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Abstract

Objective

Application of machine learning predictive models for determining angiographic disease status have the risk of
amplifying existing biases towards demographic groups based on age and gender. We formalize the underlying choice
between demographically decoupled and jointly trained models and propose a framework that allows domain experts

to balance equity with the goal of achieving the most accurate classifier for all demographic groups.

Materials and Methods

We propose an objective called Demographic Pareto Efficiency to discover classifiers for diagnosing angiographic
disease status that optimize the demographic group accuracies for four groups based on age (>60, <=60) and gender
(male, female). We discover predictive models on the Pareto frontier of group-level accuracy and aid domain experts in

making efficient accuracy trade-offs.

Results

‘We outperform baseline classifiers incorporating min-max, adversarial and parity based notions of fairness both in
overall accuracy and group-level accuracy by up to 9.7% and 9.6% respectively while retaining comparable levels
of discrepancy between groups in the UCI Heart Disease dataset. Our approach searches for Pareto optimal group
performance, whereas baseline approaches converge to non-pareto solutions, thus leaving room for improvement in

group level accuracies.

Discussion

In determining angiographic disease status, machine learning predictive models need to maximize the accuracy of
stratified demographic groups based on age and gender, by leveraging the benefits of transfer learning across groups
through iterative and group-aware joint training, rather than maximizing an overall demographic group-agnostic

accuracy measure.

Conclusion

Demographic Pareto Efficiency provides a framework to maximize prediction accuracy across demographic groups,

while retaining fairness within a relaxation bound.



1 INTRODUCTION

Societal inequities have the real risk of being vastly exacerbated if machine learning algorithms do not take explicitly
address issues of demographic inequity [1, 2, 3, 4, 5]. In the context of diagnosis of angiographic disease status, age
and gender based demographic groups have been known to have prognostic differences in CT coronary angiography,
with females below 60 years of age have the least predictive value [6]. Prior work have also shown that women have
higher mortality from myocardial infarction, mostly at younger ages [7, 8, 9]. Given that different demographic groups
based on age and gender have different profiles of heart disease, the problem of improving the predictive accuracy of
diagnostics across such demographic groups has not been explicitly tackled as the primary objective. Instead, there
is an emphasis on overall accuracy of patients when using Machine Learning (ML) based predictive models. In this
paper, we define the notion of “Demographic Pareto Efficiency” (interchangeably referred to as pareto efficiency) as a
guiding principle for domain experts to choose diagnostic models that improve predictive accuracy of angiographic
disease status across demographic groups based on age and gender; and provide a methodology that discovers a larger
set of ML models that consistently improve upon the predictive accuracy for all demographic groups. Specifically, our
methodology makes the choice between learning separate decoupled models, one for each of the group, and a joint
model trained on all groups based the main outcome measure of demographic group-level accuracies.

Improving equity in health is well studied and various philosophical notions of fairness exist (distributive, procedural,
etc.) [10, 11, 12, 13] and the appropriateness of each definition depends on the ethical context in which they are applied.
Theoretically, in an equitable world of perfect data, a classifier with perfect diagnostic accuracy across all subgroup
populations may be created. Due to a variety of reasons including historical injustices [14], sampling bias [15], selection
bias [16], label noise, among others, group populations are often not fully represented in commonly used real-world
health datasets [17]. With such skewed data, [18] has shown that an unavoidable trade-off exists between group fairness
and accuracy. With this trade-off, domain experts have to choose between coupled (jointly-trained on all groups) and
decoupled (one model per group) models based on how well they balance the demographic group accuracies. While
the benefits of decoupled models are known theoretically when we have large and diverse datasets [19], the impact
of such models on group-level accuracy in diagnosing the angiographic disease status in patients remains unexplored.
We investigate the role of decoupled training across demographic groups based on age and gender in the UCI Heart
Disease dataset. Inspired by social science and welfare economics literature [20, 21, 22] (see S.I for detailed related
work), we propose a novel methodology that combines decoupled group-wise models and use them to guide a jointly
trained model to achieve demographic pareto efficiency [23]. .

