3456

# —*— coding: utf-8 —*—

# 3R XERRERABE—RESKEIE 4 TE (Q1/Q2/Q5/Q6)

# k¥ ©8 DataFrame TE df, BEIZTHHE (RERDERD, SBEHET)

# LR

# M&%1: "Listing Price (USD)"

# [Xig%l: "Geographic Region"

# FHY): "Year"

# EWAOEY (BFHEXM/GRMESR) - RI/HEK/MER/o0H (RT B ImBAEIT)

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

# (ANE) WRLET scipy, MM—TERERNXEEREZHNK
try:

from scipy.stats import kruskal

_HAS_SCIPY = True
except Exception:

_HAS_SCIPY = False

PRICE = "Listing Price (USD)"
REG = "Geographic Region"
YEAR = "Year"

# — — LR EARNEBETY (FEAHE, EFERTQL. Q2) —
NUM_CANDIDATES = [
"Hull length","Beam (width)","Draft","Deck area",
"Light displacement (MLC)","Upwind sail area","Downwind sail area",
"Mainsail area","Engine(s) power","Year"
]
num_cols = [c for ¢ in NUM_CANDIDATES if ¢ in df.columns]

# BN (ERRFRR/FELE)

df = df.copy()

df = df[pd.to_numeric(df[PRICE], errors="coerce") > 0]
df[PRICE] = df[PRICE].astype(float)

#f ===================== Q1. XM Top-3 (BEFIRMMERX) ======
print("\n=== Q1) Highest numerical correlations — top 3 ===")
if len(num_cols) >= 2:
corr = dflnum_cols].corr(method="pearson")
pairs = (corr.where(~np.eye(len(corr), dtype=bool))
.stack()
.rename("r")



reset_index()
.rename(columns={"level_0":"feat1","level_1":"feat2"}))

#t A-B 5 B-A LAE—XY; 1% Irl HIFEEI=

pairs["key"] = pairs.apply(lambda r: tuple(sorted([r["feat1"], r["feat2"]])), axis=1)

pairs = pairs.drop_duplicates("key").assign(abs_r=lambda d: d["r"].abs()) \
.sort_values("abs_r", ascending=False)

for i, row in enumerate(pairs.head(3).itertuples(index=False), 1):

print(f"Top—{i}: {row.feat1} — {row.feat2} (r = {row.r:.3f})")
else:

print("FTREEFIERE, TETE. ")

# ===================== Q2. M&DH + BEMRHM = ==============
print("\n=== Q2) Price distribution & traits of expensive boats ===")

prices = df[PRICE].dropna()

# ERTREMVELE (ERE + XExH) , AEREVNZESS

plt.figure(figsize=(7,3.2)); plt.hist(prices, bins=40); plt.title("Price (USD)"); plt.xlabel("Price");
plt.ylabel("Count"); plt.show()

plt.figure(figsize=(7,3.2)); plt.hist(prices, bins=40); plt.xscale("log"); plt.title("Price (USD) — log
x"); plt.xlabel("Price (log)"); plt.ylabel("Count"); plt.show()

# EX“BEAMRT: 18 Top 10%

thr = prices.quantile(0.90)

expensive = df[df[PRICE] >= thr]

others = df[df[PRICE] < thr]

print(f"EX B = AEFE(Top10%): = ${thr:,.0f}; HAZE: B {len(expensive)}, EHAh
{len(others)}")

# EFHIEE (Ba-Hit) - EMEENEERMLLEEES
if num_cols:
deltas = (expensive[num_cols].mean() — others[num_cols].mean()) \
.sort_values(ascending=False).head(8)
print("\n#EFFE (BRIE-HEMMIE) TopER: ")
for k, v in deltas.items():
print(f"— {k}: Amean = {v:.3f}")

# XFHEFREMI (BNHLE) © AAEE/MH/ XEMEEER
for cat in [c for ¢ in ["Hull type","Construction",REG] if ¢ in df.columns]:
s1 = expensive[cat].value_counts(normalize=True)
s2 = others[cat].value_counts(normalize=True)
diff = (s1 - s2).dropnal().sort_values(ascending=False).head(3)
print(fF\nEKZIFHEEEN (H5 - Hftt) — {cath")
for k, v in diff.items():
print(f"— {k}: +{v*100:.1f} pp")

ft ==========mmcmomco- Q5. REHMEHIPIN + —IM =======m==mmmmee-




print("\n=== Q5) Geographic region effect on pricing (+ consistency) ===")
if REG in df.columns:
sub = df[[PRICE, REG]].dropnal)
# P XEPRAUNSHEARE
tab = (sub.groupby(REG).agg(median=(PRICE,"median"), n=(PRICE,"size"))
.sort_values("median", ascending=False))
print(tab.head(10).to_string())
# FALE (WERyH) REBFE
plt.figure(figsize=(8,3.2))
data = [g[PRICE].values for _, g in sub.groupby(REG)]
labels = [str(k) for k,_ in sub.groupby(REG)]
plt.ooxplot(data, labels=labels, showfliers=False)
plt.yscale("log"); plt.title("Price by Region (log y)"); plt.xticks(rotation=20); plt.ylabel("USD
(log)"); plt.show()
# EEEEY (FFS#Kruskal) , BN
if _HAS_SCIPY and tab.shape[0] >= 2:
groups = [g[PRICE].values for _, g in sub.groupby(REG)]
H, p = kruskal(*groups)
print(f"Kruskal—Wallis: H={H:.3f}, p={p:.4f} (p<0.05 MAXFHHEEEZSR) ")
else:
print("EZEMAGIOHT (BRDscipyH D EAR) . ")
else:
print("ERDXIFF, BEiL, ")

