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UntitledO.ipynb - Colab

# ol Jig A QY S by
from google.colab import drive
drive.mount('/content/drive")

Drive already mounted at /content/drive; to attempt to forcibly remount, call drive.mount("/content/drive", force_remount=T

# o s ety LIS i

HSHAP slas)l a5 zisadll (il apmiy zisall juds Glie
#imbalanced-learn <ULl ()ls ae AlKAe mllad
#-q il cd 3 i Jaald aday L glie

Ipip -q install shap==0.45.1 imbalanced-learn==0.12.3

#os Slaladly Gl ae Jelati Glie

#glob il JS cuai glie CSV e dae (e

#zipfile ale B il Laai lie 7ZIP 4l

#re U 4wiis Regular Expressionssaed) Lili clic Sis Ve@..V95
#Warnings Gl ydall 3 laY Aeading

import os
import glob
import zipfile

# Ul Glalae paas

#OUT_DIR il i)l alaall 138

H#FIG_DIR <lijadly claguyll 4 Jasiy

#REP_DIR il il 48 Loty CSV

OUT_DIR = "/content/outputs"

FIG_DIR = os.path.join(OUT_DIR, "figures")
REP_DIR = os.path.join(OUT_DIR, "reports")

Heladadl L)
os.makedirs(FIG_DIR, exist_ok=True)
os.makedirs(REP_DIR, exist_ok=True)

print("Done:", OUT_DIR)
print("Figures:", FIG_DIR)
print("Reports:", REP_DIR)

544.3/544.3 kB 8.8 MB/s eta 0:00:00
258.3/258.3 kB 12.7 MB/s eta 0:00:00

Done: /content/outputs
Figures: /content/outputs/figures
Reports: /content/outputs/reports

# <Ll 3l 3 CSV

import glob
import os

Hl s Jid A bl aise
DATA_DIR = "/content/drive/MyDrive/Traffic"

#alde ge sl CSV

csv_files = sorted(glob.glob(os.path.join(DATA_DIR, "*.csv")))

assert len(csv_files) »>= 1, f"I couldn't find any CSV files inside: {DATA_DIR}"
#alaadll Jab clilal aae s el dclds Sl

print("Path", DATA_DIR)

print("Number of CSV files:", len(csv_files))

# ol clildl claw) e XU Gl 10 Jsl (e
for f in csv_files[:10]:
print("", os.path.basename(f))

#lill sy pae die Uad alle) ledal
assert len(csv_files) >= 1, "I couldn't find the CSV file inside Traffic."

Path /content/drive/MyDrive/Traffic
Number of CSV files: 31
VSDATA_20250301.csv
VSDATA_20250302.csv
VSDATA_20250303.csv
VSDATA_20250304.csv
VSDATA_20250305.csv
VSDATA_20250306.csv
VSDATA_20250307.csv
VSDATA_20250308.csv
VSDATA_20250309.csv
VSDATA_20250310.csv

-
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#os Ly Clalaadl ae Jalasll
#re sxel e sl VOO, . VIS5
#glob il (e &l
#pandas Ukl Aslladl
#numpy bl g1l dissd 4 Lpall) el
import os
import re
import glob
import pandas as pd
import numpy as np
#lall paas
#DATA_DIR <ilile glSa 13 CSV adall
#PROC_DIR lile 44 lisiy yoa alae 13 Parquet
DATA_DIR = "/content/drive/MyDrive/Traffic"
PROC_DIR = "/content/processed"
#alae (L&) Parquet
os.makedirs(PROC_DIR, exist_ok=True)
#has) Ag e il aaas
csv_files = sorted(glob.glob(os.path.join(DATA_DIR, "*.csv")))
assert len(csv_files) > @, "No CSV files found."
print("CSV files:", len(csv_files))
CSV files: 31
s A
#aal s Cale Aallaas el i
sample_file = csv_files[0]
df = pd.read_csv(sample_file)
print("Shape before:", df.shape)
df.head()
Shape before: (113849, 103)
NB_SCATS_SITE QT_INTERVAL_COUNT NB_DETECTOR VOO Vel Ve2 Ve3 Ve4 Ve5 Vee ... V90 V91 V92 V93 V94 V95 NM_REC
0 100 2025-03-01 1 4 5 4 3 3 2 3 . 8 2 5 7 8 8 V
1 100 2025-03-01 2 27 27 23 10 15 10 12 .. 58 52 45 42 41 40 V
2 100 2025-03-01 3 49 57 36 27 29 24 19 .. 72 68 65 50 57 47 \
3 100 2025-03-01 4 9 9 12 14 9 16 17 .. 60 47 40 34 44 22 V
4 100 2025-03-01 5 1 4 8 1 3 3 9 . 5 7 4 8 5 4 \
5 rows x 103 columns
s N
#2eY) dallee VOO ) VIS
volume_cols = [c for c in df.columns if re.match(r"V\d+", c)]
print("Detected volume columns:", len(volume_cols))
print(volume_cols[:10])
Detected volume columns: 96
['Vee', 've1i', 've2', 'Ve3', 've4', 'Ves', 'Ves6', 'Ve7', 'vVes', 've9']
e N
#l diss3 Parquet (sl aly ile)
out_path = os.path.join(PROC_DIR, "test.parquet")
df.to_parquet(out_path, index=False)
print("Saved:", out_path)
Saved: /content/processed/test.parquet
# oSl S
Hue WA 3 ciluluall 5ol Gy aal
INTERVAL_MIN = 15
# A 15 2 Lall et 1
HORIZON_MIN = 15
LY wise Jiar U dsenll ol
SITE_COL = "NB_SCATS_SITE"
Heblall Jah Guluall 3,
DETECTOR_COL = "NB_DETECTOR"
#Hhakidl sl
REGION_COL = "NM_REGION"
https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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el Al & by

DATE_COL = "QT_INTERVAL_COUNT"
#Regex Jalull e fladay suel) maail
V_COL_PATTERN = r"AV\d{2}$"

PROC_DIR = "/content/processed"
import os, re
import pandas as pd

import numpy as np

os.makedirs(PROC_DIR, exist_ok=True)

# o0 dis o+ ld) 13 Wide o)) Long + &l TIMESTAMP 4kial & Parquet
def process_one_file(csv_path: str):

# <k 4 csv
df = pd.read_csv(csv_path)

#oaaldl 8 sasmge L) saell B

must = [SITE_COL, DETECTOR_COL, DATE_COL]

missing = [c for c in must if c not in df.columns]
if missing:

# sael oo Cadl veR. V95
vcols = [c for c¢ in df.columns if re.match(r"~v\d{2}$", str(c))]
if len(vcols) ==
# A @ils J Llsal V. VIS5
vcols = [c for c¢ in df.columns if re.match(r"~V\d{1,3}$", str(c))]
if len(vcols) ==

# ol o @l dissi datetime
df[DATE_COL] = pd.to_datetime(df[DATE_COL], errors="coerce")

# oo Ul disss Wide ) Long

# 0 JS Vxx sl sel i Jlay JEiue Cia ) s

out = df[[SITE_COL, DETECTOR_COL, DATE_COL] + vcols].melt(
id_vars=[SITE_COL, DETECTOR_COL, DATE_COL],
value_vars=vcols,
var_name="INTERVAL_COL",
value_name="VOLUME"

# o dseadl e sl A Zaid (S V7 -> 7)

out["INTERVAL_IDX"] = (
out["INTERVAL_COL"]
.str.replace("VvV", ""
.astype(int)

, regex=False)

# +Li) TIMESTAMP = (48 15 x syull o8,) 4+ Ul
out["TIMESTAMP"] = (
out[DATE_COL] +
pd.to_timedelta(out["INTERVAL_IDX"] * INTERVAL_MIN, unit="m")

