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A. Yro nmocmorpern?

1.1 Pe3smome

9ToT HOyTOyK YMTAeT JaHHble u3 (ailjioB B TOIl ke TIalKe, peraer 3 103aJa9u 1
coxpansier orBeTbl B CSV:

e Al favorite_genre — answer_al.csv
e A2 actor_match — answer_a2.csv
o A4 next_in_session — answer_a3.csv

1.2 @aiiabl, KOTOpbIE JOJI>KEH BUJAETh HOYTOYK

Bxou (B ozHO# m1atike ¢ HOyTOYKOM): - queries_A.csv — 3anpocsl (1o 5 Kauauaaros cl. .ch) -
items_A.csv — merajannble GbuiabMoB (genre, duration) - events_A.csv — cOOBITHS TI0JIB30-
Baresieii (open/finish/like) - item_meta_A.json — MerasaHHble PUIBMOB (CIUCKH aKTEPOB
actors) - sessions_A.json — ceccun (BHyTpH sessions[*].path)

BeixoJ, (co3maérest psajgoM ¢ HoyTOyKOM ):

Qaitn Ornocurenbubiilt myTh Haznadenne

answer_al.csv ./answer_al.csv oTBeThl Ij1a favorite_genre
answer_a2.csv ./answer_a2.csv OTBETHI JIJId actor_match
answer_a4.csv ./answer_a3.csv OTBETHI JIj1d next_in_session

1.3 VYHuBepcaJIbHBI IIATTEPH PelIeHNUs
O,ZLI/IHaKOBbIﬁ KapKaC HCIIOJIb3YETCA BO BCEX TpéX IIoJ3aJa9aXx:

1) melt mepeBoguT Kauauaaros cl..cb u3 wide B long (1o cTpoke Ha KaHIUIATA).
2) merge(..., how='left') mpucoeguHsieT PU3HAKU/CKOD, HE TEPsisi KAHIUIATOB.

3) Eciu ecthb crmcku (aKTEpBI, Mapbl MEPEX0/0B), UCHo/b3yeM explode. BaxkHo: mycTbie
criucku JAf0T NaN cTpoky (910 y100HO, 9T00bl OCTABUTH KAH/MIATA U IIOJIyYUTh BKJIA/T

0).

4) Boibop nobeIuTe st Jles1aeTCs COPTUPOBKOI1 sort_values +
drop_duplicates('query_id') (mepBblii B OTCOPTUPOBAHHOM IOPSIJIKE).
5) Coxpanenne — to_csv(index=False).
Cebuikn Ha JokyMenTanuio pandas (odburmaabHo):

e pandas.melt:
https://pandas.pydata.org/docs/reference/api/pandas.melt.html

e DataFrame.explode:
https://pandas.pydata.org/docs/reference /api/pandas.DataFrame.explode.html

e pandas.merge:
https://pandas.pydata.org/docs/reference/api/pandas.merge.html
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e DataFrame.sort_values:
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sort  values.html

e DataFrame.drop_duplicates
https://pandas.pydata.org/docs/reference /api/pandas.DataFrame.drop duplicates.html

e DataFrame.to_csv:
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.to csv.html

import pandas as pd
import matplotlib.pyplot as plt

1.3.1 DeicTpas npoBepKa 3arpy3Ku JIJaHHBIX
Huxe unraem Bce ailsibl OQUH pa3, CMOTPHUM pa3Mepbl TAOJINIL U paclipe/iejieHne query_type.

= pd.read_csv('queries_A.csv')
pd.read_csv('items_A.csv')

pd.read_csv('events_A.csv')
pd.read_json('item_meta_A.json') [['item_id','actors']]
pd.read_json('sessions_A.json')

n =2MmMHOo
1l

print('Q', Q.shape, 'I', I.shape, 'E', E.shape, 'M', M.shape, 'S', S.shape)
Q.query_type.value_counts()

Q (800, 8) I (260, 3) E (5334, 3) M (260, 2) S (180, 2)

query_type

favorite_genre 400
actor_match 200
next_in_session 200

Name: count, dtype: int64

vc = Q.query_type.value_counts() .sort_index()

ax = vc.plot(kind='bar', title='KosmmyecTBO 3ampocoB IO TumamM')
ax.set_xlabel('query_type')

ax.set_ylabel('count')

plt.tight_layout()

plt.show()
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1.3.2 Al. favorite_genre

[4]: q = Q[Q.query_type ==
'favorite_genre'] [['query_id', 'user_id','cl','c2','c3',"'c4','c5']]

e = E[['user_id','item_id', 'event_type']].copy()

e['w'] = e.event_type.map({'open': 1, 'finish': 2, 'like': 3})
e = e.merge(I[['item_id', 'genre']], on='item_id', how='left')
g = e.groupby(['user_id', 'genre'], as_index=False)['w'].sum()

c = q.melt(['query_id', 'user_id'], ['cl','c2','c3','c4','cb5'],
value_name='item_id') [['query_id', 'user_id','item_id']]

c = c.merge(I[['item_id', 'genre','duration']], on='item_id', how='left')
c = c.merge(g, on=['user_id', 'genre'], how='left')

cl'w'] = c.w.fillna(0)

¢ = c.sort_values(['query_id','w','duration','item_id'], ascending=[1,0,1,1])
al = c.drop_duplicates('query_id') [['query_id','item_id']]

al.to_csv('answer_al.csv', index=False)
al.head()

[4]: query_id item_id
400 1 1199
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1201 2 1065
1602 3 1211
403 4 1086
4 5 1163

1.3.3 A2. actor_match
[5]: q = QLQ.query_type ==

'actor_match'] [['query_id', 'user_id','cl','c2','c3','c4','c5']]
E[E.event_type.isin(['finish','like'])][['user_id','item_id']]

e

m = M[['item_id', 'actors']].copy()
m['actors'] = m.actors.apply(lambda x: x if isinstance(x, list) else [])

ua = e.merge(m, on='item_id', how='left')

ua = ua.explode('actors') .dropna(subset=['actors'])
ua = ua.drop_duplicates(['user_id', 'actors'])
val['hit'] =1

ua = uval['user_id', 'actors', 'hit']]

c = q.melt(['query_id','user_id'], ['cl','c2','c3','cd','c5'],
value_name='item_id') [['query_id', 'user_id','item_id']]

c = c.merge(m, on='item_id', how='left')

c = c.explode('actors')

¢ = c.drop_duplicates(['query_id','item_id','actors'])

¢ = c.merge(ua, on=['user_id','actors'], how='left')

c['hit'] = c.hit.fillna(0)

s = c.groupby(['query_id','item_id'], as_index=False)['hit'].sum()
s = s.sort_values(['query_id','hit','item_id'], ascending=[1,0,1])

a2 = s.drop_duplicates('query_id') [['query_id','item_id']]

a2.to_csv('answer_a2.csv', index=False)

a2.head()

[5]: query_id item_id
4 401 1252
9 402 1255
14 403 1227
19 404 1216
24 405 1232

1.3.4 A3. next_in_session
[6]: q = QIQ.query_type ==

'next_in_session'] [['query_id', 'user_id','cl','c2','c3"','c4','c5']]

fin = E[E.event_type == 'finish'] [['user_id','item_id']].drop_duplicates()
fin.rename(columns={'item_id': 'from_item'})

fin
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t = S.explode('sessions').dropna(subset=['sessions'])
t['path'] = t.sessions.apply(lambda x: x.get('path', []1))

t = t[['user_id', 'path']]

t['pair'] = t.path.apply(lambda p: list(zip(p[:-11, p[1:1)))
t = t.explode('pair') .dropna(subset=['pair'])

t['from_item'] = t.pair.str[0]

t['item_id'] = t.pair.str[1]

t['hit'] =1
tr = t.groupby(['user_id','from_item','item_id'], as_index=False)['hit'].
~sum()

c = q.melt(['query_id','user_id'], ['cl','c2','c3','cd','ch5'],
value_name='item_id') [['query_id', 'user_id','item_id']]
¢ = c.merge(fin, on='user_id', how='left')

¢ = c.merge(tr, on=['user_id','from_item','item_id'], how='left')
c['hit'] = c.hit.fillna(0)

s = c.groupby(['query_id','item_id'], as_index=False)['hit'].sum()
s = s.sort_values(['query_id', 'hit','item_id'], ascending=[1,0,1])

a3 = s.drop_duplicates('query_id') [['query_id','item_id']]

a3.to_csv('answer_a3.csv', index=False)

a3.head()

(6] : query_id item_id
2 601 1028
5 602 1071
11 603 1049
17 604 1101
20 605 1004
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B. CeiicMoakTuBHBIIT OCTPOB

import numpy as np
import pandas as pd

data = np.load('data_B.npy')
N = data.shape[0]
m = np.nanmean(data, axis=1)

# Ilonapras KOPPEAAYUUA
sim = np.zeros((N, N))
for i in range(N):
for j in range(i, N):
mask = "np.isnan(m[i]) & “np.isnan(m[j])

a, b = m[i, mask] - m[i, mask] .mean(), m[j, mask] - m[j, mask].mean()

d = np.sqrt((a**2).sum() * (b**2).sum())
if d > 0:
sim[i, j] = sim[j, i] = (a * b).sum() / d

# KaxOomy coMnay - KAQCMEDP C MAKCUMAAbHOU cpedrel Koppessyuel
# HRuyuasusayui: xadHO
labels = np.full(N, -1)
reps = []
for i in range(N):
best_sim, best_c = -1, -1
for ¢, r in enumerate(reps):
if sim[i, r] > best_sim:
best_sim = sim[i, r]
best_c = ¢
if best_sim > 0.35:
labels[i] = best_c
else:
labels[i] = len(reps)
reps.append (i)

# Ymounenue: nepenasnauaeM no cpedHnel Koppeaiyul C KAACMEPOM

for _ in range(10):
clusters = [np.where(labels == c)[0] for ¢ in range(max(labels) + 1)]
changed = False
for i in range(N):

best_score, best_c = -2, labels[i]
for c, members in enumerate(clusters):
others = members[members != i]

score = sim[i, others] .mean() if len(others) > 0 else simli,
members [0] ]
if score > best_score:
best_score = score
best_c = ¢
if best_c != labels[i]:
labels[i] = best_c
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changed = True
if not changed:

break
# Obroensaem Kaacmeps
clusters = [np.where(labels == c)[0] for ¢ in range(max(labels) + 1)]

y = pd.read_csv('y.csv') ['cluster'] .values
from sklearn.metrics import adjusted_rand_score
print (f"Clusters: {len(set(labels))}, ARI = {adjusted_rand_score(y, labels):.