# —BMIRIERE”: (NE/ BEERSAEXEHRUNMEE (BME, TEE)
for htype in ["Catamaran","Monohull"]:
if REG in df.columns and "Hull type" in df.columns:
sub = df[(df["Hull type"]==htype) & df[PRICE].notna() & df[REG].notna()]
if len(sub) >= 30:
tab = (sub.groupby(REG)[PRICE].median().sort_values(ascending=False).head(5))
print(f"\n{htype} FHARXIFH M Top5: ")
for k, v in tab.items():
print(f"— {k}: ${v:,.0f}")

===== Q6. IRFEMININ /PN + & ==================
print("\n=== Q6) Average & median price by year built (trend) ===")
if YEAR in df.columns:

sub = df[[YEAR, PRICE]].dropnal)

# SENFEMIIR (B%R 0/FEF)

sub = sub[(sub[YEAR] > 1900) & (sub[YEAR] < 2100)]

byy = (sub.groupby(YEAR).agg(avg=(PRICE,"mean"), med=(PRICE,"median"),
n=(PRICE,"size"))

.sort_index())
print(byy.tail(10).to_string())
# EYE/PUBEE (F—3K)




plt.figure(figsize=(7,3.0)); plt.plot(byy.index, byy["avg"], marker="0"); plt.title("Average price
by year"); plt.xlabel("Year"); plt.ylabel("USD"); plt.show()

plt.figure(figsize=(7,3.0)); plt.plot(byy.index, byy["med"], marker="0"); plt.title("Median price
by year"); plt.xlabel("Year"); plt.ylabel("USD"); plt.show()

# B85 ERPA EEH

med_roll = byy["med"].rolling(3, center=True, min_periods=1).median()

plt.figure(figsize=(7,3.0));

plt.plot(byy.index, byy["med"], alpha=0.4)

plt.plot(byy.index, med_roll, linewidth=2)

plt.title("Median price (3—year rolling)"); plt.xlabel("Year"); plt.ylabel("USD"); plt.show()
else:

print(“ERDFRT, BT, ")

Part2
# —*— coding: utf-8 —*—
# B AR” "E'”E’Jﬁﬁruﬁi BE Part 2 (a~e)
# BRIEEER: E—HteDZAAFE - IG— T ERERE - 119 - BIFIEEEN - Il
HAHEN/ EPfi’u"&
#IFBRREEPN, KBAEXR™E ((EUATERS. FEEFR)

import numpy as np
import pandas as pd
from pathlib import Path

# RESMLE (RERN—EAIA)

from sklearn.model_selection import train_test_split



from sklearn.preprocessing import OneHotEncoder

from sklearn.compose import ColumnTransformer

from sklearn.pipeline import Pipeline

from sklearn.impute import Simplelmputer

from sklearn.ensemble import RandomForestRegressor # &8, &, FF8
from sklearn.metrics import r2_score, mean_absolute_error

from sklearn.inspection import permutation_importance

# ======a) RMEANBZMIFMT" (FTHRE/BESXERIRFIFE) ======
TARGET = "Listing Price (USD)"
# BE: RST/HEK/ A/ RERR/ 5
NUM_FEATS = [
"Year","Hull length","Beam (width)","Draft","Deck area",
"Light displacement (MLC)","Upwind sail area","Downwind sail area",
"Mainsail area","Engine(s) power"

SR RA AR

]
# %R WK/RRREE/ MR/ RA F MMEHMEE RSN
CAT_FEATS =[

"Geographic Region","Hull type","Construction","Rigging type","Category"
]

#RTEEEER, XBEMNFEENAEE (BhLEREUEE /DR L)
NUM_FEATS = [c for ¢ in NUM_FEATS if ¢ in df.columns]
CAT_FEATS = [c for ¢ in CAT_FEATS if ¢ in df.columns]

# RRBSE5EENT
data = df[[TARGET] + NUM_FEATS + CAT_FEATS].copy()
data = data[pd.to_numeric(data[TARGET], errors="coerce") > 0] # iI & BIirHTE

# ======b) — P HRELNIKIIREE: RREEH + EIRH + FENAEM ======
num_pipe = Pipeline([
("imputer", Simplelmputer(strategy="median")), # ¥{EE% — BPAEH

)
cat_pipe = Pipeline([
("imputer", Simplelmputer(strategy="most_frequent")), # Z3llfks%k — FHREFI
("onehot", OneHotEncoder(handle_unknown="ignore"))  # 7 W FrE At BEF
)

prep = ColumnTransformer([
("num", num_pipe, NUM_FEATS),
("cat", cat_pipe, CAT_FEATS),

)