Demographic Pareto Efficiency [23] is achieved when no single group performance can be improved without
the degradation in performance of another group. The set of all such group level performances when plotted in a

multi-dimensional graph (one group’s performance per dimension), forms the Pareto frontier (like blue dots illustrated



Optimization Objective Operating Point

Overall Accuracy opty = (0.63,0.77)
Strict Accuracy Equality[3] (0.60,0.60)
Adversarial [24] (0.73,0.56)
Mini-max [25] (0.68,0.63)
Pareto Efficiency (Ours) PE = (0.71,0.63)

Table 1: Preferred classifiers and their demographic group-level accuracy based on different objectives in Fig 1.

in a simulation shown in Figure 1). Ensuring that classifiers achieve Demographic Pareto Efficiency while balancing
fairness constraints and accuracy has critical implications to the discussion about the unavoidable accuracy-fairness
trade-offs in the real world [18]. For example, if domain practitioners are required to make a choice between two
classifiers based on the demographic accuracy-fairness trade-off in predicting the Angiographic disease status, the
comparison would be meaningful only if both those classifiers were on the Pareto frontier. Otherwise, the discussion of
demographic accuracy and fairness trade-offs would be premature as there exists a third classifier which can achieve
better group level accuracy and better medical outcomes. (e.g.: “Pareto Efficient Fairness” should be preferred over
“Strict Accuracy Equality” in Table 1). Through our approach, we discover such Pareto efficient predictive models to be
considered as candidates in determining the angiographic disease status of patients, and avoid unnecessary concessions

in group level accuracy without significant degradation in fairness (demographic parity).

2 BACKGROUND

Problem Definition: The angiographic disease status is defined as a binary label (diseased or not) based on the fact if
there is more than 50% diameter narrowing in any of the major blood vessels in a patient (Imt, ladprox, laddist, diag,
cxmain, ramus, om1, om2, rcaprox, rcadist). To predict this angiographic disease status, we use 13 input attributes of
the patient such as age, gender, chest pain type (typical angina, atypical angina, non-anginal and asymptomatic), resting
blood pressure (mm Hg on admission to hospital), serum cholestrol (mg/dl), fasting blood sugar (binary >120 mg/dl),
resting electrocardiographic results (normal, having ST-T wave abonormality, probable or definite left ventricular
hypertrophy), maximum heart rate achieved, exercise induced angina (yes/no), ST depression induced by exercise
relative to rest, slope of the peak exercise ST segment, number of major vessels colored by fluoroscopy, and detection
of thalassemia (none, major or reversible defect). For this heart disease dataset, different machine learning algorithms
may be trained on the same training dataset of patients, and may obtain different test accuracies on demographic groups
as illustrated in Figure 1. For example, when we plot each ML algorithm as a separate point, where the value along the
x and y axis indicate the test accuracy over demographic groups A and B respectively, we see that some algorithms

perform poorly on both groups (annotated as alg-1..5 in grey) as compared to other algorithms (annotated as opty,



overall, PE, opt, in blue). The blue line indicates the Pareto frontier of the demographic group test accuracies, which
defines the set of optimal choices a domain expert would have if they were to optimize for demographic group test
accuracies. Note that each algorithm on the Pareto frontier when compared with another algorithm on the Pareto frontier,
performs better on one demographic group and poorly on the other, but never poorly on both the demographic groups.
Hence any choice the domain expert would make among these ML algorithms would need to trade-off one demographic
group’s accuracy for the other. While this choice depends on the domain expert and the context in which they operate
(other remedial or diagnostic measures incorporated for specific demographic groups), the key takeaway from this
illustration is that optimizing for overall accuracy without consideration of the demographic groups may lead us to
one of the points on the Pareto frontier, but may not always be the one that the domain expert would choose given
all options on the Pareto frontier. Hence, our primary goal in this paper is to discover all the machine algorithms
on the Pareto frontier, so that the domain expert is given a rich set of algorithms with Pareto optimal demographic
group accuracies to choose from. However, discovering the Pareto frontier is non-trivial as their discovery is driven by
optimizing specific demographic group accuracies, while keeping the accuracy of other algorithms constant. Further,
this problem is exacerbated by disparate sampling bias, epistemic, and aleatoric uncertainty about how angiographic
disease status presents itself in different demographic groups. Thus, it is not known that a simplistic training objective
such as improving overall accuracy is sufficient for discovering the full Pareto frontier. Thus, in order to discover the

full Pareto frontier in a systematic approach, we present an iterative training methodology.

3 MATERIALS AND METHODS

We now formally define Demographic Pareto Efficiency and explain how to train a joint model that leverages the

benefits of decoupled classifiers in discovering Pareto efficient classifiers on the Pareto frontier.

Definition 1. Demographic Pareto Efficiency: We introduce Demographic Pareto Efficiency as a set of classifiers with
respect to groups (defined by sensitive attributes). Demographic Pareto Efficient classifiers are defined as the set of
classifiers where there does not exist another classifier which has better performance (for a defined performance metric

such as accuracy, TPR, etc ) across all groups.