#  Jissiy bl VOLUME @8, )

out["VOLUME"] = (
pd.to_numeric(out["VOLUME"], errors="coerce"
.fillna(@)
.astype(np.float32)

)

# T Lty Al sae ¥l )
out = (

#  Aear zlAY) Gl aul 20s3 Parquet
base = os.path.splitext(os.path.basename(csv_path))[0]
out_path = os.path.join(PROC_DIR, f"{base}.parquet")

# aldl s
out.to_parquet(out_path, index=False)

# bsiad Gldl e pls )
return out_path

raise ValueError(f"Missing columns {missing} in file: {os.path.basename(csv_path)}")

raise ValueError(f"No Vxx columns found in: {os.path.basename(csv_path)}")

out[[SITE_COL, DETECTOR_COL, "TIMESTAMP", "VOLUME", "INTERVAL_IDX"]]
.sort_values([SITE_COL, DETECTOR_COL, "TIMESTAMP"], kind="mergesort")

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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saved = []

for i, f in enumerate(csv_files, 1):
p = process_one_file(f)

# el Las
saved.append(p)

# o Aaled) a8 delh
print(f"[{i}/{len(csv_files)}] saved -> {p}")

# Al 8 AL clld) s gy
print("Number of Parquet files:", len(saved))

[1/31] saved -> /content/processed/VSDATA_20250301.parquet
[2/31] saved -> /content/processed/VSDATA_20250302.parquet
[3/31] saved -> /content/processed/VSDATA_20250303.parquet
[4/31] saved -> /content/processed/VSDATA_20250304.parquet
[5/31] saved -> /content/processed/VSDATA_20250305.parquet
[6/31] saved -> /content/processed/VSDATA_20250306.parquet
[7/31] saved -> /content/processed/VSDATA_20250307.parquet
[8/31] saved -> /content/processed/VSDATA_20250308.parquet
[9/31] saved -> /content/processed/VSDATA_20250309.parquet
[10/31] saved -> /content/processed/VSDATA_20250310.parquet
[11/31] saved -> /content/processed/VSDATA_20250311.parquet
[12/31] saved -> /content/processed/VSDATA_20250312.parquet
[13/31] saved -> /content/processed/VSDATA_20250313.parquet
[14/31] saved -> /content/processed/VSDATA_20250314.parquet
[15/31] saved -> /content/processed/VSDATA_20250315.parquet
[16/31] saved -> /content/processed/VSDATA_20250316.parquet
[17/31] saved -> /content/processed/VSDATA_20250317.parquet
[18/31] saved -> /content/processed/VSDATA_20250318.parquet
[19/31] saved -> /content/processed/VSDATA_20250319.parquet
[206/31] saved -> /content/processed/VSDATA_20250320.parquet
[21/31] saved -> /content/processed/VSDATA_20250321.parquet
[22/31] saved -> /content/processed/VSDATA_20250322.parquet
[23/31] saved -> /content/processed/VSDATA_20250323.parquet
[24/31] saved -> /content/processed/VSDATA_20250324.parquet
[25/31] saved -> /content/processed/VSDATA 20250325.parquet
[26/31] saved -> /content/processed/VSDATA_20250326.parquet
[27/31] saved -> /content/processed/VSDATA_20250327.parquet
[28/31] saved -> /content/processed/VSDATA_20250328.parquet
[29/31] saved -> /content/processed/VSDATA_20250329.parquet
[30/31] saved -> /content/processed/VSDATA_20250330.parquet
[31/31] saved -> /content/processed/VSDATA_20250331.parquet
Number of Parquet files: 31

# Al Clld) alae s Gy el
import os
PROC_DIR = "/content/processed"

# 2sage Aadll of Sl
assert os.path.exists(PROC_DIR), "Processed folder does not exist."

print("Processed folder found:", PROC_DIR)

Processed folder found: /content/processed

# Gllae)

import os
import pandas as pd
import numpy as np

INTERVAL_MIN = 15
HORIZON_MIN = 15 # A8 15 s sl Gl
SITE_COL = "NB_SCATS_SITE" # 5,L¥) gise diay I 2genll anl

DETECTOR_COL = "NB_DETECTOR"  # obl&ll Jals bl o) iy I apenll s

PROC_DIR = "/content/processed"” # <lik iss Parquet o« 43l process_one_file
FEATURED_DIR = "/content/featured"  # &\jwll dla) 2y il sl apa dlae (Features)

THRESHOLD_QUANTILE = ©.85 # alaa)l dad lel 8 e %15 Sl
os.makedirs(FEATURED_DIR, exist_ok=True) # iss <Ll featured 2s:5 oS L 1)

print("PROC_DIR:", PROC_DIR) # Jlue 4clds processed bl
print("FEATURED_DIR:", FEATURED_DIR) # e dclb featured sl

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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PROC_DIR: /content/processed
FEATURED_DIR: /content/featured

# <l Qs parquet 2« o« processed

# - e U clldl S cuss parquet Jils PROC_DIR
pfiles = sorted([

f for f in os.listdir("processed")

if f.endswith(".parquet") and f != "test.parquet”
1

print(" Parquet files found:", len(pfiles)) # <l ae
print(" First 5 files:", pfiles[:5]) # bl cladd 5 U4 Gme

Parquet files found: 31
First 5 files: ['VSDATA_20250301.parquet', 'VSDATA_20250302.parquet’, 'VSDATA_20250303.parquet’, 'VSDATA_20250304.parquet’

# Jed A Feature Engineering <ild Parquet sl
# aual 1aagdl HOUR/DAY_OF_WEEK/IS_WEEKEND + LAGs + FUTURE_CONGESTION
#ddE cads IS5y mU) Ldss o5 RAM

def featurize_one_parquet(parquet_path: str) -> pd.DataFrame:
df = pd.read_parquet(parquet_path) # alll 3l 3

# Slad sasasall 3aeY) e B processed
must = [SITE_COL, DETECTOR_COL, "TIMESTAMP", "VOLUME"]
missing = [c for ¢ in must if c not in df.columns]
if missing:
raise ValueError(f"Missing columns {missing} in {parquet_path}")

# il g5 e b
df["TIMESTAMP"] = pd.to_datetime(df["TIMESTAMP"], errors="coerce")

# Jf s 8 shift
df = df.sort_values(["NB_SCATS_SITE", "NB_DETECTOR", "TIMESTAMP"], kind="mergesort")

# Jiiwall Clshadll 2ae
shift_steps = HORIZON_MIN // INTERVAL_MIN #=1

# <L) future_volume
g = df.groupby(["NB_SCATS_SITE", "NB_DETECTOR"])["VOLUME"]
df["future_volume"] = g.shift(-1)

# il jalad

df["HOUR"] = df["TIMESTAMP"].dt.hour

df["DAY_OF _WEEK"] = df["TIMESTAMP"].dt.dayofweek

df["IS_WEEKEND"] = df["DAY_OF_WEEK"].isin([4, 5]).astype(np.int8)

# LAG Features

df["LAG_1"] = g.shift(1)
df["LAG_2"] = g.shift(2)
df["LAG_4"] = g.shift(4)

# 0 sl Gl s shift
df = df.dropna(subset=["LAG_1", "LAG_2", "LAG_4", "future_volume"]).copy()

# Gl L)
df["TARGET"] = (df["future_volume"] >= THRESH).astype(np.int8)

# 5 Sl el Jidas
float_cols = ["VOLUME", "LAG_1", "LAG_2", "LAG_4", "future_volume"]
for c in float_cols:

df[c] = df[c].astype(np.float32)

df["HOUR"] = df["HOUR"].astype(np.int8)
df["DAY_OF_WEEK"] = df["DAY_OF_WEEK"].astype(np.int8)

return df

# s THRESH <ile Jsl (» 4ue (» processed
sample_file = os.path.join(PROC_DIR, pfiles[0])
df_sample = pd.read_parquet(sample_file)

df_sample = df_sample.sort_values(["NB_SCATS_SITE","NB_DETECTOR","TIMESTAMP"])
g = df_sample.groupby(["NB_SCATS_SITE","NB_DETECTOR"])["VOLUME"]
df_sample["future_volume"] = g.shift(-1)