# 1%+ RandomForest BIRE (—a)iE) : MEASHEEL L "B NEL + BHIELE6E
model = RandomForestRegressor(



n_estimators=400, random_state=42, n_jobs=-1

pipe = Pipeline([
(uprepn, prep),
("model", model),

# ======c) Y1 /I%/ ¥ (RIE—REBLE, BA) ======
X = data[NUM_FEATS + CAT_FEATS]
y = data[TARGET].astype(float)

X_tr, X_te, y_tr, y_te = train_test_split(X, y, test_size=0.25, random_state=42)
pipe.fit(X_tr, y_tr)

pred = pipe.predict(X_te)

print("\n[Evaluation]")

print(f"R2 : {r2_score(y_te, pred):.3f}") #t RBRE

print(f"MAE : ${mean_absolute_error(y_te, pred):,.0f}") # HEINRE (EMEMBIZEES

# ======d) $HIEEY (FEREEY, FEHH; FEEFER) ======
# R EEMNMHMEBIITEL, MEBESWTEZD - WTEFRBH EE
r = permutation_importance(pipe, X_te, y_te, scoring="r2", n_repeats=8, random_state=42)
feat_names = pipe.named_steps["prep"].get_feature_names_out() # BFEMEIHIR (&
one-hot)
imp = (pd.DataFrame({"feature": feat_names,
"imp_mean": r.importances_mean})

.sort_values("imp_mean", ascending=False))
print("\n[Permutation importance — top 15]")
print(imp.head(15).to_string(index=False))

# () EIHARENEFNEEM SCEEFERER, BN FEREAEEE
field_imp = (imp.assign(field=lambda d: d["feature"].str.split("=").str[0])
.groupby("field", as_index=False)["imp_mean"].sum()
.sort_values("imp_mean", ascending=False))
print("\n[Field—level importance — top 10]")
print(field_imp.head(10).to_string(index=False))

# ======e) EEN“TTMBIVIOFEAR"HFN; MEIIES P ======

PRED_PATH = Path("BoatData_NoPrice_V1.csv") # BRI R/ KRR

if PRED_PATH.exists():
new_df = pd.read_csv(PRED_PATH)
new_X = new_df.reindex(columns=NUM_FEATS + CAT_FEATS) # REXFEA1IZFBHI5
# RIEAESPREMIIZ—THEIN (RESREM)



pipe.fit(X, y)
new_pred = pipe.predict(new_X)
new_df["Predicted Price (USD)"] = new_pred

print("\n[Predict 10 boats — summary]")
print(f"Average : ${np.mean(new_pred):,.0f}")
print(f"Median : ${np.median(new_pred):,.0f}")

# REFE—THEIONAE (REWATA)
out_file = PRED_PATH.with_name(PRED_PATH.stem + "_with_predictions.csv")
new_df.to_csv(out_file, index=False)
print(f"Saved: {out_file}")
else:
print("\n[Notice] Cannot find 'BoatData_NoPrice_V1.csv'. Put the file next to this
notebook/script.”)

ED

# —*- coding: utf-8 —*—

# BAY: X“HEREMY (Listing Price (USD) ) "UFEDHT (feature analysis)

# = XM/ EEE. HEEEM (permutation importance) . oK (PDP AJi%)
# %00 ABEPX BHER/SBERIEGEN RREHEs 2 &R,

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

from sklearn.model_selection import train_test_split, KFold, cross_val_score

from sklearn.compose import ColumnTransformer

from sklearn.pipeline import Pipeline

from sklearn.preprocessing import OneHotEncoder, StandardScaler

from sklearn.impute import Simplelmputer

from sklearn.metrics import r2_score, mean_absolute_error

from sklearn.feature_selection import mutual_info_regression

from sklearn.inspection import permutation_importance, PartialDependenceDisplay
from sklearn.ensemble import HistGradientBoostingRegressor



# BiR5I (048) 5 BRZIBAE, BOXE
TARGET_COL = "Listing Price (USD)"

# PIRERY “AmiIR/BAEMEES” (FATER)
ID_LIKE_COLS = {
"Make","Model","Variant","Sailboat designer","Last built hull",
"Country","Region","State","Geographic Region","Category"
}
# 1 ER: EP—EKAER"AIUPNGHE, NRFAER WX FENRETE,
#t FAEEE(IMA ID_LIKE_COLS, HEREISEMITEESTBE.

# =========1) BB B S5 IIEXEBMNIRF] =========
assert TARGET_COL in df.columns, f'#AZ|B#x%: {TARGET_COL}"
data = df.copy()

# KRB ELMEIEENME (BIBTBEESE >0)
data = data[pd.to_numeric(datal TARGET_COL], errors="coerce") > 0].copy()
data[TARGET_COL] = data[ TARGET_COL ].astype(float)

# ENiRBIEESI/ 5T
num_cols = data.select_dtypes(include=["number"]).columns.tolist()
cat_cols = data.select_dtypes(include=["object","category"]).columns.tolist()

# BIRYIAR B4

num_cols = [c for ¢ in num_cols if ¢ |= TARGET_COL]

# %R ID 25 (A0A4851BR “Geographic Region”, MESEMIHZENRT)
drop_cols =[]
for ¢ in list(ID_LIKE_COLS):
if c in cat_cols:

# MR DARIED T BRREERSRE . flW: FE TG X" IMEEIm — R5IFR

# XEER: IB“Geographic Region”{REB T3k, HiXEid

if ¢ |= "Geographic Region":

drop_cols.append(c)

cat_cols = [c for ¢ in cat_cols if ¢ not in drop_cols]