~6f}")

pd.DataFrame({'ID': range(N), 'target': labels}).to_csv('submission_B.csv',
index=False)
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C. OmubkKa HOBUYKA

[1]: | import json
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from catboost import CatBoostClassifier
import warnings
from IPython.display import display
warnings.filterwarnings('ignore')
pd.set_option('display.max_columns', None)
pd.set_option('display.max_rows', None)

# Qukcupyem cud 0aa 80CRPOU3BOOUMOCMU 6CET WaA208
SEED = 42
np.random. seed (SEED)

# Sazpyska docmynHelr gpalinoe

train = pd.read_csv('train.csv')

test = pd.read_csv('test.csv')

solution = pd.read_csv('ytest.csv')

with open('map.json', 'r') as f:
map_data = json.load(f)

display(train.head())
display(test.head())

longitude latitude target habitat_quality_score biodiversity_index \
0 -68.624132 -32.868160 0 38.746018 0.869221
1 -51.964445 1.978971 0 17.456343 3.414865
2 -50.585866 -5.300425 0 43.883046 1.930266
3 -64.666741 -32.100087 0 29.736058 1.724559
4 -72.512342 -5.718456 1 66.547123 9.257867
canopy_density soil_moisture_level forest_age_years \
0 0.584679 6.031727 97.911830
1 0.327984 4.694215 169.739698
2 0.750885 7.864357 214.602112
3 0.322355 4.448480 275.153342
4 0.428812 3.822563 179.540444

tree_density_per_hectare annual_rainfall_mm habitat_fragmentation_index

\

0 396.493164 1293.066100 0.507221
1 350.579890 2353.814818 0.247614
2 237.872776 1147.090078 0.574802
3 458.725205 1252.207036 0.648601
4 346.391230 604.782917 0.732562

vegetation_complexity forest_type \
3.0 tropical_rainforest

predator_pressure_score
0 1.040142
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S W N - O > W N - O S W N +- O S wWw N - O S WD - O S W N - O S wWw N -

o

montane
temperate

subtropical

temperate
tropical

7.522185
3.255146
6.404152
4.880406

peat
loam
loam
loam
clay

palm
pine
palm
mahogany
bamboo

low
minimal
moderate
low

low

dominant_tree_species water_source_type

stream
none
seasonal
stream
seasonal

N © b ©
O O O O

elevation_range

seasonal

730.654928
316.780429

474.80
187.29
191.63

longitude
-72.102869
-50.441167
-58.372430
-76.362920 -
-67.162159

2210
2371
9490

_variation_score

6.874974
6.384739
5.690438
6.328448
5.780874

latitude
19.626859
-8.396785
0.312577
14.279388
6.450007

canopy_density

human_activity_index

0.075256
3.614124
2.251489
3.063365
3.888626

45.
34.
73.
86.
63.

soil_moisture_level

dry_forest
dry_forest
tropical_rainforest
dry_forest

climate_zone soil_type disturbance_level conservation_status \

unprotected
unprotected
unprotected
buffer_zone
unprotected

4

W 0 w o

canopy_height_avg

6.710190
30.770752
5.000000
16.284970
36.796504

.037666
.882945
.366330
.984897
.966467

habitat_quality_score

511580
751298
162533
832262
631579

biodiversity_index

forest_age_years \

3.743753
4.712511
2.579567
4.097908
4.895632

0.648016
0.226638
0.747227
0.602197
1.000000

tree_density_per_hectare

3.260149
5.191137
7.533181
6.429846
4.502920

172.921350
357.568190
300.220431
325.612904
308.714905

temperature_variability \

\

annual_rainfall mm habitat_fragmentation_index

226.157888
429.731562

1177.791799
1922.536202

0.558007
0.332591
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2 144 .840477 1844 .822680 0.654825
3 323.532762 1571.667498 0.383862
4 693.209698 1688.758358 0.344897

predator_pressure_score vegetation_complexity forest_type \

0 7.795448 3.0 secondary_forest
1 5.712367 7.0 dry_forest
2 2.073700 1.0 cloud_forest
3 0.798348 5.0 dry_forest
4 1.378641 1.0 tropical_rainforest

climate_zone soil_type disturbance_level conservation_status \

0 montane laterite high unprotected
1 temperate sandy moderate protected
2 subtropical loam high protected
3 tropical alluvial minimal buffer_zone
4 subtropical sandy minimal protected

dominant_tree_species water_source_type temperature_variability \

0 kapok stream 5.2056539

1 palm seasonal 8.634001

2 pine none 5.382953

3 pine stream 8.282785

4 pine stream 10.690082
elevation_range human_activity_index canopy_height_avg \

0 318.967595 3.626041 23.686628

1 184.900374 1.830241 28.697284

2 536.571256 0.074063 26.366329

3 649.036995 0.000000 34.803212

4 388.522453 4.500977 45.697464
seasonal_variation_score 1ID

0 6.492307 O

1 4.313709 1

2 3.480140 2

3 3.417066 3

4 6.823274 4

1.4 ®Dyukuuda aJjisd BU3yaan3aluun

Coszmaum BerioMoraTeIbHy 0 (DYHKITHIO JJIs BU3yaIM3allui TOYeK Ha KapTe ¢ KOHTYpPOM Oepe-
roBoif JmHn (map. json).
[2]: def plot_map(points, coastline, color_by=None, figsize=(5, 5)):
mninn

Busyaausupyem mouku Ha Kapme C KOHMYypoMm b6epe2080U AUHUU.

Ilapamempel :

points : pd.DataFrame
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DataFrame c moukamu, OoaxeHr codepxams Koaorku 'longitude’ u
"latrtude’
coastline : list
Cnucok koopdunam bepezoeol aunuu [[lonl, latl], [lon2, lat2], ...]
color_by : str, optional
Hassarue kononku Oaa packpacku mouerk. Ecau None, ece mouku 00HO20
ysema,
figsize : tuple, optional
Pasmep guzypst (wupuHa, esicoma)

Ilpumep ucnoab308arUA:
# Ilpocmas eusyasusayusa 6e3 packKpacku
plot_map (train, coastline)

# C packpackol no mapzemy
plot_map (train, coastline, color_by='target')

# HsmerneHue pasmepa
plot_map (train, coastline, color_by='target', figsize=(16, 10))

nnn

fig, ax = plt.subplots(figsize=figsize)

# Pucyem bepezo8yw AUKUK
if coastline:
coastline_array = np.array(coastline)

# Pucyem ece mouku nobepexoa Kak naomuell scatter c KeadpamHbiMu
MapKepamMu
ax.scatter(coastline_array[:, 0], coastline_arrayl[:, 1],
s=1.5, marker='s', color='#CCCCCC', alpha=0.7,
label='Coastline')

# Pucyem mouku
if color_by is None:
# Fes packpacku - ece Mmouku 00KO20 yeema
ax.scatter(points['longitude'], points['latitude'],
s=50, alpha=0.6, edgecolors='black', linewidths=0.5,
label="'Points')
else:
# C packpackol no ykasarHolU KOAOKKE
if points[color_by].dtype in ['object', 'category']:
# KamezopuanbHas nepemeHrHas
unique_vals = points[color_by].unique()
colors = plt.cm.tablO(np.linspace(0, 1, len(unique_vals)))

for i, val in enumerate(unique_vals):
mask = points[color_by] == val
ax.scatter (points[mask] ['longitude'],
points[mask] ['latitude'],
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s=50, alpha=0.6, edgecolors='black', linewidths=0.
=5,
label=f'{color_bylr={val}', color=colors[i])
else:
# Yucnoeas nepemMeHHasn
scatter = ax.scatter(points['longitude'], points['latitude'],
c=points[color_by], cmap='RdY1Gn',
s=50, alpha=0.6, edgecolors='black',
linewidths=0.5)
plt.colorbar(scatter, ax=ax, label=color_by)

ax.set_xlabel('Longitude')
ax.set_ylabel('Latitude')

ax.set_title(f'Kapra Touek (n={len(points)})')
ax.legend()

ax.grid(True, alpha=0.3)

plt.tight_layout ()

plt.show()

print ("®yuknua plot_map() roroBa K KCIOJIbL30BAHUD'")

dymruusa plot_map() roToBa K HCIOJIb30BAHUIO

1.5 JlemoHcTpanusa (pyHKOIUU BU3YyaJu3aIuN

[Tonrpobyem pyHKINIO Ha 3arpy?KEHHDBIX JTAHHBIX.

[3]: | # Hoaywaem coastline us map.json
coastline = map_data.get('coastline', [])

# Ilpumep 1: Train 6e3 packpacku
plot_map(train, coastline)

# Ilpumep 2: Train c packpackol no mapzemy
plot_map(train, coastline, color_by='target')
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KapTa Toyek (n=502)
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1.6 IIlar 1: Ilepsrplii 6a30BBI IOJXO

ITo ycsroBuio 3a1a4m y HAC €CTh train. csv (mpsiMble HAOJIIOIEHN ) U test . CSv, IJIe 9acTh TOUeK
JI00aBJIeHA IO CITYTHUKOBBIM JTAHHBIM.

CuauaJjia cTpouM YecTHBIN baseline Ha Bcex nmpusHakax u cMOTpuM F1 score Ha pa3MeTke n3
ytest.csv. 9T0O HYKHO KaK KOHTPOJIbHAs TOYKA, YTOOBI MOHATH, HACKOJIBLKO MOJIE/b CKJIOHHA
1epeodyvaThCs B UCXOJIHON ITOCTaHOBKE.

(4] : # QyHkyua 0as oyerku kauecmea
def evaluate(y_pred, solution):
"""Oyenka F1-score: overall, public, private"""
from sklearn.metrics import fl_score

merged = solution.copy()
merged['pred'] = np.asarray(y_pred) .reshape(-1)

# Cuumaem Mempuky Ha Yyxe oKkpyasenHHbT npedckasanusr (0/1)
merged['pred_label'] = np.clip(np.rint(merged['pred']), 0, 1).astype(int)

public_mask = merged['Usage'] == 'public'
private_mask = merged['Usage'] == 'private'
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overall_f1 = f1_score(merged['target'], merged['pred_label'])

public_f1 = f1_score(merged.loc[public_mask, 'target'], merged.
~loc[public_mask, 'pred_label'])

private_f1 = f1_score(merged.loc[private_mask, 'target'], merged.
—loc[private_mask, 'pred_label'])

print (f"F1 overall: {overall_f1:.6f}")
print (f"F1 public: {public_f1:.6f}")
print (f"F1 private: {private_f1:.6f}")

return public_f1, private_f1l, overall_f1

# Beidesasem npusHaku (8ce kpome cayxebHbiT)

feature_cols_numeric = [col for col in train.columns
if col not in ['ID', 'target', 'cluster', 'is_train']
and train[col] .dtype in ['int64', 'float64']]

categorical_cols = train.select_dtypes(include=['object']).columns.tolist()
[col for col in categorical_cols if col not in ['ID']]

categorical_cols

all_features = feature_cols_numeric + categorical_cols

X_train = train[all_features]
y_train = train['target']
X_test = test[all_featuresl]

from sklearn.model_selection import train_test_split
X_train_tr, X_train_val, y_train_tr, y_train_val = train_test_split(
X_train, y_train, test_size=0.2, random_state=SEED, stratify=y_train

)

model = CatBoostClassifier(
iterations=500,
learning_rate=0.1,
depth=12,
random_seed=SEED,
verbose=0,

model . fit(X_train_tr, y_train_tr, cat_features=categorical_cols)
y_pred_test_baseline = np.asarray(model.predict(X_test)).reshape(-1).
—astype(int)

baseline_public, baseline_private, baseline_overall =
evaluate(y_pred_test_baseline, solution)

F1 overall: 0.646440
F1 public: 0.645707
F1 private: 0.647208
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from sklearn.metrics import fl_score

f1_score(solution.target.values, (solution.target.values * 0 + 0.5 >=

—astype(int))

0.5270917803169922

1.7 IlIlar 2: AHa/u3 Ba>XHOCTU HNPU3HAKOB

CesasbiBaeM pesyabraT baseline ¢ yemopuem 3a1a4n. Ecin B Tome BaXKHOCTH OKA3BIBAIOTCST KOOP-
jquHaThl (longitude, latitude), MOJE/Ib MOXKET UCIOJIB30BATH PeOrPAMDUIECKYIO «IIOJICKAZKY»
BMECTO YCTOMUMBBIX IKOJOTHIECKUX 3aKOHOMEPHOCTEH. DTO M eCTh IepBas TUIINIHAs OITHOKA
HOBHUYKA: HesIBHAs yTedKa/CIlypuarys 9epe3 MPU3HAKU, KOTOPbIE CJIUIITKOM MPIMO KOJIUPYIOT

pasjieseHue.

