
CSE 446/546 Winter 2026 Final Exam

March 18, 2026

Name

UW NetID (not the numbers)

Assigned seat

• Please wait to open the exam until you are instructed to begin.

• Please put away phones and any other electronic devices.

• Please take out your Husky Card and have it accessible when you turn in your exam.

• If you complete the exam before the last 5 minutes, you may turn in your exam to course
staff. Otherwise, please remain in your seats for the last 5 minutes of the exam.

• If you need to use the restroom, please first leave your exam with an instructor at the front
of the room. You can then collect and resume your exam when you return.

This exam consists of a set of short questions (True/False, multiple choice, short answer).

• For multiple choice questions, fill in the circle(s) to indicate your answers. Do not write your
answer to the side. Example:

a Selected answer.

b Unselected answer.

• Multiple choice questions marked with One Answer should only be marked with one answer.

All other multiple choice questions are Select All That Apply , in which case any number of

answers may be selected (including none, one, or more).

• For Select All That Apply questions, we will give partial credit.

• For each short answer question, please write your answer in the provided space.

• If you need to change an answer or run out of space, clearly indicate what you would like
graded as your final answer. If we cannot determine your final answer, we cannot give credit.
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1. 1.5 points Select All That Apply

You are designing a machine learning pipeline to predict housing prices. You are considering
using a polynomial regression model and need to select the optimal polynomial degree p and
evaluate the model’s performance. Which of the following statements about model selection
and evaluation are TRUE?

a The validation set is used to evaluate different candidate models and select the best

polynomial degree p, while the test set is used strictly to assess the performance of
the final chosen model.

b 10-fold cross-validation is generally faster to compute than Leave-one-out (LOO)
cross-validation, but it provides a more pessimistically biased estimate of the model’s
error.

c If you want to select a subset of the most relevant features (e.g., top 50 out of 10,000)

to speed up training, it is acceptable to calculate the correlation between the features
and the target prices using the entire dataset before splitting it into train and test
sets.

d When performing k-fold cross-validation, the standard procedure is to divide your
entire dataset into k parts, using k − 1 parts to train and the remaining 1 part as
your final test set to report out-of-sample accuracy.

e To ensure your model generalizes well, you should always select the polynomial degree

p that achieves the absolute minimum Mean Squared Error (MSE) on the training
dataset.

2. 1 points

You want to design a linear regression pipeline without data leakage. The pipeline includes
feature selection based on correlation with the target y. Consider the following steps:

A Select the 50 features with the largest absolute correlation with y using the training set
only.

B Train a linear regression model on the training set using the selected features.

C Split the 500 samples into an 80% training set and a 20% test set.

D Compute the correlation between each feature and y on the training set only.

E Evaluate the model’s mean squared error (MSE) on the test set.

Write the letters A–E in the correct order to produce a valid evaluation with no data leakage.

→ → → →
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3. 1 points

Suppose you have a dataset of size n = 1000. You are evaluating a specific model architecture
using k-fold cross-validation. You know that for this model and dataset, providing more training
data consistently improves the model’s true performance.

(a) 0.5 points One Answer As you increase the number of folds k from k = 2 up to k =

1000 (Leave-One-Out Cross-Validation), which of the following trends do you expect to
observe?

a The expected CV error estimate will increase.

b The expected CV error estimate will decrease.

c The expected CV error estimate will remain the same.

(b) 0.5 points Justify your choice. Specifically, explain the mathematical relationship be-

tween k, the size of the training set in each fold, and the resulting bias of the cross-validation
error estimate.

4. 1 points Select All That Apply You train two models on the same supervised learning task

and data:

• Model A: a linear model with few parameters

• Model B: a highly flexible neural network

Model B achieves significantly lower train and test error than Model A, but its test error is
much higher than its own training error. Which statements are true?

a Model B likely has lower bias than Model A.

b Model B likely has higher variance than Model A.

c Model A must have higher irreducible error.

d The gap between training and test error in Model B suggests overfitting.

Page 4



5. 2 points

For each of the following situations, is the bias or variance of the model’s predictions expected
to decrease? Select just one option. Circle your answer and give a brief explanation.

