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RN 72T — I RRD 10 D 57— % K& o iwowfl

ESM7 — % ORI IZ, AT UM EEFN S ¢
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- s IERIb & O RO WA A S U BRI A AL (B 0 mm/H) KRS

CMiZ, 2RICUNet7—X 77 F ¥ 2FHA L., 40050 v /7y 7V 7)) v BB =iz 5, 2
DT7—=FT7F Xk, Tva—¥—{g (AT—¥ 2By 7Y 7L, FEzEml) o &
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JE (A 2 SRS 2 2ER) . B X ORRHDIAA (/4 XL X)L DE#HZ € TIVICHRE) 5 SRR
INns,
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6. VIV T E— FIVAHEFEMERBILE P 2 — )V TAMEFM: 2 5l

2NV FE—INAEFEEERIEY 2 — ik, B—DESME D 5 BE O SR EEFBIEZ B L. AhE
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)V DREK = DMER A 2 HEE
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- IRFZR MR T+ Z2RIAEEE (B 7 2 M I D A HEEE O MHBERIMR) | WFREAEEE (527 2 RERIR 7 v 7
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THEFMETHB OB R IZ, VT AVIA o7 =Rk Py LEEREEEC AT LICESN S, Tk
D, T—FEIL7 02 A TORHEREDER L, TV F1—F —~DORHEFEEFHRORMIREIC 2 5,
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FIIEERECHE) 2— V-V 7T A HBEDL—F—056DY) VLA MIHEDILT—FIZ, VI
A+ DBEMIE U 7B CRUE) 7 & DRMEIC R B o RE LB E

M A A 8 2 4 R Rl Gl L (B, RREEE, e E OSBRI U T, &b BEE O E WA
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AIEAZZITES) . T WEER (2= =Ty OMEEREY 72 AL, T—Y DS EE
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T—ARMEDEERIZ., T—F 70y b OMF, EMEE, FENRUR A EIKET 23, @ IILHF
THI50~100kbps. X7 THI1~10Mbps, Katir THI10~100Mbps?D 7 — % L — + THUS 15, S DFT R
i, 77— & LWBEHEICD X 223, WEE P> o BORETH S,
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D74 =Ny 7=, VTN ALTEGFTIN, VAT LDOEEN., 3R, SEEZMRT 5,
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from torch.utils.data import Dataset, DataLoader
from sklearn.metrics import mean_squared_error, mean_absolute_error

warnings.filterwarnings(‘ignore')

LA — 12 [ LB 2 iR

np.random.seed(42)

torch.manual_seed(42)

if torch.cuda.is_available():
torch.cuda.manual_seed_all(42)

RS RO
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
print(f'Using device: {device}")

Fifgt 7 — % D4k

EEEOBEBM T — 2 LESMT—5 Db Y ic, Bifer— 2 2 L L THER
D7 — % Difiat iR 2 By 2 & ) 1Ic@&GEt L 7%,

" python
def generate_low_res_data(size=32, feature_size=4):
"EAHRIEESM T — 8 DR
# KBBR8y — v 2 RS % 7 b DIRFBRT
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)

# IEHUL

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

# MK D X 95 BIFADEA LAY 5 1o DL
x=np.exp(3 *x)- 1

# AR 7 — & 1R

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

return low_res, x # {KfRERIE T — & LGS 2 MRRED TEE, 2R3

def generate_observation_data(high_res_truth, noise_level=0.2):
"I — 8 DR (ERRIED R 2 4 AEMA ) "
noise = np.random.normal(0, noise_level, high_res_truth.shape)
obs = high_res_truth + noise
obs = np.maximum(obs, 0) # FEZKEIZIEE

return obs

7 — 8 2 v b DL

num_samples = 100

low_res_size =8 # {RAHREL Y v FH 4 X
high_res_size =32 # FiffRIES ) v Fy A X

upscale_factor = high_res_size // low_res_size

i Al T — % & WRGEET — & DAL
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%% {7 — % IC
train_low_res.append(low_res)
train_high_res.append(high_res)
else: #20%% Mk 7— % 12
val_low_res.append(low_res)
val_high_res.append(high_res)

# NumPy[i 51 1 2546

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'FIHR T — 87 : (AFERIE {train_low_res.shape}, FifRER L {train_high_res.shape}")
— 8 AKAFRIE {val_low_res.shape}, RfRRIE {val_high_res.shape}")