PEEMEL PR LERHIEXZE; ColumnTransformer B mIBNT = F &8
print(f"EUESFEEL: {len(num_cols)}, ZERI4FAEEL: {len(cat_cols)}")

# =========2) —Y“BTE"EEIETD =========

# 21 5BEMGREXM” (BUESHE) : Pearson / Spearman

# BN %X (Pearson) f#ME%x (Spearman) , [RIETHE
def corr_with_target(df, y, cols):



out =[]
for ¢ in cols:
s = pd.to_numeric(dflc], errors="coerce")
mask = s.notna() & y.notna()
if mask.sum() < 20: # BFIEHART DEHARE
continue
pear = s[mask].corr(ylmask], method="pearson")
spear = s[mask].corr(y[mask], method="spearman")
out.append((c, pear, spear, mask.sum()))
return (pd.DataFrame(out, columns=["feature","pearson","spearman","n"])
.sort_values("pearson", key=lambda x: x.abs(), ascending=False))

y = data[TARGET_COL]

corr_table = corr_with_target(data, y, num_cols)
print("\n[R2 T 21T ] SMBIIBXME (BUESFE) TOP 10: ")
print(corr_table.head(10).to_string(index=False))

#22 “BER” (EB/REYSE) © Mutual Information (W& M/ {EEBIFXAEER)
# A NEMREFIEREMITES v 19 M LRSS MERRmE (SnERBEiRt)
def simple_encode_for_mi(s):
# G KRR N B ARE (NNSHNEESER])  HEIIFEHFRE
if s.dtype == "O" or str(s.dtype).startswith("category"):
codes = s.astype("category").cat.codes
return codes.replace(-1, np.nan) # fikgFy -1 — NaN
return pd.to_numeric(s, errors="coerce")

mi_candidates = num_cols + cat_cols
mi_frame =[]
for ¢ in mi_candidates:
x = simple_encode_for_mi(data[c])
mask = x.notna() & y.notna()
if mask.sum() < 50:
continue
# BEENREARER; B/ ELREGH A
# random_state BEE MRS EMIE; n_neighbors 7]
mi = mutual_info_regression(
X = x[mask].to_frame(),
y = ylmask].values,
discrete_features = False,
random_state = 42
)[0]
mi_frame.append((c, mi, mask.sum()))
mi_table = (pd.DataFrame(mi_frame, columns=["feature","MI","n"])
.sort_values("MI", ascending=False))
print("\n[BZE¥ 5] BELE (BE+XFIES) TOP 10: ")



print(mi_table.head(10).to_string(index=False))

# =========3) BE5 “RRERIFHIEEN =========
# Fi5i%E E: HistGradientBoostingRegressor (ff1eF, £+, EEIR. I IEIEL )
# FRAbIE:
# - E: REKEAMHTENLN (RBRAZIREM)
# - 25 FREIER+OneHotEncoder (handle_unknown='ignore' LABRETZERI)
pre_num = Pipeline(steps=[

("imputer", Simplelmputer(strategy="median")),

("scaler", StandardScaler())

1)

pre_cat = Pipeline(steps=[
("imputer", Simplelmputer(strategy="most_frequent")),
("onehot", OneHotEncoder(handle_unknown="ignore", sparse=True))

1)

ct = ColumnTransformer(
transformers=[
("num", pre_num, num_cols),
("cat", pre_cat, cat_cols)
1,
remainder="drop",
verbose_feature_names_out=False

model = HistGradientBoostingRegressor(
learning_rate=0.07,

max_depth=None, # Bop&is; teiga 6~10
max_iter=500, # &R EE

|2_regularization=0.0,
early_stopping=True,
random_state=42

pipe = Pipeline(steps=[
("prep", ct),
("model", model)

1
# I/ BIEE (B8 BTG +/E4EM permutation importance)
X = data[num_cols + cat_cols]

y = data[TARGET_COL]

X_train, X_valid, y_train, y_valid = train_test_split(



X, y, test_size=0.25, random_state=42

# 1%k
pipe.fit(X_train, y_train)

# RIS RN

pred = pipe.predict(X_valid)

print("\n[#Z 241 F{d] JIESHEE: ")

print(f"R2 = {r2_score(y_valid, pred):.3f}")

print(f"MAE = {mean_absolute_error(y_valid, pred):,.0f}")

## ========= 4) Permutation Importance (BREEMY) =========
# B TEALE—E, MERIEESD TREIIEE - SARAIZIFITIEEE (REATENM)
r = permutation_importance(

estimator=pipe,

X=X_valid,

y=y_valid,

scoring="r2",

n_repeats=10,

random_state=42

# M ColumnTransformer S EBHEHFIER (& one-hot [FIIFEERR)
# RBA: get_feature_names_out AJEIEEETIIRE + £H5809EHEZ (40 Region=Europe)
feature_names = pipe.named_steps["prep"].get_feature_names_out()
imp_df = (pd.DataFrame({

"feature": feature_names,

"importance_mean": r.importances_mean,

"importance_std": r.importances_std

Y

.sort_values("importance_mean", ascending=False))

print("\n[Permutation Importance] TOP 20: ")
print(imp_df.head(20).to_string(index=False))

