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WHAT IS FAIRNESS?
GENERIC DEFINITION AND ORIGINS

» Fairness: the quality of being free from bias, favoritism, or injustice.

» Earliest mentions date to the late 1960s in the context of test scoring
and employment.

» Renewed interest in early 2010s with high-profile algorithmic
decision issues.
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MATHEMATICAL CONTEXT
FORMALIZING THE PROBLEM

> X: feature vector (e.g., income, age, credit history)

> Y: true binary label (e.g., loan repayment: 1 for yes, 0 for no)
> Y: predicted label output by model

> A: sensitive attribute (e.g., gender, race)
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MATHEMATICAL CONTEXT
FORMALIZING THE PROBLEM

Example: Loan Approval
> X: age, income, employment history, etc.
» Y = 1: applicant repaid the loan
» Y = 1: model predicts repayment — approve the loan
> A: gender
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MATHEMATICAL CONTEXT
FORMALIZING THE PROBLEM

Objective and Fairness Concern
» Goal: Learnf : X — Y that is accurate and fair.

» Fairness = model should not produce systematically different
outcomes for groups defined by A.

» Complication: A may not be used explicitly but can be encoded in
X.
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CONFUSION MATRIX

BASICS AND EXAMPLE

True label =1 True label = 0 Total
Predicted =1 | TP FP PP
Predicted =0 | FN TN PN
Total P N

» TP: predicted 1, true 1 — correctly predicted good payer

» FP: predicted 1, true 0 — incorrectly predicted good payer

» FN: predicted 0, true 1 — missed a good payer

» TN: predicted O, true 0 — correctly rejected a bad payer
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CONFUSION MATRIX

BASICS AND EXAMPLE

True label =1 True label = 0 Total
Predicted =1 | 56 14 70
Predicted =0 | 18 12 30
Total 74 26 100
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CONFUSION MATRIX

BASICS AND EXAMPLE

True label =1 True label = 0 Total
Predicted =1 | 20 + 36 4+10 24 + 46
Predicted =0 | 12+6 5+7 15+ 15
Total 32+ 42 9+17 41 +59
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ACCURACY

FAIRNESS VIA OVERALL PERFORMANCE

Definition
The accuracy of a binary classifier is defined as:

N TP + TN
ccuracy =
Y= TPYEP+ TN +EN

» Interpretation: Proportion of correct predictions over all predictions.
» Pros: Simple, intuitive, and widely used.

» Cons: Does not reflect disparities between subgroups. A model can be accurate overall while being unfair to some
groups.
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ACCURACY

FAIRNESS VIA OVERALL PERFORMANCE

Definition
The accuracy of a binary classifier is defined as:

N TP + TN
ccuracy =
Y= TPYEP+ TN +EN

» Example (global):

Accuracy = TP+ 1IN = 56+ 12 = ﬁ = 0.68
Y = TPYFP+TN+IEN 56+14+12+18 100

> By group:
* Male: 2% ~ 0.610

® Female: % ~ 0.728
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ACCURACY

FAIRNESS VIA OVERALL PERFORMANCE

Definition
The accuracy of a binary classifier is defined as:

N TP + TN
ccuracy =
Y= TPYEP+ TN +EN

» Example (global):

Accuracy = TP+ 1IN = 56+ 12 = ﬁ = 0.68
Y = TPYFP+TN+IEN 56+14+12+18 100

> By group:
® Male: % ~ 0.610
® Female: % ~ 0.728
® The model appear to be more accurate for men than for female.
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PRECISION AND RECALL
FAIRNESS VIA PERFORMANCE DECOMPOSITION

Definitions
TP . . TP
Recall = TP+ EN’ Precision = TP + FP
_ TN L. TN
Recall = m, PreClSlon = m

» Recall: Among all actual positives, how many did we correctly predict?
» Precision: Among all positive predictions, how many were correct?
> Recall: Among actual negatives, how many did we correctly reject?