THRESH = df_sample["future_volume"].quantile(@.85)

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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print("THRESH =", THRESH)
THRESH = 24.0
-
# Jadi Feature Engineering <k JS e Parquet JeS zed os»
# b <l JS & Lis & FEATURED_DIR
featured_paths = [] # 45l Clldl @ lee Lisl 406 (featured)
failed = [] #(AShe 48 Gl 48 ) clis W) il i) 4
os.makedirs(FEATURED_DIR, exist_ok=True) # Asa oL FEATURED_DIR a5 & 13
for i, f in enumerate(pfiles, 1): # clile K e b parquet 1 oo b de sl
in_path = os.path.join(PROC_DIR, f) # Jasy ke L (processed)
out_path = os.path.join(FEATURED_DIR, f) # gAY <l L (featured)
try:
df_feat = featurize_one_parquet(in_path) # JaiS Feature Engineering (@ osv) <l e
df_feat.to_parquet(out_path, index=False) # S Ul his parquet Jily FEATURED_DIR
featured_paths.append(out_path) # Al 2 jled) lais
#JA)';\+»_ALAJ,1+;MLA5JSMIPA§3:\;QL
if 1 %5 ==0o0r i==1o0r i==1en(pfiles):
print(f"[{i}/{len(pfiles)}] OK -> {f} | shape={df_feat.shape}")
except Exception as e:
failed.append((f, str(e))) # Wl Al Gl a8
print(f"[{i}/{len(pfiles)}] FAILED -> {f} | {e}") # casiill 5,ilu (bill jme
print("\n ")
print(" Total featured files:", len(featured_paths)) # casd Il Gl s
print(" Failed files:", len(failed)) # oclid ) clld) e
if failed:
print("First 3 failures:", failed[:3]) # (oassll) elbdl 3 J4 pase
[1/31] OK -> VSDATA_20250301.parquet | shape=(10360259, 13)
[5/31] OK -> VSDATA 20250305.parquet | shape=(10360259, 13)
[16/31] OK -> VSDATA_20250310.parquet | shape=(10366083, 13)
[15/31] OK -> VSDATA_20250315.parquet | shape=(10368995, 13)
[26/31] OK -> VSDATA_20258320.parquet | shape=(10369723, 13)
[25/31] OK -> VSDATA_20250325.parquet | shape=(10374091, 13)
[30/31] OK -> VSDATA 20250330.parquet | shape=(10374091, 13)
[31/31] OK -> VSDATA_20250331.parquet | shape=(10374091, 13)
Total featured files: 31
Failed files: @
p
# kit pajell due (Preview) <l JS me (v
SAMPLE_PER_FILE = 5000 # ol & e il Gigia ax
MAX_FILES = 5 # b clile 5 0 e due 23l
parts = [] # lall eadl A48
for fp in featured_paths[:min(MAX_FILES, len(featured_paths))]:
d = pd.read_parquet(fp)
if len(d) > SAMPLE_PER_FILE:
d = d.sample(n=SAMPLE_PER_FILE, random_state=42)
parts.append(d)
df_all_sample = pd.concat(parts, ignore_index=True) if parts else pd.DataFrame()
print(" df_all_sample shape:", df_all_sample.shape) # Al aas
df_all_sample.head() # Gsiall Jsl m e
df_all_sample shape: (25000, 13)
NB_SCATS_SITE NB_DETECTOR TIMESTAMP VOLUME INTERVAL_IDX future_volume HOUR DAY_OF_WEEK IS_WEEKEND LAG_1 LAG_2 ||
2025-03-
0 6681 20 01 0.0 71 0.0 17 5 0.0 0.0
17:45:00
2025-03-
1 5455 1 01 0.0 35 0.0 8 5 0.0 0.0
08:45:00
2025-03-
P
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# < XGBoost
I'pip install -q xgboost

N
e
#o) Ul XGBoost 4i A
import xgboost
print("XGBoost version:", xgboost.__version_ )
XGBoost version: 3.2.0
p
# Sllall e apds
# <k 2e featured
split_f = int(len(featured_paths) * 0.8)
# N %80 Jsl
train_files = featured_paths[:split_f]
# 4 %20 LAl
test_files = featured_paths[split_f:]
print("Train files:", len(train_files))
print("Test files:", len(test_files))
Train files: 24
Test files: 7
p
# clile 4l a3 parquet
PROC_DIR = "processed"
pg_files = sorted([
os.path.join(PROC_DIR, f)
for f in os.listdir(PROC_DIR)
if f.endswith(".parquet") and f != "test.parquet”
1
print ("<l 2e:t ) len(pg_files))
print("3 Js:", [os.path.basename(x) for x in pq_files[:3]])
31 ol s
3 Jsl: ['VSDATA_20250301.parquet', 'VSDATA_20250302.parquet', 'VSDATA_20250303.parquet’]
-

#:U3 FEATURED
import os

FEATURED_DIR = "featured_parquet"
os.makedirs(FEATURED_DIR, exist_ok=True)

print("clile ¢ e FEATURED...")

featured_paths = []
failed = []

for i, fp in enumerate(pq_files, 1):
try:
df_feat = featurize_one_parquet(fp)

out_path = os.path.join(FEATURED_DIR, os.path.basename(fp))
df_feat.to_parquet(out_path, index=False)
featured_paths.append(out_path)

if 1 %5 ==0o0r i==1o0r i==1len(pqg_files):
print(f"[{i}/{len(pg_files)}] OK -> {os.path.basename(out_path)} | shape={df_feat.shape}")

except Exception as e:
failed.append((os.path.basename(fp), str(e)))
print(f"[{i}/{len(pg_files)}] FAILED -> {os.path.basename(fp)} | {e}")

print("\n ")
print("Total featured files:", len(featured_paths))
print("Failed files:", len(failed))
if failed:
print("First 3 failures:", failed[:3])

ile L) en FEATURED. ..

