensemble perturbationsi]

# R DT
updated_ensemble = updated ensemble.reshape(num_samples, height, width)

# EATHIRI OB (kR IZIEE)

updated ensemble = np.maximum(updated _ensemble, 0)
return updated _ensemble

def hybrid_update(self, ensemble, observations, observation_error, alpha=0.5):
nnn/\/f 7‘ ]) W F‘ﬁ,ﬂﬁ (EHKF k3DVar) nn

num_samples, height, width = ensemble.shape

# EnKF(C X % HHHT

enkf ensemble = self.enkf update(ensemble, observations, observation_error)
#3DVarlZ X 2 BH (5 1R)

# B & G042

innovation = observations - np.mean(ensemble, axis=0)

# i 2 1 72 i B AE

B = np.eye(height * width) * np.var(ensemble.reshape(num_samples, -1), axis=0)
# BRI HL

R = np.eye(height * width) * observation_error**2

# el e X % YT

K 3dvar =B @ np.linalg.inv(B + R)
increment = (K_3dvar @ innovation.flatten()).reshape(height, width)

# 3D Varf@hris

analysis_3dvar = np.mean(ensemble, axis=0) + increment

# FEEHIFY DE

analysis 3dvar = np.maximum(analysis_3dvar, 0)
#A 7y RGO

hybrid ensemble = np.zeros_like(ensemble)

for i in range(num_samples):
hybrid_ensemble[i] = alpha * enkf ensemble[i] + (1 - alpha) * analysis 3dvar

return hybrid ensemble

def assimilate(self, high res ensemble, observations, observation_error=0.2, method="hybrid'):

nnn_a:“__ y Iﬂ,ﬂﬁ@%?ﬁmmv

if method == 'enkf'":
return self.enkf update(high res ensemble, observations, observation_error)
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elif method == 'hybrid":

return self.hybrid update(high res ensemble, observations, observation error)
else:

raise ValueError(f'"Unknown assimilation method: {method}")

# F— AL v 2 v DL

data_assimilation_engine = DataAssimilationEngine(model, device)

54 > 7 7R E Nl D T > Fa—F —IC@MMRIE LR T — & ZERILE T 2 > A 7 L 2 BEHIC 5

RS MME & A 7 b DRI
blii}
Sk

rtA

L7,

*'python
class DirectDeliverySystem:
mmﬁ%@ﬂ,{%‘@{%‘q/z %L\ "
def init (self):
self.bandwidth_limits = {
'L_band': 100e3, # 100 kbps
'X band": 5e6, # 5 Mbps
'Ka band': 50e6 # 50 Mbps

self.priority levels = {
'extreme_event': 5,
'vulnerable region': 4,
'time_critical": 3,
'user_request': 2,
'routine': 1
}
def compress_data(self, data, target bandwidth, importance _map=None):
unni@ﬁﬁ;ﬂ@%‘_ yt—t‘;"ﬁﬁnnn

original size = data.nbytes

# T — A X LR D> & B e R &2 G
#IRE: T— 7 I TEE T 208D 5
required compression ratio = original size * 8 / target bandwidth
if required compression ratio <= 1:
# i AN 2

return data, 1.0

# BEE <y 7P EI3Y R BREE 2 KE

if importance map is None:
importance _map = np.ones_like(data)

# FEAEFRICIG U 72 Rl L XL O PGE
if required_compression_ratio < 5:

# WL DA 1667y PR

bits = 16
elif required_compression_ratio < 20:

# PR DO 8y FE L

bits = 8

else:#
#EE DM 48y FETL
bits =4

# 7 — % Di/ME & KA
data_min = np.min(data)
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data max = np.max(data)
data range = data max - data_min

# B2k
levels = 2**bits

quantized = np.round((data - data min) / data range * (levels - 1))
compressed = data_min + quantized / (levels - 1) * data_range

# BB 12 D OB Fi
# BB O OIEEIE EREE, RO RS

if bits <= &:
importance_threshold = np.percentile(importance_map, 75)
high importance mask = importance map > importance threshold

# TS I3 205 DR IE

high importance levels = min(2**16, 2 * levels)

high importance quantized = np.round((datalhigh importance mask] - data min) / data range *
(high_importance levels - 1))

compressed[high_importance _mask] = data_min + high_importance quantized / (high importance levels - 1) *
data_range