» Precision™: Among all negative predictions, how many were correct?
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PRECISION AND RECALL
FAIRNESS VIA PERFORMANCE DECOMPOSITION

Definitions
TP .. TP
Recall = TP+ EN’ Precision = TP + FP
TN TN
Recall” = ——— ision™ = ———
eca N+ P’ Precision TN+ EN

» Recall™ is also known as True Negative Rate (TNR) or Specificity. 1-Recall™ is the Type I error rate.

» Recall is also known as True Positive Rate (TPR) or Sensitivity. 1-Recall is the Type II error rate.
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PRECISION AND RECALL
EXAMPLE CALCULATIONS BY GROUP

From the Confusion Matrix:

> Male: 20 20
Recally; = o ~ 0.625, Precisiony; = 71 ~ 0.833
_ 5 . 5
Recally, = ) ~ (0.556, Precision;; = 7 ~ 0.294
> Female: 36 36
Recally = ) ~ 0.857, Precisiony = % ~ 0.783

7 7
Recall; = 7 ~ 0.412, Precisiony = R ~ 0.538
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EQUAL OPPORTUNITY

FAIRNESS VIA TRUE POSITIVE PARITY

Definition
A predictor satisfies Equal Opportunity if:
Recall, = Recall,

where Recall (True Positive Rate) = TPTF%

» Interpretation: Equal chance of correctly identifying positives across groups.
» Pros: Focuses on fairness in access to opportunities (beneficial outcomes).
» Cons: Ignores potential disparities in false positive rates.
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EQUAL OPPORTUNITY

FAIRNESS VIA TRUE POSITIVE PARITY

Definition
A predictor satisfies Equal Opportunity if:
Recall, = Recall,

where Recall (True Positive Rate) = TPTF%

Recall Values in Our Example:

> Male: Recally = 5205 = 33 ~ 0.625

» Female: Recallg = % = £ ~ 0.857
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EQUAL OPPORTUNITY

FAIRNESS VIA TRUE POSITIVE PARITY

Relaxed Definition (Additive)
A predictor satisfies e-Equal Opportunity (additive) if:

|Recall, — Recally| < e

where Recall (True Positive Rate) = TPE%

Recall Values in Our Example:
» Male: Recally; = % =2 ~0.625
» Female: Recallg = 363% = i—g ~ 0.857

» Difference: 0.232

VERINE - MILES SUMMER SEMINAR - FAIRNESS IN GENE

RATIVE MODELLING

7/2



EQUAL OPPORTUNITY

FAIRNESS VIA TRUE POSITIVE PARITY

Relaxed Definition (Multiplicative)
A predictor satisfies e-Equal Opportunity (multiplicative) if:

Recall, 1l <.
Recall,

where Recall (True Positive Rate) = TPTFN

Recall Values in Our Example:

» Male: Recally = % = %—g ~ 0.625

» Female: Recallg = % = % ~ 0.857

> Ratio: |§52 — 1| ~ 0.271
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EQUALIZED ODDS

FAIRNESS VIA EQUAL TRUE AND FALSE POSITIVE RATES

Definition
A predictor satisfies Equalized Odds if:

Recall, = Recall, and Recall, = Recall;

TN
where Recall = TP +FN and Recall™ = TNLID

» Interpretation: Requires equal true positive rates (Recall) and equal true negative rates (Recall ™) across groups.
» Pros: Stronger fairness criterion than Equal Opportunity; ensures both equal access and equal errors.

» Cons: May be incompatible with maximizing overall accuracy.
For example, to equalize error rates between groups, the model might reject more applicants from a
high-performing group, lowering overall accuracy.
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EQUALIZED ODDS

FAIRNESS VIA EQUAL TRUE AND FALSE POSITIVE RATES

Definition
A predictor satisfies Equalized Odds if:
Recall, = Recall, and Recall, = Recall;

TN
where Recall = TP +FN and Recall™ = TNLID

Recall and Recall™ Values in Our Example:
> Male: Recally; = 525 = 35 ~ 0.625, Recally, m = 2 ~ 0.556