[1/31] OK -> VSDATA 20250301.parquet | shape=(10360259, 13)
[5/31] OK -> VSDATA_20250305.parquet | shape=(10360259, 13)
[16/31] OK -> VSDATA_20250310.parquet shape=(10366083, 13)
[15/31] OK -> VSDATA 20250315.parquet | shape=(10368995, 13)
[26/31] OK -> VSDATA_20250320.parquet shape=(10369723, 13)
[25/31] OK -> VSDATA 20250325.parquet | shape=(10374091, 13)
[30/31] OK -> VSDATA_20250330.parquet | shape=(10374091, 13)
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[31/31] OK -> VSDATA 20250331.parquet | shape=(10374091, 13)
Total featured files: 31
Failed files: ©
-
import os
import pandas as pd
CANDIDATE_DIRS = ["featured", "processed_featured", "featured_parquet", "featurized", "features", "processed"]
def list_parquets(d):
if not os.path.isdir(d):
return []
return sorted([os.path.join(d, f) for f in os.listdir(d) if f.endswith(".parquet")])
pq_files = []
for d in CANDIDATE_DIRS:
files = list_parquets(d)
if not files:
continue
# seV) aaadl (il Jgl s
cols = pd.read_parquet(files[@]).head(2).columns.tolist()
# 48 13 Features sxicly o33
if ("LAG_1" in cols) and ("TARGET" in cols):
pg_files = files
print(" asall L) S0t d)
break
if not pq_files:
print(" <l <l W Featured & LAG_1 s TARGET")
else:
print("<lld 2e:" ) len(pq_files))
print("<k Ji:", pg_files[0])
print("iue sxci:", pd.read_parquet(pg_files[@]).head(2).columns.tolist())
Asall as) 30 featured
31 ol s
sl JUa: featured/VSDATA_ 20250301.parquet
iye swel: ['NB_SCATS_SITE', 'NB_DETECTOR', 'TIMESTAMP', 'VOLUME', 'INTERVAL_IDX', 'future_volume', 'HOUR', 'DAY_OF_WEEK', 'I
p
Horoall de Jaeas
FEATURES = ["VOLUME", "LAG_1", "LAG_2", "LAG_4",
"HOUR", "DAY_OF_WEEK", "IS_WEEKEND"]
TARGET = "TARGET"
def load_sample(files, n_per_file=50000):
parts = []
for fp in files:
df = pd.read_parquet(fp, columns=FEATURES + [TARGET])
if len(df) > n_per_file:
df = df.sample(n=n_per_file, random_state=42)
parts.append(df)
return pd.concat(parts, ignore_index=True)
train_df = load_sample(train_files, n_per_file=50000)
test_df = load_sample(test_files, n_per_file=50000)
X_train = train_df[FEATURES]
y_train = train_df[TARGET].astype(int)
X_test = test_ df[FEATURES]
y_test = test_df[TARGET].astype(int)
print("X_train:", X_train.shape, "y_train:", y_train.shape, "Positive%:", y_train.mean().round(3))
print("X_test :", X_test.shape, "y _test :", y_test.shape, "Positive%:", y_test.mean().round(3))
assert set(np.unique(y_train)).issubset({0,1})
assert set(np.unique(y_test)).issubset({0,1})
X_train: (1200000, 7) y_train: (1200000,) Positive%: 0.159
X_test : (350000, 7) y_test : (350000,) Positive%: 0.16
-
# X sy
# el oo @il dad (Train)
X_train = train_df[FEATURES]
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y_train = train_df[TARGET]
# gl e Gl Jad (Test)

X_test = test_df[FEATURES]
y_test = test_df[TARGET]

# o=asd NaN
nan_train = X_train.isna().sum().sum() + y_train.isna().sum()
nan_test = X_test.isna().sum().sum() + y_test.isna().sum()

print("NaN in Train:", int(nan_train))
print("NaN in Test:", int(nan_test))

# 48 1)) NaN: sl cagiall Cadas

if nan_train > 0:
tmp = train_df.dropna(subset=FEATURES + [TARGET]).copy()
X_train = tmp[FEATURES]
y_train = tmp[TARGET]

if nan_test > 0:
tmp = test_df.dropna(subset=FEATURES + [TARGET]).copy()
X_test = tmp[FEATURES]
y_test = tmp[TARGET]

print(" X_train shape:", X_train.shape)
print(" X_test shape:", X_test.shape)

NaN in Train: @

NaN in Test: ©

X_train shape: (1200000, 7)
X_test shape: (350000, 7)

P
# gzl L4, (Accuracy / Precision / Recall / F1 / ROC AUC)
import pandas as pd
import numpy as np
# Al i) slein)
from sklearn.linear_model import LogisticRegression
from sklearn.ensemble import RandomForestClassifier
from sklearn.ensemble import GradientBoostingClassifier
# ﬂéﬂ\kyﬁud elexin)
from sklearn.metrics import (
accuracy_score, # Adall 48
precision_score, # Precision
recall_score, # Recall
f1_score, # F1
roc_auc_score # ROC AUC
)
def safe_roc_auc(model, X, y):
if hasattr(model, "predict_proba"):
proba = model.predict_proba(X)[:, 1]
return roc_auc_score(y, proba)
elif hasattr(model, "decision_function"):
scores = model.decision_function(X)
return roc_auc_score(y, scores)
else:
return np.nan
P
# oLyl JI1 gdladdl dgyrs
models = {
#lLogistic Regression
"Logistic Regression": LogisticRegression(
max_iter=500,
class_weight="balanced"
)>
#Random Forest
"Random Forest": RandomForestClassifier(
n_estimators=200, # 5Ly sae
max_depth=14, # 5,800 Gas
random_state=42, # 2o LU au s
n_jobs=-1, # oV JS al Sl g
class_weight="balanced" #0510 eodl ple pllao

)s
#Gradient Boosting
"Gradient Boosting": GradientBoostingClassifier(
random_state=42 F P ] I S A

¥
https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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print("Models to compare:", list(models.keys()))

Models to compare: ['Logistic Regression', 'Random Forest', 'Gradient Boosting']

# @Lﬂlé@+ﬁwigm+cl,¢_ﬁ%Jﬁ
results = [] # i S il auendl 48

for name, model in models.items():
model.fit(X_train, y_train) # ocoul by ozl quox

y_pred = model.predict(X_test)

# gzl 4l (Accuracy / Precision / Recall / F1 / ROC AUC)

import numpy as np
import pandas as pd

from sklearn.linear_model import LogisticRegression
from sklearn.ensemble import RandomForestClassifier, GradientBoostingClassifier, ExtraTreesClassifier
from sklearn.metrics import accuracy_score, precision_score, recall_score, fl_score, roc_auc_score

# XGBoost

try:
from xgboost import XGBClassifier
HAS_XGB = True

except Exception:
HAS_XGB = False

# soals qunll iy of (gias
assert all(v in globals() for v in ["X_train","X_test","y_train","y_test"]), \
"Run the X_train/X_test/y_train/y_test preparation cell before comparison.”

if "X_train_small" in globals() and "y_train_small" in globals() and "X_test_small" in globals() and "y_test_small" in glo
Xtr, ytr = X_train_small, y_train_small
Xte, yte = X_test_small, y_test_small
print("Using SMALL dataset:", Xtr.shape, Xte.shape)
else:
assert "X_train" in globals() and "y_train" in globals() and "X_test" in globals() and "y_test" in globals(), \
"I couldn't find X_train/X_test.. Run the X_train and X_test preparation cell first."
Xtr, ytr = X_train, y_train
Xte, yte = X_test, y_test
print("Using FULL dataset:", Xtr.shape, Xte.shape)

# zlall oy
models = {
"LogReg": LogisticRegression(max_iter=2000, n_jobs=-1),
"RandomForest": RandomForestClassifier(n_estimators=300, max_depth=14, random_state=42, n_jobs=-1),
"GradBoost": GradientBoostingClassifier(random_state=42),
"ExtraTrees": ExtraTreesClassifier(n_estimators=500, random_state=42, n_jobs=-1),

if HAS_XGB:
models["XGBoost"] = XGBClassifier(

n_estimators=500,
max_depth=6,
learning_rate=0.05,
subsample=0.8,
colsample_bytree=0.8,
reg_lambda=1.0,
eval_metric="logloss",
random_state=42,
n_jobs=-1

rows = []
for name, model in models.items():
model.fit(X_train, y_train)

y_pred = model.predict(X_test)

# ROC-AUC
if hasattr(model, "predict_proba"):

y_score = model.predict_proba(X_test)[:, 1]
else:

y_score = model.decision_function(X_test)

rows.append({
"Model": name,
"Accuracy": accuracy_score(y_test, y_pred),

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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"Precision": precision_score(y_test, y_pred, zero_division=0),
"Recall": recall_score(y_test, y_pred, zero_division=0),

"F1": f1_score(y_test, y_pred, zero_division=0),

"ROC_AUC": roc_auc_score(y_test, y_score),

i)

results = pd.DataFrame(rows).sort_values("ROC_AUC", ascending=False)
display(results)