For groups g € |G

, we denote (f1, fa... f|) as the tuple of group performance metrics achieved by any Demo-
graphic Pareto Efficient classifier. The f1, fa, .. f|g| are group performance metric values that are to be maximized (e.g.

accuracy, TPR). Formally, Demographic Pareto Efficiency states that no other classifier exists with performance metrics

(q1,g2---q))) such that f; < q; and fo < g2 and .. fig| < g

Definition 2. Pareto Loss: Pareto Loss, €4, for a group g, is defined as the relative difference between the performance



of a classifier for that group f, and the optimal performance for the group fopi—g4 across all discovered classifiers.

fs

fopt—g

(D

€g=1

While the above formulation of optimizing the Pareto loss can lead to multiple Pareto efficient decoupled and jointly
trained diagnostic models of angiographic disease, the domain expert has to choose a single classifier among them
post-training. Ideally, choosing the most desirable classifier is left to the end, once the complete Pareto front has been
discovered. As discovering the Pareto frontier itself is our problem statement, this can lead to a deadlock condition,
where an effective choice between decoupled and jointly trained models cannot be made without making choices that

lead to better exploration at training time.

Definition 3. Pareto Efficient Fairness: We define a classifier as Pareto Efficient Fair (PEF) if it is Pareto Efficient

and minimizes a weighted average of variance and absolute sum of the Pareto loss across groups.

The definition of Pareto loss requires us to know the true optimal performance per group fop¢—4 a priori, which may
not be possible. Hence, we use a decoupled classifier to estimate these optimal values at each iteration of training.

Pareto Efficient Algorithm: A heuristic pseudo-optimal group accuracy fo,:—4 for each group g is formulated by
training a decoupled classifier M, to minimize the cross-entropy loss L. on samples in group g from dataset D [26].
We then iteratively update f,,;—, if a better group accuracy is evaluated by a jointly trained model M on a held-out
test set using the eval function. A summary of the Pareto Efficient bias mitigation algorithm is presented in Algorithm
1, and the corresponding components are explained in detail below. This is an in-processing algorithm (as opposed
to post-processing [27]) which trains a joint model M on all subgroups to minimize the Pareto Efficient fairness loss
L, in every batch by stochastic gradient descent. We strictly ensure that the mini-batch is representative of the group
distributions by sampling group-wise batch samples proportionately. Our algorithm explicitly achieves potentially
optimal performance for each of the groups by explicitly recognizing these differences [28] as opposed to ones which
do so implicitly [29]. Now, we formally define our fairness based Pareto loss function £,, used in each iteration of our
algorithm.

Consider a set of Demographic Pareto Efficient classifiers Tp g, with each classifier ¢ € Tpg containing a tuple of
Pareto losses & ¢ = (€4,1, €1,2, ---€,||). The sample variance of Pareto loss across groups is denoted by OE’G(5t7(;).
The goal is to find the Pareto Efficient Fair classifier {pg_ f4, that minimizes the variance of Pareto losses among all
groups. Since it is empirically difficult to find all the Demographic Pareto Efficient classifiers Tpg at each iteration
of our algorithm, we relax this by approximating the Pareto classifiers as ones that have a low absolute sum of group
Pareto losses (]|€;,¢||1) among all classifiers ¢ € T'. Since the classifier with the lowest absolute Pareto loss may not

equate to the classifier that minimizes the variance of the Pareto loss across groups and vice-versa, we trade-off these



Algorithm 1: Iterative Pareto Efficient Bias Mitigation

G" set of sensitive groups, D: dataset, D,: data of group g € G
for g € G do
My = arg min L..(Dy)
fopt—g = eval(Mg’ Dg)
fg =0
end for
while3g € G, f, =0V fy > fopt—g do
fopt—g = max(fg, fopt—g),Vg € G
train(M, L,(D))
fq =eval(M, Dy),Yg € G
end while
return M

two minimization criterion using a Lagrangian factor « in the Group Pareto Loss as follows:

tpE—fair = arg min o7 (&) (2)
teTpg
~ arg min af|& gl + (1 — @)o} ¢(E.c) 3)
teT

When o = 0, the variance of Pareto loss is minimized, whereas, when o« = 1, we minimize the absolute Pareto loss. In
all our experiments, we chose o = 0.5 after cross-validation, however the domain expert in the angiographic disease
diagnoses might chose another value based on the trade-off between variance and absolute sum of Pareto losses. By
making this choice explicit, we can demand transparency from practitioners deploying diagnostic ML models about
the trade-offs they made. A high o would force that each demographic group be as close as possible to it’s optimal
performance, whereas a low o would enforce that each group suffer similar Pareto losses as compared to their optimal
group performance.