# =========15) (Ai&k) D UKHE PDP =========
# EX: A HMHMEEEAD R NEMT, SR BMFIEEN NN miass
#ESELESESSIE (20 Hull length / Beam / Engine(s) power) ; ZEZ45FiEE one—hot ZFR
top_numeric_for_pdp = [c for ¢ in ["Hull length","Beam (width)","Deck area","Light
displacement (MLC)","Engine(s) power"]

if ¢ in num_cols][:2] # flR&xZ®E27, BhlEHEE =

if top_numeric_for_pdp:
plt.figure()



PartialDependenceDisplay.from_estimator(
estimator=pipe,
X=X_valid,
features=top_numeric_for_pdp,
kind="average"
)
plt.suptitle("Partial Dependence (selected numeric features)")
plt.tight_layout()
plt.show()

# =========6) /NEEITEN (EXIEX, ETHM; REINAPNIEX) =========
print("\n" + "="*78)

print("FEATURE ANALYSIS — SHORT SUMMARY (fill with your actual top names)")
print("="*78)

#618%E: BxXM + BEE (BRAHI5)
print("\n[Univariate scores]")
if not corr_table.empty:
print("— Pearson/Spearman top correlations with price:")
for _, row in corr_table.head(5).iterrows():
print(f" e {row['feature']}: pearson={row['pearson']:.3f}, spearman={row['spearman']..3f}
(n={int(row['n'])})")
if not mi_table.empty:
print("— Mutual information (mixed features):")
for _, row in mi_table.head(5).iterrows():
print(f" e {row['feature']}: Mi={row['MI']:.4f} (n={int(row['n'])})")

# 6.2 REEMEEY (BRRAI0)
print("\n[Model-based importance — permutation]")
for _, row in imp_df.head(10).iterrows():
print(f" e {row['feature']}: meanAR2={row['importance_mean']:.4f} (+
{row['importance_std']:.4f})")

print("\nNotes:")

print("— Pearson/Spearman capture linear/monotonic links; Ml captures generic
dependence.")

print("— Permutation importance reflects model reliance; higher mean drop in R2 = more

important.")
print("— For categorical features, check one-hot names (e.g., Geographic Region=Europe).")
print("— Consider log-transforming price or using robust metrics if heavy tails are present.”)



3456101<hR

# —*— coding: utf-8 —*—

# 378 B TFIMIBRMNIEEIFREY notebook / .py XFEIRTIETT,

# K DataFrame”*‘E’%jj df; FIBFEFE—R (TRERE) .

# Bfn: —RHITE Q1/Q2/Q5/Q6 MIOESR, HITENRN“MERNREE".
# AOE: E%%/E‘EBEPSC; FTENHME EFR; KT EI1TDREA.

import numpy as np
import pandas as pd

RS EEXENEER) 5 BRLE scipy, =EMEFERHKZKIE
try:
from scipy import stats
_HAS_SCIPY = True
except Exception:
_HAS_SCIPY = False

def _safe_cols_exists(df, cols):
"""ﬁ NREFE: FMFENREEFENREHEHIRTBUSE
= [c for ¢ in cols if ¢ in df.columns]
return ok

def _top3_correlations(num_df):
"I EBEIRAERIEX, REENERSNRI=XY (X&) . """
if num_df.shape[1] < 2:
return []
corr = num_df.corr(method="pearson")
# B¥H (featl, feat2, corr)
s = (
corr.where(~np.eye(len(corr), dtype=bool))
.stack()
.rename("corr")
.reset_index()
.rename(columns={"level_0":"feat1","level_1":"feat2"})
)
# X8 (A-B 5 B-A fAR—X)
s["pair"] = s.apply(lambda r: tuple(sorted([r["feat1"], r["feat2"]])), axis=1)
s = s.drop_duplicates("pair", keep="first")
# EIHEHIFERI =



s = s.assign(abs_corr=lambda x: x["corr"].abs()).sort_values("abs_corr", ascending=False)
return s.head(3)[["feat1","feat2","corr"]].to_records(index=False)

def _expensive_traits(df, price_col="Listing Price (USD)", q=0.90):
" YIIME DU EEEE X BEEAR, REIFEE. HEFHEIEZTop3, ERMFESEEETop3,
if price_col not in df.columns:
return np.nan, [J, []
sub = df.dropna(subset=[price_col]).copy()
if sub.empty:
return np.nan, [J, []
thr = sub[price_col].quantile(q)
expensive = sub[sub[price_col] >= thr]
others = sub[sub[price_col] < thr]
#t WEJER (BFRIYE - HYE)
num_cols = sub.select_dtypes(include=["number"]).columns.tolist()
num_cols = [c for ¢ in num_cols if ¢ != price_col]
num_deltas =[]
if num_cols and not expensive.empty and not others.empty:
exp_mean = expensive[num_cols].mean()
oth_mean = others[num_cols].mean()
dd = (exp_mean — oth_mean).sort_values(ascending=False)
num_deltas = list(dd.head(3).items())
# EHFIELE (BRAEE - HEB4GLE)
cat_cols = sub.select_dtypes(include=["object","category"]).columns.tolist()
cat_diffs =[]
for col in cat_cols:
s1 = expensive[col].value_counts(normalize=True)
s2 = others[col].value_counts(normalize=True)
# WFEKRE
dd = (s1 - s2).dropna().sort_values(ascending=False)
# IRRZIIP R ANIEEZE—FIEANREK
if not dd.empty:
cat_diffs.append((col, dd.index[0], float(dd.iloc[0])))
# BRI =T " REZRFHVE-EVE”
cat_diffs = sorted(cat_diffs, key=lambda x: abs(x[2]), reverse=True)[:3]
return float(thr), num_deltas, cat_diffs

def _region_effect(df, price_col="Listing Price (USD)", region_col="Geographic Region"):
"R ESR: IREIFPAMHER . #FARE. MUKkKruskal/ANOVAZESR (a0efA) . "
out = {
"rank_table": [],
"test_name": None,
"stat": None,
"pvalue": None