# FEEED MR DGR

actual compression_ratio = original size / compressed.nbytes
return compressed, actual compression_ratio

def prioritize_data(self, data_products):
nnn,f%;laﬁxﬁi,\\‘_z @a,fgo)y%ﬁz"mm

# I HE ST T uy s 2y —

sorted_products = sorted(data_products, key=lambda x: self.priority levels.get(x['priority'], 0), reverse=True)
return sorted products

def customize for region(self, data, region_type):

mmﬂﬁiﬁﬂ”ﬁx_y -\?/f ;(“mm
#HIE S A TG I T—F DARY <A X

if region_type == 'tropical”:
# Bl Bk &ONRIGENIC 7 4 — A A

customized = {
'precipitation': data,
'convection_index': np.maximum(0, data - np.mean(data)) / np.std(data)
}
elif region_type == 'agricultural":
# EESEHIIE KR & AIEARITIC 7 4+ — A R
customized = {
'precipitation’: data,
'soil_moisture index': np.cumsum(data, axis=0) / np.sum(data)
}
elif region_type == 'coastal'":

# 0 i Bk & RO IS 7 o+ — A R
customized = {

'precipitation’: data,

'wind_proxy': np.gradient(data)[0]**2 + np.gradient(data)[ 1]**2
H

else: i
#7574 b BKED A

customized = {
'precipitation': data

}

return customized
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def simulate delivery(self, data, region_type, priority, bandwidth="X band'"):
nmv‘a‘«“,_ yﬁa,fgo) :‘/ E a2 ]/ — :\/ 3 o

# i e D HUA
available bandwidth = self.bandwidth limits[bandwidth]
# {28 24 X

customized data = self.customize for region(data, region type)

B EF—5 RSy DESEBRE
data_products =[]
for key, value in customized data.items():
data_products.append({
'‘name': key,
'data': value,
'priority': priority if key == 'precipitation’ else 'routine'
1)
# BESCE N — 2 BLAE

prioritized products = self.prioritize_data(data products)

Gl MEREES

delivery results =[]
remaining_bandwidth = available bandwidth

for product in prioritized products:

# BEE 2y 704 (B 720, F— & Ol % #iH)

importance map = np.abs(product['data'])

# WIEHY T — &7 A

compressed_data, compression_ratio = self.compress_data(
product['data'], remaining_bandwidth, importance map)

47— 54 RO

data_size = compressed data.nbytes * 8 # bits

# LB RFE D EHE

delivery time = data_size / remaining_bandwidth # seconds

# BLAS G R O Fdk

delivery results.append({
'name': product['name'],
'priority': product['priority'],
‘original_size': product['data'].nbytes * 8,
'compressed_size'": data_size,
'compression_ratio': compression_ratio,
'delivery_time': delivery time,
'delivered': delivery time <= 1.0 # I#DANIZHLAE Ml HED>

1)

# 5% D A o ST

if delivery time <= 1.0:
remaining_bandwidth -= data_size

if remaining_bandwidth <= 0:
break

return delivery results

# EERUEEE S A 7 2 ORI
delivery_system = DirectDeliverySystem()
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WIS ATLOMES I 2l —Yva Yy
FiloavR—%v F2HEAEL. BEVATLALHRDS S 2L —> a vV E2EL 72,

'python
def simulate_satellite _system(low_res_data, ground_truth, observation noise=0.2,
cloud cover=0.0, terrain_complexity=0.0, season=0,
region_type='tropical', priority="routine', bandwidth="X band'):
uunﬁj-%yx .}‘-Aé{zlgg) D% E 2l —gymm

# aHIBHAG
start_time = time.time()
# BT — & DAK

observation data = generate observation data(ground truth, observation noise)

# B AT — LIRS A T LI K Bl A 7 — L DPGE

noise_level = scale adapter.select optimal scale(
low_res_data, observation_data, cloud cover, terrain_complexity, season)

#ARAHR L T — & D BT

upscale factor = ground_truth.shape[0] // low_res_data.shape[0]
low res upsampled = np.repeat(np.repeat(low res data, upscale factor, axis=0),
upscale factor, axis=1)
# —HBMEE TIN(CM)IC & 2 SRR E T — 8 DAL
x = torch.tensor(low_res_upsampled, dtype=torch.float32).unsqueeze(0).unsqueeze(0).to(device)
t = torch.tensor([noise_level * 1000], dtype=torch.float32).to(device)

with torch.no_grad():
high res output = model(x, t)

high res data = high res_output.squeeze().cpu().numpy()
# 2T E— SV AEFEIEE RAL

uncertainty results = uncertainty quantifier.evaluate uncertainty(
low res data, noise level, num samples=20)