Augmented Pareto Loss: We now generalize our definitions for any binary diagnostic model. Here, the minimiza-
tion criterion of the Group Pareto Loss, but we minimize the group Pareto Loss over the parameters of the binary
classification model using stochastic batch gradient descent. The Group Pareto Loss is augmented with an appropriate
loss weight (\) via the Lagrangian dual formulation similar to [30]. As an example, the standard cross-entropy classifi-
cation loss: L. [31] can be augmented to yield the Pareto Efficient Fairness Loss: £,,. The penalty term weighted by
A is used to ensure that maximum overall accuracy can be achieved while minimizing a combination of the absolute
Pareto loss and its variance. After cross-validation, we set A = 0.1, but here too the domain expert might choose based
on external factors that impact the relative weight of overall as compared to group-level accuracy. (see S.I for detailed

methods)
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4 RESULTS

Here, we predict health status as binary label (presence or absence of Heart Disease) using medical and demographic
information, where we consider age (>60, <=60) and gender (male, female) to be the stratification variables. The
intersection of these 2 variables are considered sensitive groups in our study.

The dataset consists of 920 patients from four hospitals of Cleveland Clinic Foundation; Hungarian Institute of
Cardiology, Budapest, V.A. Medical Center, Long Beach, CA; and University Hospital, Zurich, Switzerland with a
total of 75 attributes, out of which 13 attributes are used for predicting the binary label of angiographic disease status
(0: <50% diameter narrowing, 1: >50% diameter narrowing). The number of samples in each of the four demographic
groups Young/Male, Young/Female, Old/Male, Old/Female are 550, 149, 176 and 45 respectively. We split the dataset
into a 10-fold train/test random stratified splits (train on 9 splits, and test on the remaining split, repeated 10 times) based
on the demographic groups to ensure that the training and test data are sampled from the same distribution and that all
demographic groups are represented as per the dataset. We compare our approach with the scaled versions of group
fairness [3] and [24] for groups. In [3], the authors optimize for overall accuracy in the constrained setting of ensuring
equal false positive rates. The method is generally applicable to other measures of performance. For comparison, we
implement an objective to maximize overall accuracy along with a Lagrangian relaxation which adds a penalty for
parity loss (deviation from the overall accuracy) for each group.

This baseline scenario is equivalent to optimizing for balanced accuracy across sub-groups or assuming that perfect
group-level performance can be achieved (accuracy of 100%). Instead, in our iterative approach, we use a per-group
decoupled classifier’s pareto optimal performance as a training signal. In [24], the authors implement bias mitigation as
a way of erasing the sensitive group membership by back-propagating negative gradients in a multi-headed feedforward
neural network. In [25], they adopt a minimax objective that ensures that the least performing group has the highest
accuracy possible. We evaluate by comparing these 4 techniques on the UCI Heart disease dataset. We perform a 10-fold

cross validation and report the average accuracy across the 10 splits.

Preprocessing

Each entry in the dataset has been pre-processed using the one-hot encoding for categorical features and the Tensorflow
bucketization library into 10 buckets for numeric features. The resulting embedding is concatenated and used as input

to a 3-layer feedforward neural network with 256, 128 and 64 hidden units respectively. We trained each of the models



Model Accuracy FPR FNR Parity Loss Pareto Loss

Baseline (no bias loss) 0.879 0.348 0.701 0.192 0.018
Equality Constraint[3] 0.870 0.381 0.684 0.132 0.123
Adversarial [24] 0.837 0.327 0.723 0.253 0.087
Min-max [25] 0.839 0.306 0.765 0.231 0.055
Pareto Efficient Fair Loss 0.939 0.266 0.690 0.198 0.000

Table 2: Comparison of test losses in UCI Heart Disease dataset. PEF optimizes Pareto loss, while [3] minimizes Parity
loss. The higher parity loss for PEF does not mean degrading group performances, but instead improves each group.
Also, PEF and [3] achieve best False Positive Rate (FPR) and False Negative Rate (FNR) respectively as a side-effect
[32], despite not optimizing for it.

for 100 epochs and noticed that training and dev error plateaued. The test metric reported is the average of 10-fold
demographic group stratified cross validation accuracy along with the corresponding error bars denoting one standard

deviation. The group identifiers present in the datasets were used to aggregate group Pareto loss during training.