Using FULL dataset: (1200000, 7) (350000, 7)
Model Accuracy Precision Recall F1 ROC_AUC

4 XGBoost  0.981166 ~ 0.942781 0.939487 0.941131 0.997679
1 RandomForest 0.980909  0.942880 0.937668 0.940267 0.997630
2 GradBoost  0.980780  0.942500 0.937240 0.939863 0.997466
0 LogReg 0.979363  0.949085 0.920605 0.934628 0.997043

3 ExtraTrees 0.979883  0.939370 0.934798 0.937078 0.996762

# g O coul Ge) &lke
import time
time_results = []

for name, model in models.items():
start = time.time()
model.fit(X_train, y_train)
train_time = time.time() - start

time_results.append({
"Model": name,
"Training Time (sec)": train_time

i)

time_df = pd.DataFrame(time_results)
print(time_df)

Model Training Time (sec)

7] LogReg 3.420531
1 RandomForest 82.132786
2 GradBoost 100.880697
3 ExtraTrees 86.099509
4 XGBoost 13.622698

# 0 clile e aniy cuy Parquet Al bl < b e

import os, glob, re
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

# zigalll cleiul
from sklearn.ensemble import RandomForestClassifier

# el gl slesin

from sklearn.metrics import (
classification_report, confusion_matrix,
roc_auc_score, roc_curve,
precision_recall_curve

# (dalae s Jie) Gl jladl yasi
OUT_PQ_DIR = "/content/drive/MyDrive/Traffic_parquet"” # Uk (S parquet

OUT_DIR = "/content/outputs" # Gladall alas
FIG_DIR = os.path.join(OUT_DIR, "figures") # osall alas
REP_DIR = os.path.join(OUT_DIR, "reports") # ool alae

#osase e o cilaladl oL
os.makedirs(FIG_DIR, exist_ok=True)
os.makedirs(REP_DIR, exist_ok=True)

# (P Lim Cadddl) Gle J9 Gl aaa
TRAIN_ROWS_PER_FILE = 120 008  # <3 cile JS (e die
TEST_ROWS_PER_FILE = 120 000  # il Gl S e e

# cleal 4 threshold (ol ik ()
THR_SAMPLE_PER_FILE = 50_000

# (s %15 Llel) daas¥) i

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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THRESHOLD_QUANTILE = .85

# Ayl
RANDOM_STATE = 42

print("OUT_PQ_DIR:", OUT_PQ_DIR)
print("FIG_DIR:", FIG_DIR)
print("REP_DIR:", REP_DIR)

OUT_PQ_DIR: /content/drive/MyDrive/Traffic_parquet
FIG_DIR: /content/outputs/figures
REP_DIR: /content/outputs/reports

P
# sl Lis @b
def savefig(name):
# name: Jih s,sall aul figures
path = os.path.join(FIG_DIR, name)  # Ll jlue oly
plt.tight_layout() # JA s
plt.savefig(path, dpi=170) # dulice 335 5 )geall Jaia
plt.close()
return path
N
s
#  olids ol Parquet L) Lessssss
# olale s Leswl Parquet
pg_files = sorted([
os.path.join("featured_parquet", f)
for f in os.listdir("featured_parquet")
if f.endswith(".parquet")
1
print("Number of Parquet files:", len(pq_files))
assert len(pq_files) >= 2, "If you didn't find Parquet, make sure the conversion step worked."
# (20250301 i) Gidedl pwl g gy Uil ol gxdw! A1
def extract_date_from_name(path):
base = os.path.basename(path)
m = re.search(r"(\d{8})", base)
return m.group(1) if m else base
# o) U s olsdadl an 5y
pg_files = sorted(pq_files, key=extract_date_from_name)
print("First file:", os.path.basename(pq_files[0]))
print("Last file:", os.path.basename(pq_files[-1]))
Number of Parquet files: 31
First file: VSDATA_20250301.parquet
Last file: VSDATA_20250331.parquet
p

# Sy puwids Train/Test olilall sadws e

split_ratio = 0.80 # 80% cyus
split_idx = int(len(pq_files) * split_ratio)

train_files = pq_files[:split_idx] # (padl plol) aoyudl olals
test_files = pq_files[split_idx:] # (bl alol) S Lyl ol

print("Train days:", len(train_files), "Test days:", len(test_files))
print("First Train:", os.path.basename(train_files[0]))
print("First Test :", os.path.basename(test_files[0]))

Train days: 24 Test days: 7
First Train: VSDATA_20250301.parquet
First Test : VSDATA_20250325.parquet

# <l threshold e 3l a3 future_volume
future_samples = [] # <l 0¥ future_volume sl (e

for f in train_files:
df = pd.read_parquet(f, columns=["future_volume"])
if len(df) > THR_SAMPLE_PER_FILE:
df = df.sample(THR_SAMPLE_PER_FILE, random_state=RANDOM_STATE) # ol l cussil die
future_samples.append(df["future_volume"].to_numpy()) # 4dsiad Jisai

# saaly ddghias & cliall JS &=
future_samples = np.concatenate(future_samples)

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true 12/24



»9:05 2026/3/1 UntitledO.ipynb - Colab

# <les threshold —ws quantile
THRESH = float(np.quantile(future_samples, THRESHOLD_QUANTILE))

print("congestion threshold (future_volume) =", THRESH)

congestion threshold (future_volume) = 26.0

# s

# Aerdiiall Gl
feature_cols = ["VOLUME", "LAG_1", "LAG_2", "LAG_4", "HOUR", "DAY_OF_WEEK", "IS_WEEKEND"]

X_list, y_list = [], [] # gl Q& X 5y

for i, f in enumerate(train_files, 1):
# sl el 8 + future_volume L&
df = pd.read_parquet(f, columns=feature_cols + ["future_volume"])

# S Gl 1Y e A
if len(df) > TRAIN_ROWS_PER_FILE:
df = df.sample(TRAIN_ROWS_PER_FILE, random_state=RANDOM_STATE)

X_list.append(df[feature_cols])
y_list.append(df["future_volume"])

X_train = pd.concat(X_list, ignore_index=True)

y_train = pd.concat(y_list, ignore_index=True)
print(f"[Train {i}/{len(train_files)}] rows={len(df):,}")
# 8y dghac B cuoull U S e

X_train = np.vstack(X_list)

y_train = np.concatenate(y_list)

print("Train matrix:", X_train.shape, "labels:", y_train.shape)
print("sla)Y) 4wd (train sample):", round(float(y_train.mean()), 4))

[Train 24/24] rows=120,000
Train matrix: (2880000, 7) labels: (2880000, )
Asad¥l 4ud (train sample): 13.2779

#  zisll w5 Random Forest

rf = RandomForestClassifier(
n_estimators=150, # sV s
max_depth=18, # ooadll Gee yaas
max_features="sqrt", # il Jisy
min_samples_leaf=5,
min_samples_split=10,
bootstrap=True,
oob_score=False,
random_state=RANDOM_STATE,
n_jobs=-1,
class_weight="balanced",

)

rf.fit(X_train, y_train)

print("The model was trained")

The model was trained

#u
all_proba = [] # 1 4l oVldial aead
all_true = [] # 4@dsl a6l sl

for i, f in enumerate(test_files, 1):
df = pd.read_parquet(f, columns=feature_cols + ["future_volume"])