}
if not {price_col, region_col}.issubset(df.columns):
return out
sub = dff[price_col, region_col]].dropnal()
if sub.empty:
return out
# yERXSEETR R
sub = sub.assign(log_price=np.log(sublprice_col].astype(float)+1e-9))
# XFPUMHEER (BXMN)
rk = (sub.groupby(region_col)
.agg(median_price=(price_col,"median"), n=(price_col,"size"))
.sort_values("median_price", ascending=False))

out["rank_table"] = list(rk.reset_index().itertuples(index=False, name=None))
# TR

if _HAS_SCIPY:
groups = [g["log_price"].values for _, g in sub.groupby(region_col)]
try:

H, p = stats.kruskal(*groups)
out.update({"test_name":"Kruskal—Wallis (on log price)", "stat":float(H),
"pvalue":float(p)})
except Exception:
pass
return out

def _year_trend(df, price_col="Listing Price (USD)", year_col="Year"):
"REGRSN /PN ERDPAUR (FEE, BRELEXERT) . "
out = {
"table": [],
"first_year": None,
"last_year": None,
"avg_first": None,
"avg_last": None,
"med_first": None,
"med_last": None
}
if not {price_col, year_col}.issubset(df.columns):
return out
sub = df[[price_col, year_col]].dropnal()
if sub.empty:
return out
# SEFEMIIR
sub = sub[(sublyear_col].astype(float) > 1900) & (sublyear_col].astype(float) <
2100)].copy()
if sub.empty:
return out



g = (sub.groupby(year_col)
.agg(avg_price=(price_col,"mean"),
med_price=(price_col,"median"),
n=(price_col,"size"))
.sort_index())
out["table"] = list(g.reset_index().itertuples(index=False, name=None))
#t NEESF M S5E/ P
years = g.index.to_list()
out["first_year"], out["last_year"] = int(years[0]), int(years[-1])
out["avg_first"], out["avg_last"] = float(g["avg_price"l.iloc[0]), float(g["avg_price"].iloc[-1])
out["med_first"], out["med_last"] = float(g["med_price"].iloc[0]),
float(g["med_price"].iloc[-1])
return out

def make_report_box(df):
"R LR ERHFTEN R IGE, "
# — Q1/Q2 KRV T HEMT —
price_col = "Listing Price (USD)"
region_col = "Geographic Region"
year_col = "Year"

# #ES (BTHEXME; HFREAEID/EE M55 BT+ E)
num_df = df.select_dtypes(include=["number"]).copy()
# it ETop-3t8%

top3 = _top3_correlations(num_df)

# BatFEAHEM (Top10%)
thr, num_deltas, cat_diffs = _expensive_traits(df, price_col=price_col, g=0.90)

# XK
reg_res = _region_effect(df, price_col=price_col, region_col=region_col)

# Fas

year_res = _year_trend(df, price_col=price_col, year_col=year_col)

#— HRA L (RAREDRESH]) —
lines =[]
push = lines.append

# TRERIEL:

push("="*86)

push("COMPACT ANSWERS BLOCK (Q1, Q2, Q5, Q6) — FILL WITH YOUR DATA AS
NEEDED")

push("="*86)



# Q1: Top—3 correlations
push("\n[1) Highest numerical correlations — top 3]")
if len(top3) == 0:
push("- Not enough numerical columns to compute pairwise correlations.")
else:
for i, (a, b, r) in enumerate(top3, start=1):
push(f'— Top—{i}: {a} — {b} (r = {r:.3}).")

# Q2: Price distribution & expensive traits
push("\n[2) Listing—price distribution & traits of expensive boats]")
push("- Shape: right-skewed with a long upper tail; a log—scaled x—axis typically clarifies
the tail.")
if not np.isnan(thr):
push(f'— Definition of \"expensive\": top 10% by price (threshold = ${thr:,.0f}).")
else:
push("— Definition of \"expensive\": top 10% by price (threshold not available).")
# EIEER
if num_deltas:
push("— Numerical traits (expensive minus others; top differences):")
for name, delta in num_deltas:
push(f" e {name}: Amean = {delta:.3f}")
else:
push("— Numerical traits: insufficient data to compute mean differences.")
# EFINFEER
if cat_diffs:
push("- Categorical skews (more frequent categories among expensive boats):")
for col, level, diff in cat_diffs:
pct = diff * 100
sign = "+" if diff >= 0 else "-"
push(f" e {col} = {level}: Ashare = {signHabs(pct):.1f} pp")
else:
push("- Categorical skews: no clear category uplift detected or insufficient data.")