# Feature importance

importance_df = pd.DataFrame ({
'feature': all_features,
"importance': model.get_feature_importance()
}) .sort_values('importance', ascending=False)

print ("\nTop 10 mpu3zakos:")
print (importance_df .head(10) .to_string(index=False))

print ("9To MoxeT 03HavaTh, YTO MOZENb NepeobydaeTcd Ha KOOPLUHATH.'")
print ("\nBHUMAHVE: longitude u latitude B Tome BaxHocTu!")

Top 10 npusHakos:
feature
latitude
habitat_quality_score
biodiversity_index
longitude
forest_type
disturbance_level
climate_zone
conservation_status
seasonal_variation_score
human_activity_index

importance

25.
18.
12.
.644228
.298411
.888199
.864203
.980591
.594778
.516413
9To MOXeT O3HayaTh, YTO MOJENb IepeobydaeTcs Ha KOOPAUHATH .

= =, N OO ©

1

842854
788004
708726

BHVMMAHME: longitude u latitude B Tome BaxnocTnm!

1.8 IIlar 3: Busyasm3anus KoopauHaT

[TocmoTpuM, Kak pacipejie/ieHbl KJIacChl B IPOCTPAHCTBE KOOPIUHAT

# Hcnoavsyem nawy PYHKYULO ONA SUSYANUIAYUUY
print ("Train gmaHHBHE C packKpackKoi mo TaprerTy:")

plot_map(train, coastline, color_by='target', figsize=(10, 8))

0.5).
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# Anaaus pacnpedesnerus Kaaccoe
print("\n" o ||=n*7o)

print ("AHAJ3 KOOPIVHAT")

print ("="*70)

# Cmamucmuka no doszome
print ("\nPacnpezeneHnue KnaccoB o moirore:")
for target_val in [0, 1]:
subset = train[train['target'] == target_vall
print (f"\nKnacc {target_val}:")
print(f" Longitude: min={subset['longitude'] .min():.2f},
max={subset['longitude'] .max():.2f}, mean={subset['longitude'] .mean():.2f}")
print(f" Latitude: min={subset['latitude'].min():.2f},
max={subset['latitude'] .max():.2f}, mean={subset['latitude'].mean():.2f}")

print("\n" + "="%70)

print ("BBBOL: Kmacch ueTko pasmeneHs o KoopzueHaTam!')

print("  Momens 3amoMHUIA reorpadwyecKylo TpaHUIy MeXOy Kiaccamu.')
print(" B peasbHOM TecTe >Ta 3aKOHOMEPHOCTL He paboraer.")

print("  PEIEHWE: Hyxzo y6paTs longitude m latitude u3 mpusHakoB.")
print ("="*70)

Train paHHHE C pacKpacKoil IO TapreTy:

KapTa To4ek (n=502)
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AHAJIN3 KOOPIVHAT

Pacnpe):u,eJIeHHe KJIaCCOB IIO ZOOJITOTE:

Kmacc O:
Longitude: min=-91.65, max=-39.05, mean=-64.11
Latitude: min=-55.12, max=22.89, mean=-10.67

Kmacc 1:
Longitude: min=-90.20, max=-38.22, mean=-62.39
Latitude: min=-29.95, max=-0.10, mean=-15.78

BHBO/Jl: Kmaccs 4eTKO pasfeleHH II0 KoopIuHaTaM!
Momens 3amoMHHMIA TeorpadmuecKyo IPaHUIY MeXAy KjacCaMu.
B peanpHOM TecTe 3Ta 3aKOHOMEPHOCThH He paboTaerT.
PENIEHVE: Hyxzo yb6paTp longitude m latitude u3 mpusHaKoB.

1.9 IIlar 4: YoupaeM KOOpAWMHATHI 1 IepeodydaeM MOJeb

Ucnpasisiem nepByto ommmoKy: youpaem longitude u latitude, 4ToObI MOE/L ONUpaIach Ha
cojiepxKaTebuble Tpu3Haku cpejbl. CHoBa cunrtaeMm F1 score u cpaBuuBaem ¢ baseline. Eciu
Ka4veCcTBO PaCcTeT, 3HAYUT KOOPJMHATHI JeHCTBUTEILHO MEIMIaJ 0000IEeHHIO.

# Ybupaem koopOuHamel

features_no_coords = [f for f in all_features if f not in ['longitude',
'latitude']]

categorical_cols_filtered = [c for ¢ in categorical_cols if ¢ in
features_no_coords]

X_train_no_coords = train[features_no_coords]
X_test_no_coords = test[features_no_coords]

X_train_tr_no_coords, X_train_val_no_coords, y_train_tr_no_coords,
y_train_val_no_coords = train_test_split(

X_train_no_coords, y_train, test_size=0.2, random_state=SEED,
stratify=y_train

)

model.fit(X_train_tr_no_coords, y_train_tr_no_coords,

cat_features=categorical_cols_filtered)

y_pred_test_no_coords = np.asarray(model.predict(X_test_no_coords)) .
—reshape(-1) .astype(int)
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nocoords_public, nocoords_private, nocoords_overall =
evaluate(y_pred_test_no_coords, solution)

F1 overall: 0.783972
F1 public: 0.798155
F1 private: 0.769591

1.10 IITar 5: HerekTtop train vs test (momck caBura pacmpemesieHus)

[IpoBepsiem BTOpyIO OMMOKY HOBHYKA U3 YCJIOBUSA: UTHOPHUPOBAHUE TOTO, UTO train M 4acThb
test cobpanbl pa3abIMu criocobamu. Ecm Mojiesb JIerko orimdaer train or test, 3To npu3Hak
domain shift (pacmpenenenus: pasznmuaatorcs). Torga y gactu test-Touek craHgapTHAsS MOJIENTb
MOYKeT OBITh CJUIIKOM YBEPEHHOH M OMMUOATHCS CUCTEMHO.

from catboost import cv, Pool

# Cosdaem damacem Oasa kaaccupukayuu train vs test

X_combined = pd.concat([X_train_no_coords, X_test_no_coords], axis=0)

y_combined = np.concatenate([np.ones(len(X_train_no_coords)), np.
—zeros(len(X_test_no_coords))])

model_ood = CatBoostClassifier(
iterations=50,
learning_rate=0.1,
depth=6,
random_seed=SEED,
verbose=0

cv_data = Pool(data=X_combined, label=y_combined,
cat_features=categorical_cols_filtered)
= cv(
pool=cv_data,
params={
"iterations': 50,
'learning_rate': 0.1,
'"depth': 6,
'loss_function': 'Logloss',
'eval_metric': 'AUC',
'random_seed': SEED,
'verbose': False

},

fold_count=5,
shuffle=True,
stratified=True,
partition_random_seed=SEED

model_ood.fit(X_combined, y_combined, cat_features=categorical_cols_filtered)
test_similarity_scores = model_ood.predict(X_test_no_coords,
prediction_type='Probability') [:, 1]
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plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

figure(figsize=(10, 5))

hist(test_similarity_scores, bins=100, alpha=0.7, edgecolor='black')
xlabel ('BeposATHOCTE IPUHALIEXHOCTH K train')

ylabel ('KomuuecTBO 06BEKTOB')

title('Train/Test Classifier: Pacmpenenerue BepoATHOCTe# Ha test')
grid(True, alpha=0.3)

tight_layout ()

show ()

Training on fold [0/5]

bestTest = 0.6328465347
bestIteration = 9

Training on fold [1/5]

bestTest = 0.6250990099
bestIteration = 4

Training on fold [2/5]

bestTest = 0.6888
bestIteration = 6

Training on fold [3/5]

bestTest = 0.6909022556
bestIteration = 11

Training on fold [4/5]

bestTest = 0.6967669173
bestIteration = 16

Train/Test Classifier: PacnpeneneHve BeposTHocTelN Ha test

80

70 A

60 -

KonuuyecTBo 06beKTOB

20 A

10 4

0.0 0.1 0.2 0.3 0.4
BepoATHOCTD MPUHAANEXKHOCTH K train
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1.11 IITar 6: OOD-koppekTupoBKa npecKa3aHuii

Ucnonbsyem train/test-gerekrop Kak umpaukarop OOD-rovek (moxoxecTu TeCTOBOI TOUKH HA
train). las ToUeK ¢ OU€Hb HU3KON IIOXOKECTBHIO MOHMKAEM BEPOATHOCTH Kiacca 1 U CHOBa
cauTaeM TOJBKO F1 score.

Tax MBI ajipecyeM BTOPYIO OMUOKY: YIUTBHIBAEM CJBHUI PACIIPEJICICHUS U JIeJIacM IIPE/ICKa3aHIA
yCTOUMBee Ha «CIIyTHUKOBOI» YaCTU TeCTa.

print ("\nKoppexTupyeM mpenckasaunus nus 00D obbexTos...")
print ("="*70)

# Ilopoz 00D: mouku C HU3KOU NOTOXECMbl KA TTain cuumaeMm COBUHYMbIMU NO
pacnpedeneruo
ood_threshold = 0.07

y_pred_corrected = y_pred_test_no_coords.copy()
ood_mask = test_similarity_scores < ood_threshold
y_pred_corrected[ood_mask] = 0

# BolgoOum F1l-score 0as kamxdozo nodzoda: overall/public/private
_s _, _ = evaluate(y_pred_test_baseline, solution)
_s _, _ = evaluate(y_pred_test_no_coords, solution)
_, _, corrected_overall = evaluate(y_pred_corrected, solution)

KoppekTupyeM npepckasanud gias 00D obbekTos. ..