—HEEF N (CM)D IR
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;éﬁﬂ OGNy R—% v FTHBE—EBEETLCM)ZFEEL 72, CMIE, H—2 T v 7 CRGIE T
O ERRE T — % 2 ERT 282 o,

" python
class SinusoidalPositionEmbeddings(nn.Module):
"""H%Iiﬁx T 7"@%&)5&&"""

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

class Block(nn.Module):
"UNetD A 71y 7
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)
selfirelu = nn.ReLU()

def forward(self, x, t):
# HEAIAS
h = self.bnorm1(self.relu(self.conv1(x)))
# IR B o 3A 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 HIAS
h = self.bnorm2(self.relu(self.conv2(h)))
Ty T T

return self.transform(h)

class SelfAttention(nn.Module):
nn }él a?j:ﬁ%ﬁ%"”"
def __init__ (self, channels):
super().__init_ ()
self.channels = channels
self.mha = nn.MultiheadAttention(channels, 4, batch_first=True)
self.ln = nn.LayerNorm([channels])
self.ff_self = nn.Sequential(
nn.LayerNorm([channels]),
nn.Linear(channels, channels),
nn.GELU(),
nn.Linear(channels, channels),

def fnrward(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):
nmv#g.lﬁiv\t_‘ ?}D(CM) %) %)i“lzmm

def __init_ (self, in_channels=1, out_channels=1, time_emb_dim=32):
super().__init__
# IR IHE b 3A

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),

)

# Iy a—5—fksy

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)

# RV 75

self.bottleneck = SelfAttention(512)

#7 3=y

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)

# th1k

self.output = nn.Conv2d(64, out_channels, 1)

def forward(self, x, t):

# NI b 3A

t = self.time_mlp(t)

#ILya—g—

el =self.encl(x, t)
e2 = self.enc2(el, t)
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e3 = self.enc3(e2, t)

e4 = self.enc4(e3, t)
#RMLRY Y

bottleneck = self.bottleneck(e4)
#7a—y— (A¥y TEHkidbY)
d4 = self.dec4(bottleneck, t)

d3 = self.dec3(d4, t)

d2 = self.dec2(d3, t)

dl = self.decl(d2, t)

# M

output = self.output(dl)

return output

4 £ 7L DI
model = CopsistencyModel().to(device)
print(f'€ 7 /L3 7 X — & $L: {sum(p.numel() for p in model.parameters())}")

4. B A 27 — )LEIG S A T b DIERE

BIMISAIOIE U TRl 2 22 R 7 — )V 2 HEIIEE S 2B A 7 —)VIBIG S 2 7 L 2 9L L 72,

" python
def compute_psd(data): -
T 2Ry LB BE(PSD) O EHEL
#2D FETOFH
fft_result = fftshift(fft2(data))
#87 —2AR7 PVEEDFHL
psd = np.abs(fft_result)**2
return psd
def compute_radial_psd(psd):
RS OPSDOEHT (7).
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)
#ORRT £ OIS
radial_psd = np.zeros(min(center_y, center_x))
for i in range(len(radial_psd)):
mask = (r==1)
if ma um() > 0:
radial_psd[i] = psd[mask].mean()

return radial_psd
def find_optimal_scale(esm_data, obs_data):
"ESM T — 8 & B 7 — & OPSD % Ml LTl 2 R o — b & BE
#ARSRREESM 7 — & % R fRARIEE 77 ) » FIcHlii
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)
#PSDD R
esm_psd = compute_psd(esm_upsampled)
obs_psd = compute_psd(obs_data)
# EIT 0 DPSDD L
esm_radial_psd = compute_radial_psd(esm_psd)
obs_radial_psd = compute_radial_psd(obs_psd)
# PSDACE R DRE
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]
# IR 7 — LT
log_esm_psd = np.log(esm_radial_psd + le-10)
log_obs_psd = np.log(obs_radial_psd + 1e-10)
# R DRIE
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)
#EGERDI BT 7 4 MEZIRY
if not crossover_points: N
return 0.5 # 7 7 AV b D/ £ AL

# B DR R R ) — )b & LCER
optimal_scale_index = crossover_points[0]

# 74 ALV 2 (0.1~0.9DFlH I TERUL)
noise_level = 0.1 + 0.8 * (optimal_scale_index / min_len)
return noise_level

class DynamicScaleAdapter:
WA R A — LB S A 5
def _init_ (self):
selfhistory = [] #3250 R /7 — ViERJE

def select_optimal_scale(self, esm_data, obs_data, cloud_cover=0.0,
terrain_complexity=0.0, season=0):
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"BEHIAAIC G U il 2 220 A 7 — )b 22 g
#HARZ I — L DEE

base_scale = find_optimal_scale(esm_data, obs_data)