# oLy Gaile (e die
if len(df) > TEST_ROWS_PER_FILE:
df = df.sample(TEST_ROWS_PER_FILE, random_state=RANDOM_STATE)

# dgaad aal
y_true = (df["future_volume"].to_numpy() >= THRESH).astype(np.int8)

# <l
X = df[feature_cols].fillna(®).to_numpy(dtype=np.float32)

# sl GVl
proba = rf.predict_proba(X)[:, 1]

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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all_proba.append(proba)
all_true.append(y_true)

print(f"[Test {i}/{len(test_files)}] rows={len(df):,}")
# LAY W S e
y_test = np.concatenate(all_true)

proba = np.concatenate(all_proba)

# padiil 9/1 A wVliaY) i3 threshold 0.5
pred = (proba >= 0.5).astype(np.int8)

print(" Test merged:", y_test.shape, proba.shape)

[Test 1/7] rows=120,000
[Test 2/7] rows=120,000
[Test 3/7] rows=120,000
[Test 4/7] rows=120,000
[Test 5/7] rows=120,000
[Test 6/7] rows=120,000
[Test 7/7] rows=120,000
Test merged: (840000,) (840000,)

# Slseoll 4l Lia 4 sl

# il 8
rep = classification_report(y_test, pred, digits=4)
print(rep)

# ocale 4 il s
report_path = os.path.join(REP_DIR, "classification_report.txt")

with open(report_path, "w", encoding="utf-8") as f:
f.write(rep)

# lly) A das + AUC

cm = confusion_matrix(y_test, pred)
auc = roc_auc_score(y_test, proba)
print("AUC:", auc)

# Confusion Matrix
plt.figure()
plt.imshow(cm)
plt.title("Confusion Matrix")
plt.xlabel("Predicted"); plt.ylabel("True")
for r in range(cm.shape[@]):

for c in range(cm.shape[1]):

plt.text(c, r, str(cm[r, c]), ha="center", va="center")

p_cm = savefig("cm.png")

# ROC Curve

fpr, tpr, _ = roc_curve(y_test, proba)
plt.figure()

plt.plot(fpr, tpr)

plt.title(f"ROC Curve (AUC={auc:.4f})")
plt.xlabel("FPR"); plt.ylabel("TPR")
plt.plot([e, 1], [e, 1], "--"

p_roc = savefig("roc.png")

# Precision-Recall Curve

prec, rec, _ = precision_recall_curve(y_test, proba)
plt.figure()

plt.plot(rec, prec)

plt.title("Precision-Recall Curve")
plt.xlabel("Recall"); plt.ylabel("Precision")

p_pr = savefig("pr.png")

print(" Images saved:", p_cm, p_roc, p_pr)
print(" Report saved:", report_path)

precision recall fl-score support

2] 0.6221 0.2966 0.4017 711742

1 0.0000 0.0000 0.0000 128258

accuracy 0.2513 840000
macro avg 0.3110 0.1483 0.2008 840000
weighted avg 0.5271 0.2513 0.3404 840000

AUC: 0.03766613112162038

Images saved: /content/outputs/figures/cm.png /content/outputs/figures/roc.png /content/outputs/figures/pr.png

Report saved: /content/outputs/reports/classification_report.txt

(

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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# zis Lis Random Forest & rf

from sklearn.ensemble import RandomForestClassifier

if "Random Forest" in models:
rf = models["Random Forest"]
else:
rf = RandomForestClassifier(
n_estimators=150,
max_depth=18,
min_samples_leaf=5,
random_state=RANDOM_STATE,
n_jobs=-1,
class_weight="balanced"

)

#(OY 4 cote S L gl) caosie 4 B
try:

_ = rf.feature_importances_

print("Random Forest is present and training")
except Exception:

rf.fit(X_train, y_train)

print("Random Forest was trained and kept in rf")

Random Forest was trained and kept in rf

import pandas as pd
import os

# dgase Aadl b
REP_DIR = "reports"
os.makedirs(REP_DIR, exist_ok=True)

#ocm ghsall i
assert hasattr(rf, "feature_importances_"), "Random Forest is not trained."

feature_importances = pd.Series(
rf.feature_importances_,
index=feature_cols

).sort_values(ascending=False)

top_features = feature_importances.head(10)

top_features_path = os.path.join(REP_DIR, "top_features_random_forest.csv")
top_features.to_csv(top_features_path, header=["importance"])

print("The top 10 features of Random Forest have been saved:", top_features_path)
display(top_features)

The top 10 features of Random Forest have been saved: reports/top_features_random_forest.csv

0

VOLUME 0.199274

LAG_1 0.187723
LAG_4 0.186755
LAG_2 0.184979
HOUR 0.137318

DAY_OF_WEEK 0.081751

IS_WEEKEND  0.022200

dtype: float64

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true

# 8 <l Markdown + il his

import os

import pandas as pd

import zipfile

from datetime import datetime
import matplotlib.pyplot as plt

OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
REP_DIR = os.path.join(OUT_DIR, "reports")

# Glaladdl ol
os.makedirs(OUT_DIR, exist_ok=True)
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os.makedirs(FIG_DIR, exist_ok=True)
os.makedirs(REP_DIR, exist_ok=True)

# A aa g
if "thr" not in globals():
if "THRESH" in globals():
thr = THRESH
else:
raise ValueError("iss ¥ THRESH Y5 thr. &l Jd dgall cwsd a3¥.")

#oAkns) Ol jeie
if "THRESHOLD_QUANTILE" not in globals():
THRESHOLD_QUANTILE = float("nan"

if "auc" not in globals():
auc = float("nan")

if "rep" not in globals():
rep = "N/A (classification report not available)"

# oA Feature Importance o~ RF

assert "rf" in globals(), "rf <im "

assert hasattr(rf, "feature_importances_"), "Random Forest < _e"
assert "feature_cols" in globals(), "feature_cols <ijms ne"

feature_importances = pd.Series(rf.feature_importances_, index=feature_cols).sort_values(ascending=False)
top_features = feature_importances.head(10)

# Glw 10 el bais
top_features_path = os.path.join(REP_DIR, "top_features.csv")
top_features.to_csv(top_features_path, header=["importance"])

# s, Feature Importance (Top 20)

plt.figure(figsize=(10, 4))
feature_importances.head(20).sort_values().plot(kind="barh")
plt.title("Feature Importance (Top 20)")
plt.xlabel("Importance")

plt.tight_layout()

fi_path = os.path.join(FIG_DIR, "feature_importance.png")
plt.savefig(fi_path, dpi=170)
plt.close()

#o--- oull ey ---

report_lines = []

report_lines.append("# Traffic Congestion Prediction Report")
report_lines.append(f"Generated on: {datetime.now().strftime('%Y-%m-%d %H:%M:%S"')}")
report_lines.append("")

report_lines.append("## Dataset Overview")

report_lines.append(f"- Number of daily files: {len(pg_files) if 'pq_files' in globals() else 'N/A'}")
report_lines.append(f"- Training days: {len(train_files) if 'train_files' in globals() else 'N/A'}")
report_lines.append(f"- Testing days: {len(test_files) if 'test_files' in globals() else 'N/A'}")
report_lines.append(f"- Train sample size: {len(y_train):,}" if "y_train" in globals() else "
report_lines.append(f"- Test sample size: {len(y_test):,}" if "y test" in globals() else "
report_lines.append("")

report_lines.append("## Congestion Definition")

report_lines.append(f"- Threshold value (future_volume): {thr:.4f}")
report_lines.append("")

report_lines.append("## Model")

report_lines.append("RandomForestClassifier")

report_lines.append("")

report_lines.append("## Evaluation Results (Test Set)")

report_lines.append(f"- ROC AUC: {auc:.4f}" if pd.notna(auc) else "- ROC AUC: N/A")
report_lines.append("")

report_lines.append("### Classification Report")

report_lines.append(" "™ ")
report_lines.append(rep)
report_lines.append(" "™ ")

report_lines.append("")

report_lines.append("## Top 10 Most Important Features")
for feat, val in top_features.items():

report_lines.append(f"- {feat} : {val:.4f}")
report_lines.append("")

report_lines.append("## Generated Figures")
report_lines.append("")

