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import numpy as np

import pandas as pd
from sklearn.linear_model import LogisticRegression
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np.random.seed(0)
600
03 lw soue

np.random.normal(@, 1, n)

g0 04938 = 1 ¢ )L an 0498 = 9 s lw> S50,

7 7 4

np.random.binomial(1, 0.35, n)

Sy lw syaSsw Lo Bua Qu o
np.where(
S ==20,
np.random.binomial(1l, @.75, n),
np.random.binomial(1l, 0.45,
)
data = pd.DataFrame({
"feature'": X,
"'sensitive": S,
"label": y
})
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data.head()

feature sensitive 1label
1.764052
0.400157
0.978738
2.240893

1.867558

s (1o 3 J8) o3 3 5 3925 oo & 0 ol 0 S T i

data.groupby("sensitive") ["label"].mean()

sensitive

0 0.714286

1 0.459459
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X_model = datal[["feature"]]
y_model = datal["label"]

model_base = LogisticRegression()
model_base.fit(X_model, y_model)
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# JLos>| P W W

proba_base = model_base.predict_proba(X_model) [:, 1]

Sloss 0,55 proba_base jgis 3 oss o i OYlasl g o> 590l Je

# [ NSO LR ]
threshold = 0.5
pred_base = (proba_base >= threshold).astype(int)

\ QT
- = 0 J\_é) -

data["proba_base"] = proba_base
data["pred_base"] = pred_base

# 9_1)_“""\_}_“‘_\

wiwd 35,8 s Jlaisl 047 51 iy Jae ,S1 48 cuslies ol & threshold = +.0 sus

(L2l sla s iw) pred_base 4 (oYlas!) proba_base cla g 5,5 0 5,8 )
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base_group_proba = data.groupby("sensitive")[["proba_base"]].mean()

base_group_proba

proba_base
sensitive
0 0.620145

1 0.619792

LBV Ll (+) s 05,8 (el 00 it Jlain Silhe ol (25 g i
S| + 4 lg).g‘)g (\) £9 )0 09; LS‘)’. 9

Taw S LogyS 93 50 4 (1:5ke job 4 Jdo s yo ol p3 a5 amd o LS (2 9)5 ]
)8 23059 b cod jem b pwSile opl & Cuild angr Wb Lol S o oSS Jlosis | )

(feature) S5y 6 ks o8 25l opl 51 30 sl San a3l coglis g wlazs S5

ol 045 o)hb;ulLJAA 3

weights = []

for _, row in data.iterrows():
s = row["sensitive"]
y_val = row["label"]

p_s = (data["sensitive"] == s).mean()
p_y = (data["label"] == y_val).mean()
p_sy = ((data["sensitive"] == s) & (data["label"] == y_val)).mean()

weights.append((p_s * p_y) / p_sy)

data["weight"] = weights

data["weight"].describe()
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weight

count 600.000000
mean 1.000000
std 0.256806
min 0.703000
0.868000

0.868000

1.330000

1.349412
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# ol AIO)g Jdo LD;\:x_:"r
model_rw = LogisticRegression()
model_rw.fit(X_model, y_model, sample_weight=datal["weight"])

# JLai>| u_\_:_\t_lu_n\
proba_rw = model_rw.predict_proba(X_model) [:, 1]
pred_rw = (proba_rw >= threshold).astype(int)

# La >qg 3> 0 34>
(Eag =

data["proba_rw"] = proba_rw
data["pred_rw"] = pred_rw
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# oosdh Uole Wl Lad> pa jakio ool

rw_group_proba = data.groupby("sensitive") [["proba_rw"]].mean()

rw_group_proba

proba_rw

sensitive

0 0.62028

1 0.61991
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))

print(base_group_proba)

pr‘int("\nc_z Segn H demy Jlladiesl] - fude d ‘__5_4*:“)
print(rw_group_proba)

diff_before = abs(
base_group_proba.loc[@, "proba_base"] -
base_group_proba.loc[1, "proba_base"]

)

diff_after = abs(
rw_group_proba. loc[@, "proba_rw"] -
rw_group_proba. loc[1, "proba_rw"]

)

print("\nJ.s Jlaisl gusslie owssl ", diff_before)
RiTE(Mecr, e gulsil, W, GRT_AERr)

dwlore b .Gl ddzme (B3 59 gy (idu Sl liee (oS (6500l isu pl 5l ol Bus
oo &S it pl JWd ) g +) wlae 0,5 90y SV L] 1 Skee MBS 3llas 448
Ll &S wgS e Loy (i ol @ly 5 s pilS ) "ty BISST il i