(a) 0.5 points Decreasing L2 regularization strength (smaller λ) in linear regression. De-

creased Bias Decreased Variance Explanation:

(b) 0.5 points Switching from a single deep decision tree to bagging many deep trees. De-

creased Bias Decreased Variance Explanation:

(c) 0.5 points Increasing k in a k-NN classifier. Decreased Bias Decreased

Variance Explanation:

(d) 0.5 points Increasing the max depth of a decision tree. Decreased Bias De-

creased Variance Explanation:
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6.
3 points ConsiderX ∈ Rn×d, and non-zero w ∈ Rd. Suppose y = Xw+ϵ with ϵ ∼ N (0, I). For

the following questions you may use the following generalized version of linearity of expectation:
For any fixed matrices A,B and random vectors u, v of appropriate dimension:

E [Au+Bv] = AE [u] +BE [v]

(a) 1.5 points Let ˆ︁w = arg min
w∈Rd

∥Xw − y∥22,

and assume ˆ︁w is unique. Show that ˆ︁w is an unbiased estimate of w.

(b) 1.5 points Let λ > 0 and

ˆ︁w = arg min
w∈Rd

∥Xw − y∥22 + λ∥w∥22.

Show that ˆ︁w is a biased estimate of w.
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7. 1 points Select All That Apply Suppose you are training a linear regression model. In which

of the following scenarios would applying ℓ2 (Ridge) regularization potentially be helpful?

a The number of features exceeds the number of training examples (d > n).

b You want the final model to contain many coefficients that are exactly zero.

c The labels in your training set have high measurement noise.

d You want the model to perfectly fit the training data.

8. 1 points Select All That Apply

Let f : Rn → R be differentiable and let ∇f denote its gradient. Which of the following
conditions are sufficient to guarantee that f is convex? In other words, if a differentiable function
f satisfies one of these conditions, must f be convex? Treat each of (a)-(d) as independent
questions given this prompt.

a ∇f(x) = 0 for all x.

b f(y) ≥ f(x) +∇f(x)⊤(y − x) for all x, y.

c ∇2f(x) ⪯ 0 for all x.

d ∥∇f(x)∥2 ≤ f(x) for all x.

9. 2 points

Minibatch gradient descent forms one update by averaging gradients from a minibatch of size
B (i.e., B training examples). List two advantages of minibatch gradient descent compared to
single-sample SGD.

Page 7



10. 3 points

Let f(w) = ∥Xw − y∥22, where X ∈ Rn×d, and y ∈ Rn.

(a) 1 points Derive the gradient ∇wf(w).

(b) 1 points Use your answer from part (a) to derive the Hessian ∇2
wf(w).

(c) 1 points Use your answer from part (b) to show that f is convex.
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11. 3 points

In classification with labels yi ∈ {−1,+1}, we
often want to minimize the “0-1 Loss”, defined
as

∑︁
i I[yi · f(xi) ≤ 0], where the indicator func-

tion I[·] counts how many predictions have the
wrong sign.

(a) 1 points Give two reasons why the 0-1 loss is difficult to optimize.

(b) 1 points The “2” is defined as: ℓ(y, f(x)) = max(0, 1 − y · f(x)). It penalizes not only

wrong predictions but also correct predictions that aren’t “confident” enough (where the
margin y · f(x) is less than 1). The hinge loss is sometimes used as an alternative to the
0-1 loss. Give two reasons why the hinge loss may be easier to optimize than the 0-1 loss.

(c) 1 points To simplify for this problem, let’s consider the hinge function in terms of a single

scalar variable z (representing the margin: y ·f(x)): ℓ(z) = max(0, 1−z). Give the interval
of all subgradients of ℓ at z = 1.
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12. 3 points

(a) 1 points Show that R is a convex set.

(b) 1 points Let c ∈ R. Show that {t ∈ R : c ≤ t} is a convex set.

(c) 1 points Let c ∈ R. Use part (a), part (b), and the epigraph definition of convexity to

show that f(x) = c is convex on R. Hint : You may use that A × B is a convex set, for
any convex sets A,B ⊆ R.
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13. 2 points

Consider the following function:

(a) 0.75 points State whether the function is convex, and explain why or why not.

(b) 0.75 points Write a piecewise function that specifies the gradient of y = |x| for all x at

which the gradient exists.