# 5 — % [A1k

assimilated ensemble = data assimilation engine.assimilate(
uncertainty results['ensemble'], observation_data, observation_noise, method="hybrid")

# [A{LR D95 DFHAE
assimilated mean = np.mean(assimilated ensemble, axis=0)

# EEREEES A TLDY S 2L —va Yy

delivery results = delivery system.simulate delivery(
assimilated mean, region_type, priority, bandwidth)

# aHHIE T

end time = time.time()

processing_time = end_time - start_time

# el fREE O FH R

# R IE L D RS L

mse_before = mean_squared error(ground truth, low res upsampled)
mse_after = mean_squared_error(ground_truth, high res data)
improvement ratio = mse_before / mse_after
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# 57— & [ L DR H

mse_assimilated = mean_squared_error(ground_truth, assimilated mean)
assimilation_improvement = mse_after / mse_assimilated

# fER DR A

return {
'low_res_data': low res data,
'ground_truth': ground_truth,
'observation data': observation data,
'high res data’: high res data,
'noise_level": noise level,
'uncertainty_statistics': uncertainty results['statistics'],
'assimilated mean': assimilated mean,
'delivery results': delivery results,
'processing_time': processing_time,
'mse_before': mse before,
'mse_after': mse_after,
'improvement ratio': improvement ratio,
'mse_assimilated': mse assimilated,
'assimilation_improvement': assimilation_improvement

FERFRG
TSI
—EB:E T LMD E FE L, 2 DA% S L 72,

*'python
#PyTorch7T—% & v F DIER

class ESMDataset(Dataset):
def init (self, low_res, high res):
self.low_res = torch.tensor(low_res, dtype=torch.float32).unsqueeze(1) # [B, 1, H, W]
self.high_res = torch.tensor(high _res, dtype=torch.float32).unsqueeze(1) # [B, 1, H, W]

def len (self):
return len(self.low_res)

def getitem (self] idx):
return self.low_res[idx], self.high res[idx]
#7—8 10— —DER

train_dataset = ESMDataset(train_low_res, train_high res)
val dataset = ESMDataset(val low_res, val high res)

train_loader = Datal.oader(train_dataset, batch size=8, shuffle=True)
val loader = Datal.oader(val dataset, batch size=8, shuffle=False)
# HRBE L BT VT XL DER

criterion = nn.MSELoss()
optimizer = torch.optim.Adam(model.parameters(), lr=1e-4)

# FlIFRES %L

def train_epoch(model, loader, optimizer, criterion, device):
model.train()
total loss =0
for low_res, high res in loader:
low_res, high res = low_res.to(device), high res.to(device)

HIRBRE T =85 27y 7 T v 7
upscale factor = high res.shape[2] // low_res.shape[2]
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low_res_upsampled = F.interpolate(low_res, scale factor=upscale factor, mode='nearest')

47N A AL (AT v 7)
t = torch.rand(low_res.shape[0], device=device) * 1000

# /A ADEN

noise_level = torch.rand(low_res.shape[0], device=device) * 0.5 + 0.1
noise = torch.randn_like(low_res_upsampled) * noise_level.view(-1, 1, 1, 1)
noisy_input = low_res_upsampled + noise

# € 7L DIEEE

output = model(noisy_input, t)

# R DR

loss = criterion(output, high res)

#AEDY £y &G

optimizer.zero_grad()
loss.backward()
optimizer.step()

total loss += loss.item()

return total loss / len(loader)

# ML B

def validate(model, loader, criterion, device):
model.eval()
total loss =0
with torch.no_grad():
for low_res, high res in loader:
low_res, high res = low_res.to(device), high res.to(device)

#IEfRQIE T = 27y T T T
upscale factor = high_res.shape[2] // low_res.shape[2]
low_res_upsampled = F.interpolate(low_res, scale factor=upscale_factor, mode='nearest')

# [HE ) 4 AL ~N)L

t = torch.ones(low_res.shape[0], device=device) * 500

# /4 XDE

noise_level = 0.3
noise = torch.randn_like(low_res_upsampled) * noise_level
noisy_input = low_res_upsampled + noise