Demographic Group Performance

The UCI Heart Disease dataset predicts angiographic disease status as a binary label (presence or absence of Heart
Disease) using medical and demographic information. Age is binarized at a threshold of 40 years between young and
old individuals, and gender is given to be binary (male/female) and are assigned as sensitive variables. The intersection
of these 2 variables are considered sensitive demographic groups in our study. In Figure 2, we present group level
performances for the UCI Heart Disease Dataset. Our approach of incorporating pareto efficiency leads to improvements
in group level accuracies for all groups of the data by an average of 9.6%. We see improvements in the accuracy of
predicting the presence of Heart disease in Table 2 by an average of 9.7% and that the relaxation of the demographic
parity loss performs better than strict fairness constraints (Figure 3). This implies that improving based on demographic
pareto efficiency obtains a better overall accuracy than even the baseline which explicitly optimizes overall accuracy
on a held-out test set. This non-trivial result is due to the fact that when optimizing for overall accuracy on a training
dataset, predictive models may incorrectly assume that the patterns in the majority group (Young/Male) might generalize
to other demographic groups. We overcome this issue, and ensure that the demographic groups’ accuracies are improved
in an iterative manner as outlined in Algorithm 1. Since we use the decoupled classifiers’ accuracies to measure the
Pareto losses, and ensure that we incrementally train the joint model in such a way as to improve the accuracies of each
of the groups (the training will terminate if individual group accuracies cannot be improved). This in turn has improved

the overall test accuracy by overcoming issues of overfitting to the majority demographic group.



Trade-off Parameters

The choice to optimize overall accuracy as opposed to group-specific pareto efficiency cannot be made blindly. Hence,
it is important to understand the impact of A\, « on the group-level accuracy-fairness trade-off. In Figure 4, we do a
parameter sweep across values from 0 to 1 in increments of 0.1 and notice the changes in the overall accuracy, and the
group-specific accuracies, along with the corresponding Parity and Pareto losses associated with the test evaluation.
Based on this grid, the optimal choice of parameters (A, &) based on overall accuracy is (0, 0), whereas for each of the
four demographic groups are (0.6, 0.1), (0.1,0.4), (0,0), (0.3,0.2); whereas the choice for optimizing parity loss is
(0.4, 0.4) and the one for pareto loss is (0.9, 0.5). These trade-offs further illustrate the choice required to be made by
domain practitioners when adopting a classifier for predicting angiographic disease status. Table 2 and Figure 2 values
are plotted with these parameters into account. We see that in some groups (e.g. Young/Male), the baseline without
fairness based bias loss is comparable to a solution that maximizes that group’s accuracy. Such baselines although
pareto efficient, lie outside the region of relaxation in fairness weight permitted (Fairness Weight = 1-Parity Loss) and

are hence not desirable.

S5 DISCUSSION AND SIGNIFICANCE

Jointly Trained vs Decoupled Models: The choice of decoupled models in healthcare diagnosis needs to be made
with careful consideration of the stratification dimensions. Decoupled models may be applicable when membership in a
demographic group has been shown to have clinical significance. If the objective as presented is to maximize individual
group level accuracies, one might be tempted to train a model for each strata separately. Our paper demonstrates the need
for joint training across demographic strata to achieve pareto efficient fairness. Purely decoupled classifiers are optimal
only under certain conditions of distributional uniformity and availability of data [19]. However, our approach works
under a real-world skewed data setting where the data for all demographic groups might not be available uniformly,
thereby rendering decoupled classifiers to be sub-optimal. When stratified by the chosen set of demographic group
attributes, if there is no predictive model in the desired fairness region, our approach performs no worse than existing
equality based constraints as our Pareto loss will be dominated by the high variance in loss between groups. In this
scenario, our model would hence chose a low absolute Pareto loss, provided that «, the hyperparameter to trade-off
between variance and total value of the Pareto loss is appropriately fine-tuned. Hence, to leverage the benefits of transfer
learning, as shown in our evaluation it might be beneficial to bootstrap with decoupled classifiers and train jointly.
Demographic group stratification: The stratification we choose to optimize performance by, depends on what
domain experts believe is clinically significant for the disease status diagnoses. For example, age and gender are known

to be significant in angiographic disease status in patients, and hence there is a possibility for us to learn different
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decoupled models. Other possible demographic group stratification can be done based on race and geographical location,
as coronary artery disease has been shown to be harder to diagnose in black populations [33], and that there is a
difference in angiographic profiles across patients from different geographical locations in Asia and South America
[34, 35, 36, 37].

