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JTIOJATOK A

Buxigauit koa mporpaMHoi peaizartii
import shap
import numpy as np
import pandas as pd
import seaborn as sns
import matplotlib.pyplot as plt
from lightgbm import LGBMRegressor

from sklearn.metrics import mean squared error,

mean absolute percentage error, r2 score
from sklearn.preprocessing import OrdinalEncoder
from sklearn.base import clone
from tgdm import tgdm
import warnings

warnings.filterwarnings ("ignore")

sns.set (style="whitegrid")

plt.rcParams["figure.figsize"] = (12, 6)

SABAHTAXEHHA ITAHMX TA IIOIIEPEIHA OEPOEKA

path =
'/content/drive/MyDrive/Diploma2026/FMCG 2022 2024.csv'
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df = pd.read csv (path)

df eda = df.copy()
# BunmajieHHd pPaOkiB 3 Bin'eMHUMM (aHOMAJLHMMM) 3HAUYEHHIMU

df = df[(df[["units sold", "stock available",
"delivered gty", "delivery days"]] >= 0).all(axis=1)].copy ()

df = df.sort values(["sku",

"date"]) .reset index (drop=True)
TEHEPAIIIA O3HAK (FEATURE ENGINEERING)
# Yacomi jaru mmg uijgboBoi 3MiHHOI
for lag in [1-6]:

df [f"lag {lag}"] =
df .groupby ("sku") ["units sold"].shift (lag)

# IMmMnynasc (Bl1OHOWEHHS JIaT1B)
df ["momentum 7 1"] = df(["lag 1"] / (df["lag 7"] + le-3)

df ["momentum 14 7"] = df["lag 7"] / (df["lag 14"] + le-3)

# Koeszui cratuctuku (Rolling statistics)

df ["rolling mean 7"] =
df .groupby ("sku") ["units sold"].transform(lambda x:
Xx.shift (1) .rolling(7) .mean())

df["rolling std 7"] =
df .groupby ("sku") ["units sold"].transform(lambda x:
X.shift(1l).rolling(7) .std())
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df ["rolling max 7"] =
df .groupby ("sku") ["units sold"].transform(lambda x:
x.shift (1) .rolling(7) .max())

df ["rolling min 7"] =
df .groupby ("sku") ["units sold"].transform(lambda x:
x.shift(l) .rolling(7) .min())

# JlokaJbHMM TpPeHnI 3a OCTaHHl 7 nHiB

def rolling trend(x):

return x.shift(1l).rolling(7) .apply(lambda z:
np.polyfit(range(len(z)), z, 1) if len(z.dropna()) == 7 else

np.nan)

df ["trend 7"] =
df .groupby ("sku") ["units sold"].transform(rolling trend)

# Jlaru myig UiHM, akuilM, JOoCTaBKM Ta S3aJMIKiB

df ["price lag 1"] =
df .groupby ("sku") ["price unit"].shift (1)

df ["promo lag 1"] =
df .groupby ("sku") ["promotion flag"].shift (1)

df ["promo_effect"] = df["promotion flag"] * df["lag 1"]

df ["delivery lag 7"] =
df .groupby ("sku") ["delivery days"].shift (7)

df ["stock lag 1"] =
df .groupby ("sku") ["stock available"].shift (1)
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# T'moBanbui cTaTucTuky Ha piBui SKU

sku stats = df.groupby("sku") ["units sold"].agg(["mean",
"min", "max", "std"]).reset index()
sku stats.columns = ["sku", "sku mean", "sku min",

"sku max", "sku std"]

df = df.merge(sku stats, on="sku", how="left")

# KanenpmapHl o3HaKM

df ["date"] = pd.to datetime(df["date"])

df ["is month start"] =
df ["date"].dt.is month start.astype(int)

df ["is month end"] =
df ["date"].dt.is month end.astype (int)

df ["dayofweek"] df ["date"].dt.dayofweek

df ["month"]

df ["date"] .dt.month

df ["year"]

df ["date"].dt.year

df ["is weekend"] df ["dayofweek"].isin([7,

8]) .astype (int)
df ["day"] = df["date"].dt.day

df ["week of month"] = df["day"] // 7 + 1

# KoB3H1 cTaTMCTMKM IJIS KaTeropil Ta uiH



df ["category rolling mean 7"] =
df .groupby ("category") ["units sold"].transform(lambda x:
x.shift (1) .rolling(7) .mean())

df ["category rolling std 7"] =
df .groupby ("category") ["units sold"].transform(lambda x:
x.shift (1) .rolling(7) .std())

df ["price rolling mean 7"] =
df .groupby ("sku") ["price unit"].transform(lambda x:

x.shift(l) .rolling(7) .mean())

df ["promo rolling 7"] =
df .groupby ("sku") ["promotion flag"].transform(lambda x:
x.shift (1) .rolling(7) .sum())

# IumukaTopu BizmcyTHocTi ToBapy (Out-of-Stock)

df ["stockout flag"] = ((df["stock available"] == 0)
(df ["delivered gty"] > 0)) .astype(int)

df["rolling stockouts 7"] =
df .groupby ("sku") ["stockout flag"].transform(lambda x:
x.shift(l) .rolling(7) .sum())

# Yac 3 MOMEHTY OCTaHHBLOI akKLUil umM mocTaBKM
def time since event (series):

return series[::-1].cumsum()[::-1] * series

df ["time since promo"] =
df .groupby ("sku") ["promotion flag"].transform(lambda x:

time since event(x == 0))

&
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df ["time since delivery"] =
df .groupby ("sku") ["delivery days"].transform(lambda x:

time since event(x == 0))