# € 7N DIFEE

output = model(noisy_input, t)

# R DFHE

loss = criterion(output, high_res)
total loss += loss.item()

return total loss / len(loader)

# TN DI

num_epochs = 10
train_losses =[]
val losses =[]

for epoch in range(num_epochs):
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train_loss = train_epoch(model, train loader, optimizer, criterion, device)
val_loss = validate(model, val loader, criterion, device)

train_losses.append(train_loss)
val losses.append(val loss)

print(f"Epoch {epoch+1}/{num epochs}, Train Loss: {train loss:.4f}, Val Loss: {val loss:.4f}")

# AR R o HI
print(f" i A% GRS {train_losses[-1]:.4f}")
print(f" A& REE TR S {val losses[-1]:.4f}")

S AT LYERER Tl
WS AT DR DAL % Bk 2 2 5 T TRl L 72,

*'python
#TA LT —ADESR

test_cases = [

{
'name'; "EEHESEH
'cloud_cover": 0.0,
'terrain_complexity": 0.0,
'season': 6,
'region_type': 'tropical’,
'priority': 'routine',
'bandwidth': "X band'

'name': '"ER%,
'cloud_cover": 0.8,
'terrain_complexity': 0.0,
'season': 6,

'region_type': 'tropical’,
'priority’: 'routine',
'bandwidth': 'X band'

'name': "$EHEHITE,

'cloud_cover": 0.0,
'terrain_complexity": 0.8,
'season': 6,
'region_type': 'tropical’,
'priority’: 'routine’,
'bandwidth': "X band'

'name": "TRImELR,

'cloud_cover": 0.5,
'terrain_complexity': 0.3,
'season': 6,

'region_type': 'tropical’,
'priority': 'extreme event',
'bandwidth': "X band'

'name": AT,
'cloud_cover": 0.0,
'terrain_complexity': 0.0,
'season': 6,
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'region_type': 'tropical’,
'priority': 'routine’,
'bandwidth': 'L_band'

H

]

# T A b T =8 DU

test low_res, test ground truth = generate low res data(high res size, upscale factor)
# 5T AT —ATOY AT LT

test_results = []

for case in test_cases:
print(f" 7 A b 77 —A: {case['name']}")

result = simulate_satellite _system(
test_low_res,
test_ground _truth,
cloud_cover=case['cloud cover'],
terrain_complexity=case['terrain _complexity'],
season=case|['season'],
region_type=case['region_type'],
priority=case['priority'],
bandwidth=case['bandwidth']

)

test_results.append({
'case': case,
'result": result

1)

print(f" ZUBERFR: {result['processing_time']:.3f} ")

print(f' FIR I 7z /4 AL )L {result['noise_level']:.3f}")

print(f' FEFAREALIC & % BGE3R: {result['improvement ratio']:.2f}f%")
print(f" 7 — & [A{LIC & % 353 {result['assimilation_improvement']:.2f} f5")
print(f" ACLAEHTHR:")

for delivery in result['delivery results']:
print(f"  {delivery['name']}: {'/XIJ" if delivery['delivered'] else 'SR} "

f"(FEAESR: {delivery['compression_ratio']:.2f} fi%, BL(S IREfH]: {delivery['delivery time']:.3f}F5)")
print()
# e i
print("FR A BT :")
avg_processing time = np.mean([r['result']['processing time'] for r in test results])

avg_improvement ratio = np.mean([r['result']['improvement ratio'] for r in test results])
avg_assimilation improvement = np.mean([r['result']['assimilation _improvement'] for r in test_results])

print(f PRI : {avg processing time:.3f} F9")
print(f"~ ¥ SR EEAL U5 3R {avg_improvement ratio:. 2} fi5")
print(f" V-5 7 — & [A{LE 3R {avg assimilation_improvement: 2} fi5")

# IR DFHE

delivery success_rates =[]

for r in test_results:
deliveries = r['result'|['delivery_results']
success_rate = sum(1 for d in deliveries if d['delivered']) / len(deliveries)
delivery success_rates.append(success_rate)

avg_delivery success rate = np.mean(delivery success_rates)
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print(fFIIEE L3R {avg delivery success rate:.2f}")