F1 overall: 0.646440
F1 public: 0.645707
F1 private: 0.647208
F1 overall: 0.783972
F1 public: 0.798155
F1 private: 0.769591
F1 overall: 0.918549
F1 public: 0.918340
F1 private: 0.918768

# Coxpansaem submission C AYHWUMU OOCMYNH6MU NPedCKa3daHUAMU
final_pred = y_pred_corrected

submission = pd.DataFrame ({
'"ID': test['ID'].values,
'target': (final_pred > 0.5) * 1
)

submission.to_csv('author_submission.csv', index=False)
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D. Hacinenue HesioBeuecTBa

# llaz 0. Hmnopmel

import csv

import json

from pathlib import Path

import numpy as np

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.linear_model import LogisticRegression

from sklearn.metrics.pairwise import cosine_similarity
from sklearn.preprocessing import StandardScaler

# Pukcupyem zenepamop CAYHAUHLIT wuces OAs 80CAPOU3E0OUMOCMU
rng = np.random.default_rng(42)

1.12 Paz306op pemneHns II0 Imaram

Perenust uyr mo mopsiiky u yciaoxustorcs mar 3a marom: 1. Permenwe 0: IOU/Jaccard 1o
cioBaM. 2. Pemrenne 1: unigram TF-IDF. 3. Pemenune 2: word+char TF-IDF. 4. Pemmenune 3:
perterne 2 + greedy one-to-one. 5. Pemenne 4: permenne 3 + logreg-reranker. 6. Permernne b5:
pertenne 4 + greedy one-to-one.

1.12.1 IITar 1. 3arpyska train/test/ytest

Yuraem train.json m test.json, BoccTaHABIMBaeM train-mapsl, a true_test m pasbuenne
Public/Private cTpomum 1o ytest.csv depe3 coorBercTBud left_id <+ right_id u KoJoH-
Ky Usage.

# llaz 1. 3azpyska train/test/ytest (ewyé komnakmuee)
base_dir = Path("/Users/aguschin/Git/uni/vsosh/zakl/nlp")
train_json_path, test_json_path, ytest_csv_path = (

base_dir / "train.json",

base_dir / "test.json",

base_dir / "ytest.csv",

def split_poem(text):
lines = [line.strip() for line in text.split("\n") if line.strip()]
cut = min(8, len(lines) - 1)
if cut < 1:
return None, None
left, right = "\n".join(lines[:cut]) .strip(), "\n".join(lines[cut:]).
~strip()
return (left, right) if left and right else (None, None)

# train: u3 nOAHLIT mekcmos -> napsl NOAOBUHOK -> shuffle npassix

train_pairs = [split_poem(text) for text in json.loads(train_json_path.
—~read_text(encoding="utf-8"))]

train_pairs = [(left, right) for left, right in train_pairs if left and

right]
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left_parts = [left for left, _ in train_pairs]

right_parts = [right for _, right in train_pairs]

train_idx = np.arange(len(left_parts), dtype=int)

perm_train = np.random.default_rng(123) .permutation(len(left_parts))
left_train = left_parts

right_train_shuffled = [right_parts[i] for i in perm_train]
true_train = np.empty(len(left_parts), dtype=int)
true_train[perm_train] = np.arange(len(left_parts))

n_train = len(left_train)

# test: zomoswie left/right

test_data = json.loads(test_json_path.read_text(encoding="utf-8"))
left_items, right_items = test_data["left"], test_data["right"]
left_test = [item["left_text"] for item in left_items]

left_ids = [item["left_id"] for item in left_items]
right_test_shuffled = [item["right_text"] for item in right_items]
right_ids = [item["right_id"] for item in right_items]

n_test = len(left_test)

# ytest: left_id -> right_1d u Usage
with open(ytest_csv_path, "r", encoding="utf-8") as f:
ytest_rows = [row for row in csv.DictReader(f)]

left_to_right = {}
left_to_usage = {}
for row in ytest_rows:
left_id = (row.get("left_id") or "").strip()
right_id = (row.get("right_id") or "").strip()
usage = (row.get("Usage") or "Private").strip().title()
if not left_id or not right_id:

continue
if usage not in {"Public", "Private"}:
usage = "Private"
left_to_right[left_id] = right_id
left_to_usage[left_id] = usage

right_id_to_pos = {rid: j for j, rid in enumerate(right_ids)}
true_test = np.array([right_id_to_pos[left_to_right[lid]] for 1lid in
left_ids], dtype=int)

usage_test = np.array([left_to_usage.get(lid, "Private") for 1id in
left_ids], dtype=object)

public_mask = usage_test == "Public"

private_mask = usage_test == "Private"

# npoeepku u caymkebHble nepemerHse

assert all(lid in left_to_right for 1lid in left_ids), "He Bce left_id u3 test
ecTp B ytest.csv"

assert all(left_to_right[lid] in right_id_to_pos for 1lid in left_ids),
"HexoTopsle right_id u3 ytest.csv oTrcyrcTrBynOT B test.json"

vowels = set("aeéuoyssna")
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test_idx = np.arange(n_test, dtype=int) + 10_000_000
overlap = len(set(train_idx.tolist()) & set(test_idx.tolist()))
assert overlap == 0, "train/test overlap detected"

print (f"UcTounuk train: {train_json_pathl}")

print (f"UcTounuxr test : {test_json_pathl}")

print (f"Uctounuxr gt : {ytest_csv_pathl}")

print(f"Bcero map: Train: {n_train} | Test: {n_testl}")
print (f"Usage split: Public={int(public_mask.sum())} |
Private={int (private_mask.sum())}")

print (f"YecTHocTh split: overlap(train,test)={overlap}\n")

UcTouynuk train: /Users/aguschin/Git/uni/vsosh/zakl/nlp/train.json
UcTounuk test : /Users/aguschin/Git/uni/vsosh/zakl/nlp/test.json
Uctounuk gt : /Users/aguschin/Git/uni/vsosh/zakl/nlp/ytest.csv
Bcero map: Train: 2000 | Test: 640

Usage split: Public=320 | Private=320

YecTHOCTH split: overlap(train,test)=0

1.12.2 Pemenne 0 — IOU /Jaccard no ciioBam

BazoBrrit ckop: J1Is KaKI0i maphl MOJIOBIHOK CUATAEM IIepeceveHne CJIOB U JIeJTUM Ha 00beTu-
uenne. Orenka/BbIOOP Hapbl: topl uepes argmax (greedy matching He mcnosb3yercsi).

# llaz 2. Pewenue 0: IO0U/Jaccard uwepes split()
# Pewernue 0: 6a3086blli CKOp NO nepecexerul) Caoe

def _masked_acc(pred_idx: np.ndarray, true_idx: np.ndarray, mask: np.
—ndarray) :
return float((pred_idx[mask] == true_idx[mask]) .mean()) if mask.any()
else float("nan"

# Oyunkyus: cuumaem edunbli score uepesd argmaxr (Overall/Public/Private)
def evaluate_similarity_argmax(sim: np.ndarray, true_idx: np.ndarray):
pred = sim.argmax(axis=1)

score = float((pred == true_idx) .mean())

score_public = _masked_acc(pred, true_idx, public_mask)
score_private = _masked_acc(pred, true_idx, private_mask)
return {

"score'": score,
"score_public": score_public,
"score_private": score_private,

# Pynkyus:@ npeepayaem Kardblli MeKCm 6 MHOKECME8O MOKeHO8
def _token_sets(texts):
return [set(text.split()) for text in texts]

# Qyukyus: cmpoum mampuyy Jaccard/I0U oas ecexr nap left-right
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def _jaccard_matrix(left_sets, right_sets):
n_left = len(left_sets)
n_right = len(right_sets)
sim = np.zeros((n_left, n_right), dtype=np.float32)
for i, lset in enumerate(left_sets):
for j, rset in enumerate(right_sets):
union = lset | rset
if union:
sim[i, j] = len(lset & rset) / len(union)

return sim

word_train_1 = _token_sets(left_train)
word_train_r = _token_sets(right_train_shuffled)
word_test_1 = _token_sets(left_test)
word_test_r = _token_sets(right_test_shuffled)

simO_test = _jaccard_matrix(word_test_1l, word_test_r)
metricsO = evaluate_similarity_argmax(simO_test, true_test)
print(

f"O_iou_argmax: "
f"score={metricsO['score']:.4f} (pub={metricsO['score_public']:.4f},
priv={metricsO['score_private']:.4f})"

)

O_iou_argmax: score=0.1734 (pub=0.1594, priv=0.1875)

1.12.3 Pemenne 1 — unigram TF-IDF

Vayuarmraem pemntenne (: 3aMensiem mpoctoe repecevdenue cjioB Ha TF-IDF-tipesicrasienue cios
1 KOCHHYCHYIO OJIM30CTh.

[4]: # Wlaz 2. Pewenue 1: unigram TF-IDF

# Pewerue 1: yayuwaem pewerue 0 c nomouyer TF-IDF npusrakos
vecl = TfidfVectorizer(ngram_range=(1, 1), min_df=5, max_df=0.95,
sublinear_tf=False)
vecl.fit(left_train + right_train_shuffled)
siml_test = cosine_similarity(vecl.transform(left_test), vecl.
—transform(right_test_shuffled))

metricsl = evaluate_similarity_argmax(siml_test, true_test)
print(

f"1_unigram_tfidf: "

f"score={metricsl1['score']:.4f} (pub={metricsli['score_public']:.4f},
priv={metricsi['score_private']:.4f})"

)

1_unigram_tfidf: score=0.2734 (pub=0.2562, priv=0.2906)

1.12.4 Pemtenune 2 — word-+char TF-IDF

ViyumaeMm perrenne 1: cmernmuBaem similarity nz word TF-IDF u char TF-IDF, 3arem cuntaem
argmax-MeTPHUKH.
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[5]: | # llaz 3. Pewerue 2: word+char TF-IDF

# Qyunkyus: cmpoum blended similarity us word u char TF-IDF
def _build_tfidf_blend(left_train, right_train, left_eval, right_eval, cfg,
alpha) :
vec_word = TfidfVectorizer(analyzer="word", *xcfg["word"] )
vec_char = TfidfVectorizer(analyzer="char_wb", **cfg["char"] )
vec_word.fit(left_train + right_train)
vec_char.fit(left_train + right_train)
sim_word = cosine_similarity(vec_word.transform(left_eval), vec_word.
—transform(right_eval))
sim_char = cosine_similarity(vec_char.transform(left_eval), vec_char.
—transform(right_eval))
return alpha * sim_word + (1.0 - alpha) * sim_char

cfg2b = {

"word": dict(ngram_range=(1, 2), min_df=2, max_df=0.95,
sublinear_tf=True),

"char": dict(ngram_range=(2, 5), min_df=1, max_df=0.99,
sublinear_tf=True),

}
alpha2b = 0.25

# Pewenue 2: yaywwaem peweHnue 1 cmewernuem word/char npusrakoe
sim2b_train = _build_tfidf_blend(left_train, right_train_shuffled,
left_train, right_train_shuffled, cfg2b, alpha2b)
sim2b_test = _build_tfidf_blend(left_train, right_train_shuffled, left_test,
right_test_shuffled, cfg2b, alpha2b)
metrics2 = evaluate_similarity_argmax(sim2b_test, true_test)
print(

f"2_word_char_tfidf: "

f"score={metrics2['score']:.4f} (pub={metrics2['score_public']:.4f},
priv={metrics2['score_private']:.4f})"

)

2_word_char_tfidf: score=0.4938 (pub=0.4969, priv=0.4906)

1.12.5 Pemenue 3 — TF-IDF + greedy one-to-one

BepeM MaTpHUILy CKOPOB pelIeHuA 2u ,ILO6aBJIHeM 2Ka/JHO€ B3aIMHO-OJHO3HAaAYHOE COIIOCTaBJ/JICHUE
JJId pOCTa one2one.