#ERIC X 2% (BRPLVIEEREHAT -V EFR)
cloud_factor = 0.2 * cloud_cover

# MM I & 2 34 (B HS MR 12 £/ & 7 R 7 — L 238N
terrain_factor = -0.1 * terrain_complexity

# i X DI (BRI ARAT =)V, LBIRERAT—NV)
season_factor = 0.1 * np.cos(2 * np.pi * season / 12)

# IR T A T — L DM

final_scale = np.clip(base_scale + cloud_factor + terrain_factor + season_factor, 0.1, 0.9)
# JEiIEE 00 BT

self.history.append(final_scale)

# RN ZEENE D 72 O OB TH T (TS T-4)

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

return final_scale

B2 o7 — V)G S AT b DI
scale_adapter = DynamicScaleAdapter()

2NFE— O AEREERILEY 2 — VD gk

Hi—DESMI 1% & B DS MEIEFBIEZ AR L. AERMEZFHET 2 €2 2 — V2R L 7,

" “python
class UncertaintyQuantifier:
L FE = S A R L E 2 2 — L

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

def generate_ensemble(self, low_res_data, noise_level, num_samples=20):
Py PR B O SRR EEFEBUE O ER)
#ARIRARE 7 — & DRI
upscale_factor =4 # {IRIFIRIED & FIfGIEN DfFHR
low_res_upsampled = np.repeat(np.repeat(low_res_data, upscale_factor, axis=0),
upscale_factor, axis=1)
# AT L DS

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

# 7YY TNDLERK
ensemble =[]
with torch.no_grad():
for i in range(num_samples):
# RSB — VT A REER
torch.manual_seed(i)
noise = torch.randn_like(x) * noise_level
noisy_input = x + noise
# /AR RVISHIET 2R 7 v 7
t = torch.tensor([noise_level * 1000], dtype=torch.float32).to(self.device)

#E TV K B ERRIE T — 8 DEIK

output = self.model(noisy_input, t)

# R 2 PR AT

ensemble.append(output.squeeze().cpu().numpy())
return np.array(ensemble)

def computcﬁstati\stics(sc]f, ensemble):
nn 7 ‘/"}' N2 771’0)%}%5[‘%0)5[";&—”””

# 14 & ERUER
mean = np.mean(ensemble, axis=0)
std = np.std(ensemble, axis=0)

# 930LIE (10%, 50%, 90%)

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

q90 = np.percentile(ensemble, 90, axis=0)

# BIRDIBHER (6] Smm/h% 2 5 i)
threshold = 5.0
exceedance_prob = np.mean(ensemble > threshold, axis=0)

return {
'mean': mean,
'std": std,
'q10": q10,
'q50': q50,
'q90': 90,
‘exceedance_prob'": exceedance_prob

}

def compute_spatial_correlation(self, ensemble):

R T O

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

# 7 — 5 DT

flat_ensemble = ensemble.reshape(num_samples, -1)
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# HBITHI DFIBE
for i in range(height * width):
for j in range(height * width):
correlation_matrix[i, j] = np.corrcoef(flat_ensemble[:, i], flat_ensemblel[:, j])[0, 1]

return correlation_matrix

def evaluate_uncertainty(self, low_res_data, noise_level, num_samples=20):

RHESEHE O AT
BTV TNDER
ensemble = self.generate_ensemble(low_res_data, noise_level, num_samples)

# Ml DR

statistics = self.compute_statistics(ensemble)

ZHHBI OFISE GIHEa 2 FEIRO 720, NS AY T2y FDOH)

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 - sul sample_size // 2, center_x - subsample_size / 2
end y, end x = start_y + subsample_size, start x+subsdmple size
subensemble = ensemblel[:, 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,
'statistic: atistics,
'spatial_correlation': spatial_correlation

# AEFNEE RALE 2 2 — L OFIHL

uncertainty quantifier = UncertaintyQuantifier(model, device)

YTPNZ A LT =Ly ¥ v DIedk

BT — % & ERIEESM P 2 RIRfIciia 2 75— Rk ¥ v %

" python
class DataAssimilationEngine:
nnn ]] 7”/57/{ A‘?!\,__ 7 Iﬁj,ft;r_ v :‘/“ MaLl