Y 7L 4 LYERESEAI
SATLDY TN A LIRS SIS A 7o, WFERERE O 2 5 0 2 4T o 72,

'python
def measure _component performance(low_res data, ground_truth):

mg g v R — % v b DRLBRIEEE o g
# BT — % DA

obs_start = time.time()

observation data = generate observation data(ground truth, 0.2)
obs_end = time.time()

obs_time = obs_end - obs_start

# B R A — LI

scale_start = time.time()

noise_level = scale adapter.select_optimal scale(low_res_data, observation_data, 0.0, 0.0, 6)
scale end = time.time()

scale_time = scale_end - scale_start

#ARAHR L T — & DB

preproc_start = time.time()

upscale factor = ground_truth.shape[0] // low_res data.shape[0]

low_res_upsampled = np.repeat(np.repeat(low_res_data, upscale factor, axis=0),
upscale factor, axis=1)

preproc_end = time.time()

preproc_time = preproc_end - preproc_start

# —HEME 7L (CM)IC X 2 S EL L

cm_start = time.time()
x = torch.tensor(low_res_upsampled, dtype=torch.float32).unsqueeze(0).unsqueeze(0).to(device)
t = torch.tensor([noise_level * 1000], dtype=torch.float32).to(device)
with torch.no_grad():
high res output = model(x, t)
high res data = high _res output.squeeze().cpu().numpy()
cm_end = time.time()
cm_time =cm_end - cm_start

# AEFIEE RAL

uncert_start = time.time()

uncertainty results = uncertainty quantifier.evaluate uncertainty(
low res data, noise level, num samples=20)

uncert_end = time.time()

uncert_time = uncert_end - uncert_start

# 75— % [k

da_start = time.time()
assimilated ensemble = data_assimilation_engine.assimilate(
uncertainty results['ensemble'], observation_data, 0.2, method="hybrid")
assimilated mean = np.mean(assimilated ensemble, axis=0)
da_end = time.time()
da time =da end - da_start

47—y LS

delivery_start = time.time()

delivery results = delivery system.simulate delivery(
assimilated mean, 'tropical’, 'routine', 'X band')

delivery end = time.time()

delivery time = delivery end - delivery_start
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# A AL PRI ]

total time = obs_time + scale time + preproc_time + cm_time + uncert_time + da_time + delivery time

return {
'observation generation': obs_time,
'dynamic_scale adaptation': scale time,
'preprocessing': preproc_time,
'consistency _model': cm_time,
'uncertainty quantification': uncert_time,
'data_assimilation": da_time,
'data_delivery': delivery time,
'total': total time

H
# IR DHE

num_measurements = 10
performance_results = []

for i in range(num_measurements):
print(f"HI%E {i+1}/{num_measurements}")
test low_res, test_ground truth = generate low res data(high res size, upscale factor)
perf = measure_component performance(test low_res, test ground truth)
performance_results.append(perf)

# Y PR R D 1

avg performance = {}
for key in performance results[0].keys():
avg performance[key] = np.mean([r[key] for r in performance results])

# AR O
print("\n£% 2 ¥ AR —F ¥ b O LPRIE )

for key, value in avg_performance.items():
print(f" {key}: {value:.6f}# ({value/avg_performance['total']*100:.1f}%)")

# AT —5EY T4 Ml (7Y v F¥ 4 R & 5 0B 0 Z211)

grid_sizes =[16, 32, 64, 128]
scalability results =[]

for size in grid_sizes:
print(f' 7"V v ¥4 X {size}x {size}")

factor = size // 4 # {KFRIE 1343 D1

test low_res, test_ground truth = generate low res data(size, 4)

# —HYEE TV (CM) D LERIRE ] D A

upscale factor = test_ground _truth.shape[0] // test_low_res.shape[0]
low_res_upsampled = np.repeat(np.repeat(test low_res, upscale factor, axis=0),
upscale factor, axis=1)

start_time = time.time()
x = torch.tensor(low_res_upsampled, dtype=torch.float32).unsqueeze(0).unsqueeze(0).to(device)
t = torch.tensor([0.5 * 1000], dtype=torch.float32).to(device)
with torch.no_grad():
high res output = model(x, t)
high res data =high res output.squeeze().cpu().numpy()
end time = time.time()

cm_time = end_time - start_time

scalability results.append({
'grid_size'": size,
'processing_time': cm_time
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1)

# 27— T4 RO
print("n2"Y v P4 A R X 2 IR D2 k")

for result in scalability_results:
print(f" 7"V » K4 A X {result['grid_size']}x {result['grid size']}: {result['processing_time']:.6f} ")