» Female: Recallg = 363_% = ig_ ~ 0.857, Recally = 7+10 % ~ 0.412

VERINE - MILES SUMMER SEMINAR - FAIRNESS IN GENERATIVE MODELLING



EQUALIZED ODDS
FAIRNESS VIA EQUAL TRUE AND FALSE POSITIVE RATES

Relaxed Definition (Additive)
A predictor satisfies e-Equalized Odds (additive) if:

|Recall, — Recall,| < e and |Recall; — Recallﬂ <e

Recall and Recall™ Values in Our Example:

> Male: Recally; = 5245 = 35 = 0.625, Recally, = =25 = 5 ~ 0.556
7

» Female: Recallg = % = % ~ 0.857, Recall; = 7110 = 17 ~ 0.412

» Recall difference: 0.232; Recall~ difference: 0.144
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EQUALIZED ODDS
FAIRNESS VIA EQUAL TRUE AND FALSE POSITIVE RATES

Relaxed Definition (Multiplicative)
A predictor satisfies e-Equalized Odds (multiplicative) if:

Recall,

— — 1| <e¢
Recall,

’ Recall,

-1 <L
Recally, ‘ se and

Recall and Recall™ Values in Our Example:

> Male: Recally = 5245 = 33 =~ 0.625, Recally, = =25 = 5 ~ 0.556
va

» Female: Recallg = % = % ~ 0.857, Recally = ﬁ710 = 17 ~ 0412

» Recall ratio: |% — 1‘ ~ 0.271; Recall ™ ratio: |8:Z% — 1‘ ~ 0.350
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DISPARATE IMPACT
FAIRNESS VIA OUTCOME RATE PARITY

Definition
A predictor satisfies Disparate Impact fairness if:
PP,
=1
PP,

where PP = ITHF is the Positive Prediction Rate for a group a or b.

» Interpretation: Groups should have similar rates of receiving the positive prediction.

» Pros: Easy to check from outcomes, no need for true labels.
» Cons: Does not account for underlying qualification differences across groups.

» Disparate impact is often used in legal contexts, e.g., in hiring or lending practices.
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DISPARATE IMPACT

FAIRNESS VIA OUTCOME RATE PARITY

Definition
A predictor satisfies Disparate Impact fairness if:
PP,
=1
PP,

where PP = ITHF is the Positive Prediction Rate for a group a or b.

Positive Prediction Rates in Our Example:

. 2044 _ 24
> Male: 2 = 24 ~ 0,585

> Female: 10 = 16 ~ 0.780
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DISPARATE IMPACT
FAIRNESS VIA OUTCOME RATE PARITY

Relaxed Definition (Additive)
Disparate impact may be relaxed by requiring:
|PP, — PPy| < ¢
Positive Prediction Rates in Our Example:
2044 _ 24
> Male: 2 = 73 ~ 0.585
. 36+10 _ 46
> Female: 2910 = 25 ~ 0.780
» Difference: 0.780 — 0.585 = 0.195
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DISPARATE IMPACT
FAIRNESS VIA OUTCOME RATE PARITY

Relaxed Definition (Multiplicative)

Disparate impact may be relaxed by requiring;:

PP,
-1 <
‘PP,, ‘ :

Positive Prediction Rates in Our Example:
L2044 _ 24

> Male: =2 = 73 ~ 0.585
> Female: 3310 = 3¢ ~ 0.780

.. 0585 ~
> Ratio: |§2%2 — 1| ~ 0.25
> Legally acceptable ratio is often set at 0.8, meaning the positive prediction rate for one group should not be less

than 80% of the other group.
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WHY ARE THESE NOTIONS IMPORTANT?

MOTIVATING THE LIMITS OF FAIRNESS

» Equal Opportunity ensures fairness in beneficial outcomes. In the case of loans, it ensures that individuals who
would repay the loan (true positives) are equally likely to be approved, regardless of whether they are male or
female.

» Equalized Odds ensures equal error rates across groups. In the loan context, both the true positive rate (recall) and
the true negative rate (specificity) are equal for men and women—meaning good payers and bad payers are equally
well treated regardless of gender.