(c) 0.5 points What algorithm can optimize a non-differentiable function like this one?
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14. 2 points

Suppose you have a dataset with n examples and d features, where d ≫ n (high-dimensional).
You want to train a model ŷ = f(x) that predicts labels yi from features xi, but you are worried
about overfitting. So you decide to use the following procedure:

Step 1: Run a feature selection algorithm (like Lasso) on your entire dataset to find the
10 most “important” features to obtain a dataset only containing those features.

Step 2: Use bootstrapping to create 100 resampled datasets, each containing only the
features identified in Step 1.

Step 3: Estimate the variance of f̂(x) by training a model on each bootstrapped dataset
from step 2.

(a) 0.5 points

Keeping in mind that your full modeling pipeline ŷ = f(x) includes both feature selection
and predicting labels from the selected features, is the variance estimate produced in Step
3 likely to be an underestimate, overestimate, or accurate reflection of the true variance of
your modeling pipeline?

a underestimate

b accurate estimate

c overestimate

(b) 1 points

Justify your answer above.

(c) 0.5 points

How could you change the steps above to improve your estimate?

Page 12



15. 1 points

Suppose you want to use the standard nonparametric bootstrap to estimate the uncertainty of
a statistic computed from a dataset of size n. In each bootstrap replicate, you create a new
dataset by sampling n examples with replacement from the observed dataset, then recompute
the statistic.

(a) 0.5 points One Answer Which of the following statistics is the bootstrap generally least

reliable for estimating a confidence interval:

a Sample mean

b Sample median

c Sample minimum

d Ridge regression weights ŵ

(b) 0.5 points Justify your answer

16. 1 points Select All That Apply

Select all statements that are true about the bootstrap.

a Sampling without replacement may not produce valid bootstrap samples because the

resulting datasets would not be i.i.d. draws from the empirical distribution.

b If a bootstrap dataset contains duplicate observations, this indicates an error in our
bootstrap procedure since each observation should appear at most once in the boot-
strapped dataset.

c Bootstrapping is used when constructing random forests. Specifically, each tree in

the random forests is trained on a different bootstrapped sample of the training data.

d Bootstrapping always assumes that the empirical distribution of the observed sample
is a reasonable approximation of the true distribution.

Page 13



17. 1.5 points Select All That Apply

You are using a k-Nearest Neighbors (k-NN) algorithm to predict customer behavior. Your
training dataset contains two features: “Age” (ranging from 18 to 80 years) and “Annual
Income” (ranging from $20,000 to $200,000). Which of the following statements about the
k-NN algorithm and its application to this dataset are TRUE?

a If you do not perform feature scaling (e.g., standardization), the “Annual Income”

feature will likely dominate the Euclidean distance calculations, rendering the “Age”
feature almost irrelevant.

b A 1-NN classifier will always achieve exactly zero training error, provided there are
no identical data points with conflicting labels in the training set.

c Increasing the value of the hyperparameter k from 1 up to the total number of samples

N will generally increase the model’s variance and decrease its bias.

d Standard k-NN is a “lazy learning” algorithm, meaning that, for a fixed k, its com-
putational costs are predominantly incurred when evaluating predictions rather than
during training.

e k-NN typically performs better in extremely high-dimensional feature spaces (e.g., d =

10, 000) than in low-dimensional spaces because points become more easily separable.

18. 1 points Select All That Apply

You bag multiple decision trees on a dataset where one feature, x1, is extremely predictive.
This causes many trees to split on x1 near the top of the tree. Which of the following are true
statements?

a Individual decision trees will have low correlation with each other.

b Randomly selecting m features at each node will increase correlation between trees.

c In this situation, random forest will likely generalize better than bagged decision
trees.

d Averaging predictors that are highly correlated reduces variance more effectively than
averaging predictors that are less correlated.
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19. 2 points

You train a Kernel Ridge Regression model using the Radial Basis Function (RBF) kernel:

k(x, x′) = exp

(︃
−||x− x′||2

2σ2

)︃

Assume you did not include an unregularized bias/intercept term. After training, you make
a prediction ŷ on a new test point xtest that is located extremely far away from all training
points (i.e., ||xtest − xi|| → ∞ for all xi in the training set).

(a) 0.5 points

What numeric value will your model’s prediction ŷ converge to?

Answer:

(b) 0.5 points

Justify your answer to Part A using the predictive equation for Kernel Ridge Regression.

