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ALGORITHM 1: PROTECTED GROUP ESTIMATION IN SLSD

INPUT:

SOURCE DATASET {( x(i)
S , y(i)

S , a(i)
S )}         ;

TARGET DATASET  {( x(i)
T , y(i)

T )}         ;

SOFTMAX TEMPERATURE t = 0.4.

PRE-TRAINING STEP:

· RANDOMLY INITIALIZE SOURCE ENCODER EΘ ,TARGET ENCODER Eφ ,

·        AND PROTECTED GROUP ESTIMATOR (PGE) GΨ.

· DRAW nS INDIVIDUALS xS         xS  WHEN  yS = 1  AND  nS

·       INDIVIDUALS xS       xS WHEN yS = 0.

· SIMILARLY DRAW xT       xT AND  xT         xT  VIA OVERSAMPLING OR

       DOWNSAMPLING TO ENSURE nT = nS AND  nT = nS  INDIVIDUALS.

· FOR EACH ITERATION: 

- ESTIMATE  [ zS, zS ] = Ev ([ xS, xS ]).

- ESTIMATE  [ zT, zT ] = Eφ  ([ xT, xT ]).

- CONCATENATE zS = [ zS, zS ]  AND zT = [ zT, zT ].

- ESTIMATE  âS = σ (GΨ (zS))

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min      LCCA (zS, zT) + LCE (âS, aS).

FINE-TUNING STEP:

· ESTIMATE âT = σ (GΨ (zT)), WHERE  zT = Eφ (xT).

· SET MASKING INDEX m = 1 FOR THE TOP nT/2 INDIVIDUAL W.R.T.

·        PROBABILITIES âT and m = 0 FOR THE REMAINING INDIVIDUALS.

· EXTRACT THE HIGH-CONFIDENT SAMPLES xT1 = xT [m = 1],

      AND THE LOW-CONFIDENT SAMPLES xT0 = xT [m = 0].

· GENERATE PSEUDO-GROUP LABELS aT1 = arg max σ (GΨ (zT1)).

· FOR EACH ITERATION:

- ESTIMATE  zT1 = Eφ (xT1) AND zT0 = Eφ (xT0).

- ESTIMATE  âT1 = σ (GΨ (zT1)).

- ESTIMATE  âT0 = σ (GΨ (zT0)).

- ESTIMATE  ãT0 = σ (GΨ (zT0 + Є)/t),

  WHERE Є ~ CAUCHY (0,200).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min    LCE (âT1, aT1) + LKLD (ãT0, âT0).

OUTPUT:

FINE-TUNED TARGET ENCODER Eφ AND FINE-TUNED PGE GΨ

v,φ,Ψ

φ,Ψ

�	

+ -+ -

+ +

+

+ + - -

-

+

-

+ -+ -

+ -+ -

nS

i=1

nT

i=1

∩  
∩  

∩  

∩  



ALGORITHM 2: PROTECTED GROUP ESTIMATION IN R-SLSD

INPUT:

SOURCE DATASET {( x(i)
S , y(i)

S , a(i)
S )}         ;

TARGET DATA SUBSET  {( x(i)
T1 , y(i)

T1 ,a(i)
T1)}         ;   AND

{( x(i)
T0 , y(i)

T0 )}       ,  WHERE nT0 >> nT1;

SOFTMAX TEMPERATURE t = 0.4.

PRE-TRAINING STEP:

· RANDOMLY INITIALIZE SOURCE ENCODER EΘ ,TARGET ENCODER Eφ ,

       AND PROTECTED GROUP ESTIMATOR (PGE) GΨ.

· DRAW nS INDIVIDUALS xS           xS  WHEN  yS = 1  AND  nS

      INDIVIDUALS xS        xS WHEN yS = 0.

· SIMILARLY DRAW xT        {xT0,xT1} AND  xT        {xT0,xT1} VIA 

      OVERSAMPLING OR  DOWNSAMPLING TO ENSURE nT = nS AND 

       nT = nS  INDIVIDUALS.

· FOR EACH ITERATION: 

- ESTIMATE  [ zS, zS ] = Ev ([ xS, xS ]).

- ESTIMATE  [ zT, zT ] = Eφ ([ xT, xT ]).

- CONCATENATE zS = [ zS, zS ] AND  zT = [ zT, zT ].

- ESTIMATE  âS = σ (GΨ (zS)).

- ESTIMATE  âT1 = σ (GΨ (Eφ(zT1))).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min       LCCA (zS, zT) + LCE (âS, aS) + LCE (âT1, aT1).

FINE-TUNING STEP:

· FOR EACH ITERATION

- ESTIMATE  zT1 = Eφ (xT1) AND  zT0 = Eφ (xT0).

- ESTIMATE  âT1 = σ (GΨ (zT1)).

- ESTIMATE  âT0 = σ (GΨ (zT0)).

- ESTIMATE  ãT0 = σ (GΨ (zT0 + Є)/t),

WHERE Є ~ CAUCHY (0, 200).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min     LCE (âT1, aT1) + LKLD (ãT0, âT0).

OUTPUT:

FINE-TUNED TARGET ENCODER Eφ AND FINE-TUNED PGE GΨ

v,φ,Ψ

φ,Ψ

+ - + -

+ - + -

+ - + -

	�

nS

i=1

nT1

i=1nT0

i=1
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ALGORITHM 3: DEBASING PROCEDURE FOR SLSD AND R-SLSD

INPUT:

TARGET DATA  {( x(i)
T , y(i)

T ,a(i)
T)}      , FAIRNESS TUNING PARAMETER λ,

FINE-TUNED TARGET ENCODER Eφ  AND FINE-TUNED PGE GΨ.

· RANDOMLY INITIALIZE CLASSIFIER MΘ  AND ADVERSARY DΦ.

PRE-TRAINING CLASSIFIER:

· FOR EACH ITERATION:

- ESTIMATE  ŷT = σ (MΘ (xT)).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

      min      LCE (ŷT, yT).

PRE-TRAINING ADVERSARY:

· FOR EACH ITERATION:

- ESTIMATE GROUP  aT  = arg max GΨ (Eφ (xT)).

- ESTIMATE ŷT = σ (MΘ (xT)) AND  âT  = σ (DΦ(ŷT)).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min     λLCE (âT,aT).

OUTPUT:

DEBIASED CLASSIFIER MΘ.

Θ 

nT

i=1

Φ 

SIMULTANEOUS TRAINING:

· FOR EACH ITERATION:

- ESTIMATE GROUP aT  = arg max GΨ (Eφ (xT)).

- ESTIMATE  ŷT = σ (MΘ (xT)) AND  âT  = σ (DΦ(ŷT)).

- UPDATE USING ADAM OPTIMIZATION VIA BACKPROPAGATION:

     min   max       λLCE (ŷT, yT) - λLCE (âT,aT).
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