» Disparate Impact ensures fairness without needing ground-truth labels. For loans, this means the proportion of
applicants who are approved (positive predictions) is similar across gender groups, even without knowing who
would actually repay the loan.

» These fairness notions often conflict with each other and with overall performance. For example, a model might
increase fairness for one group at the cost of decreased accuracy overall or fairness for another group.
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WHY ARE THESE NOTIONS IMPORTANT?

MOTIVATING THE LIMITS OF FAIRNESS

> But are they enough? Are the equivalent?
» Shouldn’t fairness also consider whether predictions reflect actual probabilities?

» This leads us to consider three perspectives on fairness: Independence, Separation, and Sufficiency.
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TWO PERSPECTIVES ON FAIRNESS
SEPARATION, SUFFICIENCY, AND INDEPENDENCE

» Separation: People who have the same true outcome should be treated the same by the algorithm, regardless of
their group.
» Sufficiency: The algorithm’s prediction should carry the same meaning for everyone—if two people get the same
score, their actual outcomes should be equally likely, regardless of group.
» Independence: The probability of receiving a certain prediction (e.g., being approved for a loan) should be the
same for all groups, no matter their actual likelihood of repaying.
» Illustration (Loan Example):
® Separation: Among those who actually repay, approval rates should be the same for men and women.
¢ Sufficiency: Among those predicted to repay, the actual repayment rate should be the same for men and
women.
® Independence: Approval rates should be the same for men and women, regardless of their true repayment
behavior.
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INDEPENDENCE
FAIRNESS VIA DEMOGRAPHIC PARITY

Definition
A predictor satisfies Independence if:
YLA

Interpretation

The model’s predictions should be equally distributed across sensitive groups (e.g., men and women have the same rate
of positive predictions, regardless of actual repayment).

» This notion corresponds to Disparate Impact when using binary predictions.
Pros:
» Does not require ground-truth labels (can be checked from outcomes alone).
» Simple to compute and legally relevant in some contexts.
Cons:
» Ignores differences in qualification or base rates between groups.

» May require accepting less qualified applicants from one group to equalize rates.

N
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SEPARATION
FAIRNESS VIA ERROR RATE PARITY

Definition (in terms of performance)

A predictor satisfies Separation if:

Recall, = Recall, and Recall, = Recall,

Definition (in terms of independence)
YLA|Y

The prediction is independent of the sensitive attribute given the true label.

» Note: This is equivalent to equalized odds.
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SUFFICIENCY

FAIRNESS VIA CALIBRATION PARITY

Definition (in terms of performance)

A predictor satisfies Sufficiency if:

Precision, = Precision, and Precision, = Precision;

Definition (in terms of independence)
YLA|Y

The true label is independent of the sensitive attribute given the prediction.
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MANY DEFINITIONS OF FAIRNESS

EACH WITH A SPECIFIC INTUITION

V VYV YV VvV VVVVYVYYY

Statistical parity: Ensure equal predicted positive rates across groups.

Group fairness: Generic term for parity in outcomes across groups.
Demographic parity: Same as statistical parity, often used in hiring.
Conditional statistical parity: Allow fairness conditioned on certain features.
Equal opportunity: Equal true positive rate across groups.

Equalized odds: Equal true and false positive rates across groups.

Conditional procedure accuracy equality: Accuracy conditioned on true label should be equal.

Disparate mistreatment: Equal error rates across groups.

Balance for positive class: Predictions for positive labels should be similar across groups.
Balance for negative class: Predictions for negative labels should be similar across groups.
Predictive equality: Equal false positive rate across groups.

Conditional use accuracy equality: Accuracy conditioned on prediction should be equal.
Predictive parity: Equal precision across groups.