# Q5: Geographic region effect + consistency
push("\n[5) Geographic region effect on pricing + consistency]")
if reg_res["rank_table"]:
push("- Median—price ranking by region (name, median, n):")
for region, med, n in reg_res["rank_table"][:6]:
try:
med_fmt = f"${float(med):,.0f}"
except Exception:
med_fmt = str(med)
push(f" e {region}: {med_fmt} (n={int(n)})")
else:
push("— Region ranking: not available (missing columns or insufficient data).")



if reg_res["test_name"] is not None:
push(f'— Significance: {reg_res['test_name']}: stat = {reg_res['stat']:.3f}, p =
{reg_res['pvalue']..4f}.")
push(" Interpretation: p<0.05 indicates statistically significant cross—region
differences.")
else:
push("- Significance: skipped (scipy not available). Consider Kruskal—Wallis/ANOVA on
log price.")
push("— Consistency checklist: verify ordering within hull-type slices, recent—year cohorts,
and size bands;")
push(" if rankings persist, the regional premium/discount is likely stable rather than
composition—driven.")

# Q6: Year built — average & median trend
push("\n[6) Average & median price by year built — observed trends]")
if year_res["table"]:
fy, ly = year_res["first_year"], year_res["last_year"]
push(f'— Coverage: {fy} — {ly}.")
push(f'— Average price: {fy} = ${year_res['avg_first']:,.0f}; {ly} = $
{year_res['avg_last'];,.0f}.")
push(f'— Median price: {fy} = ${year_res['med_first']:,.0f}; {ly} = $
{year_res['med_last'];,.0f}.")
push("- Read with caution: the mean—median gap indicates tail thickness; consider
median/log—-median for robustness.")
push("- Optional: control for size/region/type with a log—price model to isolate a pure
year (vintage) effect.")
else:
push("- Year trend: not available (missing columns or insufficient data).")

# EEELZ
push("\n" + "="*86)

# FTENEE(RAE
print("\n" join(lines))

# === @EAAD (B#iE1T) ===

#FR: RR Jf EEZERIMER, HESZEDUTI:

# - "Listing Price (USD)"

# - "Geographic Region"

#t - "Year"

# EAh AR TREBRAOEET: Hull length / Beam (width) / Draft / Deck area / Light
displacement / sail areas / Engine(s) power &

make_report_box(df)



part2int<hk

# —*- coding: utf-8 —*—

#1ES: NNAREN” BILANZMAAERE, HaBIHEEEMYS N M IEARITUN

# %08 EREP ITH/FIBEIUREF—G 1B df ARE I AYIIZEDataFrame &

# BRI%: & df &2 B#5%I "Listing Price (USD)"; FilI&E CSV X4 PRED_PATH

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

from pathlib import Path

from sklearn.model_selection import train_test_split, KFold, cross_val_score

from sklearn.compose import ColumnTransformer

from sklearn.pipeline import Pipeline

from sklearn.preprocessing import OneHotEncoder, StandardScaler, FunctionTransformer
from sklearn.impute import Simplelmputer

from sklearn.metrics import r2_score, mean_absolute_error

from sklearn.inspection import permutation_importance

from sklearn.ensemble import HistGradientBoostingRegressor

# =============== A) $$[IEFE (RETZHIRLHRIE/BLS) = =========
#124g:

# 1) NMEFH Make/Model/Variant/Designer X “iR5IM"58. XK RNAFEAZHET;

# 2) (REBLEM S MRERT RS (R /HEKE/INERR/oh A/ E40 /X /ARARER/ME/RE)
# 3) MBI loglp T (ARKE - BEFESHEE) .

TARGET = "Listing Price (USD)"

assert TARGET in df.columns, "JJIZx& &R/ B 4551 Listing Price (USD)"

AIEEFTERMRIZS ($R{R df.info() MOFEREEIE; TR =BEh7ZARK)
NUM_CANDIDATES = [
"Year","Hull length","Beam (width)","Draft","Deck area",
"Light displacement (MLC)","Upwind sail area","Downwind sail area",
"Mainsail area","Engine(s) power"
]
CAT_CANDIDATES = [
"Geographic Region","Country/Region/State","Hull type",
"Construction","Rigging type","Category","Appendages"



# LFREFEENTY (BFH)
num_cols = [c for ¢ in NUM_CANDIDATES if ¢ in df.columns]
cat_cols = [c for ¢ in CAT_CANDIDATES if ¢ in df.columns]

# =============== I FE/EH BEEE ==================
# A PAIEUERS + fE (WFHEEIAZ WA, BrIFRREINIE)
num_pipe = Pipeline([

("imputer", Simplelmputer(strategy="median")),

("scaler", StandardScaler())

1)

# K50 REUELS + OneHot (ZREKRMFAZES, RIEFUNEREE)
cat_pipe = Pipeline([

("imputer", Simplelmputer(strategy="most_frequent")),

("onehot", OneHotEncoder(handle_unknown="ignore", sparse=True))

1)

# HEFRHREE
prep = ColumnTransformer(
transformers=[
("num", num_pipe, num_cols),
("cat", cat_pipe, cat_cols)
1,
remainder="drop",
verbose_feature_names_out=False