(c) 1 points

The behavior of the RBF kernel depends on the bandwidth σ. If you decrease σ to an
extremely small value (approaching 0), which describes the resulting model?

a Underfitting

b Overfitting

Explain your answer
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20. 1 points

Consider a Neural Network used for binary classification. The model has one hidden layer and
is defined by the following function:

f(x) = sign(W2σ(W1x+ b1) + b2)

where σ is the activation function, and sign(x) = 1 if x > 0, −1 if x < 0, and 0 if x = 0. If we
choose a linear activation function such that σ(z) = az + c, explain why the model can only
represent linear decision boundaries.

21. 0.5 points One Answer

When training a neural network with the minibatch stochastic gradient descent, which change
most directly reduces the variance of the gradient estimate used in each update, without chang-
ing the model architecture or the dataset?

a Increase the minibatch size B (for example, from 32 to 512).

b Decrease the learning rate η (for example, from 10−2 to 10−3).

c Add ℓ2 regularization (weight decay).

d Randomly shuffle which data points appear in each minibatch at the start of each
epoch.
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22. 1.5 points

Fill in the blanks for the following training loop implemented using PyTorch. For simplicity,
this is a “bare bones” implementation of a training loop (e.g., it does not calculate validation
accuracy).

def train(

train_loader: DataLoader,

model: nn.Module,

criterion: nn.Module,

optimizer: optim.Optimizer,

epochs: int,

) -> List[float]:

results = []

for epoch in range(epochs):

total_loss = 0

for x, label in train_loader:

optimizer.zero_grad()

prediction = ______________________ # FILL IN HERE

loss = criterion(prediction, label)

______________________ # FILL IN HERE

______________________ # FILL IN HERE

total_loss += loss.item() * len(x)

results.append(total_loss / len(train_loader.dataset))

return results

23. 1 points Select All That Apply

Consider a 2-layer neural network. Select all statements that are true.

a Increasing the number of hidden units in each layer helps prevent overfitting on smaller

datasets.

b If our weights are initialized to 0, the gradient of the first-layer weights will always
be 0, regardless of the error at the output.

c Replacing ReLU with a Sigmoid activation may increase the risk of vanishing gradi-
ents.

d Gradient descent is guaranteed to find the global minimum of the loss function.
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24. 2 points

Suppose a new engineer is implementing the scaled dot-product attention mechanism for a
standard autoregressive language model from scratch.

Attention(Q,K, V ) = softmax

(︃
QKT

√
dk

+M

)︃
V (1)

By mistake, they implement the mask matrix M such that Mij = 0 for all i and j, rather
than setting the upper triangular elements to −∞. They proceed to pre-train the model on a
massive corpus of text using the standard next-token prediction objective.

(a) 1 points What will happen to the training loss during this pre-training phase compared

to a correctly implemented model? Explain why.

(b) 1 points If you attempt to use this trained model for autoregressive generation (inference)

by giving it a prompt and asking it to generate the next word, what behavior would you
expect? Why?

25. 1 points Select All That Apply

A satellite stores high-resolution Earth images, each containing N pixels. To reduce storage,
PCA is applied to the mean-centered image data, and only the top k principal components are
retained (k ≪ N). Which statements are true?

a PCA minimizes squared reconstruction error among all possible k-dimensional linear

projections of the data.

b The retained k components correspond to directions of highest variance in the data.

c PCA with k principal components guarantees that reconstructed images are visually

indistinguishable from the original images.

d If every image is rotated by 90◦ and PCA is recomputed, the principal component
directions in pixel coordinates will generally change.
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26. 1 points Select All That Apply

You use SVD to apply PCA, but you forget to center the data. Which of the following might
occur?

a The leading principal component may primarily reflect the overall mean offset of the

data rather than directions of variation about the mean.

b The low-dimensional reconstruction may have larger squared error than the recon-
struction obtained from properly centered PCA.

c Translating all data points by the same constant vector would not affect the principal
components.

d The principal components need not remain mutually orthogonal.