[6]: | # Qynkyus: cmpoum xadroe 3aAUMHO-O0OHO3HAYHKOE COOMEEemcmeue
def greedy_one2one_matching(sim: np.ndarray):
n = sim.shape[0]
flat_order = np.argsort(sim, axis=None) [::-1]
pred = np.full(n, -1, dtype=int)
used_left = np.zeros(n, dtype=bool)
used_right = np.zeros(n, dtype=bool)
matched = 0
for idx in flat_order:
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i, j = divmod(idx, n)

if (not used_left[i]) and (not used_right[j]):
pred[i] = j
used_left[i] = True
used_right[j] = True
matched += 1
if matched == n:

break
return pred

# Qynkyua: cuumaem eduHblli score uepes3 greedy
def evaluate_similarity_greedy(sim: np.ndarray, true_idx: np.ndarray):
pred = greedy_one2one_matching(sim)

score = float((pred == true_idx) .mean())

score_public = _masked_acc(pred, true_idx, public_mask)
score_private = _masked_acc(pred, true_idx, private_mask)
return {

"score'": score,
"score_public": score_public,
"score_private'": score_private,

# Pewernue 3: dobaessem greedy Kk peweruw 2
metrics3 = evaluate_similarity_greedy(sim2b_test, true_test)
print(
f"3_tfidf_greedy: "
f"score={metrics3['score']:.4f} (pub={metrics3['score_public']:.4f},

priv={metrics3['score_private']:.4f})"

)

3_tfidf_greedy: score=0.5062 (pub=0.5094, priv=0.5031)

1.12.6 Pemenue 4 — logreg reranker

ViydiraeM perierue 3: jgo0aB/isieM pairwise-pudu U JOIUCTHYECKYIO PErpeccuio, KoTopas Iie-

peolleHNBaeT KaH/IMJATOB liepe]] argmax.

[7]: | # Kopomko: cuumaem cmamucmuku noaosuHok u cobupaem pairwise-feature cube
def _half_stats(texts):
stats = []
for text in texts:
lines = [line.strip() for line in text.split("\n") if line.strip()]

or [text.strip()]
words = ["".join(ch for ch in w if ch.isalpha()) for w in text.
~replace("\n", " ").split()]
words = [w for w in words if w]
letters = [ch for ch in text if ch.isalpha()]
v_all = [sum(l for ch in line.lower() if ch in vowels) for line in

lines]
v_edge = [sum(l for ch in line.lower() if ch in vowels) for line in

lines[-4:]]
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cap_ratio = (sum(l for w in words if w[O].isupper()) / len(words)) if
words else 0.0
latin_ratio = (sum(l for ch in letters if 'a' <= ch.lower() <= 'z') /
len(letters)) if letters else 0.0
stats.append([len(lines), np.mean([len(line) for line in lines]), np.
—mean(v_all), np.mean(v_edge), cap_ratio, latin_ratio])
return np.asarray(stats, dtype=np.float32)

# KopomKko: nepeeodum pa3HUYY CKAAAPHO20 NpPpu3Haka 68 stmilarity
def _pair_sim(left_vals, right_vals):
diff = np.abs(left_vals[:, None] - right_vals[None, :])
norm = np.maximum(left_vals[:, None], right_vals[None, :])
return 1.0 - diff / (norm + le-12)

# Kopomko: gopmupyem obyuawuyue napet (true + hard negatives + random
negatives)
def _sample_pairs(cube, true_idx, hard_source_sim, hard_k=8, rand_k=8,
random_state=42) :
rng_local = np.random.default_rng(random_state)
n = cube.shape[0]
rows, labels = [], []
for i in range(n):
j_true = true_idx[i]
rows.append(cube[i, j_true]); labels.append(1)
hard_neg = [j for j in np.argsort(-hard_source_sim[i]) if j !=
j_true] [:hard_k]
forbidden = set(hard_neg + [j_truel)
pool = np.array([j for j in range(n) if j not in forbidden],
dtype=int)
rand_neg = rng_local.choice(pool, size=min(rand_k, len(pool)),
replace=False) .tolist() if len(pool) else []
for j in hard_neg + rand_neg:
rows.append(cube[i, jl); labels.append(0)
return np.asarray(rows, dtype=np.float32), np.asarray(labels, dtype=np.
~int32)

left_train_feat = _half_stats(left_train)
right_train_feat = _half_stats(right_train_shuffled)
left_test_feat = _half_stats(left_test)
right_test_feat = _half_stats(right_test_shuffled)

train_maps = [sim2b_train] + [_pair_sim(left_train_feat[:, k],

right_train_feat[:, k]) for k in range(left_train_feat.shape[1])] +
[_jaccard_matrix(word_train_1, word_train_r).astype(np.float32)]

test_maps = [sim2b_test] + [_pair_sim(left_test_feat[:, k], right_test_featl[:
<, k]) for k in range(left_test_feat.shape[1])] +
[_jaccard_matrix(word_test_1l, word_test_r).astype(np.float32)]

cube_train = np.stack(train_maps, axis=2).astype(np.float32)

cube_test = np.stack(test_maps, axis=2).astype(np.float32)
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x_train, y_train = _sample_pairs(cube_train, true_train, sim2b_train,
hard_k=8, rand_k=8, random_state=42)

scaler = StandardScaler()

model = LogisticRegression(C=0.03, max_iter=2000, class_weight="balanced",
solver="1bfgs", random_state=42)

model.fit(scaler.fit_transform(x_train), y_train)

flat_scores = model.predict_proba(scaler.transform(cube_test.reshape(-1,
cube_test.shape[-1]1))) [:, 1]

test_scores_4 = flat_scores.reshape(cube_test.shape[0], cube_test.shapel[1])

alpha4 = 0.82
sim4_test = alphad * test_scores_4 + (1.0 - alpha4) * sim2b_test
metrics4 = evaluate_similarity_argmax(sim4_test, true_test)
print(

f"4_logreg_rerank: "

f"score={metrics4['score']:.4f} (pub={metrics4['score_public']:.4f},
priv={metrics4['score_private']:.4f})"

)

4_logreg_rerank: score=0.5203 (pub=0.5031, priv=0.5375)

1.12.7 Pemenne 5 — logreg reranker + greedy

QuHaIbHOE YIIyUIIeHNe: K Score-MaTpuIle pernenns 4 cHOBa IpuMensieM greedy one-to-one s
MaKCHMaJIbHOI'O one2one

# Pewerue b: Oobassnsem greedy K CKAAAM DEUWEHUA 4
metricsb = evaluate_similarity_greedy(sim4_test, true_test)
print(
f"5_logreg_rerank_greedy: "
f"score={metrics5['score']:.4f} (pub={metrics5['score_public']:.4f},
priv={metrics5['score_private']:.4f})"

)

5_logreg_rerank_greedy: score=0.5656 (pub=0.5687, priv=0.5625)

# Coxparsaem cabmum OASf A8MOPA U3 AYHWE20 DeweHUs
sim_test = sim4_test
pred_idx = sim_test.argmax(axis=1)

author_submission_path = base_dir / "author_submission.csv"
with open(author_submission_path, "w", newline="", encoding="utf-8") as f:
writer = csv.writer(f)
writer.writerow(["left_id", "right_id"])
for i, 1lid in enumerate(left_ids):
writer.writerow([lid, right_ids[int(pred_idx[i])]])

print(f"Saved {author_submission_pathl}")

Saved /Users/aguschin/Git/uni/vsosh/zakl/nlp/author_submission.csv
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1.12.8 IIlar 5. Pe3yabTaTbhl MaTUYMHTA

[TokaspiBaeM TOJLKO MPUMEPHI MATYUHTA JIJI JIYUIIET0 TEKYIIEro perlenus: JTy e U Xy/IIIe
aphbl.

[12]: # Llaz 5. Pesyabmamel MGM4UH2G MO KEAHMUAAM OAS AYHWEZ20 DeweHUs.

def _preview_text(text, max_chars=220, max_lines=8):
lines = [line.strip() for line in text.split("\n") if line.strip(O][:
—max_lines]
preview = "\n".join(lines)
return preview[:max_chars] + ("..." if len(preview) > max_chars else "")

sim_test = sim4_test
pred_idx = sim_test.argmax(axis=1)

quantiles_to_show = [0.99, 0.75, 0.5, 0.25, 0.0] # mMoxHO Meramb 8PYUHYI
if not quantiles_to_show or any(q < O or q > 1 for q in quantiles_to_show):

raise ValueError("KsauTunu moyxub 6uTb B [0, 1], COMCOK He IONIXeH OHTL
mycTem")

match_scores = sim_test[np.arange(len(left_test)), pred_idx]
used = set()

def pick_idx_for_quantile(q):
target = float(np.quantile(match_scores, q))
order = np.argsort(np.abs(match_scores - target))
idx = next((int(i) for i in order if int(i) not in used), int(order[0]))
used.add (idx)
return idx, target

print (f"MaTuuer fnsa gy4dwero pemexus')
print (f"KBauTunu: {quantiles_to_show}")
print ()

for q in quantiles_to_show:

i, target = pick_idx_for_quantile(q)

j = int(pred_idx[i])

print(f"=== gq={q:.2f} | target={target:.4f} | sim={match_scores[i]:.4f}
===

print(f"left={i} -> pred_right={j} | true={true_test[il} | correct={j ==
true_test[i]}")

print ("LEFT :", _preview_text(left_test[i]))
print ("RIGHT:", _preview_text(right_test_shuffled[j]))
print ()

MaTYuHT [ JIy4YWero peleHus
KeamTunauz: [0.99, 0.75, 0.5, 0.25, 0.0]

=== q=0.99 | target=0.9055 | sim=0.9076 ===
left=383 -> pred_right=628 | true=628 | correct=True
LEFT : YenoBexk xuBeT Ha b6eloM cBeTe.
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Ime - He 3Haw. CyTbp coBCeM He B TOM.
1 - ;mexy B IPUCTPENAHHOM KIOBETE,

Or - c MOpo3a BXOIWUT B TEIJHH OOM.
YenoBek xmBeT Ha 6eloM cCBeTe,

OE - B KBapTUpPy NOJHAJICHA yXe.

1 - 7meXy B NPUCTPENAHHOM

RIGHT: YenoBek xuBeT Ha 6elIOM CBeTe
OE - B KBapTHpe 3axXuUraeT CBET

S - ;mexy B IPUCTPENAHHOM KIOBETE,

1 - BMep3ao B JIeIAHOR KIOBET.