# =============== B) {ZBEEF ===============
# %#% HistGradientBoostingRegressor (EFEIEERRTF) -
# A FEMURANE. SHHERNAGUR. LEBREARIGT. HIER, 284S,
gbr = HistGradientBoostingRegressor(
learning_rate=0.07,
max_iter=600,
max_depth=None, # HEEEEN
early_stopping=True,
random_state=42

# BRI loglp (REKRE) ; WNERE expm! FR
def to_loglply):  #y —> logliply)
return np.loglp(y)

def from_loglp(yh): # RREIFRMNZ 8]
return np.expm?1(yh)



# 13— FunctionTransformer RAT M R EHR; EEEHIZELS loglply)
# (3%: sklearn B TransformedTargetRegressor tha], {BUtAMEIEF A IEEIEAR)
pipe = Pipeline([

("prep", prep),

("model", gbr)

#f =============== C) JI&/RIE5 1L ==================

# BHIIEE + K IIRXIIE (£ log TiENFER2; EREMNZ ENHEMAEEEN)
data = df[[TARGET] + num_cols + cat_cols].dropna(subset=[ TARGET]).copy()
y = data[ TARGET].astype(float)

X = data.drop(columns=[TARGET])

X_tr, X_va, y_tr, y_va = train_test_split(
X, y, test_size=0.25, random_state=42
)

# EEA logip(y)
pipe.fit(X_tr, to_loglp(y_tr))

# BEEETN (55152llog, BRREIRM)
yhat_va_log = pipe.predict(X_va)
yhat_va = from_log1p(yhat_va_log)

# 1ML R2 (EENMZTEMREM, HER) , MAE (BigfE) , Mk log-R2 (REREXIZRE)
r2_lin = r2_score(y_va, yhat_va)

mae = mean_absolute_error(y_va, yhat_va)

r2_log = r2_score(to_loglp(y_va), yhat_va_log)

print("\n[Validation metrics]")

print(f"R2 (linear price)  : {r2_lin:.3f}")
print(f"MAE (USD) : {mae:,.0f}")
print(f"R2 (log—price space) : {r2_log:.3f}")

# BWE K (log TEJR2EFRTE)

cv = KFold(n_splits=5, shuffle=True, random_state=42)

cv_scores = cross_val_score(pipe, X, to_loglp(y), cv=cv, scoring="r2")

print(f"CV R2 (log space) meanz+std : {cv_scores.mean():.3f} = {cv_scores.std():.3f}")

# =============== D) {FEEEM (Permutation Importance) ===============
# BRRR: FTELE—AFET, MRITEE D TIEIEE (Elog=ER2)
perm = permutation_importance(

estimator=pipe,

X=X_va, y=to_loglp(y_va),



n_repeats=10, scoring="r2", random_state=42

# BAMAGEHHMER (BTEMEMRERIEH)
feat_names = pipe.named_steps["prep"].get_feature_names_out()
imp_df = (pd.DataFrame({
"feature": feat_names,
"imp_mean": perm.importances_mean,
"imp_std": perm.importances_std
1

.sort_values("imp_mean", ascending=False))

print("\n[Permutation importance — top 20 (log—R2 drop)]")
print(imp_df.head(20).to_string(index=False))

# ===============E) M “TMBIER"FHITIN ==================
# IS IRRYSERF XA R, BRINEMSIIZRIHERMSHE—R (REX=BohiE/ fERIB6n2
#&)
PRED_PATH = Path("BoatData_NoPrice_V1.csv") # TODO: E#NEIKIF
if PRED_PATH.exists():
new_df = pd.read_csv(PRED_PATH)
# (NBRIRFREY; SRS HEFANEEEERS

new_X = new_df.reindex(columns=num_cols + cat_cols)

#t AEEil%4 (FRE)  BlF+IEEHEFRNE—R
pipe.fit(X, to_loglp(y))

new_pred_log = pipe.predict(new_X)

new_pred = from_loglp(new_pred_log)

# WM EARSIT

avg_price = float(np.mean(new_pred))

med_price = float(np.median(new_pred))
print("\n[Predictions for BoatData_NoPrice_V1.csv]")
print(f"Average predicted price : ${avg_price:,.0f}")
print(f"Median predicted price : ${med_price:,.0f}")

# (RIFHFUMAICSV

out_path = PRED_PATH.with_name(PRED_PATH.stem + "_with_predictions.csv")

new_out = new_df.copy()

new_out["Predicted Price (USD)"] = new_pred

new_out.to_csv(out_path, index=False)

print(f"Saved predictions to: {out_path}")
else:

print("\n[Notice] Prediction file not found. Set PRED_PATH to your
'BoatData_NoPrice_V1.csv'.")



#f =============== B RERFINEEL"H—DILE == =
# N FIRRERIEFLF ?IE —JLM-JH [RIGFERRIFTE one-hot §UEE|‘$Z‘?W '% U%Eﬁﬂi%lﬁ
field_imp = (
imp_df.assign(field=lambda d: d["feature"].str.split("=").str[0]) # 540 Geographic
Region=Europe — Geographic Region
.groupby("field", as_index=False)["imp_mean"].sum()
.sort_values("imp_mean", ascending=False)

)

print("\n[Field—-level importance (sum over one-hot levels) — top 10]")
print(field_imp.head(10).to_string(index=False))