Other definitions of Fairness and Individual Accountability: Notions of pareto efficiency are compatible with
assumptions of individual fairness. Utilizing our methodology, the domain expert can make an informed choice among
different Pareto efficient models. We have demonstrated that achieving Demographic Pareto Efficiency has benefits and
yields classifiers that outperform the baselines for overall and all group accuracy. Individual instance based fairness
definitions often compare diagnosis and outcomes of one patient with similar patients in a dataset or counterfactual
scenarios. However, defining the dimensions of similarity between individuals can be quite challenging for a specific
disease type, and should consider the variations of disease prognosis along the same dimensions such as demographic
information and co-morbidities. In the event where multiple demographically Pareto Fair operating points are discovered
on the Pareto frontier [38], domain experts should choose the right operating point among them by incorporating other
procedural steps to mitigate the discriminatory outcomes earlier in the process. Further, pareto efficiency improves the
accuracy of minority and under-represented protected demographic groups when compared to unconstrained classifiers,
which may implicitly allow the dominance of majority demographic groups when overall accuracy is optimized. While
our methodology does not completely eliminate discriminatory biases, Demographic Pareto Efficiency and the choices
around it can provide more transparency and understanding of the structural and socio-technical causes behind unfairly
distributed datasets and models, which can improve the contestability of ML predictive models.

Other Heart Diseases: In addition to the diagnostic task of angiographic disease status, we see this choice between
decoupled and jointly trained models emerge in other heart disease tasks too. In a cardiology study of over 4000 ER
patients with cardiac event symptoms [17], no symptoms were found to be predictive of a heart attack in white women.
In black males, only an unrelated symptom (diaphoresis) was found to be indicative of a future cardiac event with 95
percent confidence, while in white males, relevant features (left arm radiation, pressure, tightness) were detected as

indicators with high accuracy.

6 CONCLUSION

The choice between decoupled and jointly trained diagnostic models for angiographic disease status is critical for
positive health outcomes in demographic groups. We have shown that by optimizing for Demographic Pareto Efficiency,
the choice between decoupled and jointly trained models can be further broken down to choice of classifiers that
have Pareto optimal performance across the demographic groups. As the Pareto front is unknown, we show that by

incorporating a heuristic based on Pareto Efficient Fairness in training a combination of decoupled and jointly trained
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models, we achieve better overall and individual demographic group level accuracy as compared to other constraints in
decoupled and jointly trained models. We demonstrate empirically that our approach achieves Demographic Pareto
Efficiency by improving overall and subgroup accuracy by up to 9.7% and 9.6% respectively in the UCI Heart Disease

dataset.
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Figure 1: Illustration of Demographic Pareto Efficiency on synthetic data. Each point in the scatter plot corresponds
to the group level accuracies of machine learning (ML) algorithms (alg-[1-5] indicated in grey) over groups A and B.
The best performing ML algorithm with Demographic Parity yields accuracy metrics of (0.60,0.60) on groups a, b
respectively. If accuracy for each of the groups is separately maximized, we would select points opt, = (0.83,0.55),
and opt, = (0.63,0.77). Discovering all the Demographic Pareto Efficient classifiers gives us the Pareto front (dots in
blue). Among these Demographic Pareto Efficient classifiers, we could choose PE = (0.71,0.63) (in blue and green),
if our objective was to improve the accuracy metrics of both groups, with minimal deviation from optimal per-group
accuracies (pareto loss).
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Figure 2: Group accuracy comparison showing we achieve Demographic Pareto Efficient group level accuracy for all
groups in UCI Heart Disease dataset among constrained classifiers.
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Figure 3: Relationship between the shape of the fairness frontier and the efficiency gain expected by using PEF in UCI
Heart Disease dataset. y-axis denotes the maximum achievable overall accuracy for a given fairness weight (x-axis). A
fairness weight of 1.0 does not permit deviation from the strict equality constraint, wherease a fairness weight of 0.0 is
unconstrained and allows higher model performances. However, better accuracies are achievable by relaxing the strict
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Figure 4: Trade-offs between choosing parameters A and « depends on the group-level versus overall measures chosen
by the domain practitioner. Given the prior work that advocates for improving each of the demographic group’s accuracy
on the Pareto front, we chose our model to optimize ParetpgEfficient Fairness (h).