Calibration: Predicted probabilities should match actual outcomes across groups.
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TAXONOMY OF FAIRNESS DEFINITIONS
EQUIVALENCE AND RELAXATIONS

Name Closest relative | Note
Statistical parity Independence | Equivalent
Group fairness Independence | Equivalent
Demographic parity Independence | Equivalent
Conditional statistical parity Independence | Relaxation
Equal opportunity Separation Relaxation
Equalized odds Separation Equivalent
Conditional procedure accuracy equality | Separation Equivalent
Disparate mistreatment Separation Equivalent
Balance for positive class Separation Relaxation
Balance for negative class Separation Relaxation
Predictive equality Separation Relaxation
Conditional use accuracy equality Sufficiency Equivalence
Predictive parity Sufficiency Relaxation
Calibration Sufficiency Equivalence

Relations shown in Barocas et al. [2023]; Verma and Rubin [2018].
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IMPOSSIBILITY OF FAIRNESS
THE COMPAS CASE STUDY

Background:

» COMPAS is a commercial algorithm used in U.S. courts to predict a defendant’s risk of reoffending.

» An investigation by ProPublica (2016) revealed that the COMPAS algorithm disproportionately labeled Black
defendants as high risk for recidivism, even when they did not reoffend, and white defendants as low risk, even
when they did reoffend.

» Specifically, Black defendants were nearly twice as likely as white defendants to be falsely labeled as future
criminals (false positives), while white defendants were more often mislabeled as low risk (false negatives).

» These findings highlighted significant racial disparities in algorithmic decision-making and sparked widespread
debate about how to define and enforce fairness in automated systems, particularly in high-stakes domains such as
criminal justice.

Interpretation:

» The COMPAS score was calibrated—i.e., among individuals with the same predicted score, the probability of
recidivism was approximately the same across races.

» This means COMPAS satisfied sufficiency (score is conditionally independent of sensitive attribute given the
outcome).

» However, the false positive and false negative rates differed significantly by race, violating separation.

» This case illustrates the incompatibility between fairness criteria: satisfying sufficiency may require violating
separation, and vice versa.
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IMPOSSIBILITY OF FAIRNESS
THEORETICAL LIMITS OF FAIRNESS

Key Concepts:

> Base Rates: The prevalence of a condition in a population (e.g., recidivism rates).

» Fairness Paradigms: Different definitions of fairness, such as independence, separation, and sufficiency.
Impossibility Theorem:

» When base rates differ across groups (e.g., differing prevalence of recidivism), it is mathematically impossible to
simultaneously satisfy the three fundamental fairness paradigms:
1. Independence (Demographic Parity): Y | A
2. Separation (Equalized Odds): Y L A |Y
3. Sufficiency (Calibration): Y L A | Y
» In other words, you cannot ensure all three types of fairness at once when groups have different base rates —
trade-offs are unavoidable.
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FAIRNESS IN GENERATIVE MODELS
A NEW FRONTIER

» Much of the research on algorithmic fairness has focused on:

® (lassification tasks (e.g., loan approval, hiring)
® Recommendation systems (e.g., job ads, content ranking)

» Comparatively little work has addressed fairness in generative models (e.g., image, text, audio synthesis).
> Yet generative models are increasingly deployed in high-impact domains (e.g., education, media, design).
» We highlight two recent efforts:

® “Fair Generative Modeling via Weak Supervision” by Choi et al. [2020]
® “On Measuring Fairness in Generative Models” by Teo et al. [2023]

» We will explore these two approaches and conclude with broader reflections and open questions.
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MATHEMATICAL SETUP

TARGET VS LEARNED DISTRIBUTIONS

> Letx € X C RY denote the data (e.g., images, text, audio).

» Let P be the target distribution (e.g., real-world data).

» Let Q be the learned distribution produced by the generative model.
» The model is trained to generate samples x ~ Q such that Q ~ P.

8 A

Target
Distribution
P

Learned
Distribution_,-’

Q

R

X CcRY
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SETUP WITH ATTRIBUTES
ORACLE-BASED EVALUATION

» Suppose an oracle attribute function ¢ : X — 4 maps samples to sensitive attributes (e.g., gender, race).
» Then we can partition the space X into disjoint subsets based on the attribute values.
» This leads to a decomposition of the distributions:

P=Y P, and Q=) PQ,
a a

where P, and Q, are distributions with disjoint support corresponding to attribute a, and 77, 7 are their mixing
proportions.
% — Target P
2 R Model @
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SETUP WITH ATTRIBUTES
ORACLE-BASED EVALUATION

» Suppose an oracle attribute function ¢ : X — 4 maps samples to sensitive attributes (e.g., gender, race).
» Then we can partition the space X into disjoint subsets based on the attribute values.
» This leads to a decomposition of the distributions:

P=Y P, and Q=) PQ,
a a
Q

where P, and Q, are distributions with disjoint support corresponding to attribute a, and 7, 7;° are their mixing
proportions.

