CS781 Mid-semester Exam (Autumn 2025)

Max marks: 30 Duration: 120 mins Roll No.

e You are required to answer each question only in the space provided with each question.
e Only material written within the allotted answering space for each question will be graded.

o The spaces allotted for answering questions should give a rough indication of the relative lengths of
correct answers to the questions.

e Please attach all your rough sheets.

o The exam is open book and notes. However, you are not allowed to search on the internet or consult
others over the internet for your answers.

e Be brief, complete and stick to what has been asked.
e Unless asked for explicitly, you may cite results/proofs covered in class without reproducing them.
o If you need to make any assumptions, state them clearly.

e Do not copy solutions from others. Penalty for offenders: FR grade.

1. [10 marks] Consider the boosted tree classifier for granting a loan to an applicant, shown below. The
decision of whether a loan will be granted on not depends on whether the “scores” obtained from each
of the trees add up to a value strictly greater than 0.
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Figure 1: Neural network with ReLU activation

Consider a loan applicant with the feature vector: age = 55, gender = “F”, edu = “ngrad”, status =
“nempl”, cr_rating = “5.5”, balance = “H”.

(a) [1 mark] Determine whether the boosted tree classifier grants a loan to the applicant. State your
reasons.
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(b) [8 marks] Find a subset-minimal abductive explanation for the classifier’s decision.
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(c) [3 marks] Find a subset-minimal contrastive explanation for the classifier’s decision.
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(d) [3 marks] Suppose we now add the following two domain rules
e (age > 50)A (balance = “H”) — (cr_rating > 5)
e (gender = “F”) A (status = “nempl”) — (edu = “ngrad”)

Find a domain-rule aware subset-minimal contrastive explanation for the classifier’s decision. Give
justification for your answer.
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2. [10 marks] Recall the paper on synthesizing Pareto-optimal interpretations for black-box ML models.
In that paper, we used Boolean variables m; s to denote whether the decision diagram rooted at the ith
node of the symbolic interpretation predicts the right classification for sample s. We also constructed a
formula ¢s that uniquely defined m; s for each sample s, and each node ¢ in the symbolic interpretation.
This works fine when the ML model generates exactly one of two output labels (binary classification)
for each input.

Suppose we want to use a similar idea in a situation where the ML model generates one of 4 possible
output labels, say 0,1, 2,3, for each input. Assume that these outputs are encoded using two Boolean
variables, i.e. 0 is encoded as 00, 1 and 01 and so on. Each sample s is therefore represented as
(s.input, s.outy, s.out1), where s.outqy (respectively, s.out;) donotes the least (respectively, most) signif-
icant bit of the output’s binary encoding.

The decision diagram (interpretation) to be synthesized in this case must also yield two Boolean outputs
for each input. Accordingly, we will use two boolean variables m; s and m; 1 for each node ¢ in the
(symbolic) interpretation, and for each sample s. Specifically, we want m;s1m; 0 to be the binary
encoding (MSB = m; 1) of the absolute value of the difference between the ML model’s output and the
output of the decision diagram rooted at the i** node of the symbolic interpretation, for every sample s.

(a) [6 marks] Taking cue from the way m; , is defined for binary classifiers, give a formula ¢s that
defines m; 50 and m; s 1 for each 7 and s. You can give an inductive definition, like that given in
the paper. However, your formula ¢s must allow us to unambiguously obtain m; s o and m; 1 for
each 7 and for each sample s. You must provide justification for your steps.
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(b) [4 marks] For the above black-box ML model (generating outputs 0, 1,2, 3), we wish to find Pareto-
optimal interpretations, where the accuracy measure is defined as the sum of absolute values of
differences between the ML model’s output and the output of the decision diagram (interpretation).
The explainability measure is assumed to be the same as that used in the paper studied in class.
We will use the same ¢¢ and ¢a, as used in the paper. Assuming that you have a correct ¢s from
the first part of this question, indicate (a) what ¢a¢ you must use, and (b) what weights you must
assign to which literals, such that solving the corresponding weighted MaxSAT problem generates
a Pareto-optimal interpretation using the new correctness measure. Provide justification for your
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3. [10 marks] In this question, we wish to use the principles of a-3 CROWN, but instead of optimizing for
a and 3, we are going to always use a = 0.5 and 8 = 100. Consider the simple neural network shown
below, where ReLUs are shown shaded. Suppose each of the inputs take values in [—1,3] (both ends

inclusive).
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Figure 2: Neural network with ReLU activation

(a) [2 marks] Use interval analysis (only, nothing else) to find bounds on the inputs of each ReLU.
You must clearly show the lower and upper bounds for each ReLU.
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(b) [ marks] For each unstable ReLU, we wish to case split on when the input to the ReLU is positive
and when it is non-positive. For cach such case-split, use the provided a and [ values to obtain
linear expressions for upper and lower bounds of the output in terms of the inputs.
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(c) [3 marks] Suppose we are told that the inputs are actually in a Ly-norm ball of radius 2 around
(x1 = 1,292 = 1). Give as best upper and lower bounds (constants) on the value of the neural
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