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import numpy as np

import pandas as pd

from sklearn.cluster import MiniBatchKMeans

from sklearn.multioutput import MultiOutputRegressor

from xgboost import XGBClassifier, XGBRegressor

BASE_FEATURE_COLUMNS = [
"hour", "weekday", "is_weekend",
"start_lng", "start_lat",
"current_lng", "current_lat",
"prefix_len", "prefix_duration_sec",
"prefix_distance_km", "direct_distance_km",
"prefix_avg_speed",
"direction_angle", "recent_direction_angle",
"lng_delta", "lat_delta",
"p25_1ng", "p25_lat",
"p50_1ng", "p50_lat",
"p75_1lng", "p75_lat",
"tortuosity", "angle_change",
"lng_range", "lat_range",

"SGg_dl", "seg_d2", "SGg_d3", useg_duu,

def make_xgb_deep_regressor():

# MRS AR XGBoost [AIH#%.

model = XGBRegressor(
n_estimators=1200,
max_depth=8,
learning_rate=0.02,
subsample=0.90,
colsample_bytree=0.90,
objective="reg:squarederror",
tree_method="hist",
n_jobs=-1,
random_state=42,

)

return MultiOutputRegressor(model)

def make_xgb_classifier(num_classes):

# XGBoost HIs/r2ksd,




return XGBClassifier(
n_estimators=700,
max_depth=6,
learning_rate=0.035,
subsample=0.90,
colsample_bytree=0.90,
objective="multi:softprob",
num_class=num_classes,
eval_metric="mlogloss",
tree_method="hist",
n_jobs=-1,

random_state=42,

def train_offset_model(train_df, train_labels, centers_df):
# NZENWMBEIAR. BRI BT A, 2 T s RO w2 .
data = train_df.copy()

data["cluster_id"] = train_labels

data = data.merge(
centers_df[["cluster_id", "center_lng", "center_lat"]],
on="cluster_id",
how="1left",
)
data["offset_lng"] = data["target_lng"] - data["center_lng"]
data["offset_lat"] = data["target_lat"] - data["center_lat"]
feature_cols = BASE_FEATURE_COLUMNS + ["center_lng", "center_lat"]
model = make_xgb_deep_regressor()
model. fit(
data[feature_cols].values,
data[["offset_lng", "offset_lat"]].values,

return model, feature_cols

def predict_with_top30(test_df, top_clusters, top_probs, centers_df,
offset_model, feature_cols):

# X Top—=30 R X7y 73 TS A A%, 1422 RS2 X U I AR A5 B B 24 44 i

center_lng = centers_df.set_index("cluster_id")["center_1ng"].to_dict()

centers_df.set_index("cluster_id")["center_lat"].to_dict()

center_lat

pred_lng = np.zeros(len(test_df))
pred_lat = np.zeros(len(test_df))




base_features = test_df[BASE_FEATURE_COLUMNS].reset_index(drop=True)

for rank in range(top_clusters.shape[1]):
candidate = top_clusters[:, rank]

weight = top_probs[:, rank]

temp = base_features.copy()
temp["center_1lng"] = [center_lng[int(c)] for c in candidate]

temp["center_lat"] = [center_lat[int(c)] for c in candidate]

offset = offset_model.predict(temp[feature_cols].values)

pred_lng += (temp["center_lng"].values + offset[:, 0]) * weight
pred_lat += (temp["center_lat"].values + offset[:, 1]) * weight

return pred_lng, pred_lat

def run_cluster_top30_offset_xgboost_deep(train_df, test_df, n_clusters=50,
top_k=30):
# ClusterTop300ffsetXGBoostDeep LififE. AN BRPAFHE, Hih ATRINL HELHE,
# 1. XPUIZREEFSEE BT R K
train_xy = lonlat_to_xy_km(
train_df["target_lng"].values,
train_df["target_lat"].values,
)
kmeans = MiniBatchKMeans(
n_clusters=n_clusters,
batch_size=8192,
random_state=42,

n_init=10,

train_labels = kmeans.fit_predict(train_xy)

center_lng, center_lat = xy_km_to_lonlat(
kmeans.cluster_centers_[:, 0],

kmeans.cluster_centers_[:, 1],

centers_df = pd.DataFrame({
"cluster_id": np.arange(n_clusters),
"center_lng": center_lng,

"center_lat": center_lat,

B




MRS RE, WA SRR
clf = make_xgb_classifier(num_classes=n_clusters)
clf.fit(train_df[BASE_FEATURE_COLUMNS].values, train_labels)

prob_matrix = clf.predict_proba(test_df[BASE_FEATURE_COLUMNS].values)

# 3. JEFF Top-30 fREZAIXIE
top_pos = np.argsort(-prob_matrix, axis=1)[:, :top_K]
top_probs = np.take_along_axis(prob_matrix, top_pos, axis=1)

top_clusters = clf.classes_[top_pos]

top_probs = top_probs / top_probs.sum(axis=1, keepdims=True)

4. YIRS A FL al A &
offset_model, feature_cols = train_offset_model(
train_df=train_df,
train_labels=train_labels,

centers_df=centers_df,

# 5. X Top—30 ik XIS MMAL TR R 24 2% 5

pred_lng, pred_lat = predict_with_top30(
test_df=test_df,
top_clusters=top_clusters,
top_probs=top_probs,
centers_df=centers_df,
offset_model=offset_model,

feature_cols=feature_cols,

return pred_lng, pred_lat

SERESLILORAFAE LRESCAF TP, IESC AN RITH B R K, JE SRR A i i

R R T R B AR ) LA H S . MiniBatchKMeans 51 574 2% 1348
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ki) 20%RTZ%/km  40%RT4%/km  60%RIZR/km
Baseline CurrentPoint 3. 2147 2. 5852 1. 7087
RandomForest 2. 3498 1. 6836 1. 0383
ExtraTrees 2.3322 1.6701 1.0347
HistGradientBoosting 2. 4242 1. 7854 1. 1447
KNN 2. 4892 1. 8464 1. 2489
XGBoost 2. 3533 1.7144 1. 0858
XGBoostDeep 2.3247 1. 6686 1. 0459
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