EUHEHS S 21— a v
BRI ATLAOEMERZY S 2L —2 3y L., ACEELEEREDR0E % 214 L 72,

"'python
class SatelliteSystem:
S X T ARKDY S 2L =3 3 VY 5 A

def init (self, model, device):
self.model = model
self.device = device
self.scale adapter = DynamicScaleAdapter()
self.uncertainty quantifier = UncertaintyQuantifier(model, device)
self.data_assimilation_engine = DataAssimilationEngine(model, device)
self.delivery system = DirectDeliverySystem()

# VERETR IR D JE I

self.history = {
'processing_time': [],
'improvement ratio': ],
'assimilation_improvement'": [],
'delivery_success_rate': []

}

#INTR— I BGE

self.params = {

noise level base': 0.5,

noise level cloud factor': 0.2,
noise_level terrain_factor": -0.1,
noise level season factor”: 0.1,
'data_assimilation_method': 'hybrid',
'data_assimilation_alpha': 0.5,
'ensemble_size': 20

}

def process(self, low_res data, ground truth=None, observation_noise=0.2,
cloud cover=0.0, terrain_complexity=0.0, season=0,
region_type='tropical', priority="routine', bandwidth="X band'):
nnn_?:“__ y ﬂfﬁ@%ﬁ?"""

# aHHIBALA

start_time = time.time()

# BT — 5 DR (EBED TR T L TIREBEOBMT— 5 2 {HiH])

if ground truth is not None:
observation data = generate observation data(ground truth, observation noise)
else:

# M L OEAED R I AT ARIRHREE T — & 2 AlifE LB T — 8 & R R
upscale factor =4 # {K7E

low_res_upsampled = np.repeat(np.repeat(low_res_data, upscale factor, axis=0),
upscale factor, axis=1)
observation data = generate observation data(low_res_upsampled, observation noise)

#EIN AT — LIRS AT AT X BEOE A 7 — IV DIRTE
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noise_level = self.scale_adapter.select optimal scale(
low res data, observation data, cloud cover, terrain_complexity, season)

#ASIRR L T — & D FIALEE

upscale factor = observation_data.shape[0] // low_res_data.shape[0]
low res upsampled = np.repeat(np.repeat(low res data, upscale factor, axis=0),
upscale factor, axis=1)

# —HMEE TI(CM)IT & 2 SRR T — % DR

x = torch.tensor(low res upsampled, dtype=torch.float32).unsqueeze(0).unsqueeze(0).to(self.device)
t = torch.tensor([noise_level * 1000], dtype=torch.float32).to(self.device)

with torch.no_grad():
high res output = self.model(x, t)

high res data = high res output.squeeze().cpu().numpy()
# 2L F B — PN AMEFEIEE R

uncertainty results = self.uncertainty quantifier.evaluate uncertainty(
low res data, noise level, num samples=self.params['ensemble_size'])

# 7= % AL

assimilated ensemble = self.data assimilation_engine.assimilate(
uncertainty results['ensemble'], observation data, observation_noise,
method=self.params['data_assimilation _method'])

# [F{L% D85 DG

assimilated mean = np.mean(assimilated ensemble, axis=0)

#EEREEFECATLDY I aL—vay
delivery results = self.delivery system.simulate delivery(
assimilated mean, region_type, priority, bandwidth)

# aHIRE T
end time = time.time()
processing time = end_time - start time

# Al TR PR DR
result = {
'low res data": low res data,
'observation_data': observation data,
'high res data': high res data,
'noise_level': noise_level,
'uncertainty_statistics': uncertainty results['statistics'],
'assimilated mean': assimilated mean,
'delivery results': delivery results,
'processing_time': processing_time

}
# 3 B D EAED B 5 GG B O FHllifE R 2 5HE

if ground_truth is not None:
# BRI L DR EE

mse_before = mean_squared_error(ground_truth, low res upsampled)
mse_after = mean squared error(ground truth, high res data)
improvement ratio = mse_before / mse_after

# 7 — & [ALDIIR

mse_assimilated = mean squared error(ground truth, assimilated mean)
assimilation_improvement = mse_after / mse assimilated

result.update({
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ground truth": ground truth,

mse_before': mse before,

mse_after': mse_after,

improvement ratio': improvement ratio,
mse_assimilated': mse assimilated,
assimilation_improvement': assimilation_improvement