—— Target P,
s —— Target P,

B Model @,
PP l\/lodel QQ
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MEASURING FAIRNESS
DISPARITY IN ATTRIBUTE DISTRIBUTIONS

Fairness
What does it mean for Q to be fair with respect to target distribution P?
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MEASURING FAIRNESS

DISPARITY IN ATTRIBUTE DISTRIBUTIONS

Fairness
What does it mean for Q to be fair with respect to target distribution P?

> “Fair Generative Modeling via Weak Supervision” by Choi et al. [2020] and “On Measuring Fairness in
Generative Models” by Teo et al. [2023] : Criteria of fairness of Q with respect to P and a:

Imf — 71z

» "Improving the Fairness of Deep Generative Models without Retraining" by Tan et al. [2021]: Criterion of
fairness of Q:
KL(7u(A))
where U(.A) is the uniform distribution over attributes.
» "Fairness in Generative Modeling: do it Unsupervised!" by Zameshina et al. [2022]: Criterion of fairness of Q with
respect to P:

1— inf —%
0 Q
astm; >0 T,

The criterion is 0 if the target proportions are reached and 1 is one attribute is not present in the generated samples.
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TwO NOTIONS OF GENERATIVE FAIRNESS

ATTRIBUTE PROPORTIONS IN GENERATED DATA

Equalized Generative Odds (EGO)

A generative model distribution Q satisfies equalized generative odds if the attribute proportions are uniform:
Va,d € A, nl= 7TaQ,

That is, all attribute groups appear equally in generated samples.

Matching Generative Odds (MGO)

Two distributions P and Q are said to have matching generative odds if:
Va e A, 7r¢§2 = 7r£

The generated samples reflect the attribute distribution in the training data.
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LIMITATIONS OF PROPORTION-BASED FAIRNESS
EGO AND MGO MAY STILL BE UNFAIR

» Both EGO and MGO concern the global proportions of attributes in the generated data.

» But they do not account for how the samples within each attribute group are distributed.

» It is possible for a model to perfectly match proportions while failing to capture the true diversity or semantics of

each group.

0.012 1

0.010 1

0.008 1

0.006

0.004 1

0.002 4

0.000

—— Target P
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LIMITATIONS OF PROPORTION-BASED FAIRNESS
EGO AND MGO MAY STILL BE UNFAIR

» Both EGO and MGO concern the global proportions of attributes in the generated data.

» But they do not account for how the samples within each attribute group are distributed.

» It is possible for a model to perfectly match proportions while failing to capture the true diversity or semantics of

each group.

0.012 1
0.010 1
0.008 1
0.006 1
0.004 A

0.002 1

0.000

—— Target P
—-—-—- Model Q
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LIMITATIONS OF PROPORTION-BASED FAIRNESS
EGO AND MGO MAY STILL BE UNFAIR

» Both EGO and MGO concern the global proportions of attributes in the generated data.

» But they do not account for how the samples within each attribute group are distributed.

» It is possible for a model to perfectly match proportions while failing to capture the true diversity or semantics of

each group.

0.012 1

0.010 1

0.008 1

0.006 1

0.004 A

0.002 1

0.000

—— Target P
---- Model Q
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LIMITATIONS OF PROPORTION-BASED FAIRNESS
EGO AND MGO MAY STILL BE UNFAIR

» Both EGO and MGO concern the global proportions of attributes in the generated data.
» But they do not account for how the samples within each attribute group are distributed.

» It is possible for a model to perfectly match proportions while failing to capture the true diversity or semantics of
each group.