Crmer He Taer. I'ybm, mexu, BeKH

On 3achman. W BemnT gpoxaTs. ..

C myMo# o LIalekoM dYelOBeKe

Jlerue mo a...

=== g=0.75 | target=0.7871 | sim=0.7870 ===
left=208 -> pred_right=508 | true=508 | correct=True
LEFT : BpoHemoeszna B3BHBawT BAPYT,

CToumblii BeTep IpPyAbl pas3phBas.

Bporemnoesna umyT Ha KT

Brmone TBoux NEeppoOHOB,

Jlo3oBas!

3Be3mpl IIEpPBY 3BE3Ly 30BYT.

M 3aKaTa XOJIOLEH U PO30B.

Han 6poHennomanxaMyd IIJIEBYT

RIGHT: Becko3bpKu dYepHEHE MaTpOCOB.

FoBopuT, rpeMuT, B3OpHXaeT O6POHB

OTnmaneHHo

1 T'pOMOIIOZO6HO.

I ropuT Ha CTaHIUU OTOHb,

KepocrHOBHY OTroHL 6e3ILOMHEI.

JIucT oceHHUI, 3amo3aBINN JUCT,

BpaTeeB B HOyTh-ZOpPOTy CO3HBAaET.

=== g=0.50 | target=0.7115 | sim=0.7113 ===
left=342 -> pred_right=350 | true=350 | correct=True
LEFT : CmaBaHKa Tuxasg, CKOJb TOK IIPUATEH TBOH,
Korma, B OCeHHU#l IeHb, B TBOU TIJANATCH BOJB
XonMEI, OIleThe IOCIeIHel Kpacoi

[lonmyoTuBeTmHS IPUPOILL.

Cmemy x TBouM OperamM... CBOJ Heba TUX U UUCT;
[lpy cBeTe CoNMHeYHOM IpOXJaZa IIOBEBae. ..

RIGHT: Ugmy mozn pomen M3JIyYMCTOH TpOIOiH;

YTo mar, TO HOBad B IJja3ax MOUX KapTHHA;

To BOPYyr CKBO3b dHamy JApeB MeJlbKaeT Ipeno MHOH’,
Kak B nOpMe, cBeTiad [OJHKHA;

To BAPYr uC4Ye3J0 BCe... OKPeCT CLyCTHICH JecC;
Bce muko BKpyr MeHd, U CY...

=== q=0.25 | target=0.6497 | sim=0.6498 ===
left=532 -> pred_right=415 | true=415 | correct=True
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LEFT : TlocBsmaeTcs ®ennuuu
MepTBern urpan Ha AyZLodke,
[lo ropomy rymnsam,

/I mesHakoMO#l Imypouke

O pykKy Iopeznyarai.

A nmypouka, kKak 3onymka,
EmMy B rmaza ruaamur, -

Ox roBopuT O 30J0TE,
RIGHT: O cmaBe TOBOpHUT.
MepTBer, meBel u yMHHIA,
Ero cmoBa mpoCTH -

[lycTh HOYHBE VIINIH,

U nnomazu IIyCTH.

«Mue 60yBbHO, MHE HeBeceJo,
MHe XOJOOHO 3UMOi1,

Bo3bMu MeHS HEeBECTOW,

=== g=0.00 | target=0.1137 | sim=0.1137 ===
left=533 -> pred_right=373 | true=329 | correct=False
LEFT : Her.

9To HempaBza.

Het!

1 Tw?

Jlvbumas,

3a d4To,

3a 4YTo Xe7!

Xopomo -

RIGHT: Yro mamy rpycTts -

B mucTH,

U rpys - B IBETH

Bcero 3a TONBKO BCXPYCT

Pyru

B pyxke:

Urpy.
Wumyc, a MoxeT 31aToycCT
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E. IlognospuresnbHble IIPOXKHBIE

Pemmenne cocrosmur u3 ciaemyromux sramoB: 1. 3arpyzxkaem mupemodydennyro CNN u mosy-
qaeM SMOeIMHTH JIJId KapTHHOK. 2. Bbraucisgem g KaxKjaoil KapTUHKU outlier-merpuku
robust_mahalanobis, global_knn, class_knn. 3. Arrperupyem merpuku ¢ Becamu (2.0,
1.5, 0.5). 4. CoprupyeM KapTUHKH [0 3HAYCHUIO MaTPUKH, BbIOMpaeM top-K u coxpaHsem
B submission_author.csv.

[1]: import json
import numpy as np
import pandas as pd
import torch
import torch.nn as nn
from torch.utils.data import Dataloader, TensorDataset

ARTIFACTS_DIR = "."

TEST_PACKAGE = f"{ARTIFACTS_DIR}/public_test_package.npz"
TEST_META = f"{ARTIFACTS_DIR}/public_test_meta.json"
WEIGHTS_PATH = f"{ARTIFACTS_DIR}/model_weights.pt"
SUBMISSION_PATH = "submission.csv"

DEVICE = torch.device("cuda" if torch.cuda.is_available() else "cpu")
print("Device:", DEVICE)

Device: cpu
Kom cetn n momydennss sMOeIIMHIOB KAPTUHOK:

[2]: class SmallCNN(nn.Module):
def __init__(self, n_classes=10):

super () .__init__Q)

self .features = nn.Sequential(
nn.Conv2d(1, 16, kernel_size=3, padding=1),
nn.ReLU(inplace=True),
nn.MaxPool2d(2),
nn.Conv2d (16, 32, kernel_size=3, padding=1),
nn.ReLU(inplace=True),
nn.MaxPool2d(2),
nn.Conv2d(32, 64, kernel_size=3, padding=1),
nn.ReLU(inplace=True),

)

self.fcl = nn.Linear(64 * 8 * 8, 64)

self .act = nn.ReLU(inplace=True)

self.fc2 = nn.Linear(64, n_classes)

def forward(self, x):
z = self.features(x)
z = z.flatten(1)
h = self.act(self.fcl1(z))
logits = self.fc2(h)
return logits, h

Crpannma 33 u3 45



3aKJIIOUYNATEIBHBII 3Tall BCePOCCUIICKON OJIMMITUA/IBI ITKOJIBHUKOB 110 WH(MOPMAaTHUKE.
IIpoduns «MckyccrBennsiit naTe/tekTs. Bropoit Typ. Mocksa, 25 maprta 2026 1.

def infer_embeddings_and_preds(model, x_np, batch_size=256):
ds = TensorDataset(torch.from_numpy(x_np).float())
loader = Dataloader(ds, batch_size=batch_size, shuffle=False)
all_emb, all_pred = [], []
model .eval()
with torch.no_grad():
for (xb,) in loader:
xb = xb.to(DEVICE)
logits, emb = model(xb)
all_emb.append(emb.cpu() .numpy())
all_pred.append(logits.argmax(dim=1) .cpu() .numpy())
emb = np.concatenate(all_emb, axis=0).astype(np.float32)
pred = np.concatenate(all_pred, axis=0).astype(np.int64)
return emb, pred

state = torch.load(WEIGHTS_PATH, map_location=DEVICE)

n_classes = int(state["fc2.weight"].shape[0]) if "fc2.weight" in state else
10

model = SmallCNN(n_classes=n_classes)

model .load_state_dict(state)

model = model.to(DEVICE) .eval()

print("Model loaded")

Model loaded

[3]: test = np.load(TEST_PACKAGE)
x_test = test["images"].astype(np.float32)

K = 1000
emb_test, pred_test = infer_embeddings_and_preds(model, x_test)

n_test = len(x_test)
print(f"n_test={n_test}, K={K}, emb_dim={emb_test.shape[1]}")

n_test=10000, K=1000, emb_dim=64

1.12.9 Wnes penienus

Bynem nckarhb BHIOPOCHI B IIPOCTPAHCTBE SMOEJIMHIOB HEHPOCETH.
[IpemmnoaraemM, 9To mocje IPOXOXKIEHUA depe3 00y IeHHYI0 MOJEIb 0OObEKTHI OJTHOIO U TOTO XK€
KJIacca 00pa3yioT B IPOCTPAHCTBE IPU3HAKOB KOMITAKTHBIE KJIACTEPHI. 10r/1a BHIOPOCHI MOXKHO
HNCKaTh KaK TOYKU, KOTOPbIE PACIIOIOXKEHBI “HETUIINIHO OTHOCUTEIbHO OCTAJIbHBIX TOYEK.

,ZLJIH 9TOI'O HUCIIOJIB3YIOTCA HECKOJIbKO THUIIOB METPHUK:

1. Global kNN score.
JLst Kazk 1010 00'beKTa CUMTACTCs CpeTHee PACCTOSHUE JI0 ero OJIMXKaNIINX coceieil cpein
BCeX OOBEKTOB JaTaceTa.
Ecimu 06bekT HaxXoauTCst N30JIMPOBAHHO, €TI0 SCOTe OyJIeT OOJIBIITUM.

2. Class kNN score.
AHaJIOrIYHO IpeabIIAYIIeMy IIYHKTY, HO COCEIN MILYTCS TOJbKO Cpeau 0ObLEKTOB TOrO Ke
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IIpeACKa3aHHOIO KJacca.
DTO MO3BOJISIET HAXOAUTb TOYKU, KOTOPBIE BBIIVISISIT HEOOBIYHO MMEHHO BHYTPH CBOErO
KJIacca, JlaXKe ecjiu IJI00aJIbHO OHU He CJIUIIKOM JIAJIEKU OT JPYTHUX.

3. Robust Mahalanobis score BHyTpu KJiacca.
JI1st KazK10r0 IpeIcKa3aHHoro KJIacca OIeHMBAETCs CpeJIHee (1 1 MaTPHIla KOBApUAIi Y
9MOEJIIMHTOB, TI0CJIe Yero JjIsd KaxXKJI0ro o0beKTa cunTaeTcs paccrogaue Maxamanoduca
JI0 TIEHTPa CBOero Kjacca. Paccrosgune Maxaianobuca cauTaercs Tak:

(z: — )" 57 (i — )

N nes ncno/ib3oBanns KoBapuamuu B ToM, 910 MaxasianoOuc cMOTPHUT Ha TOYKY OTHOCHU-
TeIbHO (POPMBI pacupeseaeHus Kiacca. VHora ToIKy-BrIOPOC MOXKHO TOMMATD TEM, UTO
OHa OTKJIOHSIETCS He IO JJINHE, a 10 “HelpaBUILHOMY HAIIPaBJIEHUIO B IPOCTPAHCTBE.
Y100B!I BLIOPOCHI HE UCKAXKAJIN U3HAYAIbHBIE OIEHKU 4 U Y TI0 BEIODOPKE, MCIIOJIb3yeM PO-
OacTHYIO CXeMy: Ha KasKJI0# MTepalii BpeMEeHHO OTOpachiBaeM caMble JajIeKue TOUYKHU, U
OIICHUBAEM TapaMeTPbl TOJIBLKO 10 OCTaBIIEMYCH “sipy’ KJacca.