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

def enkf update(self, ensemble, observations, observation_error):
TP TNANTY T 4 VBT & B R

num_samples, height, width = ensemble.shape

# 7 —% OV

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

#T VY TV DR

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

# 7V TNARE DG

ensemble_perturbations = ensemble_flat - ensemble_mean

# SRS DFLEL

P = (ensemble_perturbations.T @ ensemble_perturbations) / (num_samples - 1)
# BT (2 2 ClE 751 % 6 )

H = np.eye(height * width)

# BUEAEIL T

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

# AN VT Y DR

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

# IRFED TRt

updated_mean = ensemble_mean + K @ (y - H @ ensemble_mean)
TV T NOER

updated_ensemble = np.zeros_like(ensemble_flat)

for i in range(num_samples):
updated_ensemble[i] = updated_mean + ensemble_perturbations[i]

# IR OEIL

updated_ensemble = updated_ensemble.reshape(num_samples, height, width)
# AT DM (B IEE)

updated_ensemble = np.maximum(updated_ensemble, 0)

return updated_ensemble

def hybridiu\pdatc(sclf, ensemble, observations, observation_error, alpha=0.5):
"4 7Yy PG (EnKF &3DVar) "™

num_samples, height, width = ensemble.shape

# EnKFIZ X % 08T

enkf_ensemble = self.enkf update(ensemble, observations, observation_error)

#3DVarl & 5I$fr (fiti % hit)
# B & A5G0
innovation = observations - np.mean(ensemble, axis=0)

# il 2 (1) 7 T St A2 6 AT 1L
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B = np.eye(height * width) * np.var(ensemble.reshape(num_samples, -1), axis=0)

# BUEAEI T

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

# IR & 5 5T

K_3dvar =B @ np.linalg.inv(B + R)

increment = (K_3dvar @ innovation.flatten()).reshape(height, width)
# 3DVarfi# 5

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

# FELUHIR D

analysis_3dvar = np.maximum(analysis_3dvar, 0)

# A7)y FIRHES ORI
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

if method == 'enkf":

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

return self.hybrid_update(high res_ensemble, observations, observation_error)
else:

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

i F— s ATy 2 v ofIik

data_assimilation_engine = DataAssimilationEngine(model, device)
O — TAp A RE Z LA
5 AT L ORI

BEA V7 72DR S NSO L v Fa—5 — IO SRR E R T I % BRI I 5E
WL 7=,

python
class DirectDeliverySystem:
"EERFIEE S 2 T A
def __init_ (self):
self.bandwidth_limits =
'L_band": 100e3, # 100 kbps
'X_band": 56, # 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):
mnl}@mn@%ﬁ_ & [Egmm - -

original_size = data.nbytes

# 7= A R AR & B AR TR & T
#GE: T— 2 IR TRIET 20D 5
required_compression_ratio = original_size * 8 / target_bandwidth
if required_compression_ratio <= 1:

# LA A2

return data, 1.0
#EEE~ v THR a3 R mEE 2 E

if importance_map is None:
importance_map = np.ones_like(data)

# ARSI U 2ol L L o
if required_compression_ratio < 5:
# B OIERE: 1687y FETL

bits = 16

clif required_compression_ratio < 20:
# PR O 8E Y P ETL
bits =8

else:
# HEDER: 48y METL
bits = 4

# 7 — % OiIME & K fE

data_min = np.min(data)

data_max = np.max(data)
data_range = data_max - data_min

# it

levels = 2**bits
quantized = np.round((data - data_min) / data_range * (levels - 1))
compressed = data_min + quantized / (levels - 1) * data_range

# P 12 B ORI TR
# EEED OIS R EE, AR\ FEII SRR L
if bits <=8

1mporlance threshold = np.percentile(importance_map, 75)
high_importance_mask = importance_map > importance_threshold

# EE ISR 2fE OREIE

high_importance levels = min(2**16, 2 * levels)
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high_importance_quantized = np.round((data[high_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