0.0121 —— Target P,

—— Target P»
-—-=- Model @
-==' Model Q-

0.010 4

0.008

0.006 1

0.004 4

0.002

0.000

» The example below satisfies both EGO and MGO, yet is clearly unfair upon inspection.
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LIMITS OF GLOBAL APPROXIMATION
LOCAL DISPARITIES REMAIN POSSIBLE

Theorem: Local Unfairness Despite Global Fit

Let P € P(X) be a target distribution and f be a continuous function such that Dy defines an f-divergence. Let
Sp,(P.) == {Q € P(X) | Dy(P|Q) = e}.
For any € € (0,f(0) +f(c0)) and v € (0, €), there exists a distribution Q” € Sp, (P, ¢) such that:

» ()7 satisfies both Equalized Generative Odds and Matching Generative Odds w.r.t. P.

» Yet, there exists a € A for which:

Dr(Pal|Q7) > Dr(PallQd) +, Vae A\ {a}.

» A small global divergence does not guarantee local small divergences.
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LIMITS OF GLOBAL APPROXIMATION

EXAMPLE
min Dys(P[|Q)
QeQ J
0.010 7
—— Target P
0.008 === Model Q
0.006
n
(8
1
0.004 \
\
1
\
0.002 1
\
\
J \
0.000 N
-6 -4 -2 0 2 4 6
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LIMITS OF GLOBAL APPROXIMATION
EXAMPLE

min Dyg(P
min Djs(PQ)

Jggl_sen—Shannon Divergence
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LIMITS OF GLOBAL APPROXIMATION

EXAMPLE
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TOWARDS STRONGER GENERATIVE FAIRNESS
EQUALIZED GENERATIVE TREATMENT

Definition: Equalized Generative Treatment (EGT)

Let P,Q € P(&X) be two probability measures with P < Q and let f be a function such that Dy defines an f-divergence.
For any ¢ > 0, we say that Q satisfies d-equalized generative treatment of P with respect to D if:

‘Df(Pa”Qa) - Df(Pa/HQu/> <9, Va,a’ €A

When § = 0, we say that Q satisfies equalized generative treatment of P with respect to Dy.

» Controls treatment disparity between groups in the distributional approximation step.
» Can be instantiated with common f-divergences: KL, Total Variation, JS, etc.
» Stronger than EGO and MGO: accounts for within-group quality, not just proportions.
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ACHIEVABILITY OF FAIR GENERATIVE TREATMENT
EXISTENCE GUARANTEE

Proposition: Existence of Fair Models

Let P € P(X) be a target probability measure and f be a continuous function such that Dy defines an f-divergence.
For any ¢ € (0,f(0) + f(c0)), there exists a distribution Q € Sp; (P, €) such that:

> Q satisfies Matching Generative Odds w.r.t. P

> ( satisfies Equalized Generative Treatment w.r.t. P and T

» Such a model achieves both global fidelity and group-level fairness in treatment.

» Demonstrates that the fairness goal is not inherently infeasible — it is attainable under divergence constraints.
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OPTIMIZATION LIMITS IN PRACTICE
DECOMPOSITION OF SEARCH SPACE

» In practice, the generator Q is optimized via a neural network.

> Q, denotes the set of reachable conditional distributions for attribute a:

» Ag captures all reachable mixing proportions:
Ag = {(m)ueA e A(A)|3Q € Osit. (”"Q>ue,4 - wa}

> OA represents the idealized search space if one could freely choose each Q, and mixing weights:

oA = {Q EPX) Q= 8Qu Q€ Q () € AQ}

acA
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LOWER BOUND ON DIVERGENCE

LIMIT OF FAIRNESS IN RESTRICTED MODELS

Theorem

Let P € P(X) be a target probability measure and f be a function such that Dy defines an f-divergence.
Let Q be a set of candidate generators satisfying matching odds with P. Assume:

Q" € argmin Df(P||Q)
QeoA

Then, for any § > 0, if Q € Q satisfies §-equalized generative treatment of P w.r.t. T, then:
> ) =
Dy(PIQ) > max Dy(PallQ}) — 5

» Even the best fair approximation is lower-bounded by the hardest subgroup to approximate in the idealized space.
» Emphasizes the difficulty of achieving both fairness and global fidelity with realistic generators.