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true

- Train sample size: N/A")
- Test sample size: N/A")

report_lines.append(f"- Threshold percentile: {THRESHOLD_QUANTILE*100:.0f}%" if pd.notna(THRESHOLD_QUANTILE) else "- Threst
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report_lines.append("### Confusion Matrix")
report_lines.append("![Confusion Matrix](../figures/cm.png)")
report_lines.append("")

report_lines.append("### ROC Curve")

report_lines.append("![ROC Curve](../figures/roc.png)")
report_lines.append("")

report_lines.append("### Precision-Recall Curve")
report_lines.append("![Precision-Recall Curve](../figures/pr.png)")
report_lines.append("")

report_lines.append("#i## Feature Importance")
report_lines.append("![Feature Importance](../figures/feature_importance.png)")
report_lines.append("")

report_lines.append("---")

report_lines.append("End of Report")

report_md = "\n".join(report_lines)
report_path = os.path.join(REP_DIR, "final_report.md")

with open(report_path, "w", encoding="utf-8") as f:
f.write(report_md)

print("The report was created:", report_path)
print("Top features CSV:", top_features_path)
print("Feature importance figure:", fi_path)

# --- GIE‘;S Jaaa - --
zip_path = "/content/Traffic_Project_Final_Outputs.zip"

with zipfile.zipFile(zip_path, "w", zipfile.ZIP_DEFLATED) as z:
for root, _, files in os.walk(OUT_DIR):
for file in files:
full_path = os.path.join(root, file)
arc_name = os.path.relpath(full_path, OUT_DIR)
z.write(full_path, arcname=arc_name)

print("ZIP file has been created:")
print(zip_path)

The report was created: /content/outputs/reports/final_report.md

Top features CSV: /content/outputs/reports/top_features.csv

Feature importance figure: /content/outputs/figures/feature_importance.png
ZIP file has been created:

/content/Traffic_Project_Final_Outputs.zip

# 8 ga e

import os
from IPython.display import Markdown, display

REPORT_PATH = "/content/outputs/reports/final_report.md"
FIG_DIR = "/content/outputs/figures"
COLAB_REPORT_PATH = "/content/outputs/reports/final_report_colab.md"

# asmse sl o B
if not os.path.exists(REPORT_PATH):
raise FileNotFoundError(f"Report not found: {REPORT_PATH}")

# Ll ol sl
with open(REPORT_PATH, "r", encoding="utf-8") as f:
md = f.read()

# VSl dlhe Gl e (A pseall G jlus dysas

def make_images_absolute(md_text: str, fig_dir: str) -> str:
md_text = md_text.replace("../figures/", fig_dir.rstrip("/") + "/")
md_text = md_text.replace("figures/", fig_dir.rstrip("/") + "/")
return md_text

md_abs = make_images_absolute(md, FIG_DIR)

# OV dald dd bs
with open(COLAB_REPORT_PATH, "w", encoding="utf-8") as f:
f.write(md_abs)

print("Colab-ready report saved to:", COLAB_REPORT_PATH)

# oBismase e by N pial
missing_imgs = []
for name in ["cm.png", "roc.png", "pr.png", "feature_importance.png"]:
p = os.path.join(FIG_DIR, name)
if not os.path.exists(p):
missing_imgs.append(p)

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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if missing_imgs:
print(" Warning: Some images are missing:")
for p in missing_imgs:
print("-", p)

# VS by L El) a e
display(Markdown(md_abs))

Colab-ready report saved to: /content/outputs/reports/final_report_colab.md

Traffic Congestion Prediction Report

Generated on: 2026-03-01 14:23:56

Dataset Overview

« Number of daily files: 31
Training days: 24

Testing days: 7

Train sample size: 2,880,000
« Test sample size: 840,000

.

Congestion Definition

« Threshold percentile: 85%
« Threshold value (future_volume): 26.0000

Model

RandomForestClassifier

Evaluation Results (Test Set)
« ROC AUC: 0.0377

Classification Report

precision recall fl-score support

0 0.6221 0.2966 0.4017 711742

1 0.0000 0.0000 0.0000 128258

accuracy 0.2513 840000
macro avg 0.3110 0.1483 0.2008 840000
weighted avg 0.5271 0.2513 0.3404 840000

Top 10 Most Important Features

« VOLUME : 0.1993

« LAG_1:0.1877

« LAG_4:0.1868

« LAG_2:0.1850

« HOUR:0.1373

« DAY_OF WEEK :0.0818
« IS_WEEKEND : 0.0222

Generated Figures

Confusion Matrix
[#2Confusion Matrix

ROC Curve
[#2ROC Curve

Precision-Recall Curve

from IPython.display import Image, display

display(Image("/content/outputs/figures/cm.png"))
display(Image("/content/outputs/figures/roc.png"))
display(Image("/content/outputs/figures/pr.png"))
display(Image("/content/outputs/figures/feature_importance.png"))

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true

18/24



»9:05 2026/3/1

UntitledO.ipynb - Colab

Confusion Matrix
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ROC Curve (AUC=0.0377)
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0.8 A g

import numpy as np
import pandas as pd

#w »i feature_cols

feature_cols = [
"VOLUME",
"LAG 1",
"LAG_2",
"LAG_4",
"HOUR",
"DAY_OF_WEEK",
"IS_WEEKEND"

]

#oaas alB s
X_test_list = []
y_test_list = []

for f in test_files:
df = pd.read_parquet(f, columns=feature_cols + ["TARGET"])

X = df[feature_cols].to_numpy(dtype=np.float32)
y = df["TARGET"].to_numpy(dtype=np.int8)

X_test_list.append(X)
y_test_list.append(y)

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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#oaals dighas 3 ALY S e
X_test = np.vstack(X_test_list)
y_test = np.concatenate(y_test_list)

print("X_test shape:", X_test.shape)
print("y_test shape:", y_test.shape)

=
X_ta®t shapeq] (72418637, 7)
y_tast shape{ (72418637,)

o

# o) pesults_df gl &lad

import pandas as pd
import numpy as np

from sklearn.linear_model import LogisticRegression
from sklearn.ensemble import RandomForestClassifier, ExtraTreesClassifier
from sklearn.metrics import accuracy_score, precision_score, recall_score, fl_score, roc_auc_score

rows = []

models = {
"Logistic Regression": LogisticRegression(max_iter=1000),
"Random Forest": RandomForestClassifier(
n_estimators=80,
max_depth=18,
min_samples_leaf=5,
random_state=42,
n_jobs=-1,
class_weight="balanced"
)
"Extra Trees": ExtraTreesClassifier(
n_estimators=120,
max_depth=18,
min_samples_leaf=5,
random_state=42,
n_jobs=-1,
class_weight="balanced"

for name, model in models.items():
print("Training:", name)
model.fit(X_train, y_train)

y_pred = model.predict(X_test)

if hasattr(model, "predict_proba"):

y_score = model.predict_proba(X_test)[:,1]
else:

y_score = model.decision_function(X_test)

rows.append({
“"Model": name,
"Accuracy": accuracy_score(y_test, y_pred),
"Precision": precision_score(y_test, y_pred),
"Recall": recall_score(y_test, y_pred),
"F1": f1_score(y_test, y_pred),
"ROC_AUC": roc_auc_score(y_test, y_score)

i)

results_df = pd.DataFrame(rows).sort_values("ROC_AUC", ascending=False)

display(results_df)

Training: Logistic Regression

# 4lie sy ROC_AUC

import matplotlib.pyplot as plt
import os

OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)

# 13 presults_df 4ui Ly mge e
if "results_df" not in globals():
print(" results_df ds clie Yl giladl &jlie L8 Jid 2s5e D2 results_df.")