# FBED AL D

actual_compression_ratio = original_size / compressed.nbytes

return compressed, actual_compression_ratio

def prioritize_data(self, data_products):
TSN — A R RO T
# BRI W T -y T a Yy r Y — b
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):
nmll@tﬁﬂ”ﬁ A 57 —?/f X\nlm
# IS A PG T = DAHRAY <A R
if region_type == 'tropical":
BT /KR & OGBS 7 4 — A A
customized = {
'precipitation": data,
'convection_index': np.maximum(0, data - np.mean(data)) / np.std(data)

elif region_type == 'agricultural':
# BRI Bkt & BHOKIIC 7+ —H R

customized = {
'precipitation': data,
'soil_moisture_index': np.cumsum(data, axis=0) / np.sum(data)
elif region_type == 'coastal':
# IR BK R & R 7 4 — A A
customized = {
'precipitation': data,
‘wind_proxy': np.gradient(data)[0]**2 + np.gradient(data)[ 1]**2
}

else:
#7740 b BKROD A

customized = {
'precipitation': data

return customized
def simulate_delivery(self, data, region_type, priority, bandwidth='X_band'):
mF—SREOY T2 —ya v
# R D HU
available_bandwidth = self.bandwidth_limits[bandwidth]

#HA A 2 7 24 2

customized_data = self.customize_for_region(data, region_type)

#BT—8 T 0E Y N OESERE
data_products = []
for key, value in customized_data.items():
data_products.append({
‘name': key,
'data': value,
'priority": priority if key == 'precipitation’ else 'routine’
)

# SRR R — A S

prioritized_products = self.prioritize_data(data_products)

# PSR
delivery_results =[]
remaining_bandwidth = available_bandwidth
for product in prioritized_products: .
# HEE <y 7OER (RALD7 o, 7— 2 Offuntfia 2 ()

importance_map = np.abs(product['data'])

# IS 7 — & A

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

# 7 =84 A0

data_size = compressed_data.nbytes * 8 # bits

# BEAS IR D FHET

delivery_time = data_size / remaining_bandwidth # seconds

# BEEHG R O i
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 # 1F BN ICBLAE ATRED>
D
# 1% D) W o ST
if delivery_time <= 1.0:
remaining_bandwidth -= data_size

if remaining_bandwidth <= 0:
break

return delivery_results

# IELZILARE S > 2 7 2 O PIHL
f:l\e;liveryisystem = DirectDeliverySystem()

RS AT LD
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" 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'"):
I”"'&I%:‘/Z %Aéﬁ:@“/ E a2l —3 gy
# GHGEG

start_time = time.time()

# BT — & DK

observation_data = generate_observation_data(ground_truth, observation_noise)

# N A —)VIEIG S AT I K BIGE A 7 — L DYPRSE

noise_level = scale_adapter.select_optimal_scale(
low_res_data, observation_data, cloud_cover, terrain_complexity, season)

#ARARIE 7 — & DHTLEE

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)

#—HEE FL(CM)IC & 2 EIREIE T — 5 DA

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()
# 2L FE— FILARRERE M E R

uncertainty_results = uncertainty _quantifier.evaluate_uncertainty(
low_res_data, noise_level, num_samples=20

# 7 — 4 L

assimilated_ensemble = data_assimilation_engine.assimilate(
uncertainty _results['ensemble'], observation_data, observation_noise, method="hybrid')

# AL DT85 D E

assimilated_mean = np.mean(assimilated_ensemble, axis=0)

#EHEREEFES AT LDy T aLb—vay
delivery_results = delivery_system.simulate_delivery(
assimilated_mean, region_type, priority, bandwidth)

#at i 1

end_time = time.time()
processing_time = end_time - start_time

# iR R D
# R 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

# 7 — 8 AL DRIR

mse_assimilated = mean_squared_error(ground_truth, assimilated_mean)
assimilation_improvement = mse_after / mse_assimilated

# MR DR H

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

EFLIRE

—HBMEE T CMDIlfEZFE L. ZDHiE%

" python
# PyTorch7— % & v b DETR
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 50— SOl
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train_dataset = ESMDataset(train_low_res, train_high_res)
val_dataset = ESMDataset(val_low_res, val_high_res)

train_loader = DataLoader(train_dataset, batch_size=8, shuffle=True)
val_loader = DataLoader(val_dataset, batch_size=8, shuffle=False)
4 BB L Ol 7 L 3 XA DEE

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

4 SR B 2
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)
HRFRIE T =5 %7y 7 v 7V v 7
upscale_factor = high_res.shape[2] // low_res.shape[2]
low_res_upsampled = F.interpolate(low_res, scale_factor=upscale_factor, mode='nearest')
#I VTN )ALV (KA T Y 7))
t = torch.rand(low_res.shape[0], device=device) * 1000

# /A XD

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 OISR

output = model(noisy_input, t)

# KD

loss = criterion(output, high_res)

#HRLD Y £y b LR
optimizer.zero_grad()

loss.backward()
optimizer.step()

total_loss += loss.item()
return total_loss / len(loader)