Al
\J
'
LM
)
Al

1)
# BLAS R DA

delivery success_rate = sum(1 for d in delivery results if d['delivered']) / len(delivery results)
result['delivery success rate'] = delivery success rate

# JEIE D T

self.history['processing_time'].append(processing_time)
if ground truth is not None:
self history['improvement ratio'].append(improvement ratio)
self.history['assimilation _improvement'].append(assimilation_improvement)
self.history['delivery success_rate'].append(delivery success_rate)

#87 X —% O H Uil

self. optimize parameters()
return result

def optimize parameters(self):

nnn}g .‘7‘ )( — 57 @ a aﬂ%i@,ﬂjmm
# [ELIE D VERESR IR
recent history size = min(10, len(self.history['processing_time']))

if recent_history size <5:
return # 078 T — 8 D3 LG IdRELE A X v 7

recent_processing_time = self history['processing_time'|[-recent history size:]
recent_delivery success = self.history['delivery success_rate'][-recent_history_size:]

#UEER L 7 — ¥ [B{LBEER D T — 5 23D 556 D A

if len(self.history['improvement ratio']) >= recent_history_size:
recent_improvement = self.history['improvement ratio'][-recent_history_size:]
recent_assimilation = self.history['assimilation_improvement'][-recent history size:]
else:
recent_improvement = None
recent _assimilation = None

# AR R DS IE 2 b 2356, T3 ¥ 794 X% HlK

if len(recent_processing_time) > 1 and np.mean(recent_processing_time[-3:]) >
np.mean(recent _processing_time[:-3]):
self. params[’ensemble size'] = max(lO self. params[’ensemble size'] - 2)

print(F RV EFGEY: 7 >3 > 7% A4 X% {self.params['ensemble_size']} 1< HITH")

# FLE IR MRS A, 7— 7 T 2 il

if np.mean(recent_delivery success) < 0.8:

# 2 ZCIRERBUSS AT LRI X =8 28T 2b DI,
#EBEDS AT L TREMT N T ZLDIRF A —F %% 2
print("BLfE med{b: 7 — & Hoffh & stk

HUGERT— YDV 255

if recent_improvement is not None and recent_assimilation is not None:

# 7 — 2 FMLOBEAME T LTV 2B A, AL E 721285 £ — 5 % Fi

if np.mean(recent_assimilation[-3:]) < np.mean(recent_assimilation[:-3]):

# LB D B) ) % 2
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if self.params['data_assimilation method'] == 'hybrid":
self.params|['data_assimilation_method'] = 'enkf

print("[F{LEGEAY: [T % enkf ICZEEE")

else:
self.params|['data_assimilation method'] = 'hybrid'

# A7) v FRALDOEAZ FHE
self. params[data assimilation_alpha'l = max(0.1, min(0.9, self.params['data_assimilation alpha'] + 0.1))
print(f" [ i L: F{6 5% hybrid' "”TE a = {self.params['data_assimilation alpha']}")

#EUBEMAY S 21—y a v

satellite_system = SatelliteSystem(model, device)

#UEMOEM 2> S 2L —y a3y (B & H 1B ONLE)

num_months = 12
long term results = []

for month in range(num_months):
print(f"H: {month+1}/12")

# Z=HZ8 ) D it
season = month
cloud_cover =0.3 + 0.3 * np.sin(2 * np.pi * month / 12) # E & DA H)

# W MRS A S EBREDY ) %

scenarios = [
{'region_type'": 'tropical’, 'priority": 'routine', 'terrain_complexity': 0.2},
{'region_type'": 'agricultural', 'priority": 'routine', 'terrain_complexity': 0.4},
{'region_type': 'coastal’, 'priority': extreme_event' 'terrain_complexity': 0.6}

for scenario in scenarios:

#TALT—% DA

test_low_res, test ground truth = generate low res data(high res size, upscale factor)

# AT LD FELT

result = satellite_system.process(
test low_res,
test_ground truth,
cloud cover=cloud cover,
terrain_complexity=scenario['terrain _complexity'],
season=season,
region_type=scenario['region_type'],
priority=scenario['priority'],
bandwidth='X band'

)

# i AR D FLEk

long_term_results.append({
'month': month + 1,
'scenario': scenario,
'result': result,
'params': satellite _system.params.copy()