27. 1.5 points Select All That Apply

Consider Kernel PCA with n data points xi ∈ Rd, transformed data points ϕ(xi), and kernel
function k(xi, xj) = ϕ(xi)

⊤ϕ(xj). We define the de-meaned, transformed data matrix X̃ϕ

according to:

µϕ =
1

n

n∑︂
i=1

ϕ(xi) X̃ϕ =

⎡⎢⎢⎢⎢⎣
(︁
ϕ(x1)− µϕ

)︁⊤(︁
ϕ(x2)− µϕ

)︁⊤
...(︁

ϕ(xn)− µϕ

)︁⊤

⎤⎥⎥⎥⎥⎦
Which of the following statements about Kernel PCA are TRUE?

a Kernel PCA performs linear dimensionality reduction in the transformed feature space

of ϕ(x).

b Before applying Kernel PCA, the kernel matrix must be centered to account for
subtracting µϕ in feature space.

c The Kernel PCA algorithm computes the SVD of X̃ϕ.

d The Kernel PCA algorithm computes the eigenvectors of X̃⊤
ϕ X̃ϕ.

e The Kernel PCA algorithm computes the eigenvectors of X̃ϕX̃
⊤
ϕ .

f If the kernel is linear, k(xi, xj) = x⊤
i xj , then Kernel PCA reduces to standard PCA.
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28. 1 points One Answer

You’ve computed the covariance matrix Σ ∈ R5×5 from your dataset of observed feature
vectors xi ∈ R5. Then, you computed the eigendecomposition of Σ and found eigenvalues
[50, 25, 15, 5, 5]. When applying PCA to your dataset, what minimum number of components
k explains at least 90% of the total variance?

a 1

b 2

c 3

d 4

e 5

29. 1.5 points Select All That Apply

You are analyzing a dataset of astronomical observations, attempting to discover distinct cate-
gories of stars based on two continuous features: surface temperature and luminosity. Because
you do not have ground-truth labels, you decide to cluster the data using both k-means and
Gaussian Mixture Models (GMMs). Which of the following statements regarding the behavior
and properties of these clustering algorithms are TRUE?

a If a specific category of stars forms a highly elongated, elliptical distribution in

your 2D feature space, k-means may split this single category into multiple clus-
ters, whereas a GMM with full covariance matrices can model the elliptical shape
accurately.

b While k-means relies on an iterative two-step optimization process (assigning points,
then updating centroids), a GMM optimizes its parameters in a single step using a
closed-form analytical solution.

c The k-means algorithm can be viewed as a specific, limiting case of a GMM where

all mixture components are constrained to have the same spherical covariance matrix
(Σ = σ2I), and the variance σ2 approaches zero.

d Both k-means and GMMs are guaranteed to converge to the global optimum of their
respective objective functions, provided you let them run for enough iterations.

e In a GMM, a data point located exactly halfway between the means of two different

components will always have a 50/50 probability of belonging to either component
(i.e., a responsibility of 0.5).
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30. 2 points

Consider running a single iteration of the k-means algorithm (using Euclidean distance) on a
dataset composed of the following 6 points in R3:

x1 = (0, 1, 2)
x2 = (1, 2, 3)
x3 = (2, 3, 4)
x4 = (6, 7, 8)
x5 = (7, 8, 9)
x6 = (8, 9, 10)

Suppose you choose k = 2 and initialize the centroids at: c
(0)
1 = (0, 0, 0); c

(0)
2 = (10, 10, 10).

(a) Assign each point xi to the nearest centroid.

Point Centroid
x1

x2

x3

x4

x5

x6

(b) Compute the updated centroids c
(1)
1 and c

(1)
2 after one iteration of k-means.

c
(1)
1 : c

(1)
2 :
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31. 1.5 points Select All That Apply

A Gaussian Mixture Model (GMM) is trained on GPS location data from mobile phones. Which
interpretations are reasonable?

a Each Gaussian may correspond to a frequently visited location.

b Component covariance reflects spatial spread of visits.

c Mixture weights reflect probability of a user being at each location.

d GMM assumes all clusters have identical variance.

e GMM assigns each data point to exactly one cluster.

32. 1.5 points Select All That Apply

You collect unlabeled accelerometer data from smartwatches and cluster the data to discover
activities such as walking, running, and sitting. Which statements are TRUE?

a k-means may struggle if activities have different variances or elongated shapes.

b A GMM can model different activity clusters with different covariance structures.

c Soft assignments in GMM allow uncertain activity transitions to be represented.

d k-means and GMM will always assign the same cluster labels if the number of clusters
used is the same in both k-means and GMM.

e Unsupervised clustering guarantees that all discovered clusters correspond to true

activities.
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