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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else:
# s 2l G i ROC_AUC
results_sorted = results_df.sort_values("ROC_AUC", ascending=False)

plt.figure(figsize=(8,5))
plt.bar(results_sorted["Model"], results_sorted["ROC_AUC"])

plt.title("Model Comparison (ROC AUC)")
plt.ylabel("ROC AUC")
plt.xticks(rotation=30)

plt.ylim(e.0, 1.0)

plt.tight_layout()

cmp_path = os.path.join(FIG_DIR, "model_comparison_roc_auc.png")
plt.savefig(cmp_path, dpi=150)
plt.close()

print("The drawing was saved:", cmp_path)

# ool Gae

plt.figure(figsize=(8,5))

plt.bar(results_sorted["Model"], results_sorted["ROC_AUC"])
plt.title("Model Comparison (ROC AUC)")

plt.ylabel("ROC AUC")

plt.xticks(rotation=30)

plt.ylim(0.0, 1.0)

plt.tight_layout()

plt.show()
p
# Gl Ljad) Jea Bés CSV J3h outputs/reports
import os
OUT_DIR = "/content/outputs"
REP_DIR = os.path.join(OUT_DIR, "reports")
#oasmse e 13 alad) eli)
os.makedirs(REP_DIR, exist_ok=True)
# sl S aaas
cmp_csv = os.path.join(REP_DIR, "model_comparison.csv")
# ol Sb pesults_df 25
assert "results_df" in globals(), "results_df <ijme ne"
# Lis DataFrame
results_df.to_csv(cmp_csv, index=False)
print("The comparison table has been saved:", cmp_csv)
N
e

# Average Precision + PR Curve s,

from sklearn.metrics import average_precision_score, precision_recall_curve
import matplotlib.pyplot as plt
import os

# ol xby_test 5 proba (s
assert "y_test" in globals(), "y_test <ije "
assert "proba" in globals(), "proba i e"

OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)

# <les Average Precision
ap = average_precision_score(y_test, proba)

# <lea Precision-Recall Curve
prec, rec, _ = precision_recall_curve(y_test, proba)

# il o)

plt.figure(figsize=(7,5))

plt.plot(rec, prec, label=f"AP = {ap:.4f}")
baseline = y_test.mean()
plt.hlines(baseline, @, 1, linestyles="dashed", label="Baseline")
plt.xlabel("Recall")
plt.ylabel("Precision")
plt.title("Precision-Recall Curve")
plt.legend()

plt.grid(True)

plt.tight_layout()

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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# 5 pall Lais
ap_path = os.path.join(FIG_DIR, "pr.png")
plt.savefig(ap_path, dpi=150)
plt.close()
print("Average Precision:", round(ap, 4))
print("The drawing was saved:", ap_path)
N
s
# L;m.mn Sl aas s
import os
import matplotlib.pyplot as plt
import numpy as np
OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)
# ol St future_samples s s
assert "future_samples" in globals(), "future_samples i "
if "thr" not in globals():
if "THRESH" in globals():
thr = THRESH
else:
raise ValueError("Y thr Y5 THRESH o# =")
future_samples = np.asarray(future_samples)
plt.figure(figsize=(7,5))
plt.hist(future_samples, bins=60, alpha=0.75)
plt.axvline(thr, color="red", linestyle="--", linewidth=2, label=f"Threshold = {thr:.2f}")
plt.title("Distribution of Future Volume with Threshold")
plt.xlabel("Future Volume")
plt.ylabel("Frequency")
plt.legend()
plt.tight_layout()
dist_path = os.path.join(FIG_DIR, "future_volume_distribution.png")
plt.savefig(dist_path, dpi=170)
plt.close()
print("The drawing was saved:", dist_path)
N J
# Ol Laal auy
import os
import matplotlib.pyplot as plt
OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)
# ol St feature_importances s s
assert "feature_importances" in globals(), "feature_importances < "
plt.figure(figsize=(8,5))
# 15 Jondl L el
feature_importances.head(15).sort_values().plot(kind="barh")
plt.title("Feature Importance (Top 15)")
plt.xlabel("Importance Score")
plt.tight_layout()
fi_path = os.path.join(FIG_DIR, "feature_importance.png")
plt.savefig(fi_path, dpi=170)
plt.close()
print("The drawing was saved:", fi_path)
p
# Confusion Matrix Lisie S
import numpy as np
import matplotlib.pyplot as plt
import os
https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true 22/24
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# ol <E cm 2sase

assert "cm" in globals(), "cm “ise e (wesd o3¥ confusion_matrix Ysi)"

OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)

# oA o ) s
cm_norm = cm.astype(float) / cm.sum(axis=1, keepdims=True)

plt.figure(figsize=(6,5))
plt.imshow(cm_norm, cmap="Blues")
plt.colorbar()

plt.title("Normalized Confusion Matrix (%)")
plt.xlabel("Predicted Label")
plt.ylabel("True Label")

classes = ["No Congestion", "Congestion"]
plt.xticks([0,1], classes)
plt.yticks([0,1], classes)

# Sl el Jaly a4
for i in range(cm_norm.shape[0]):
for j in range(cm_norm.shape[1]):
plt.text(j, i, f"{cm_norm[i, jl*1@0:.1f}%",
ha="center", va="center",
color="white" if cm_norm[i, j] > 0.5 else "black")

plt.tight_layout()
cm_norm_path = os.path.join(FIG_DIR, "cm.png")
plt.savefig(cm_norm_path, dpi=170)

plt.close()

print("The drawing was saved:", cm_norm_path)

# Gy AlS sals on any

import os
import matplotlib.pyplot as plt
import pandas as pd

OUT_DIR = "/content/outputs"
FIG_DIR = os.path.join(OUT_DIR, "figures")
os.makedirs(FIG_DIR, exist_ok=True)

# Lslhdl saeWh Lid asly o el 8

sample_day = pd.read_parquet(
test_files[0],
columns=["TIMESTAMP", "VOLUME"]

sample_day = sample_day.sort_values("TIMESTAMP")
plt.figure(figsize=(11,4))

plt.plot(
sample_day["TIMESTAMP"],
sample_day["VOLUME"],
linewidth=1

plt.axhline(THRESH, color="red", linestyle="--", label="Congestion Threshold")
plt.title("Traffic Volume Over One Day")

plt.xlabel("Time")

plt.ylabel("Volume")

plt.xticks(rotation=45)

plt.grid(alpha=0.3)

plt.legend()

plt.tight_layout()

ts_path = os.path.join(FIG_DIR, "sample_day_timeseries.png")
plt.savefig(ts_path, dpi=170)
plt.close()

print("The drawing was saved:", ts_path)

# 0l Jilas

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true
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false_pos =
false_neg =

true_pos =
true_neg =

https://colab.research.google.com/drive/1_Vc_qlgXGSkrO0OtMa36DJpeTkwij_t2J#scrollTo=UpsHIzO4IFpK&printMode=true

np.
np.

np.
np.

import numpy as np

# s2sase lmial o b
assert "pred" in globals(), "pred i "
assert "y_test" in globals(), "y_test < "

pred = np.asarray(pred)
y_test = np.asarray(y_test)

sum((pred == 1) & (y_test == 0))
sum((pred == @) & (y_test == 1))

sum((pred == 1) & (y_test == 1))
sum((pred == 0) & (y_test == 0))

print("False Positives:", false_pos)
print("False Negatives:", false_neg)
print("True Positives:", true_pos)

print("True Negatives:", true_neg)

nrint("FP Rate "  rannd(falce nnc / len(v tect)
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