1 BRIE B2
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)

HIHRIE T — 5 2 7y 7y TV 7
upscale_factor = high_res.shape[2] // low_res.shape[2]
low_res_upsampled = F.interpolate(low_res, scale_factor=upscale_factor, mode='nearest')

#IEE /A AL )L
t = torch.ones(low_res.shape[0], device=device) * 500

# ) A A0

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

# € 7V DOIRERR
output = model(noisy_input, t)
# RO
loss = criterion(output, high_res)
total_loss += loss.item()
return total_loss / len(loader)

€ 7L DIl

num_epochs = 10

train_losst

val_losses =[]

for epoch in range(num_epochs):
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}")
AT O H )
[#HH%: {train_losses[-1]:.4f}")
2% {val_losses[-1]:.4f}")

¥ A 7 L PERE I

RS 2T LR DIERE 2 BR4 72 541 T CRlHli L 72,

" python
i T A b —ADER

test_cases = [
It

T
‘name': "BHESEA,

‘cloud_cover'
louc

terrain_complexity': 0.0,

New York General Group




'season': 6,
‘region_type": 'tropical’,
'priority': 'routine’,
‘bandwidth': 'X_band'

‘name": '"E1R%,
‘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'

T
‘name': "HRIHBIS,

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

'region_type'": 'tropical’,
'priority': 'extreme_event',
‘bandwidth': 'X_band'

1
‘name"; AR,
‘cloud_cover": 0.0,
‘terrain_complexity": 0.0,
'season': 6,
'region_type'": 'tropical’,
'priority': 'routine’,
'bandwidth": 'L_band'

}

I

7 A T 7 — 8 D

test_low_res, test_ground_truth = generate_low_res_data(high_res_size, upscale_factor)
i 57 A N —2ATO Y AT Ll

test_results =[]

for case in test_cases:
print(f"7 A k7 —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

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

print(f" R X7/ 4 AL ~)L: {result['noise_level]:.3f}")

print(f" FRIEAIC X % 865 3: {result['improvement_ratio']:.2f} fi5")
print(f" 7°— & [A{LIC Xk 2 8353 {result['assimilation_improvement']: 2f} fi5")
print(f" BLEH55:")

for delivery in result['delivery_results']:
print(f"  {delivery['name']}: {'M¥]' if delivery['delivered'] else 'JRH('} "

'(FEAiZ: {delivery['compression_ratio']:.2f} %, BLfSIRFH]: {delivery['delivery_time']:.3f}F5)")

print()
i S AR
print("F & ETAM:")
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" P LERIREH]: {avg_processing_time:.3f} ")
print(f"1-¥ S R A5 3 {avg_improvement_ratio:.2f} fi5")
print(f" ¥ 7 — & {5 3: {avg_assimilation_improvement: 2} fi5")

IR DL

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)
print(FFIIEUSII#: {ave_delivery success_rate: 2f}")

U 7V 4 LEERESEG
VATLDY TN A LHEEE T 5 72D : 7 ot 2472 72,
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def measure_component_performance(low_res_data, ground_truth):

" Y R =R OB ORI
# BT — 5 DER

obs_start = time.time()

observation_data = generate_observation_data(ground_truth, 0.2)
obs_end = time.time()

obs_time = obs_end - obs_start

# B A 7 — VG

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

# ARARRIE 7 — & DRTALEE

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

#—EEE FIUCM)IC X 2 FRREEAL

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

# g R

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

o

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

# 7 — Y EE

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

# FALBRIRE[H]

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

}
# 5 D RE

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)

[ B R D FHEL
avg_performance = {}
for key in performance_results[0].keys():
avg_performance[key] = np.mean([r[key] for r in performance_results])

i KR O
print("\nf5 2 ¥ R — % > b OFIUBERER]: )
for key, value in avg_performance.items():
print(f" {key}: {value:.6f}# ({value/avg_performance['total']*100:.1f}%)")

i 27— 7€) T4 3l (77 v YA R & 3 BRI D ZAL)
erid_sizes = [16, 32, 64, 128]
scalability_results =[]

for size in grid_sizes:
print(f" 7" v FH¥A Z: {size}x{size}")
factor = size // 4 # {KMRRIEIZ457 D1
test_low_res, test_ground_truth = generate_low_res_data(size, 4)