VERINE - MILES SUMMER SEMINAR - FAIRNESS IN GENERATIVE MODELLING 30 /2



TRAINING FAIR GENERATIVE MODELS
OPTIMIZATION STRATEGIES

» Achieving fairness in generative models requires explicit integration of fairness constraints during training.
» Two main paradigms can be considered:

® Min-Max Formulation:
min max D¢ (P,||Q
QEIQ aeaA f( u” a)

® Regularized Minimization:

lean(PHQ) + A Z |Df(Pu||Qa) _Df(Pa’HQa’)’

aa’ €A

for a fixed trade-off parameter A > 0.
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TRAINING FAIR GENERATIVE MODELS

EXAMPLE
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TRAINING FAIR GENERATIVE MODELS

EXAMPLE
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f-DIVERGENCE SENSITIVITY
DIVERSITY-QUALITY TRADE-OFFS

» Different f-divergences correspond to different trade-offs between fidelity (sample quality) and coverage
(diversity).
» For instance:
® KL divergence emphasizes recall: better coverage of P but may include low-quality samples.
® Reverse KL emphasizes precision: avoids generating from low-density areas in P.
® ]S divergence offers a balance between the two.
» These trade-offs suggest that fairness should be assessed across multiple divergences.

A = 100.000 Regularization: 0.0000 JS
0.010 7
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f-DIVERGENCE SENSITIVITY
DIVERSITY-QUALITY TRADE-OFFS

» Different f-divergences correspond to different trade-offs between fidelity (sample quality) and coverage
(diversity).
» For instance:
® KL divergence emphasizes recall: better coverage of P but may include low-quality samples.
® Reverse KL emphasizes precision: avoids generating from low-density areas in P.
® ]S divergence offers a balance between the two.
» These trade-offs suggest that fairness should be assessed across multiple divergences.
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EXTENDING EGT ACROSS DIVERGENCES

DIVERSITY-FAIRNESS TRADE-OFFS

Definition: Extended Equalized Generative Treatment (Multi-divergence EGT)

Let P,Q € P(X) be two probability measures with P < Q, and let F be a family of continuous functions such that each

Dy defines an f-divergence.
For a family of thresholds (df)rc 7 with each & > 0, we say that Q satisfies extended equalized generative treatment of P

with respect to F if:
D (Pal|Qa) — Df(Pur|Qu)| < 6, Va,a' € A, NfeF

When §; = 0 for all f € F, we say that Q satisfies exact extended equalized generative treatment of P with respect to F.

» This encourages balanced treatment across groups for a range of divergence sensitivities.
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EXTENDING EGT ACROSS DIVERGENCE

EXAMPLE
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EXTENDING EGT ACROSS DIVERGENCE

EXAMPLE
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EXTENDING EGT ACROSS DIVERGENCE

EXAMPLE
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EXTENDING EGT ACROSS DIVERGENCE

EXAMPLE
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CONCLUSION AND OPEN QUESTIONS
WHERE DO WE GO FROM HERE?

» Generative fairness is a young and evolving field.

» We introduced several fairness notions:

® Equalized Generative Odds (EGO)
® Matching Generative Odds (MGO)
® Equalized Generative Treatment (EGT)

» We saw that global similarity to the target data does not imply group fairness.

» Fairness-aware training objectives can guide model development, but trade-offs remain.
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CONCLUSION AND OPEN QUESTIONS
WHERE DO WE GO FROM HERE?

Open Questions:

» Can we classify fairness definitions for generative models similarly to classification (separation, sufficiency,
independence)?

» Are there impossibility results in the generative case?

» What are the most effective algorithms for training fair generative models in practice?

Next Goal:
» Observing EGO and MGO and but EGT in LLMS and Diffusion models.

» Training/Finetuning large scale models with fairness criterion.
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