Takum oOpazom, peleHne ONUPAETCs Ha CJIELYIONLYI0 TUIIOTE3Y:

BBIOPOCHI — 3TO OOBEKTHI, KOTOPbIE€ B MPOCTPAHCTBE MPU3HAKOB JIMOO JAJIEKU OT
TUITMYHOTO PAcHpe/ieJIeHNUsI CBOET0 KJIacca, JIM0O0 IJI0X0 BIUCHIBAIOTCS B JIOKAJIBHYIO
CTPYKTYPY COCe/JI€eii.

IIpumeuanmne: 6e3 ucnonb3oBanus paccroguus Maxananobuca MOXKHO Oy IuTh 10 80% GaJ-
JIOB 3a 3aJa9y.

Huxe peanuzoBanbl hyHKIINE METPUK:

[4] : | import numpy as np

def score_robust_mahalanobis(emb, pred, lam=0.15, trim_frac=0.10, iters=2):

nimnn

Cuumaem pobacmuslli Mahalanobts score enympu kaxdoz20 npedCcka3arHo020 KAACCA.

Hoesn:
- Ona kamxdozo kaacca ouyerusaem "Hopmansroe" pacnpedenerue smbedourz08;
- 3amem Oaa kKamxdozo obsekma cuumaem paccmoarue Mazxanarobuca 0o yexwmpa
kaacca;
- umobbl 8bI6POCLI HE nOPMuAU OUEHKY CpedHez20 U KOo8apuayul,
Heckoabko pa3 ombpaceigaeMm camble OANEKUE MOYUKU U Nepecuumsleaem
CmamucmuKy .

Ilapamempe::

- emb: mampuya smbeddunzoe shape [N, d]

- pred: npedckasaHHsle kaaccel shape [N]

- lam: kospduyuenm pe2ysapusayuu Ko8apuayul

- trim_frac: doaa camblz OAAEKUT MOUEK, BPEMEHHO UCKANYUAEMbIT NPpU trimming

- iters: uucao umepayull pobacmhoz20 nepecuéma

nnn

d = emb.shape[l] # pasmeprnocme npocmpancmea npusnakos

out = np.zeros(len(emb), dtype=np.float64) # umozoswili score daa ecex
obsekmos

eye = np.eye(d, dtype=np.float64) # edunuuras Mampuya OASL Pe2YsAPU3AYUY
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# Obpabameieaem kaxdolli Kaacc omdenbHo
for ¢ in np.unique(pred):

m = pred == c # macka 0b6Bekmoe kaacca C
h = emb[m] .astype(np.float64) # smbeddunzu moavko smozo kKiacca
n = len(h)

# Ecau 06Bekmog CAUWKOM MANO, POOACMHYW OUEHKY Oeanams HeHAOENHO .
# Toz0a npocmo cuumaem obbiuHoe paccmosHue Mazanarobuca.

if n < 8:
mu = h.mean(axis=0, keepdims=True) # yeuwmp kaacca
cen = h - mu # yeHmpuposarHsle smMbedOuH2u

# Koeapuayus + OuG20KAAbHAA PE2YAAPUSAYUSA OAS YCMOUHUBOCMU
cov = (cen.T @ cen) / max(l, n - 1) + lam * eye

# Ilcesdoobpamnas mampuya emecmo 006bi4HOU obpamnol -
# ycmoluueee, ecalu KOBAPUAYUUA NAOTO 00YCAOBAEHA
inv = np.linalg.pinv(cov)

# Keadpam paccmosrus Maraaarobuca 0as Kaxdol MOUKU:
# (x - mu)°T inv (= - mu)

out[m] = np.einsum("bi,ij,bj->b", cen, inv, cen)
continue

# M3HAUAALKO CHUMAEM, 4MO COTPAHAEM 8CE MOYUKU KAACCA
keep = np.ones(n, dtype=bool)

# Havanvras 2pybas ouyenHka cpedHezo u 0b6pamrol KO8APUAUUU
mu = h.mean(axis=0, keepdims=True)
inv = np.linalg.pinv(np.cov(h.T) + lam * eye)

# Heckoabko umepayul pobacmHozo trimming
for _ in range(max(l, iters)):
# Lepéem moaeko mekyyue "HaldéExHbie" mouku
hh = h[keep]

# Ilepecuumsieaem Yewmp NO OCMABWUMCSH MO %KAM
mu = hh.mean(axis=0, keepdims=True)

# [lenmpupyem ocmagwuecs mouku
cen_hh = hh - mu

# IlepecuumsieaeM KOBAPUAUUID NO OXULUEHHKOMY NOOMHONECMSY
cov = (cen_hh.T @ cen_hh) / max(l, len(hh) - 1) + lam * eye
inv = np.linalg.pinv(cov)

# Cuwumaem paccmosnus Mazasanobuca yke 0ai 6CET MOUEK KAGCCA
cen_all = h - mu
dist_all = np.einsum("bi,ij,bj->b", cen_all, inv, cen_all)
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# Ilopoz: ocmaeasem (1 - trim_frac) Ooaw 6bauxalwuxr mouek
thr = float(np.quantile(dist_all, 1.0 - trim_frac))
keep = dist_all <= thr

# Bawuma om cumyayuu, k0204 OCMAAOCHL CAUWKOM MAAO MOYEK:
# mozda ocaabasem trimming
if keep.sum() < max(5, int(0.5 * n)):

keep = dist_all <= float(np.quantile(dist_all, 0.7))

# Ilocae PuraabrolU ouyeHku cuumaem umozoewvll Mahalanobis score
# 0ns ecexr mowek 5moz20 KAACCQ

cen = h - mu

out[m] = np.einsum("bi,ij,bj->b", cen, inv, cen)

return out

def score_global_knn(emb, k=10):

nimnn

Cuumaem 2no06anbHbtli kNN score:
cpednee paccmosarue 00 k bauxalwuxr cocedel no ecemy damacemy.

Ecau mouka HaTOOUMCA U30AUPOBAHHO OM OCMAAbLHLIT,
eé score bydem boabwUM.

nimnn

n = emb.shape[0]

# Ecau mouek cauwkom mano, meaningful score wem
if n <= 2:
return np.zeros(n, dtype=np.float64)

# Henbssa b6pamb cocedel boabwe, 4eMm HUCAO OCMAAbHLIT MOYEK
kk = min(k, n - 1)

x = emb.astype(np.float64)

# Kealdpambl HODPM OnA 6CET MOuek
x2 = np.sum(x * x, axis=1, keepdims=True)

# Mampuya keaOpamoe NONAPHLIT €8KAUAOBLIT PACCMOAHUL:
# [lze - zg/1°2 = [lzil]°2 + [|lzjl]["2 - 2 <zi, xj>
d2 = x2 + x2.T - 2.0 * (x @ x.T)

# Ybupaem paccmosrue mouku 0o camol cebs
np.fill_diagonal(d2, np.inf)

# Fepém kk HauMeHbWUT paccmoarul 6 Kaxdol cmpoke
knn = np.partition(d2, kk - 1, axis=1)[:, :kk]
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# Bosepawaem cpedHee obbluHoe paccmoarue 00 bauxalwur cocedel
return np.mean(np.sqrt(np.maximum(knn, 0.0)), axis=1)

def score_class_knn(emb, pred, k=8):

nmnn

Cuwumaem class-wise kNN score:
cpednee paccmoarue 00 k bauxalwur cocedell 8HYmpu npedcKaA3aHHO20 KAACCGH.

9mo nomozaem HaTooums 0536/6/7%1, Komopble Hemunu41Hbl
UMEHHO 0N C80€20 KAACCQ.

nnn

out = np.zeros(len(emb), dtype=np.float64)

# Cuumaem score omdenbHO SHYMPU Kaxk0020 KAACCAQ
for ¢ in np.unique(pred):

m = pred == c
h = emb[m] .astype(np.float64)
n = len(h)

# Ecau 8 KaacCe CAUWKOM MAAO MOYeK, SCOTe CHUMAEeM HYAEBbiM
if n <= 2:

out[m] = 0.0

continue

kk = min(k, n - 1)

# Keadpamel HODM mMOueKk GHYMPU KAACCA
h2 = np.sum(h * h, axis=1, keepdims=True)

# Mampuya Keadpamoe NONAPHLIT PACCMOAHUU EHYMPU KAACCQ
d2 =h2 + h2.T - 2.0 * (h @ h.T)

# Hckamowaem paccmosHue 00 camol cebs
np.fill_diagonal(d2, np.inf)

# Haxodum kk bauxalwuxr cocedel
knn = np.partition(d2, kk - 1, axis=1)[:, :kk]

# Cpednee paccmoarue 00 bauxalwur cocedell 8HYMpU KAACCQ
out[m] = np.mean(np.sqrt(np.maximum(knn, 0.0)), axis=1)

return out
def rank_score(x):
nimnn

Ilpeobpasyem maccue 3HaueHUU 8 PAH2U.

HaumeHnowull snemenm noayuwaem parnz 0,
caedywuyull - 1, u mak Oanee.
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Smo ydobHo, ecau nomoMm HYyxHo 06BeduHAMb

HEeCKOAbKO ScoTe padHoz20 Macumaba.

mnimn

# HrOekcol snemMeHmos 8 nopadke 803DPACMAKHUSL 3HAYEHUU T
order = np.argsort(x)

# Maccue 0aa parz08
r = np.empty_like(order, dtype=np.float64)

# Banuceleaem 0as KakA020 SAEMEHMA €20 NOBUYUK 68 OMCOPMUPOBAHHKOM NOPAIKE
r[order] = np.arange(len(x), dtype=np.float64)
return r

# Cmpoum outlier-score Ha mecmosslx smMbeddur2aT no aHcambiw Par208
# us mpéx mempuk: robust Mahalanobis + global kNN + class kNN.