# TpuronoMmeTpmuHi Ce30HH1 CcuTHAIM

df ["month sin"]

np.sin(2 * np.pi * df["month"] / 12)

df ["month cos"] np.cos(2 * np.pi * df["month"] / 12)

df ["dow sin"] np.sin(2 * np.pi * df["dayofweek"] / 7)

df ["dow cos"]

np.cos (2 * np.pi * df["dayofweek"] / 7)

# OsHaxM B3aeMonmii

df ["promo _dow"] = df["promotion flag"] * df["dayofweek"]

df ["price x stock"] = df["price unit"] *

df ["stock available"]

# KomyBaHHSa KaTeroplanbHMX 3MiHHMX Ta BumajieHHsa NaN

enc = OrdinalEncoder (handle unknown='use encoded value',

unknown value=-1)

df [["sku cat", "segment cat", "category cat"]] =

enc.fit transform(df[["sku", "segment", "category"]])

df = df.dropna/)

# dopmyBaHHA GlHANBHOTO MNPOCTOPY OB3HAK



63

exclude cols = ["date", "sku", "brand", "segment",
"channel", "region", "pack type", "delivered gty",

"units sold", "category"]

features = [col for col in df.columns if col not in
exclude cols and not np.issubdtype (df[col] .dtype,
np.datetime64) ]

categorical features = ["sku cat", "segment cat",
"category cat", "dayofweek", "month", "is weekend",

"promotion flag", "is month start™, "is month end"]

target = "units sold"

# PosBUTTS Ha TPeHYBaJIbHY Ta TEeCTOBY BUOIpkM (ocTaHHl 42

nHi)

cutoff date = df["date"].max() - pd.Timedelta (days=42)

train = df[df["date"] <= cutoff date].copy()

test

df [df ["date"] > cutoff date].copy()

HABYAHHA MOJIEJIEM LIGHTGBM IIJIA KOXHOI KATET'OPII

category models = {}

category preds = []

category metrics = {}

def safe mape(y true, y pred):

mask = y true != 0
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return mean absolute percentage error(y true[mask],

y_pred[mask])

for cat in tgdm(df["category"].unigque (), desc="Training

per category"):

df cat df [df ["category"] == cat].copy()

cutoff

df cat["date"].max() - pd.Timedelta (days=42)

train ¢ = df cat[df cat["date"] <= cutoff]

test c df cat[df cat["date"] > cutoff]

if len(train c) < 30 or len(test c) < 7:

continue

# BasoBa MOIeJIb IOJIS BMBHAUEHHS BaXJIMBOCTIL O3HAK

(Feature Ranking)

base model = LGBMRegressor (n _estimators=200,

learning rate=0.05, max depth=5, random state=42, verbose=-1)

base model.fit (train c[features], train cl[target])

fi = pd.Series (base model.feature importances ,

index=features) .sort values (ascending=False)

best score = float ("inf")

best features = features
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# Xamibumim BinmGip o3Hak (Greedy Forward Selection)

for k in range (10, len(features) + 1, 5):

top k = fi.head(k).index.tolist()

model k clone (base model) .fit (train c[top k],

train c[target])

preds k np.clip (model k.predict(test c[top k]),

0, None)

rmse_k =

np.sqgrt (mean squared error (test cltarget], preds k))

if rmse k < best score:

best score = rmse k

best features = top k

# HaBuanua diHanpHOl Momesii Ha BimibpaHmMx oO3HaKax

model = LGBMRegressor (

n estimators=500, learning rate=0.03, max depth=7,

subsample=0.8, colsample bytree=0.8,

random state=42, verbose=-1

model.fit (

train c[best features], train c[target],



categorical feature=[f for f in

categorical features if f in best features]

test ¢ = test c.copy()

test c["prediction"] =

np.clip (model.predict (test c[best features]), 0, None)

category preds.append(test c)

category models[cat] = {"model": model, "features":

best features}

# Po3paxyHOK MEeTPMK SKOCTI

rmse = np.sgrt(mean squared error (test cl[target],

test c["prediction"]))
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mape = safe mape (test c[target], test c["prediction"])
smape = np.mean(2 * np.abs(test c[target] -
test c["prediction"]) /

(np.abs (test c[target]) +

np.abs (test c["prediction"]) + le-8))
r2 = r2 score(test cltarget], test c["prediction"])
category metrics[cat] = {"RMSE": rmse, "MAPE": mape,

"SMAPE": smape, "R2": r2, "N features": len(best features)}
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ATPETAITA PE3VIIBTATIB TA SHAP-IHTEPIIPETAIITA

df all = pd.concat (category preds, axis=0)

# [oOynoBa rpabikiB TwxHeBMX TpeHDiB: PakT HPOTU I[IPOTHO3Y

df all["week"] = df all["date"] -
pd.to timedelta(df all["date"].dt.dayofweek, unit="d")

agg = df all.groupby(["category", "week"]) [["units sold",

"prediction"]].sum() .reset index ()

for cat in agg["category"].unique() :

df cat = agglagg["category"] == cat]

plt.figure(figsize=(10, 4))

plt.plot (df cat["week"], df cat["units sold"],

label="Actual", marker="o")

plt.plot (df cat["week"], df cat["prediction"],

label="Predicted", marker="x")

plt.title(f"{cat} - Weekly Prediction vs Actual")

plt.xticks (rotation=45)

plt.grid(True)

plt.legend()

plt.tight layout()

plt.show ()



# SHAP-anaJsis miasg kaTeropii ReadyMeal

model = category models["ReadyMeal"] ["model"]

used features = category models["ReadyMeal"] ["features"]

X sample = df[df["category"] ==

"ReadyMeal"] [used features].sample (500, random state=42)
explainer = shap.Explainer (model)
shap values = explainer (X sample)

# Bisyajsisalildg BaxJIMBOCT1 O3HAK

shap.plots.bar (shap values)

shap.plots.beeswarm(shap values)
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