Sl b bl 5 s b a0 9,55 5 Sy (IS5 4 09)5 93 p2 b @l 5l Ly Je
AL loads cadall o 903 50 adgl (claodly 3 39340

_\Cl_



T R R e e e e R O L
proba_base

sensitive

0 0.620145

1 0.619792
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proba_rw

sensitive

0 0.62028

1 0.61991
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import numpy as np
import pandas as pd
from sklearn.linear_model import LogisticRegression

# e | S |l S i
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np.random.seed(42)
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n_maj = 800

X_maj = np.random.normal(loc=1.2, scale=0.5, size=(n_maj, 1))

S_maj = np.zeros(n_maj) # o 5S1 05,85 sl 0 us

y_maj = (X_maj + np.random.normal(@, 0.2, (n_maj, 1)) > 0.8).astype(int).flatten()
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# v, (oliops sLagly) L Laazg! o) ludd 905
n_min

X_min = np.random.normal(loc=0.3, scale=0.5, size=(n_min, 1))
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y_min = (X_min + np.random.normal(@, 0.2, (n_min, 1)) > 0.8).astype(int).flatten()

# d> 1|
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data = pd.DataFrame({
"latent_feature": np.vstack([X_maj, X_min]).flatten(),
"sensitive": np.concatenate([S_maj, S_minl),
"label": np.concatenate([y_maj, y_min]

})

print(f" ool s Js s1uxs: {len(data)}")
print(f"ecs1 05,8 51uxs: {len(X_min)} ")
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data[["latent_feature", "sensitive"]]
datal[" label"]

model_base = LogisticRegression()
model_base.fit(X, y)
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data["proba_base"] = model_base.predict_proba(X)[:, 1]
base_gap = data.groupby("sensitive") ["proba_base"].mean()

print("——— zlol 5l Joad o v‘_,\_:_\/;x_\_j dllt et e Ky ———“)

print(base_gap)

T el S dad e dd any Jlade! a8l T
sensitive

0.0 0.777521

1.0 0.248552

Name: proba_base, dtype: float64
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minority_vectors = dataldata.sensitive == 1][["latent_feature"]].values

# Eoduan 031> uulgS plyyeX Il

synthetic_samples = []

# GGl g @adldll 8 dod g

for range(len X U
# ool I 9ibay gl 9 :
idx = np. random ch01ce(1en minority_vectors), 2, replace=False)
vl, v2 = minority_vectors[idx[@]], minority_vectors[idx[1]]

# s logsys Podssn o )lwoslyy (Linear Interpolation)

alpha = np.random.uniform(@, 1)
v_synthetic = vl + alpha * (v2 - v1)
synthetic_samples.append(v_synthetic)

5 T > 4 0 1 oS sl bl
#L‘ujafﬂ 433> 4 _»;,,,A slao 3 (oS 43la

df synthetlc = pd.DataFrame({
"latent_feature": np.array(synthetic_samples).flatten(),
"sensitive": 1,
"label": 1 # _ix,JsLs5

c i ¢ La 3 0ol |
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)

data_augmented = pd.concat( data, df_synthetic])
print(f" les slas sjlu,ie 31 gy Laosls oluxs: {len(data_augmented)}")
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model_smote = LogisticRegEession()
model_smote.fit(data_augmented[["latent_feature", "sensitive"]], data_augmented['"label"])

# (=515 51 ,381) Lol

data[“p}oba_smoté“] = model_smbte.predict_proba(data[ "latent_feature", "sensitive"1])[:, 1]
smote_gap = data.groupby("sensitive")["proba_smote"].mean()
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pr‘int ( e H d=o ol c_\_x_v\[«u_‘\ Jlad>l S S5las SMOTExXT ——-" )
print(smote_gap)

—— 9l oy ok JSuspusy Jlodiol ey SISO —
sensitive

0.0 0.784563

1.0 0.938046

Name: proba_smote, dtype: float64
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gap_before = abs(base_gap[@] - base_gap[1])
gap_after = abs(smote_gap[@] - smote_gap[1])
improvement = ((gap_before - gap_after) / gap_before) x 100

print(f" (4. 3) s, 3,0 siss: {gap_before:.4f}")

print(f"(.iw) s, %0 sisi: {gap_after:.4f}")

print(f" s,LeT adlue 554y ol juo: {improvement:.2f}s%")
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