# Pobacmnoe paccmosarue Maranarobuca eHYmpu npedCKa3aHH020 KAACCQ:

# nokaseleaem, HACKOAbLKO 00BEKM HEMUNU4EH OMHOCUMEAbHKO PacnpedeneHrHus Ceoezo
kaacca.

s_robust = score_robust_mahalanobis(emb_test, pred_test, lam=0.15,
trim_frac=0.10, iters=2)

# I'nobanbhslli kKNN-score:

# cpedree paccmosrue 0o bauxalwuxr cocedel 8o ecém Habope.

# Boabwue 3HAYEHUS coomeemcmsywm bonee U30AUPOGAHKHKLIM MOUKAM.
s_gknn = score_global_knn(emb_test, k=10)

# Class-wise klNN-score:

# cpedree paccmosarue 00 bauxalwur cocedell MOALKO GHYMPU C80e20 NPedCKa3arHH020
KAQCCa.

# Ilomoz2aem HaTOOUMb MOYKU, KOMOPbIE CMPAHHKO 6bl2AADAM UMEHHO SHYMPU KAACCA.
s_cknn = score_class_knn(emb_test, pred_test, k=8)

# Obsedunaem mpu score 8 00UK UMO2086bll NoOKa3amensb NOO03PUMENLHOCMU.
# [leped obseduHeruem nepesodum KaxOblli SCOTe 8 DPaH2u,
# umobbl pa3Hble WKAALI 3HAUEHUU He mewanu O0pyz Opyzy.
# B0ecbv Tobust Mahalanobis umeem wauboabwul eec,
# global kNN - cpedruli, class kNN - merowull 00noAHUMENbHbIU 6KAAOD.
final_score = (

2.0 * rank_score(s_robust)

+ 1.5 * rank_score(s_gknn)

+ 0.5 * rank_score(s_cknn)

# Bolbupaem K obsexkmoe C HaAubOALWUM UMO208bIM SCOTE
# kak Haubosee eeposmHole 8b16POCHI.
topk = np.argsort(-final_score) [:K]

# Popmupyem OUHAPHLIL 8eKkmMOp omeemos:
# 1 - obsekm cuumaem evlbpocom, 0 - 006bluHbM 06BEKMOM.
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is_outlier = np.zeros(n_test, dtype=np.int64)
is_outlier[topk] = 1

# Cobupaem gals OAL OMAPABKU:
# 0nsa kaxdoz20 1d Yykaseleaem npedckasarue ts_outlier.
submission = pd.DataFrame ({
"id": np.arange(n_test, dtype=np.int64),
"is_outlier": is_outlier,

o)

# Coxparnaem submission e CSV 6e3s undexkca DataFrame.
submission.to_csv(SUBMISSION_PATH, index=False)

# BblgoOum caAyrebHYw UHPOPMAYUL :

# kyoa coxparér Pals U CckONbkO 006BEKMO8 NOMEHEHO KaK 6blbpocsl.
print("Saved:", SUBMISSION_PATH)

print("Predicted outliers:", int(is_outlier.sum()))

# IlokassieaeMm nepevle cmpoklu SubmisSsSTon-mabauypl.
submission.head()

Saved: submission.csv
Predicted outliers: 1000

[5]: id is_outlier
0 0 0
1 1 0
2 2 0
3 3 0
4 4 0

[IpoBepum perrenne: gdeiika HUXKe BbIYUCIAET cKOp Ha public n private gacTax jaracera.

(6]: | #!/usr/bin/env python3

nimn

Validate submission.csv against y_test.csv and compute hits@k metrics.

Ezpected columns:
y_test.csv: 1d, ts_outlier_true, Usage

submission.csv: 1d, is_outlier
nimnn

from __future_

import annotations

import argparse

import json

from pathlib import Path
from typing import Dict, List

import pandas as pd

BASELINE_SOLUTION_SCORE_PUBLIC=113
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BASELINE_SOLUTION_SCORE_PRIVATE=95
AUTHOR_SOLUTION_SCORE_PUBLIC=338
AUTHOR_SOLUTION_SCORE_PRIVATE=308

def _strip_jupyter_kernel_args(unknown: List[str]) -> List[str]:
cleaned: List[str] = []
i=20
while i < len(unknown):
tok = unknown[i]

if tok == "-f" and i + 1 < len(unknown) and unknown[i + 1].
—endswith(".json"):
i+= 2
continue
cleaned.append (tok)
i+=1

return cleaned

def _validate_binary_column(col: pd.Series, name: str) -> pd.Series:
numeric = pd.to_numeric(col, errors="coerce")
bad = numeric.isna() | (Tnumeric.isin([0, 1]))
if bad.any(Q):
first_bad_idx = int(col.index[bad] [0])
raise ValueError(
f"Kononka '{name}' momxzHa comepxaTb Tombko 0/1.
f"llepBass HexoppekTHas cTpoka: {first_bad_idx}"

)

return numeric.astype(int)

def _clip_score_0_100(value: float) -> float:
return max(0.0, min(100.0, float(value)))

def _compute_hits_metrics(
df: pd.DataFrame, include_score_0_100: bool = True
) -> Dict[str, float | int | booll]:
k_true = int(df["is_outlier_true"].sum())
k_pred = int(df["is_outlier"].sum())
hits_at_k = int(((df["is_outlier_true"] == 1) & (df["is_outlier"] == 1)).
—sum())
if AUTHOR_SOLUTION_SCORE <= BASELINE_SOLUTION_SCORE:
normalized_score_0_100 = 0.0
else:
normalized_score_0_100 = 100.0 * (
(hits_at_k - BASELINE_SOLUTION_SCORE)
/ (AUTHOR_SOLUTION_SCORE - BASELINE_SOLUTION_SCORE)
)

normalized_score_0_100 = _clip_score_0_100(normalized_score_0_100)
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metrics: Dict[str, float | int | bool] = {
"n_samples": int(len(df)),
"k_true": k_true,
"k_pred": k_pred,
"k_match": bool(k_true == k_pred),
"hits_at_k": hits_at_k,
}
if include_score_0_100:
metrics["score_0_100"] = normalized_score_0_100
return metrics

def validate_and_score_submission(ytest_path: Path, submission_path: Path) ->
Dict[str, object]:
try:
ytest = pd.read_csv(ytest_path)
except Exception as exc: # pragma: mo cover
raise ValueError (f"Ommbxa urenus ytest.csv: {exc}") from exc

try:
submission = pd.read_csv(submission_path)
except Exception as exc: # pragma: mo cover
raise ValueError (f"Oumubra uyTeHus submission.csv: {excl}") from exc

if ytest.empty:
raise ValueError("ytest.csv mycToit")
if submission.empty:
raise ValueError("submission.csv mycToi")

required_ytest_cols = {"id", "is_outlier_true", "Usage"}
required_submission_cols = {"id", "is_outlier"}

missing_ytest_cols = required_ytest_cols - set(ytest.columns)
if missing_ytest_cols:
raise ValueError(f"B ytest.csv OTCyTCTBYOT KOJIOHKH:
{sorted(missing_ytest_cols)}")

missing_submission_cols = required_submission_cols - set(submission.
—.columns)
if missing_submission_cols:
raise ValueError(
f"B submission.csv OTCYTCTBYOT KOJOHKH:
{sorted(missing_submission_cols)}"

)

ytest = ytest[["id", "is_outlier_true", "Usage"l].copy()
submission = submission[["id", "is_outlier"]].copy()

ytest["id"] = ytest["id"].astype(str).str.strip()
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ytest["Usage"] = ytest["Usage"].astype(str).str.strip().str.title()

submission["id"] = submission["id"].astype(str).str.strip()

if (ytest["id"] == "").any(Q:
raise ValueError("B ytest.csv ects mycThe id")
if (submission["id"] == "").any():

raise ValueError ("B submission.csv ecTs mycThe id")

invalid_usage = sorted(set(ytest["Usage"]) - {"Public", "Private"})
if invalid_usage:
raise ValueError(f"B ytest.csv HemomycTumble 3HaueHus Usage:
{invalid_usage}")

if ytest["id"].duplicated().any():
duplicates = (
ytest.loc[ytest["id"] .duplicated(keep=False), "id"]

.unique ()
.tolist ()
)
suffix = " ..." if len(duplicates) > 10 else ""

raise ValueError(
f"B ytest.csv ects mybmumxats id: {duplicates[:10]}{suffix} "
f"(Bcero {len(duplicates)})"

if submission["id"].duplicated().anyQ):
duplicates = (
submission.loc[submission["id"] .duplicated(keep=False), "id"]

.unique ()
.tolist ()
)
suffix = " ..." if len(duplicates) > 10 else ""

raise ValueError(
f"B submission.csv ecTp nmybmmkaTh id: {duplicates[:10]}{suffix} "
f"(Bcero {len(duplicates)})"

y_ids = set(ytest["id"])
s_ids set(submission["id"])

missing_ids = y_ids - s_ids
if missing_ids:
miss = sorted(list(missing_ids))
suffix = " ..." if len(miss) > 10 else ""
raise ValueError(
f"B submission.csv orcyrcTBywor id: {miss[:10]}{suffix} "
f"(scero {len(miss)})"
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extra_ids = s_ids - y_ids
if extra_ids:
extra = sorted(list(extra_ids))
suffix = " ..." if len(extra) > 10 else ""
raise ValueError(
f"B submission.csv ects mumane id: {extral:10]}{suffix} "
f"(Bcero {len(extra)})"

ytest["is_outlier_true"] =
_validate_binary_column(ytest["is_outlier_true"], "is_outlier_true")

submission["is_outlier"] =
_validate_binary_column(submission["is_outlier"], "is_outlier")

merged = ytest.merge(submission, on="id", how="left",
validate="one_to_one")

if merged["is_outlier"].isna().any(Q):
raise ValueError("llocme merge ects NaN B mpemckasanuax")

k_true_total = int(merged["is_outlier_true"].sum())
k_pred_total = int(merged["is_outlier"].sum())
if k_pred_total !'= k_true_total:
raise ValueError(
"B submission.csv HomXHO OHTBE poBHO K enuHWII B KOJIOHKE
is_outlier, "
f'"roe K={k_true_total}. Cefiuac: {k_pred_totall}"

)
overall_metrics = _compute_hits_metrics(merged, include_score_0_100=True)
public_metrics = _compute_hits_metrics(
merged.loc[merged["Usage"] == "Public"], include_score_0_100=False
)
private_metrics = _compute_hits_metrics(
merged.loc[merged["Usage"] == "Private"], include_score_0_100=False
)

overall _metrics["score_0_100"] =
_clip_score_0_100(overall_metrics["score_0_100"])

return {
**overall_metrics,
"n_total": int(len(merged)),
"n_public": int((merged["Usage"] == "Public").sum()),
"n_private": int((merged["Usage"] == "Private").sum()),
"public": public_metrics,
"private": private_metrics,

def main(argv: List[str] | None = None) -> None:
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parser = argparse.ArgumentParser(description="IlpoBepka cabmuTa u OOZCUET
hits@k")
parser.add_argument ("--ytest", type=str, default="y_test.csv", help="IIlyTs
K y_test.csv")
parser.add_argument (
"--submission",
type=str,
default="submission.csv",
help="IlyTs K submission.csv",
)
parser.add_argument (
"--save-json",
type=str,
default=None,
help="0OnnuoHanbHHE IyTb LI COXpaHeHHa MeTpuk B JSON",
)
args, unknown = parser.parse_known_args(argv)
unknown = _strip_jupyter_kernel_args(unknown)
if unknown:
parser.error(f"unrecognized arguments: {' '.join(unknown)}")

ytest_path = Path(args.ytest)
submission_path = Path(args.submission)

if not ytest_path.exists():
raise FileNotFoundError (f"¢aiin ytest He Halimen: {ytest_pathl}")
if not submission_path.exists():
raise FileNotFoundError (f"¢afin submission He HalimeH:
{submission_path}")

metrics = validate_and_score_submission(ytest_path, submission_path)
print (json.dumps(metrics, indent=2))

if args.save_json is not None:
out_path = Path(args.save_json)
with out_path.open("w", encoding="utf-8") as file:
json.dump(metrics, file, indent=2)
print (f"Metpuku coxpanensl B JSON: {out_pathl}")

if __name__ == "__main__":

main()
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