# —EL1EE FL(CM) D LLBRIFF ] D A5

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()
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cm_time = end_time - start_time

scalability_results.append({
‘grid_size": size
'processing_time": cm_time

1

¥

4 27— 7 ) T 1 RO
print("n 2"V v K9 A RIS X B BRI 02 k")

for result in scalability_results:
print(f' 7)) v K44 X {result['grid_size']}x {result['grid_size']}: {result['processing_time']:.6£} F5")

B S 21— a3 v

R AT LOENEMAZY I 2L —Yavy ., Hokx

RS AT ARy S a L= a vy 7 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()

# PEREFR B O J I

self history = {
'processing_time": [],
'improvement_ratio': [],
‘assimilation_improvement': [],
‘delivery_success_rate": []

1
1}

#NTRA—FBIE

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 .7“_"___ 57 ﬂ}ﬁa)%fi—mm

# 5 1HGEG
start_time = time.time()
# BT — 5 DR (HBED > AT A TREBROBR 7 — ¥ % (E]H)
if ground_truth is not None:
observation_data = generate_observation_data(ground_truth, observation_noise)
else:
# M LD EAED 5 A, SIREL 7 — & 2 4llE L TR T — 8 &2 RR
upscale_factor = 4 # {iE
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)
# BN A — VIS AT IS K B IRE A 7 — )L DPE
noise_level = self.scale_adapter.select_optimal_scale(
low_res_data, observation_data, cloud_cover, terrain_complexity, season)
#ASIRIRIE T — & DRI
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)
# —HIEE TIOUCM)IC & 2 EIMRIE 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()
# 2V FE— YN AREFIEE R

uncertainty_results = self.uncertainty_quantifier.evaluate_uncertainty(
low_res_data, noise_level, num_samples=self.params['ensemble_size'])

# 7 — 4k

assimilated_ensemble = self.data_assimilation_engine.assimilate(
uncertainty_results['ensemble'], observation_data, observation_noise,
method=self.params['data_assimilation_method'])

AL D235 DR

assimilated_mean = np.mean(assimilated_ensemble, axis=0)

#HEREEES AT LDy S aL—vay
delivery_results = self.delivery_system.simulate_delivery(
assimilated_mean, region_type, priority, bandwidth)

# T
end_time = time.time()
processing_time = end_time - start_time

AR O FLET
result = {
'low res data": low res data,
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‘observation_data': observation_data,
‘high_res_data'": high_res_data,
‘noise_level': noise_level,
‘uncertainty_statistics': uncertainty_results['statistics'],
‘assimilated_mean': assimilated_mean,
‘delivery i results': delivery results,
'processing_time': processing_time
1
¥
# L E DT B B B 13BN O FEAR R % G153
if ground_truth is not None:
# RS LA L D KT 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 — % AL DRI R
mse_assimilated = mean_squared_error(ground_truth, assimilated_mean)
assimilation_improvement = mse_after / mse_assimilated

result.update({
‘ground_truth': ground_truth,
'mse_before': mse_before,
'mse_after': mse_after,
'lmprovcmcnt ratio': improvement_ratio,
'mse_assimilated': mse_assimilated,
‘assimilation_improvement': assimilation_improvement

b
# RS RIRDFIEL
delivery_success_rate = sum(1 for d in delivery_results if d['delivered']) / len(delivery_results)
result['delivery_success_rate'] = delivery_success_rate
# JBIE DT
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)
#7287 X —% O HCRkEL
self._optimize_parameters()
return result

def _optimize parameters(self):
mm/\o 3 )( —_— y 0’) E ﬁﬁi@{tnmn
TESE D PERE SR

recent_history_size = min(10, len(self history['processing_time']))
if recent_history_size < 5:
return # 153 7% 7 — 8 B GEERELE 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:]

EERK L 7 — 5 LR D F— 5 23 B WA D HHT

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

#ABERF RIS MBI & 286, 7 v v 7 A 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(10, selfparams['ensemble size'] - 2)
print(FAFRRFRTEO#EAL: 7 > v 70044 X% (self.params['ensemble_size']} (Z HIlTK")

# LSRR ME G &, 7 — % Hffiz )ik

if np. mcan(rcccm delivery_success) <0.8:
#ZZTIREHERES AT LADRAI A= 2T 2/b I,
#RBEDL AT ATRIFMIT AT RLDRFRA—F 2 %S %
print("FLAF OB L: 7 — ¥ A& ik