1)

print(f" > 7Y Z: {scenario['region_type']}, {scenario['priority']}")
print(f"  ALPREF[E]: {result['processing time']:.3f} ")

print(f"  EREALYGERR: {result['improvement_ratio']:. 2f} fi5")
print(f" 7 — % [A{LEZR: {result['assimilation_improvement']:.2f} f5")
print(f"  BLfFHLEIE: {result['delivery success rate']:.2f}")
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print(f" BED /ST X —%: 7 V3 v 7% A4 X={satellite_system.params['ensemble_size']}, "
'[[{b. /5 i={satellite_system.params['data_assimilation method']}")

# RIMERG R O T
print("\n = HE G R O o Hr)

# H & oI TERE

monthly performance = {}
for month in range(1, num_months+1):
month_results = [r for r in long_term_results if r['month'] == month]
monthly performance[month] = {
'processing_time': np.mean([r['result']['processing_time'] for r in month_results]),
'improvement_ratio": np.mean([r['result']['improvement ratio'] for r in month_results]),
'assimilation_improvement': np.mean([r['result']['assimilation 1mprovement] for r in month_results]),
'delivery_success_rate': np.mean([r['result’]['delivery success_rate'] for r in month_results])

f
print("H Z & O PERE:")

for month, perf in monthly performance.items():
print(f'ﬁ {month}: ZLPEIR;[={perf['processing_time']:.3f} ),

e AR AL 2 8= {perf] 'improvement_ratio']: 2f} {5, "
" I—H bk == {perf['assimilation_improvement']:.2f} fﬁ, "
' BLfS D 3= {perf]'delivery success_rate']:.2f}")

# 87 X =% DAL
print("\n/% 7 X — & DZAK:")
unique_params = []
for r in long_term_results:
params = r['params']
if params not in unique params:

unique_params.append(params.copy())
print(f"Z85: 7 > ¥ 7V A A={params|'ensemble_size']}, "

'[[{t. /5 ii={params['data_assimilation method']}, "
f'[F{l.o={params['data_assimilation_alpha']:.1f}")

# H Ol oz R

first_third = long_term_results[:len(long_term_results)//3]
last third = long_term_results[-len(long_term_results)//3:]

first perf = {
'processing_time': np.mean([r['result']['processing_time'] for r in first_third]),
'improvement ratio': np.mean([r['result']['improvement ratio'] for r in first third]),
'assimilation_improvement': np.mean([r['result']['assimilation_improvement'] for r in first _third]),
'delivery_success_rate': np.mean([r['result']['delivery success_rate'] for r in first third])

}

last perf= {
'processing_time': np.mean([r['result']['processing time'] for r in last third]),
'improvement_ratio': np.mean([r['result']['improvement ratio'] for r in last_third]),
'assimilation_improvement': np.mean([r['result']['assimilation _improvement'] for r in last_third]),
'delivery success_rate': np.mean([r['result’]['delivery success rate'] for r in last_third])

}

print("\n F CiR#EL DR
print(F" S RE: UBEIRF )= {first_perf['processing_time']:.3f} 5, "
e RAR B O ¥ ={ first_perf['improvement _ratio']:.2f} £, "
' [FAl{l.GE#={first_perf'assimilation_improvement']: 2f}1'ﬁ, "
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' HCAE P EE={first_perf]'delivery success rate']:.2f}")
print(f" A% RE : UBEIRFf={last_perf['processing_time']:.3f} 5, "
AR L ¥ ={last_perf]'improvement _ratio']:.2f}fi%, "
" [A{L2E = {last_perf['assimilation_improvement']:.2f} fi5, "

' HCAE 3= {last_perf]'delivery success rate']:.2f}")

processing_time change = (first_perf]'processing_time'] - last perf['processing_time']) / first perf['processing_time'] *
100
improvement ratio change = (last_perf['improvement ratio'] - first perf['improvement ratio']) /
first perf['improvement ratio'] * 100
assimilation_improvement change = (last_perf['assimilation_improvement'] - first perf['assimilation_improvement']) /
first_perf['assimilation_improvement'] * 100
delivery success rate change = (last_perf]'delivery success_rate'] - first perf['delivery success rate']) /
first_perf['delivery success_rate'] * 100
print(f"Z{L38: MLPHIRFE]={processing_time change:.1f}%, "

R B 5 8= {improvement _ratio_change:.1f}%, "

" [Fl k.5 3= {assimilation_improvement_change:.1f}%, "

'S ¥ ={delivery success rate change:.1f}%")
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