#UGERT— 5 Db 2
if recent_improvement is not None and recent_assimilation is not None:
# 7 — 8 ALORRAMET LT 285G, FLAEE 387 X — % 2 3%
if np.mean(recent_: a551mllatlon[ -3:]) < np.mean(recent_assimilation[:-3]):
# FLITEEOYI D % 2

if self.params['data_assimilation_method'] = 'hybrid":
self.params|'data_assimilation_method'] = 'enkf'
prim("ﬁftﬁ@ft: [F{b /% tenkf ICZSHHE")
else:
self.params|'data_assimilation_method'] = 'hybrid"
#A 7y PO EAZ
self. params['data assimilation_alpha'] = max(0.1, min(0.9, self.params|'data_assimilation_alpha'] + 0.1))
print(f" AL F{LF71:% hybrid H#E o= {self.params['data_assimilation_alpha']}")

BRI S 2 v —va v
satellite_system = SatelliteSystem(model, device)

4 ERI O 2> S 2 L—2a v (MG % A1l o)

num_months = 12
long_term_results = []

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

# LB D BifE
season = month

cloud_cover= 0.3 +0.3 * np.sin(2 * np.pi * month / 12) # ERDZ{ZLH)

# R MRS 4 T L ERED Y ) A
scenarios = [
{'region_type" 'tropical’, 'priority": 'routine', 'terrain_complexity": 0.2},
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{'region_type": agrlcultural prmmy 'routine', 'terrain_complexity': 0.4},
{'region_type": 'coastal’, 'priority": 'extreme evem' 'terrain_complexity": 0.6}

for scenario in scenarios:
#TANT =8 DHEIL
test_low_res, test_ground_truth = generate_low_res_data(high_res_size, upscale_factor)

# 2 AT DD IHT

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'

)

# MR DR

long_term_results.append({
'‘month': month + 1,
'scenario': scenario,

'result': result,
'params': satellite_system.params.copy()

print(f" > 7Y & {scenario['region_type']}, {scenario['priority']}")

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

print(f'  EFRIELAESR: {result['improvement_ratio']:.2f} ff5")

print(f" 7 — % F{LSEEHR: {result['assimilation_improvement']: 2f} fi5")

print(f"  FEHLINE: {result['delivery success_rate']:.2f}")

print(f" BUED/RF X =5 7 v v 744 X={satellite_system.params['ensemble_size']}, "
[l 75 )i= {satellite_system.params['data_assimilation_method']}")

[ FIUE IR R O bt
print("\nJ2 HHEA KR D5

HZ L oVt
monthly_performance = {}
for month in range(1, num_months+1):
month_results = [r for r in long_term_results if r{'month'] == month]
momh]yJ)crformancc[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_improvement'] for r in month_results]),
‘delivery_success_rate': np.mean([r['result']['delivery_success_rate'] for r in month_results])

print("H & & DO TERE:")
for month, perf in monthly_performance.items():
print(f'F {month}: ZUFRIG={perf]'processing_time']:.3£}F), "
AR AV 0% %= {perf[ improvement_ratio']:.2f} fi%, "
[V 3= {perf['assimilation_improvement']:.2f} ff%, "
LS IR = {perf'delivery_success_rate']:.2f}")

4787 X — 5 DEL
print("\n/¥ 7 X — & DZEAL:")

unique_params = []
for r in long_term_results:
params = r['params']
if params not in unique_params:
unique Jarams append(params copy())
print(' 255 7 ¥ ¥ 7V A4 A={params['ensemble_size']}, "
£'[A{L /5 7= {params['data_assimilation_method'}, "

'[fil{.a={params['data_assimilation_alpha']:.1f}")

[ 1 Clinil L )R
first_third = long_term_results[:len(long_term_results)//3]
last_third = long_term_results[-len(long_term_results)//3:]

first_perf= {
proccssmg 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 =
proccssing 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 [ CUREILOKHR:")
print(f FIHIERE: MLBRIRF[A]={first_perf]'processing_time']:.3f} %, "
" AR AV 0% 3= {first_perf]'improvement_ratio']: 2f} £, "
V8% 3= {first_perf['assimilation_improvement']:.2f} ﬁ"f, "
LS IR ={first_perf['delivery_success_rate']:.2f}")
prim(f"ﬁ%’]‘fﬁﬁ% JUPRIRG[]= {last_perf]'processing_time']:.3£}F5, "
TR AL G5 3= {last_perf['improvement_ratio']: 2} i, "
o lﬁlﬂjﬂﬁl 1% 3= {last_perf['assimilation_improvement']:.2f} fi%, "
LS K E= {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

lassimilation_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'Z5 {3 JLBRIF[={processing_time change:.1f}%, "
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